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FREWORD
1. This mfTitary standard is approved and is mandatory for use by all
Departments and Agencies of the Department of Defense in accordance with DoD
Directive 4640.11, dated 21 December 1987.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to: Commander, U.S. Army Information Systems Engineering Command,
ATTN: ASB-SET-T, Fort Huachuca, AZ 85613- mnn hv u:inn the cn’lf-addrpctpd

......................................
Standardization Document Improvement Proposal (DD Form 1426) appearing at the
end of this document, or by letter.

3. Originally, Military Sta ndard 188 (MIL STD-188) covered technical
edemdeinde Laie beomdd aa? PO B [T o~ o evmemn i s am e o d o heied VTadawmw AaurnaTliiad
Standardads 70r vaCtiCal dndy IUHg-lldUl LUIllIIlunlLdL!Ullb, Diit 1dter evoivea
through revisions (MIL-STD-188A, MIL-STD-188B) into a document applicable to
tactical communications only (MIL-STD-188C).

~ 4. The Defense Communications Agency (DCA) published DCA Circulars
(DCACs) promulgat1ng standards and engineering criteria app11cab1e to the
Ton g haul Defense Communications System (DCS) and to the technical support of
+hao Ma+rinnal Mils+awru CAmrma 'l CurQQm l“l‘f‘c‘
LT yYacviviai vrr s rvar wvvnnai 2y > m ALMAVES I By

5. As a result of a Joint Chiefs of Staff (JCS) action, standards for
all military communications are now being published in a MIL-STD- 188 series

of documents. The MIL-STD-188 series is subdivided into a MIL-STD-188-100

series covering common standards for tactical and long-haul communications, a
MIL-STD-188-200 series covering standards for tactical communications only,

and a MIL-STD-188-300 series ceuering standards for long-haul communications

HalGs US> 'y WG we

only. Emphasis is being placed on developing common standards for tactical
and long- haul communications published in the MIL-STD-188-100 series.

6. This document contains technical standards and design objectives for
medium and high frequency radio equipment. Automatic and adaptive features
have been considered throughout and included when considered applicable
across the full range of possible HF equipment employment and operational
configurations.
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parameters, n m of
(DOs) that are considered necessary
haul and tactical radio equipment in
the high frequency (HF) band. It is

establish a ievei oF perFormance for

n the

«

necessary to satisfy the requirements of the maJorlty of users.

SCOPE.
document is to estabiish technicail
standards and optional design objective

to ensure interoperability of new
the medium frequency (MF) band and in
also the purpose of this document to
new radio equipment as is considered
These

1ong-

technical parameters, therefore, represent a minimum set of interoperability

and performance standards.

exceeded in order to satisfy certain
interoperability is maintained.

spec1fic requirements, provided that

That is, the capability to incorporate

features such as additional standard and nonstandard interfaces is not

precluded.

1.2 Applicability.

This standard is mandafnrv within the Depnartm

ment
dato! vepariment

Defense (DoUT’in the de51qn and development of new MF and HF radio

equipment.

P SN

It is not intended that existing equipment and systems be
immediately converted to comp]y with the provisions of this standard.

New

equipment and systems and those undergoing major modification or
rehabilitation shall conform to this standard. If deviation from this
standard is required, see the waiver procedures contained in DoD 4640,11,

1.3 Application guidance.

"shall®

The terms
objective” (DO) are defined in FED-STD-1037.
identifies mandatory system standards.

"system standard" and "design
In this document, the word
The word *should"

design objectives which are desirable but not mandatory.

1/2

The technical parameters of this document may be

of

v

identifies

[
Co
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2. APPLICABLE DOCUMENTS

2 1 1 Specifications, standards, and handbooks. The following

extent spec1r1eo herein. lUniess Otnerw1se specified, the issues of thésé
documents are those listed in the issue of the Department of Defense Index ©
Spnecifications and Standards (DODISS) and Supp]nmnnf thereto, cited in the
solicitation (see 6.2).
STANDARDS
FEDE
FED-STD-1003 Telecommunications, Synchronous Bit Oriented
Data Link Control Procedures (Advanced Data
Communication Control Procedures)
FED-STD-1037 Glossary of Telecommunication Terms
MILITARY
MIL-STD-188-100 Common Long Haul and Tactical Communication
System Technical Standards
MT) _CTN_100_ 11N cn..nm n+ Tarhndrcral Nacinn C+andarde far
MAIL=DMI1U= 1001 1V Lqutp eIt 1curiiiival UC)I”II JLaiiuar uo [V
Common Long Haul/Tactical Data Modems

MIL-STD-188-114 Electrical Characteristics of Digital
Interface Circuits

(S) Interoperabiiity Standard for Anti-Jam
(AJ) Communications in the High Frequency
Rand (2-30 MHz2) (1)

wiarina

MiL-STD-188-148

(Unless otherwise indicated, copies of Federal and military specifications,
standards, and handbooks are available from the Naval Publications and Forms
Center (ATTN: NPODS), 5801 Tabor Avenue, Philadelphia, PA 19120-5099.)

2 Néhnm Navamemand Aanimantdes Awmacis nae and nithldradinne Tha

Celoel VLHET QUVYCTIINCIHIL UULUWIHITITLO gy UT QW T11YOo g QIIU pPUUT IVUVIVIIO. [RE)+
following other Government documents, draw'nnc and publications form a part
of this document to the extent spec1f1ed herein. Unless otherwise specified,

the issues are those cited in the solicitation.
U.S. DEPARTMENT OF COMMERCE
National Telecommunications and Information Administration (NTIA)

NTIA Manual of Regulations and Procedures
for Federal Radio Frequency Management

(3]
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{Application for co
Commerce, NTIA, Roo
20230.)

pi
m

2.2 Non-Government publications. The following documents form a part of
this document to the extent specified herein. Unless otherwise specified,
the issues of the documents which are DoD adopted are those listed in the

icsgue of the noniIssS C}t%d 1n the cn11r~1+:f1nn‘ vn]e 3 othorwice Sper1f1ad
the issues of documents not listed in the DODISS are the issues of the
documents cited in the solicitation (see 6.2).
INTERNATIONAL STANDARDIZATION DOCUMENTS
MAareh A+lantir Trantu Nraanizatinn MATNY S+andardiza+inn nraamantc
LAV R ™ A} NplUuliievil v LR B R ¥ i 53 Ulsulll‘ublvll [ LA NIV} MLeWIIUuUA T VT U v VIS 1151 AU ] Lwy Ry SO
( STANAGS)
STANAG 4203 Technical Standards for Single Channel HF
Radio Equipment
STANAG 5035 Introduction of an Improved System for
Maritime Air Communications on HF, LF, and
UHF

mmanding Officer, Naval

(Application for copies should be addressed to: Co
801 Tabor Avenue,

N Yl qn’-

Pubiications and Forms Center, ATTN: NPFC 100, 5
Philadeiphia, PA 19120-5099. )

Quadripartite Standardization Agreements (QSTAGs)

QSTAG 733 Technical Standards for Single Channel High
Frequency Radio Equipment

{Application for copies should be addressed ts: Commanding Officer, Naval
Publications and Forms Center, ATTN: NPFC 106, 5801 Tabor Avenue,
Philadelphia, PA 19120-5099.)

International Telecommunications Union (ITU), Radio Regulations

oved Transmission System for HF
iotelephone Circuits

CCIR Recommendation 455-1 Impr
Radi
(Application for copies should be addressed to the General Secretariat,
International Telecommunications Union, Place des Nations, CH-1211 Geneva 20,
Switzerland.)

I MAn _Lavuannmant ectandande anAdA Athaw nithldiratiane ava navmally availahla fram
AVNITVINITaUYTT TRNTITG DO LQiiluar uo aiiud v uiice PUUI IvGViIiVIIDO Gl T Niviianv y dvyariuawvio [IARV 111}
the organizations that prepare or distribute the documents. These documents
also may be available in or through libraries or other informational
services.)
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3. DEFINITIONS.

3.1 Terms. Definitions of terms used in this document shall be as
specified 1n fhe current edition of FED-STD-1037. 1In addition, the following
definitions are applicable for the purposes of this standard.

Automatic link establishment {(ALE). The method
contact initiation as described in appendix A of

automatic station
i

of
this standard.

p-J
3
D
33
1]
+
-l g
3

soundina. Qmmdinn igs the amhfv to pmmmra’l]v tact celected

U LI W W DV MITW Y Sy e LA L v =

channels (and propagation oaths) by Drovidina a very brief beacon-1ike

identifying broadcast which may be utilized by other stations to evaluate

connectivity, propagation, and availability, and to select known working

channels for possxb]e later use for communications or calling. Such
T

soundings are pr1mar1|y intended to increase the efficiency of the ALL
Finc+inn +harahiy Ttnervascina cuectam +hraitahnnd Cnimdinna infarmat+inn

Ui LIV, LI cwuy THILIECTUD Y IOl LIl VUuYiipPUu e VM iy RNV ARIIITR VR RV
shall be used for reducing the set of assigned channels to be used for a
particular ALE connectivity attempt.

High-performance HF data modem. High-speed (capable of at least 1200
bps) or robust data modems which incorporate sophisticated techniques for
correcting or reducing the number of raw (over-the-air induced) errors,

Linked compressor and expander (Lincompex). A speech processing system
consisting of a compressor and expander Tinked by a control channel
separate from the audio (speech) channel.

L 2l i aY2hi. a2 1 AARN Tha Aatsimcan V1 mammnam she o~ wal addusna

LINK QUaAiiLly aiialy>sSis> (LVAJ. ing overaii proCeéss oy winiCn rerduive
measuraments of signal guality are performed Thigs ¢ianal qualitv is

1! “e A1 o v Jl,l!ul \1““' L VJ AT - ’l\.l W I N " A AL MW= vy LR 4
characterized by such parameter assessments as BER, SINAD, and MP. Such
assessments are stored and/or exchanged between stations for ALE decision
use.

as.. v a2 _ _al ZJasn\ Thvo mocmmoemmdd o b o S P, [ S U P e P
|U|L1dell \MF ). ine pr‘updgauun p”EHUIIIClIUII LraL resuiLd 11 rauiv siynairs
maarhinn +ha raraivina antanna huy +wn Av mnvra nathe aenariallv whan thie
'ca\'llllls il 1Ty i v llls A" AR NVISH RN AT Y UJ wrvw A Al LLLL A I = PU"IIO’ \-JP\-blul IJ Il 11 il ¥V W
results in signal distortion due to differential time delay.

Phase noise (dBc/Hz). The amount of single-sided phase noise, contained
in a one-hertz bandwidth, produced by a carrier (signal generation)
source, and referenced in decibeis beiow the full (unsuppressed) carrier

output power.

Signal plus noise ?1nc distortion to noise plus distortion ratio (SINAD),

LI R AL A 4 .

The ratio expressed in decibels (dB) cons1st1ng of (a) the recovered
audio power (original modulating audio signal plus noise plus distortion)
from a modulated radio frequency carrier, and (b) any residual audio
power (no1se p1us distortion) remaining after the original modulating
audio signail is removed.



http://www.abbottaerospace.com/technical-library

MIL-STD-188-141A

- <

Third-order intercept point. The th ‘n -order intercept point is a
standard measure of how w ell a receiver performs in the presence of

strong nearby signals. The receiver thfrd-order intercept point is an
extrapolated convergence (not directly measureable) of a desired output
(two test signals) and receiver mixer-produced third-order

intermodulation distortion products.

"l
CL

NOTE: Testing is conducted using two frequencies, f1 and f2,
which fall within the first intermediate frequency mixer
passband. (In general, the test frequencies will be about
20-30 kHz apart.)
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3.2 Abbreviations and acronyms.

MIL-STD-188-141A

this document are defined below.

ABCA
ACK
AGC

American, British, Canadian, and Australian (Armies)

acknowledgement
automatic gain control

V1 Anmdnl

Asidamadd evel control

auctomacic
automatic link establishment
automatic message display

American National Standards Institute

automatic repeat request

American Standard Code for Information Interchange

bit error ratio
Commercial COMSEC Endorsement Pro

International Radio Consultative Committee

Communications Security

data block message

Defense Communications Agency

Defense Communications Agency Circular
data circuit-terminating equipment
Defense Communications System

Department of Defense

()

epartment of

o)

efense Index of S

[ 21 [ X1
(R} uueX v hil“l Vi

pec
data terminal equipment
data text message

error detection and correction

The abbreviations and acronyms used in
Those listed in the current edition of
FED-STD-1037 have been included for the convenience of the reader.
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s AmiIARA N

frequency-division multiplexing

forward error correction

Federal Information Processing Standards
frequency-shift keying
interrupted continuous wave
intermoduiation distortion
independent sideband (transmission)

Integrated Services Digital Network

Joint Chiefs of Staff
1ink quality analysis

(1) Tower sideband (radio);

we?l =22 " 17 LA

(2) least significant bit (data)
most significant bit
nonacknowiedgement (request for repeat)

Nnovrt A+1
LAY A B 4 i

v [ Y

v

ntiec Troatv Or
LI 3 LI 7

aanizatinn
e ubJ lyulll‘-ul—lu

narrowband frequency modulation

National Military Command System

National Security Agency

National Telecommunications and Information Administration
Open Systems Interconnection

peak envelope power

push to talk

Quadripartite Standardization Agreement

radio teletypewriter

10
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SINAD signal plus noise plus distortion to noise plus distortion
ratio

SNR signal-to-noise ratio

SSB single sideband

CTAMA Ctandardiratinn Anraamant [(NATNY

~ NN ~ LVaAriuuar ujeavivis ﬂgl CCHiCite (v vy

INY ] upper sideband

UUF user unique function

verT vwAasrcran Fuamiian~ ramunsan alammanh

i vi YUILT TrTyuciivy varricr LT iIT Yl apii

YSWR voltage standing wave ratio

1112

TANRIT A &I T W
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4. GENERAL REQUIREMENTS.

.
4.1 General. By convention, frequency band allocation for the M band
r

Ve ve v
is from 0.3 megahertz (MHz) to 3 Miz and the HF band is from 3 MHz to 30
MHz. However, for military purposes, equipment designed for HF band use has
historically been designed with frequency coverage extending into the MF
band. For new HF equipment HF band standard parameters shall apply to any
portion of the M band included as extended coverage. Currently there are no
known military requirements below 1.5 MHz. Consequently, this portion of the
MF band is not standardized.

[+

Equipment parameters will be categorized using functional use groups for
radio assemblages/sets. Historically, these groups have been fixed
(1ong-haul) installations and tactical sets. The tactical sets are

subgrouped further into vehicle transportable and manpack versions. Although
these distinctions still exist in princzp!e, the former lines of distinction
have become somewhat b]ur ed, The mobility of gurrent military forces

transportable systems, and in some cases, such systems are implemented with
design components shared with manpack radios. When such "tactical" equipment
is used to meet a Tong-haul requirement, the equipment shaii meet iong-haul
minimum performance standards. Accordingly, within this standard, tactical
use groups may contain dual-value parameters. One parameter reflects usage
wherein the frequency-determining elements are temperature controlled. The
other usage is deployment related, wherein the frequency-determ1n1ng elements
are not temperature controlled (the usual condition for manpack equipment in
tactical operations).

4.2.1 Baseline mode. Frequency control of all new HF equipment shall be
capable of being stabilized by an external standard. Should multiple-
frequency (channe]) storage be incorporated, it shall be of the programmable-

memory type and be capable of storing/initializing the operational mode (see
4.2.1.1 and 4.2.1.2 below, and 40.2 of appendix A) associated with each
particular channel.

4.2.1.1 S1ngle-channe1 A1l new single-channel HF equipment shall

provide, as a minimum, the capability for the following one-at-a-time
selectable operational modes:

a. One nominal 3-kHz channel upper sideband (USB) or lower sideband
(LSB)(selectable).

b. One (rate-dependent bandwidth) interrupted continuous wave (ICW)

channel.
Cc. A narrowband frequency modulation {NBFM) channel capability should be
included as a design objective (DO).
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4,2.1.2 Multichannel. A1l new multichannel HF equipment shall provide,
as a minimum, the capability for single-channel operation as set forth in
4.2.1.1 above and the following one-at-a-time selectable operational modes:

- Toim e d e T 2 Ll abhacanVa L2 sbha HEN e 10D b 2 Ao e &
d. 1WO "U"ll"dl J=KNZ Clidijield> 111 Lne uod Ur LoD \ LwlL nueperiueiu
rhannale in +ha eama esdohand._eidohand calartahlan)
wilRINIW I & [ 3] il <@ ANIG @ I MW @ AU TaG P | b w WM I W ] e

b. One nominal 6-kHz channel in the USB or LSB (selectable).

c. Two nominal 3-kHz channels in the USB and two in the LSB (four
independent 3-kiz channeis--two in each sideband).

nd one in the LSB (two

"~ Loy S 1

e ia eagh sideband).

e. One nominal 3-kHz channel in the USB and one in the LSB (two
3-kHz

independent 3- channels--one in each sideband).

4.2.2 Automatic 1ink establishment (ALE) mode. Should an ALE capability
be included, 7t shall be of fﬁe channel-scanning type and shall provide for
contact initiation by either or both manual and automated control. See 4.5
for the list of features required to support this operational mode.

A N A A_a2 2. __ fRI\ ___ 2 TL AT L2 e bhe 2V menmdad dhbha AT

@.L.9 AnlLi=jam \AJ) moae, 11T AJ 1> LU e Hipicmenicu, wvnic v
capabilities and Features Tor HF radics shall be in accerdance with
MIL-STD-188-148,

4.3 Interface parameters.

4,3.1 Electrical characteristics of digitai interfaces. As a minimum,
any incorporated interfaces for seriai binary data snaii ve in accordance
with the provisions of MIL-STD-188-114, Such interfaces shall also include
nraovisions for request—to-send and clear-to-send signaling. The capability
to accept additional standard interfaces is not precluded.

4.3.2 Electrical characteristics of analog interfaces. See 5.3.6 and
5.4.5.

4.3.3 Modulation and data signaling rates. The modulation rate
(expressed Tn baud TBd}] or the data signaling rate {expressed in bits per
second (bps)) at interface points A and A' on figure 1 shall include those
contained in the HF modem portion of MIL-STD-188-110.

4.4 North Atlantic Treaty Organization {(NATO) and Quadripartite

1 nteroperabi 110y r'equ1 rements.

4.4.1 Sinale-channel communications systems, For interaoperation with

NATO member nations, land, air, and maritime, single-channel HF radio
equipment shall comp]y with the applicable requirements of the current
edition of STANAG 4203.

14
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4.4.2 Maritime air communications systems. For interoperation with NAT
member nations, AF maritime air communications systems shall comply with the
applicable requirements of the current edition of STANAG 5035.

4.4.3 High-performance HF data modems. For interoperation with NATO

member nations, iand, air, and maritime, singie-channei HF radio equipment
shall comply with the appiicabie requirements of the appropriaue STANAG.

4.4.4 Quadripartite Standardization Agreements (OQTAGQ\ For

Nw == 7 e W wer LSS L

1nterooerat1on amona American, British, Canadlan. and Austra11an (ABCA)
Armies, HF combat net radio equipment shall comply with the applicable
requirements of the current edition of QSTAG 733.

A

4,5 Adaptive communications. Adaptive HF describes any HF
communications system that has the ability to sense its communications

environment, and, if required, to automatically adjust operations to improve
communications performance. Should the user elect to incorporate adaptive
features, they shall be in accordance with the requirements for those
features stated in this document.

The essential adaptive features are:
a. Channel (frequency) scanning capability

n embedded
y and an op

caiiing capabiiity. A disabl
responses shall be included.

b. Automatic Tink estabiishment (ALE ng
biin i

F

usin
P 4 -
.apabiil

Fiv'

19

c. Automatic sounding (station-identifiable transmissions). A

capability to disable sounding and an option to inhibit responses
shall be included.

-de

m
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qua
(1) Relative data error assessment.

(2) Relative SINAD (optional).
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5. DETAILED REQUIREMENTS.

5.1 General.

5.1.1 Introduction. This section provides detailed performance
standards for F and 1F radioc equipment. These performance standards shall
apply over the appropriate frequency range from 2.0 Miz to 29.9999 MHz (DO:
1.5 MHz to 30.0 MHz).

5.1.2 Signal and noise relationships. The signai and noise
relationships are expressed as signal plus noise plus distortion to noise
plus distortion ratio (SINAD), unless otherwise identified. Unless otherwise
specified, when the ratio is stated, the noise bandwidth is 3 kHz.

5.2 Common equipment characteristics. These characteristics shall apply
to each transmitter and to each receiver unless otherwise specified.

2.1 Displayed frequency. The displayed frequency shall be that of the
r, whether suppressed or not.

5.2.2 Frequency coverage. The radio equipment shall be capable of
operation over the frequency range of 2.0 MHz to 29.9999 MHz in a maximum of
100-Hz frequency increments (DO 10-Hz) for s1ng]e-channel equipment and

I 1_

1-Hz) for multi

o
o
c
v

1TN_Us Fu
1u=-nzZ v cqucll\.y

5.2.3 Frequency accuracy. The accuracy of the radio carrier frequency,
including tolerance and Tong-term stability but not any variation due to
doppler shift, shall be within +30 Hz for manpack equ1pment and within
+10 Hz for all others, measured during a period of not iess than 30 days.

5.2.4 Phase stability. The phase stability shall be such that the
probability that the phase difference will exceed 5 degrees over any two
successive 10 millisecond (ms) periods (13.33-ms periods may also be used)
shall be less than one percent. Measurements shall be performed over a
sufficient number of adjacent periods to establish the specified probability

with a confidence of at least 95 percent.

2.5 Phase n

AN S R LR -4~

The cvnthe

10ise, The synthesize
the transmitter output shall not exceed those limlts as depicted on figures 2
and 3 under continuous carrier single-tone output conditions. Figure
depicts the limits of phase noise for fixed-site and transportable long-haul
radio transmitters. Figure 3 depicts the 1imits for tactical radio

1 f

transmitters. See 4. ication statements on dual parameters.

i r and mixer nhacn-nn1<p snpectrum at

Spee oAy

17
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5.2.6 Bandwidths. The bandwidths for high frequency band emissions
shall be as shown in table I and on figures 4 and 5. Other high frequency
band emissions which may be required to satisfy specific user requirements
can be_ found in the NTIA Manual of Regulations and Procedures for Federal

PR &

Radio rrequency management.

TABLE I. Bandwidths.

Emissions type Maximum allowable bandwidth (kHz)
Interrupted continuous wave (ICW) 0.5
Frequency-shift keying (FSK) (85-Hz shift) 0.3
Frequency-shift keying (FSK) (850-Hz shift) 1.1
Single-sideband modulation (SSB), single-channel 2.8

Independent-sideband modulation (ISB),

two channels 6.1
four channels 12.4

5.2

7 DNuearall channal rec
. o7 VYWY W - A | T W

5.2.7.1 Single-channel or dual-channel operation. The amplitude vs.
frequency response between {fy + 300 Hz] and (fo + 3050 Hz) shall be
within 2 dB (total) where fgy is the carrier frequency. The attenuation

shall be at least 20 dB from r? to 170 - 415 Hz), at Teast 40 dB from
(fo - 415 Hz) to (f, - 1000 Hz)}, and at least 60 dB below (f, - 1000
Hz). Attenuation shall be at least 30 dB from (fgy + 4000 Hz? to (fg +
5000 Hz) and at least 60 dB above (fy; + 5000 Hz)., See figure 4. Group

delay time shall not vary by more than 0.5 ms over the passband of 300 Hz to
3050 Hz. Measurements shall be performed end-to-end (transmitter audio input
to receiver audio output) with the radio equipment configured in a
back-to-back test setup.

N
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NOTES:

1. CHANNEL RESPONSE SHALL BE WITHIN SHADED PORTION OF CURVE (A1 SHOWN).

2. fo FOR A SINGLE CHANNEL IS THE CARRIER FREQUENCY.

3. fo FOR 2 CHANNEL ISB IS THE CENTER FREQUENCY.

equipment.

FIGURE 4. Overall channel response for single-channel or dual-channel
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5.2.7.2 Four-channel operation. When four-channel independent sideband
operation is employed, the four Tndividual 3-kHz channels shall be configured
as shown on figure 5, which also shows the amplitude response for these four
channeis. Lnannels .4 and B2 shall be 1nverted and displaced w1th respect to
channels Al and B1 as shown on the Tlgure. This can be accomp|15n80 oy us1ng

subcarrier frequencies of 6290 Hz above and below the center carrier
frequency, or by other suitable techniques which produce the required channel
d1sp1acements and inversions. The suppression of any subcarriers used shall
be at least 40 dB (DO: 50 dB) below the level of a single tone in the A2 or
B2 channel modulating the transmitter to 25 percent of peak envelope power

PEP). See figure 5. The rf amplitude versus frequency response for each

-

individual ISB channel shall be within 2 dB {DO: 1 dB) between 250 Hz and
3100 Hz, referenced to each channel's carrier (either actual or virtual),

Referenced from each channel's carrier, the channel attenuation shall be at
least 40 dB at 50 Hz and 3250 Hz, and at least 60 dB at -250 Hz and 3550 Hz.
Group de]ay distortion shall not exceed 1500 microseconds over the ranges 370

AanAA At AR~ P

Hz to 750 Hz and 3000 Hz to 3100 Hz. The distortion sna|| not exceed 500
microseconds over the range 750 Hz to 3000 Hz. Group delay distortion shall
not exceed 150 microseconds for any 100-Hz frequency increment between 750 Hz
and 3000 Hz. Measurements shall be performed end-to-end (transmitter audio
input to receiver audio output) with the radio equipment configured in a

back-to-back test setup.

NOTE 1: For voice operations, each independent sideband channel

U : : .
audio input requires a low-pass filter with at least 40-dB

attenuation at 2740 Hz.

NOTE 2: When using multichannel voice frequency carrier telegraph
(VFCT) modu1ation, as spec1f1ed in table 5.2-1 of MIL-STD-188-100,

An nAad iioa Ahamemn 1L [ Cmnrmsiinmns mn N29 C . on'n: [y, -
a0 IIUL UuscT blldlllltl v \l’Cunl“—lcb Ul LJJ{..J MLy C&J n<, anu

3017.5 Hz),

5.2.8 Absolute delay. The absolute delay shall not exceed 10
milliseconds (ms) {DO: 5 ms) over the frequency range of 300 Hz to 3050 Hz.
The delay shall not vary by more than +0.5 ms from the measured initial
vaiue. fiieasurements shail be performed end-to-end and back-to-back as in
£ 2 71

5.2.9 Lincompex. Should a voice compression and expansion capability be
included, it shall meet CCIR 455-1 Lincompex requirements. In addition, such
a device shall incorporate calibration techniques that automatically remove
radio-link frequency errors for the receiver expander function with the start
of reception of each Lincompex transmission. The caiibration sequence is

chnwn nn fiAaura A
[SARANALRN) e 1] lsu' < ~

5.3 Transmitter characteristics.

5.3.1 Noise and distortion.

5.3.1.17 In-band noise. Broadband noise in a 1-Hz bandwidth within the
selected sideband shall be at Teast 85 dBc below the level of the rated peak

anp1nnp power (PEP) of the HF transmitter,

23
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MODULATOR |

f A} TN
CALIBRATE ] [
COMMAND
CONTROL TONE ( Z
ENVELOPE \ )
ENVELOPE odb _Bdb
PN UDE -5db 0db -31db odb -31db
ENVELOPE
TIMING (MS) N/A 60 64 48 64 60 N/A
CONTROL TONE N/A 2000 Hz - N/A
FREQUENCY (Hz)
SPEECH LEVEL N/A - 0 N/A

20 MS | 20 MS

CORRELATION S—
WAVEFORM | CALIBRATE

| SEQUENCE i
FREQUENCY L ] 7 |
MEASUREMENT - 7

DEMODULATOR |

FIGURE 6. Lincompex calibration sequence.
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5.3.1.2 Intermodulation distortion (IMD). The IMD products of HF
transmitters produced by any two egqual-Tevel, single-frequency audio test

signals between 300 Hz and 3050 Hz, shall be at least 30 dB beTow each
reference tone when the transmitter is operating at rated PEP. The
frequencies of the two audio test signals shall not be harmonically or

sutharmonically related and shall have a minimum separation of 300 Hz.

5.3.2 Spectral purity.

5.3.2.1 Broadband emissions. When the transmitter is driven with a
single tone to the rated PEP, the power spectral density of the transmitter
broadband emission shall not exceed tne vevel estaolisned in table II and as
shown on figure 7. Discrete spurs shall be excluded from the measurement,
and the measurement bandwidth shall be 1 Hz.

TABLE II. Out-of-band power spectral density iimits for radio transmitters.
Attenuation below in-band
Frequency power density
(Hz) (dB)
fm = fc +(0.5 B + 500) 40 (DO: 43)
fm = fc +1.08B 45 (DO: 48)
fm = fc 42.5 8 60 (DO: 80)
0.95 fo<fp < (fc - 4.0 B) 70 (DO: 80)
fm < 0.95 f¢
fm =1.05 f¢ 90 (DO: 120)
where: fp = frequency of measurement (Hz)

center frequency of bandwidth (Hz)
bandwidth (Hz)

*
[a 2%
[ I 1]

25
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NOTES:

1. B = NECESSARY BANDWIDTH (Hz).

2. tc =CENTER FREQUENCY OF BANDWIDTH (Hz).

3. EMISSIONS SHALL FALL WITHIN THE UNSHADED PORTION OF THE CURVE.

FIGURE 7. OQut-of-band power spectral density for HF transmitters.
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$.3.2.2 Discrete freguency spurious emissions. For HF transmitters,
when driven with a single tone to produce an rf output of 25-percent rated
PEP, all discrete frequency spurious emissions shall be suppressed as

follows:

Between the carrier frequency and 48 (where B = bandwidth), at ieast
AN ADA~
TV UV e

o Between 4B and +5 nercent of f

~
v Pe SIS Sr Te S50 - Lo

at least 60 dBc.
o Beyond +5 percent removed from the carrier frequency, at least 80 dBc.
See figure 8.

5.3.3 Carrier suppression. The suppressed carrier shail be at Teast 50
AR~ NN &N AO~Y Ra‘l A Fha nttfFnuat Taual AF a ceinnla $#ana madiiladdina +ha
UUL UV, VYV UUL ] VR IV LIICT VUuLpuUL 1TTYycr Ul a JIInyic VUIIT llIUUUIuLlIly LT

transmitter to rated PEP.

5.3.4 Automatic level control (ALC). Starting at ALC threshold, an
increase of 20 dB in audio Tnput shall result in less than a 1-dB increase in
average rf power output.

5.3.5 Attack and release time delays.

5.3.5.1 Attack-time delay. The time interval from keying-on a
transmitter until the transmitted rf signal amplitude has increased to 90
percent of its steady-state value shall not exceed 25 ms (DO: 10 ms) This
deiay exciudes any necessary time for automatic antenna tuning.

5.3.5.2 Release-time delay. The time interval from keying-off 2
transmitter until the transmitted rf signal amplitude has decreased to 10
percent of its key-on steady-state value shall be 10 ms or less.

5.3.6 Signal input interface characteristics.

5.3.6.1 Input signal power. Input signai power for microphone or
handset input 7s not standardized., Where provided, the line input signal
power range shall be such that the transmitter rated PEP is obtained without
manual adjustment or gain controls. For any two-tone s signal input, the
amplitude can vary from -23 dBm to 0 dBm per tone. For single-tone input,

the amplitude can vary from -17 dBm to +6 dBm.

C £ 9 1 ek mesdd
JedeU,c LMIPpUT dudio lgnal

L

5.3.6.2.1 Unbalanced interface. An unbalanced interface shall be
provided with an audio input impedance of a nominal 150 ohms, unbalanced with
respect to ground, with a minimum return loss of 20 dB against a 150-ohm
resistance over the frequency range of 300 Hz to 3050 Hz.

5.3.6.2.2 Balanced interface. #When a baianced interface is provided,
dlin aiidean Qamniid Smmmndammn ~leall b f mmal Y AN Lo [ e, RS S R SRR
LN auuivu 1rnpuL Jmpeadaile snail be a nominal Ouu onnis, bdidncea wiiln respect
to ground, with a minimum return loss of 26 dB against a 600-ohm resistance
over the frequency range of 300 Hz to 3050 Hz. The electrical symmetry shall
be sufficient to suppress longitudinal currents at least 40 dB below the

reference signal level.
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FIGURE 8. Discrete spurious emissions limit for HF transmitters.
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5.3.7 Transmitter output load impedance. The nominal rf output load
impedance at interface point B on tigure | shall be 50 ohms, unbalanced with
respect to ground. Transmitters with power output ratings equal to or less
than 600 watts shall provide: (a) full-rated output power for VSWRs of 2:1
or less, and (b) power output derated by a factor not greater than 1.5/VSWR
for VSWRs above 2:1. See figure 9a. Transmitters with power output ratings
of greater than 600 watts shall derate their output power by a factor of not
greater than 1/VSWR. See figure 9b. On transmitters using separate
exciters, the interface between the exciter and amplifier shall be a nominal
50 ohms, unbalanced, with a maximum VSWR of 1.5:1 over the operating

frequency range.

NOTE: The full-rated output power of a transmitter over the

operating frequency range, is defined to be (a) the rated PEP
when the transmitter is driven by a two-tone signal consisting of

equal amplitude tones, and (b) the rated average power when driven

by a single tone. The output rating shall be determined with the
transmitter operating into a 50-ohm load.

5.4 Receiver characteristics.

5.4.1 Receiver rf characteristics. A1l receiver input amplitudes are in
terms of available power 1n dBm from a 50-ohm source impedance signal
generator.

5.4.1.1 Image rejection. The rejection of image signals shall be at
least 80 dB for HF receivers (DO: 100 dB).

5.4.1.2 Intermediate-frequency (IF) rejection. Signals at the
1nterm?d1ate frequency (frequencies) shall be rejected by at least 80 dB (DO:
100 dB

5.4.1.3 Adjacent-channel rejection. The receiver shall reject any
signal in the undesired sideband and adjacent channel in accordance with
fiqure 4

u

5.4.1.4 Other single-frequency external spurious responses. Receiver
rejection of spurious frequencies, other than IF and image, shall be at least
65 dB for frequencies from +2.5 percent to +30 percent, and from -2.5 percent
to -30 percent of the center rrequency, and at Teast 80 dB for frequencies
beyond +30 percent of the center frequency.

5.4.1.5 Receiver protection. The receiver, with primary power on or
off, shall be capabTe of survival without damage with continuously applied
signals of up to +43 dBm (DO: +53 dBm) available power delivered from a
50-ohm source.

N
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5.4.1.6 Desensitization dynamic range. The following requirement
shall apply to the receiver in an 558 mode of operation with an IF

passband sett1nq providing at least 2750 Hz (300 Hz to 3050 Hz) of

bandwidth at the 2-dB points. With the receiver tuning centered on a
sinusoidal input test signal and with the test signal level adjusted to
produce an output SINAD of 10 dB, a s1ngle interfering sinusoidal

..... t--b Loinmmn &ola P S Amital ALl mancaant Af
signal, offset from the test signal by an amount equal to *5 percent Of
the carrier frequency, is injected into the receiver input. The output
SINAD shall not be degraded by more than 1 dB as follows:

a. For radios whose frequency-determining elements are temperature
controlled, the interfering signal is equal to or Tess than 100

,,,,,,,,,,,,

dB above the test s1gna| Tevel.

b. For radios whose frequency-determining elements are not
temperature controlled, the interfering signal is equal to or
less than 90 dB above the test signal level.

5.4.1.7 Receiver sensitivity. The sensitivity of the receiver
over the operating frequency range, in the sideband mode of operation
(3-kHz bandwidth), shall be such that a -111 dBm (DO: -121 dBm)
unmodu1ated signal at the antenna terminal, adjusted for a 1000-Hz
audio output, produces an audio output with a SINAD of at least 10 dB
over the operating frequency range.

L A 1T O DeommScocmin mies mamd T Coamammd mcadaia amd L. -I. e ....Aa..

5.4.1.8 Receiver out-of-band IMD. Second-order and n 1gner-oraer
responses shall require a fwo:tone signal amplitude with each tone at
least 80 dB greater than that required for a single-tone input to

produce an output SINAD of 10 dB. This requirement is app1icab1e for
equal-amplitude input signals with the closest signal spaced 30 kHz or
more from the operating frequency.

5.4.1.9 Third-order intercept point. Using test signals within
the first IF passband, the worst-case third-order intercept point shall
not be less than +10 dBm.

5.4.2 Receiver distortion and internally generated spurious
outputs.

5.4.2.1 Overall IMD (in-channel). The total of IMD products, with

two equal-amplitude, 1n-channel tones spaced 110 Hz apart, present at
the receiver rf input, shall meet the following requirements. For
frequency division multiplex (FDM) service, the receiver shall meet the
requ1rements for any tone spac1ng equal to or greater than the minimum

between adjacent tones in any FDM 1ibrary. The requirements shall be
met for any rf input amplitude of O dBm PEP (-6 dBm/tone) and for any
audio output of +12 dBm PEP (+6 dBm/tone) or less. A1l IMD products
shall be at least 35 dB (DO: 45 dB) below the output level of either of

the two tones.

3]
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1 harmonic distortion. The total harmonic
' oduces a
be at

=iy’
—ct

+
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Internally generated spurious outputs. Spurious signals at the
e receiver, produced in the absence of rf signals by mixing of

y in the receiver, shall not exceed -112

S s e e = D A e 'i.. R - VO R PP gy

generated internal
\
/

5.4.3 Automatic gain control (AGC) characteristic. The steady-state
output level of the receiver (for a single tone) shall not vary by more than
3 dB over an rf input range from -103 dBm to +13 dBm.

5.4.3.2 AGC release time (nondata modes). The receiver AGC release time
shall be between 80U and 1200 ms for SSB voice and ICW operation. This shall
be the per1od from rf 51gnal downward transition until audio output is within
A o
uc

ts

—=h

~ Assdes
10 O
rf i

< T
ade wbe

wun

nal

us
npt 1.

5.4.3.3 AGC requirements for data service. In data service, the
receiver AGC attack time shall not exceed 10 ms. The AGC release time shall
not exceed 25 ms.

—

5.4.4 Receiver linearity. e following shall apply with the receiver
operating at maximum sensitivity, and with a reference input signal! that
produces a SINAD of 10 dB at the receiver output. The output SINAD shall
increase monotonically and linearly within + 10 percent for a linear increase

in fn ut signal level until the output SINAD is equal to at least 40 dB (DO:
60 dB). This requirement shall apply over the operating frequency range of
the receiver.

5.4.5.1 Input impedance. The receiver rf input impedance shall be
nominally 50 ohms. unba1anced with respect to ground The input voltage
standing wave ratio (VSWR), with respect to 50 ohms, shall not exceed 2.5:1

over the operating frequency range.

w
[aN]

~  ~— 2
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5.4.5.2 Output impedance and power. The receiver output impedance shall
be a nominal BUU ohms, baTanced with respect to ground, and desfgned to drive

greater ‘than 2.5 dB relative to a sing1e ‘matched-1oad output. ‘Electrical
symmetry shall be sufficient to suppress longitudinal currents at least 40 dB
below reference signal level. The receiver output signal power for operation
with a headset or handset shall be adjustable at least over the range from

AN ADm +A N ADm Cham Anamadasnn wusdkh a enaalbnam *ha Andrnad 1Allﬁ 211 kn
T$W O OURIN LUV V UDINe 1 Vi VpTiaLvivii witii a opTanci LT VUuLpusL iITrve arirt
adjustable at least over the range from 0 dBm to +30 dBm, As a DQ. an
additional interface which can accommodate speakers ranging from 4 to 16 ohms
impedance should be provided.

5.5 Automatic 1ink estabiishment {(ALE). If ALE is to be i mplemented, it
abhall hma Sm ammatmdaman 198 ameomamde v K Tha AL cmmisd camacmemnmd - Taoda
SQHaAT T YT 111 aLlLuruanet wilLill apprciluilA A, HHT ALL TEYUITEWCTIL lm.luuc
selective calling and handshake, link gquality analysis and channel selection,
scanning, and sounding. These requirements are organized in appendix A as
follows:

a. Requirements for ALE implementation are given in sections 10 through

40.
b. Detailed requirements on ALE waveform; signal structure protocols,
and orderwire messages are contained in sections 50 through 90.

33/34
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6. NOTES.

(This section contains information of a general or explanatory

may be heipfui, but is not mandatory.}

N
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3
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interonerabili

F=! ey

6.2 Issue of DODISS.

applicabie issue of the DODISS
na

ica
[ BN )
Cel

n;

6.3 Subject term (key word) 1isting.

Adaptive communications
AJ mode

ALL

ALE mode

Automatic 1ink establishment (ALE)
Automatic sounding

Baseline mode

Deep interieaving

Forward error correction

CAalav r~rndinn
aGuUrday Luvuiny

Leading redundant word
Lincompex

Link protection

Link quality analysis (LQA)
LUA

Nrdarmuira Aata
A A B L WN B L B B I U

Radio frequency scan
Selective calling
Slotted responses
Star net and group
Tripie redundant words
Word phase

maoac nac
me o 3\- -
ning

a

6.4 International standardi ments.

this standavd Tr .2 7.7
standardization agreements, STANAGs 4203 and 5035,

IN

ation agreeme

When this standard is used in acquisition,
bie 1ssue of the DODISS must be cited in the soiicitation (see :
\
1o

that

Certain provisions of

5.2, 5.3, and 5.4 are the subJect of international

and QSTAG 733. HWhen

change notice, rev1510n, or canceilation of this standard is proposed that

wiil modify the international agreement concerned,
w29 1Y Sablan anmmmnnm anmadtanm bhuriimih cnmdacamadsamal
Wit Ldl\t appruprt IGLC av Livi vnrovuyn internacionai
including departmental standardization offices, to
make other appropriate accommodations.

6.5 Changes from previous issue.

the preparing activity

Marginal notations are not used in

this revision to identify changes with respect to the previous issue due to

the extensiveness of the changes.
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APPENDIX A

10.1 Scope. This appendix provides details of the prescribed waveform,
signal structures, protocols, and performance for the automatic link
establishment (ALE) system.

navt nf
T v Ui

N
Tue.d

e ann Al w c a andat+n 2w

T > UPP ITA I A < G lllullUubUlJ Pﬂ
MIL-STD-188~ . func tional capability described herein includes
automatic signaling, se]ect1ve calling, automatic answering, and radio

frequency (rf) scanning with 1ink quality analysis (LQA). The capability for
manual operation of the radio in order to conduct communlcations w1th

— — U, N S i | _____._A.l
EX]S[lng, U}der generdtlo", ﬂO!ldut.UmdLeu llld"Udl Y‘dUlUS, §"d|| "UL DE mmpdirea
KRy amnlamantatinn A€ ¢thaca anrdtnmatad Ffaatiivae
vy HnpiITHiIcitivavivie vi LITTOT AU WLV '"n LTU 1TQALUl Toe

20.1 Government documents. The following document forms a part of this
appendix to the extent speciried:
STANDARDS
FEDERAL

Federal Information Processing Standards

FI1PS PUR 1-1 Publication Code: for Information
Interchange

(Copies of Federal Information Processing Standards (FIPS) are available to

Department of Defense activities from the Lommand1ng Officer, Naval
Pubiications and Forms Lenter, 58071 Tabor Avenue, Vnnaaelpma, PA

101 ')n Enoaa N+ha ed et ~Anniae f\‘ CIDC Fwam +ha Ma+innal T
VT IVI T, Ubl'c') "lu;\v IC\{UCOD LVMITO VI AT 9 1T vin Liic "ub'v'|u| L}

Informatlon Service, 5285 Port Royal Road, Springfield, VA 22161-2

20.2 Non-Government publications. The following documents form a part
of this appendix to the extent specified:

INTERNATIONAL STANDARDIZATION DOCUMENTS

International Telecommunications Union (ITU),
Radio Regulations

CCIR Use of High Frequency Ionospheric
Recommendation 520 Channei Simuiators
[Application for copies should be addressed to the General Secretariat,
lnternat1ona1 Telecommunications Union, Place des Nations, CH-1211 Geneva 20,

Switzerland.)

37
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International Organization for Standardization (1S0)

International Open Systems Interconnection (0SI)
Standard 7498-1984 Reference Model

(Application for copies should be addressed to the Central Secretariat,
International Organization for Standardization (IS0) 1, Rue de Varemhe-
CH-1211, Geneva, 20, Switzerland.)

(Non-Government standards and other publications are normally available from
the organizations that prepare or distribute the documents. These documents
also may be available in or through libraries or other informational

&I U iIve Vi V LIiCT s m
services.)

30. DEFINITIONS.

30.1 Standard definitions and acronyms. See Section 3.

30.2 Definitions of timing symbols. The abbreviations and acronyms used
for timing symbols are contained in annex A to this appendix.

40. GENERAL REQUIREMENTS.

40.1 System test performance. Stations designed to this standard shall
demonstrate an overall system performance equal to or exceeding the following

requ1reméﬁis. Linking atiéipts made with a test setup configured as shown on
figure A-1, using the specified ALE signal created in accordance with this

appendix, shall produce a probability of linking as shown in table A-I.

TABLE A-I. Probability of linking.

Signal-to-noise ratio (d )

Probability Gaussian CCIR CCIR

of noise good poor
linking channel channel channel
= 25% -2.5 +0.5 +1.0
= 50% -1.5 +2.5 +3.0
= 85% -0.5 +5.5 +6.0
> 95% 0.0 +8.5 +11.0

W
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The receive audio input to the ALE controller shall be used to simulate the
three channel conditions. The CCIR good channel shall be characterized as
having 0.5 ms multipath delay and a fading (two sigma) bandwidth of 0.1 Hz.
The CCIR poor channel, normally characterized as consisting of a circuit
having 2.0 ms multipath delay with a fading (two sigma) bandwidth of 1.0 Hz,
shall be modified to have 2.2 ms multipath delay and a fading (two sigma)
bandwidth of 1.0 Hz. Doppler shifts of -60 Hz for the CCIR good and poor
channels (see table A-I) shall produce no more than a 1.0 dB performance
degradation. :

NOTE: This modification is necessary due to the fact that the
constant 2-ms multipath delay (an unrealistic fixed condition) of
the CCIR poor channel results in a constant nulling of certain
tones of the ALE tone library. Other tone libraries would also
have some particular multipath value which would result in
continuous tone cancellation during simulator testing.

Each of the signal-to~-noise ratio (SNR) values shall be measured in a nominal
3-kHz bandwidth. Performance tests of this capability shall be conducted in
accordance with CCIR Recommendation 520 "Use of High Frequency Ionospheric
Channel Simulators", employing the C.C. Watterson Model. This test shall uze
the individual scanning calling protocol described in 70.4.3. The time for
performance of each 1ink attempt shall be measured from the initiation of the
calling transmission until the successful establishment of the link,
Performance testing shall include the following additional criteria:

a. The protocol used shall be the individual scanning calling protocol
with only TO and THIS IS preambles.

b. Addresses used shall be alphanumeric, one word (3 characters) in
length from the 38-character basic ASCII subset.

c. Units under test (UUTs) shall be scanning 10 channels at 2 channels
per second.

d. Call initiation shall be performed with the UUT transmitter stopped
and tuned to the calling frequency.

e. Maximum time from call initiation (measured from the start of UTT rf
transmission -- not from activation of the ALE protocol) to link
establishment shall not exceed 13.000 seconds, plus simulator delay
time.

NOTE: Performance at the higher scan rates shall also meet the
foregoing requirements and shall produce the same probability of
linking as shown in table A-I.

40.2 Channel memory. The equipment shall be capable of storing,
retrieving, and empToying at least 100 different sets of information
concerning channel data to include receive and transmit frequencies with
associated mode information. See table A-II. The channel data storage shall
be nonvolatile.
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The mode information shall include:

sounding data

group/net association

modulation type (associated with frequency)
transmit/receive modes

filter width (DO)

AGC setting (DO)

input/output antenna port selection (DO)

input/output information port selection (DO)
noise blanker setting (DO?

transmit power level (DO)
traffic or channel use (voice, data, etc.) (DO)
security (DO)

000000000000

Any channel (a) shall be capable of being recalled manually or under the
direction of any associated automated controller, and (b) shall be capable of
having its information altered after recall without affecting the original
stored information settings.

40.3 Scanning. The radio shall be capable of repeatedly scanning
selected channels stored in memory (in the radio or controller) under either
manual control or under the direction of any associated automated
controller. The scanned channels should be selectable by groups (such as 10
groups of 10 channels) and also individually within the groups, to enable
flexibility in channel and network scan management. The design shall
incorporate selectable scan rates of 2 channels per second (chps) and 5 chps
(DO: 2, 5, and 10 chps). Performance shall meet the requirements of 40.1.
The radio shall stop scanning and wait on the most recent channel during the
advent of any of the following selectable events:

o Automatic controller input of stop scan (the normal mode of operation)
0 Manual input of stop scan

o Activation of push-to-talk (PTT) line (DO)

o Activation of external stop-scan line (DO)

40,4 Self address memory. The radio shall be capable of storing,
retrieving, and employing at least twenty different sets of information
concerning self addressing. The self address information storage shall be
nonvolatile. These sets of information include self (its own personal)
address(es), valid channels which are associated for use, and net
addressing. Net addressing information shall include (for each “net member"
self address, as necessary) the net address and the present slot wait time
(in multiples of Tw). See table A-III. The slot wait time values are
Tswt(SN) from the formula in 70.6.2. Stations called by their net call
address shall respond with their associated self (net member) address with
the specified delay (Tswt(SN)). For example, the call is "GUY", thus the
response is "BEN". Stations called individually by one of their self
addresses (even if a net member address) shall respond immediately, and with
that address, as specified in the individual scanning calling protocol.
Stations called by one of their self addresses (even if a net member
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TABLE A-III. Self address memory example.

Self ({or Tswt(SN)= (4]
net member) Net slot wait Valid Example

Index address address time (Tw) channels comments

SAl SAM -- -- AN simple individual
address, l-word, all
channels

SA2 BOBBIE -- - c1,2,3 simple individual
address, 2-word, 1imited
channels

SA3 JIM -- -- c7 simple individual
address, 1-word, single
channel

SA4 BEN GUY 14 All net and individual
audFeSSES, }-ﬁﬁru,
all channels, preset
slot unit time (slot 1)

SAS CLAUDETTE GAL 80 C3-C7 net and 3-word
individua? addresses.
limited channels, preset
slot wait-time (slot 4)

SA6 JOE PEOPLE 17 C1-C9 2-word net and 1-word
individual addresses,
1imited channels preset
slot wait-time

SA20 -- PARTY -- C5-Ciz 2-word net only address,
therefore receive only
if called

NOTES:

1. The self address number "SA#" index is included for clarity. Indexes may

NN
.

S w
.

be useful for efficient memory management.
c

[ enalf addunce ha 20418 ~ddaanaas
If 3 net address is asso 1ated with a self address, the self address
should be referred to as a "net member" address.

Addresses and va]ues shown for examp1e only.

Valid channels are the channels on which this address is planned, or
permitted, to be used.
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address) within a group call shall respond in the derived slot, and with that
address, as specified in the star group scanning calling protocol. If a
station is called by one of its net addresses and has no associated net
member address, it shall pause and listen to the entire transmission but
shall not respond (unless subsequently called separately with an available
self or net member address).

40.5 Other address memory. The radio shall be capable of storing,
retrieving, and employing at least 100 different sets of information
concerning the addresses of other stations and nets. The other address
information storage shall be nonvolatile. Individual addresses shall be
stored individually, and shall be associated with a specific wait for reply
time (Twr) if not the default value. Net information shall include own net
and net member associations, relative slot sequences, and own net wait for
reply times (Twrn) for use when calling. See table A-IV.

As a DO, any excess capacity which is not programmed with preplanned other
address information should be automatically filled with any addresses heard
on any of the scanned or monitored channels. When the excess capacity is
filled, it should be kept current by replacing the oldest heard addresses
with the latest ones heard. This fortuitous information should be used for
calling initiation to those stations (if needed), and for activity
evaluation.

40.6 Connectivity and LQA memory. The radio shall be capable of
storing, retrieving,- and employing at least 4000 (DO: 10,000) sets of
connectivity and LQA information associated with the channels and the other
addresses in an LQA memory. The connectivity and LQA information storage
shall be nonvolatile. The information in each address/channel "cell" shall
include as a minimum, the bilateral (two-way) BER values of (a) the signals
received at the station, and (b) the station's signals received at, and
reported by, the other station. It shall also include either an indicator of
the age of the information (for discounting old data), or an algorithm for
automatically reducing the weight of data with time, to compensate for
changing propagation conditions. As a DO, the cells of the LQA memory should
also include bilateral SINAD values and MP information derived by suitably
equipped units. The information within the LQA memory shall be used to
ze;ect channels and manage networks as stated in this document. See figure
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TABLE A-IV. Other address memory example.

Other Individual {Net) wait
or net (net member) Yalid for reply Example
address address and siots channels time (Tw) comments
slot 1 slot 2 slot 3 slot 4
IRA NA NA NA NA A1l Twr Individual
address
BAB NA NA NA NA c1-012 Twr Same
GUY BEN*  DOC DAD ABE All Twrn(5) own net
4 members
GAL AMY LIZ JANE CLAUDETTE* C(C3-C7 Twrn(5) own net
4 members
PEOPLE JOE*  BILL SUE NA C1-C9 Twrn{(4) own net
3 members
PARTY * * NA NA NA C5-C12 0 one way
broadcast
net, no
responses
CLUSTER ALFA BRAVO CHARLIE NA c2-C10 Twrn(4)  other net
3 members
NOTES:
1. Total number of addresses shall be at Teast 100.
2. * Indicates a self (net member) address in this example for the assigned
slot; i.e., station is a member of listed net.
3. ** Indicates that the station is a member of the listed net, but does not
respond when called.
4. Excess capacity should (DO) be filled with any other addresses heard
(00).
5. Addresses for example only.
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50. WAVEFORM,

50.1 Introduction. The ALE waveform is designed to pass through the
audio passband of standard SSB radio equipment. This waveform shall provide
for a robust, low-speed, digital modem capability used for multiple purposes
to include selective calling and data transmission. This section defines the
waveform including the tones, their meanings, the timing and rates, and their

50.2 Tones. The waveform shall be an 8-ary frequency shift-keying (FSK)
modulation with eight orthogonal tones, one tone (or symbol) at a time. Each
tone shall represent three bits of data as follows (least significant bit

(LSB) to the right):
o 750 Hz 000
o 1000 Hz 001
o 1250 Hz ON
o 1500 Hz 010
o 1750 Hz 110
o 2000 Hz m
o 2250 Hz 1M
o 2500 Hz 100

shall be the encoded and interleaved data bits
as described in 60.2 and 60.3. The transitions between
continuous and should be at waveform maxima or minima

The transmitted bits
constituting a word,
tones shall be phase
(slope zero).

50.3 Timing. The tones shall be transmitted at a rate of 125 tones
(symbols) per second, with a resultant period of 8 milliseconds (ms) per
tone. Figure A-3 shows the frequency and time relationships. The
transmitted bit rate shall be 375 bps. The transitions between adjacent
redundant (tripled) transmitted words shall coincide with the transitions

.
aind wal
between in an integ

racul+inag egral 49

eumhnle [Ar &
wUIilw 9 TOIUY LIl R ALIIPAVE] \uvr
(tripled) word. The resultant single word périod°(Tw) shall be 130 . ms
(or 16.33... symbols), and the triple word (basic redundant format) period (3

+nnac

D)
3
D
"
~—

Tw) shall be 392 ms.

50.4 Accuracy. At baseband audio, the generated tones shall be within
+1.0 Hz. At rf, all transmitted tones shall be within a range of 1.0 d8 in
amplitude. Transmitted symbol timing, and therefore the bit and word rates,
shall be within ten parts per million.
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60. SIGNAL STRUCTURE.
60.1 Introduction. This section provides definition of the ALE signal
structure. Included e: bit and word format and structure, coding, forward

ar d forma ructur fo

error correction (FEC), fram1ng, and synchronization. Also “"described in this
section are: addressing, signal quality analysis, and the functions of the
standard word preambles associated with the signal structure.

60.2 Word format. The basic ALE word shall consist of 24 bits of
information, de 1 ated W1 (most significant bit (MSB)) through W24 (LSB).
The bits shall be des1qnated as shown on figure A-4.

60.2.1 Structure. The word shal] be divided into Four parts a 3-bit
preamble and three individual 7-bit characters. The MSB for all parts, and

the word, is to the left on figure A-4 and is sent earliest. Before
transmission, the word shall be divided into two 12-bit halves (Golay codec A

and B) for FEC encoding as described in 60.3.

60.2.2 MWord tEEes. The leading three bits W1 through W3 are designated
preamb]e bits through P1, respectively. These preamble bits shall be used
to identify one of eight possible word types.

60.2.3 Preambles. The word types (and preambles) shall be as shown in
table A-V and as described herein.

60.2.3.1 THRU. The THRU word (001) shall be used in the scanning call
section of the catling cycie only with group call protocols. The THRU word
shall be used alternately with REPEAT, as routing designators, to 1 indicate
the address first word of stations that are to be directly called. Each
address first word shall be limited to one basic address word (3 characters)
in length. A maximum of five different address first words shall be
permitted in a group call. The sequence shall only be alternations of THRU,
REPEAT. The THRU shall be not be used for extended addresses, as it will not

be used within the leading call section of the calling cycle. When the

leading call starts in the group call, the entire group of called stations

shall be called with their whole addresses which shall be sent using the T0
preambles and structures, as described in 60.2.3.2.

L

Q

NOTE: The THRU word is also reserved for future implementation of

indirect and relay protocols, in which cases it may be used

e!sewhere in the ALE frame and with whole addresses and other
nformation. Stations designed in compliance with this nonrelay

standard should ignore calls to them which employ their address in
a THRU word in other than the scanning call.

..........

60.2.3.2 TO. The TO word (010) shall be used as a routing designator
which shall indicate the address of the present destination station(s) which
is {are) to directly receive the call. T0 shall be used in the individual
call protocols for single stations and in the net call protocols for multiple

net-member stations which are called using a s1ng]e net address. The TO word
itself shall contain an address, one basic address word (3 characters) in
length. For extended addresses, the additional address words (and
characters) shall be contained in aiternating DATA and REPEAT words, which
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TABLE A-V. ALE word types (preambles).

Word Code B ) .

type bits Functions Signifticance

THRU o0y multiple {and present multiple direct
indirect) routin destinations for group calls

(and future indirect relays,
reserved)

10 010 direct routing present direct destination

for individual and net calls

COMMAND 110 orderwire control ALE system-wide station (and
and status operator) orderwire for

coordination, control,
status, and speciai
Eramaddinne

1UulvLIEVIID

FROM 100 identification identification of present
(and indirect transmitter without
routing) termination (and past

originator and reiayers,
reserved)

THIS IS 107 terminator and identification of present
identification, transmitter, signal
continuing terminations, protocol

continuation

THIS 011l terminator and identification of present
identification, transmitter, signal and
quitting protocol termination

DATA 000 extension and extension of data field of
information the previous ALt word, or

information defined by the
mmaurs Aane CNAMMAMN
Pl TY IUUD wurnriAane

REPEAT M duplication and duplication of the previous

/1
/ 1\

P2
W2

information

preamble, with new data
field, or information
defined by the previous

Fal a1V VY WV i,Y

LUMMANY
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shall immediately follow. The sequence shall be TQO, DATA, REPEAT, DATA, and
REPEAT, and shall be only long enough to contain tThe address, up to a maximum
capacity of five address first words (15 characters). The entire address
(and the required portion of the TO, DATA, REPEAT, DATA, REPEAT, sequence, as
necessary) shall be used in the 1eading calT section of the ALE calling
cycle. However, in the immediately preceding scanning call section of the
calling cycle, only the first word of the destination address (and using only
the IQ? shall be used, to speed scanning and linking.

60.2.3.3 COMMAND. The COMMAND word (110) is a special orderwire
designator which shall be used for system-wide coordination, command,
control, status, information, interoperation, and other special purposes.
COMMAND shall be used in any combination between ALE stations and operators.
TOMMARD is an optional designator which is used only within the message
section of the ALE frame, and it shall have (at some time in the frame) a
preceding call and a following conclusion, to ensure designation of the
intended receivers and identification of the sender. The first COMMAND
terminates the calling cycle and indicates the start of the message section

of the ALE frame. The orderwire functions are directed with the COMMAND
itself, or when combined with the REPEAT and DATA words. See section 80 for
orderwire messages and functions.

60.2.3.4 FROM. The FROM word (100) is an optional designator which
shall be used to identify the transmitting station without using an ALE frame
termination, such as THIS IS or THIS WAS. It shall contain the whole address
of the transmitting station, using the FROM, and if required, the DATA and
REPEAT words, exactly as described in the 10 address structure in 60.2.3.2.
It should be used only once in each ALE frame, and it shall be used only
immediately preceding a COMMAND in the message section. Under direction of
the operator or controller, it should be used to provide a "quick ID" of the
transmitting station when the normal conclusion may be delayed, such as when
a long message section is to be used in an ALE frame.

NOTE: The FROM word is also reserved for future implementation of
indirect and relay protocols, in which cases it may be used
elsewhere in the ALE frame and with multiple addresses and other
information. Stations designed in compliance with this nonrelay
standard should ignore sections of calls to them which employ FROM
words in any other sequence than immediately before the COMMAND
word.

60.2.3.5 THIS IS. The THIS IS word (101) shall be used as a routing
designator which shall indicate the address of the present calling (or
sounding) station which is directly transmitting the call (or sound). Except
for the use of THIS WAS, THIS IS shall be used in all ALE protocols to
terminate the ALE frame and transmission. It shall indicate the continuation
of the protocol or handshake, and shall direct, request, or invite (depending
on the specific protocol) responses or acknowledgements from other called or
receiving stations. The THIS IS shall be used to designate the call
acceptance sound. The THIS IS word itself shall contain at Teast the first
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inmAd A€ +ha A1VTdmn~ e‘-;b-:nn.r FY
wWuUiu uvi b”c \'ul [ B 20TALIVH O Q

A
word (3 characters) in length. Fo
address words (and characters) shall be contained in alternating DATA and
REPEAT words which shall immediately follow, exactly as described for whole
addrésses using the TO word and sequence. The entire address (and the

required portion of the THIS IS, DATA, REPEAT, DATA, REPEAT sequence, as

necessary) shall be used only in the concTusion section of the ALE frame (or
shall constitute an entire sound). THIS WAS shall not be used in the same

frame as THIS IS. as they are mutually exclusive.

60.2.3.6 THIS WAS. The THIS WAS word (011) shall be used as a routing
designator exactly as the THIS IS, with the foliowing variations. It shall

T
indicate the terminacion or une ALL prOEOCOI or ﬂdnGSHdKe, and Sﬂall reJEQE,

dicrnnr:nn or not invite ldnnnndsnn on +hn cnnr1F1r nvnfnrnT\ rasnonges or
3 ’ 1Y | v ‘\J\-P\o 3 F V

acknowledgements from other called or receiving stations. The THIS WAS shall

be used to designate the call rejection sound. THIS IS shall not be used in
the same frame as THIS WAS, as they are mutually exclusive.

A s N ] NATA TL. NATA ~-2 INAnANY 2. L .2 P P R RPN el a1
QU037 UAIA, Ine UAITA WOrd (Uuuj) 15 a speciail daesiygnacor wnicn sSnaii
be used to extend the data Tieid of anv nreviogus word tvne {excent DATA
- MJIL G W ASFAR AR AL ) - W WA L] ~ UIJ L~ ~ VJ"\- \\-l\vbyv """

pre
itself) or to convey information in a message. Nhen used with the routing
designators TO, FROM, THIS IS, or THIS WAS, DATA shall perform address
extension from the basxc three characters to six, nine, or more (in multiples

of three) when alternated with REPEAT words. The selected 1imit for address

extension is a totai of fifteen cnaracters. when used with LUNMANU, its
function is predefined as specified in section 80.

60.2.3.8 REPEAT. The REPEAT word (111) is a special designator which
shall be used to duplicate any previous preamble function or word meaning
while changing the data field contents (bits W4 through W24)., See table
A-Y, Any change of words or data field bits requires a change of preamble
pits (P3 through P1) to preciude uncertain:y and errors. If a word is to

A aman A~ SE€ $hn Aaba E£3A1A $2 A~ 21 +A +hat dn +ha nmaurs Ane A *ha
guallgc cvent Il LIl dava 1iciu 1o lu!‘."lblbﬂl 13 fay Ill bllc pr CVIUU) WUIU’ LT
=3

preamble shall be changed; thereby clearly d ating a word rhannp When

used with the routing de51gnaior-?0 REPEAT performs address expansion, which

enables more than one address to be specified. See 70.6. See 60.2.3.1 for
use with THRU. With DATA, REPEAT may be used to extend and expand address,
message, command, and sTatus fieids. REPEAT shail be used to perform these
functions, and it may directly follow any other word type except for itself,

and except for THIS IS or THIS WAS, as there cannot be more than one
transmitter for a specific cail at a given time.

vV ul
Ql‘l
sigr
erf

60.2.3.9 Valid sequences. The eight ALE word types which have been
described shall be used to construct calls and messages only as permitted on
figure A-5. The size and duration of ALE calls, and their parts, shall be

S s b J an Aamacas 7Y
llllllLC as ucoLr IUCU Ill LGUIC I‘\"'L.

60.2.4 Characters.

60.2.4.1 General. The ALE system provides and supports three compatible
sets of characters, all of which are based on Federal Information Processing
Standard (FIPS) Pub i-1.

o
(%)
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SOUNDS, SCANNING OR NONSCAN A
[ > NONSCAN GROUP CONCL
NONSCAN INDIVIDUAL OR NET (I/N) I/N_ OR GP 2ND LOOP IN T ¢ oW MsG
1 [ (ALL TQ's AGAIN)
SAME ADRS, SAME
___1ST WORD, AGAIN I |GP ADDED PRESENT DESTN ADRSI QuICK 1D )
I (LOOP TO Tg¢ END) I I I I(LOOP ALL PRESENT DESTNS)+ N
Lo
| 70 I l 10 F,_"”_i
i ADDRESS [ . o~ WHOLE >
1N
@ j3CNGUNG] £IRST WORD =l 8 ———————| ADDRESSES |
-t St LWVUT UY )¢
= ONLY Gpr worp 1 [ |
3 Ias*r LOOP IN T I
o
= ADDED ADRS
= DIFF ADRSES,
w _SAME 1ST WORD, AGAIN EXTENDED ADRS J z
3 l (LOOP TO Tyc END) ] o
o o
w I_,_ THRU _,.l DATA ExiT 2
w w
~ SCNG GP annproaec FEXITY annpeceec P "f‘ﬂ
A W SO AVUREODCW O T e W N e W x
E FIRST WORDS >t EVEN WORDS ™ a
|- o
P . > ONLY z
- w =
7] 9 5
e IFF ADRSES,
DIFF 1ST WORDS EXTENDED ADRS )
1 L}
DIFF ADRSES,
DIFF 1ST WORDS EXTENDED ADRS
o | I
w
[=]
2 REPEAT REPEAT
Y Y oY el ol alol o) -’ AMMPREOAr-o
- AUVURCOOL O EXIT“ AVUNECOVLEY EXIT
FIRST WORDS ———ad ODD WORDS I-a
(T, IS SUM ONLY % = END Tgc
OF 2-56 T,, xx = AFTER END Tgc, IF ANY
DIFF 1ST WORDS)
ADDRESS(ES), 1ST WORDS (SAME (T,,) OR WHOLE WORD ADDRESS(ES) (T,)
DIFFERENT (T,,), REPEATED UNTIL END OF Tg.). (ETa=Te 12, MAXIMUM OF 12
WORDS IN ANY COMBINATION).
“ VRN J
T T
SCANNING CALL Tge-n x T, LEADING CALL T ¢=2T
C y

e

CALLING CYCLE SECTION (HEADER) Tec=Tgc+T.c

FIGURE A-5a. Vaiid word sequences -- Continued:
[calling cycle section).
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SOUNDS. SCANNING OR NONSCAN

CONCLUSION TERMINATOR AFTER END OF CALLING CYCLE Tcc

)

ORDERWIRE MESSAGE AFTER END Tcc

000

C)(WﬁKm

COMMAND ADDED OW MSGS  _
(LOOP ALL COMMAND OW MSGS)

i

|
|
|

SN\
—®
L ®

X
| EROM |y Lej cOMMAND [ A
Le] whoLe [ L_o] wHOLE [ ‘
ADDRESSES oW MSG ORDERWIRE g
WORD 1 x———-—‘"-—'* WORD 1 2
N
I SPECIAL DBM FORMAT | I o
I ) ADDED OW ] |8
EXTENDED ADRS ] né EXTENDED OW INFO 5'
r4
£ 2
< w
| DATA | |% | opAtA e
™ aooress [T gz ORDERWIRE | i
- WORDS 2 & 4 |- & -~{EVEN WORDS |
by ©
12
=} =
CwYTEAMNEN ANDC :i § EYTOCMMNEMN NW iacM
LAITOLNWLWY AVNO 3 LA LIVULLW WY v W
l @ |
EXTENDED ADRS : EXTENDED OW INFO
<
(=]
-
REPEAT | = REPEAT |
= [ g - =
-— » - -—
Lp{ ADDRESS | _ .. ORDERWIRE [, -
WORDS 3 & 5 ! ODD WORDS
(OPTIONAL USE) WHOLE ADDRESS
OF TRANSMITTING STATION
(IF LONG ORDERWIRE FOLLOWS).
ORDERWIRE
DATA EXIT
— BLOCK [*
MESSAGE
(OPTIONAL USE) ORDERWIRE MESSAGES -
LQA, AMD, DTM. ..
(. S~ J
QUICK ID T, XMTR ORDERWIRE MESSAGE(S) n x Ty,
— J/
—

FIGURE A-5b. Valid word sequences -- Continued:
{message section].
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SOUNDS. SCANNING OR NONSCAN

XMTR IDENT SCNG REDUNDANT

SOUND Tsgs. USING WHOLE ADRS

(OR Tgs 2Ty IF NONSCAN)
{L00P TO T__/T-__END

CONCL TERMINATOR

(AFTER END OF CALLING CYCLE T¢o)
CONCL TERMINATOR

©®@

(AFTER END OF MSG T

l -
I ONLY IF SOUNDING)
bl THISIS |_ ]
OR - I
4’ E 3
THIS WAS |§XT >
o WHOLE
ADDRESS | &
$ WORD i I ]
|+ 4
-
l s
x
EXTENDED ADRS 2
»
T
DATA - 1®
L’ =t ;
»
ADDRESS |§X'T 1" -
= worns 22 4
-
EXTENDED ADRS X
EXTENDED ADRS }
REPEAT . I
LlEkrl el Cd P —
(o] ADDRESS | |
WORDE 3 & & exitt
- —
% = END Tas /Tx /Tsns

FRAME TERMINATION

- M MAMENIIIMNA T T YUTD

=W INUIROWVINWY Ty

LR

- IF NONSCANNING SOUND Taa= 2T, XMTR

IF SCANNING SOUND Tgag=n x Ty XMTR 2 Tg + Tag

[\ J
T
CONCLUSION SECTION (TRAILER)
rTAiinc A Co Val24d smead AAmmtiAmaA s NPAnd
FLQUKL RA=JC. Variu wurd >STYUTIILEY =~ JLuiiL
TconcTusion section),
c7
o/

END OF FRAME STRUCTURE
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TABLE A-VI. Limits to cal]s.

Calls Limit
Address size (5 words) (Ta max) 1960 ms
Call time (12 words) (Tc max) 4704 ms
Scan period {Ts max) 50 s
Message section time, AMD (90 11.76 s

characters), or DTM (84 characters,
unless modified by COMMAND)

Message section time, DTH (1053 2.25 min

characters) (Tm max DTM) (entire data block)
Message section time, DBM 23.36 min (entire deeply
(37545 characters) (Tm max DBM) interleaved block)

60.2.4.2 Basic 38 ASCII subset. The basic 38 ASCII subset shall include
all capital alphabetics (A-Z) and all digits (0-9), plus designated utility
and wildcard symbols "@" and "?", as shown on figure A-6. The basic 38

subset shail be used for aii basic addressing functions as described in

&N © TAa ha a aldAd harmssr adduwace *ha wAanvd chall nr\n#a‘n a wmAantina nunaamhla
UV J e 'V T a 'allu vasi e uuu1 To9y LIT WUT U Sl LUIIvall @ Fyvuviiily prcanwrere
(such as T70...), plus three alphanumeric characters (A-7Z, 0-9) from the basic
38 subset In any combination. In addition, the "@" and i pm symbo]s shall be

used for special functions only as described in 60.5.4. Digital
discrimination of the basic 38 subset shall not be limited to examination of
only the three Mst (b7 througn b5), as a totai of 48 digitai bit

combinations wouid be possibie \lﬂLlUUlng ten invalid symbois which w

improperly accepted).

1 il A
I wOu1d

60.2.4.3 Expanded 64 ASCII subset. The expanded 64 ASCII subset shall
include all capital alphabetics [A-Z], all digits (0-3), the utility symbols
“@" and "?", plus 26 other commonly used symbols. See figure A-7. The
expanded 64 subset sha11 be used for all basic orderwire message functions,

an Aassmshad

1 Ciimmbdnme ae maw ha ctandamds oad

as described in section 80, plus special functions as may be standardized.
For orderwire message use, the subset members shall be enclosed within 2

sequence of DATA (and REPEAT) words and shall be preceded by an associated
COMMAND (such as data text messase). This COMMAND designates the usage of

the 1n?onnat1on which fo]]ows, and shall also be preceded by a valid and
appropriate calling cycle using the basic 38 subset addressing. Digital
discrimination of the expanded 64 subset _may be accompiished by examination
of the two M5Bs (b7 and bg), as all of the members within the "01" and

"10" MSBs are acceptable. No parity bits are transmitted, because the
integrity of the information is protected by the basic AlE FEC and redundancy

and may be ensured by optional use of the COMMAND CRC (cyclic redundancy
check), as described in section 80.
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60.2.4.4 Full 128 ASCII set and binary data. The full 128 ASCII set
shall include all characters, symbols, and functions available within the
ASCII code. In addition, all 7-bit combinations are acceptab]e. See Figure

a

A-8. For d1g1tal data commun1cat1ons, even that using ASCII characters and

binary bits, the information: (a) shall be enclosed within a sequence of DATA

and REPEAT) words; (b) shall be preceded by an associated COMMAND (such as
data text message) which designates the usage of information which follows;
and (c) shall be preceded by a valid and appropriate calling cycle using the
basic 38 subset addressing. No parity bits are transmitted, because the
integrity of the information is protected by the basic ALE FEC and redundancy

and may be ensured by optional use of the COMMAND CRC as described in

cartinn 20
STL LIVl Ov,

60.3 Coding.

60.3.1 Introduction. The effective performance of stations, while
communicating over aaverse rf channels, relies on the combined use of forward
error correction, interleaving, and redundancy. These functions shall be
performed within the transmit encoder and receive decoder.

60.3.2 Forward error correction (FEC). The Golay (24, 12, 3) FEC code
is prescribed for this standard. The FEC code generator polynomial shall be:

glx) = x11+ x93 + x7 + x6 + x5+ x + 1

The generator matrix G, derived from g(x), shall contain an identity matrix
I2 and a parity matrix P as shown on figure A-9. The corresponding parity
check matrix H shall contain a transposed matrix pT and an identity matrix

I12 as shown on figure A-12.

60.3.2.1 Encoding. Encoding shall use the fundamental formula x = uG,
where the code word X shall be derived from the data word u and the generator

matrix G. Encoding 7s performed using the G matrix by summing (modulo-2) the
rows of G for which the corresponding information bit is a "1". See figures
A-9, A-10, and A-11.

60.3.2.2 Decoding. Decoding will implement the equation
5=y HT
where y = x + e is a received vector which is the modulo-2 sum of a code word
x and an error vector e, s is a vector of "n - k" bits called the syndrome.
Tee figure A-11B. See figure A-12 for the value of H. Each

correctable/detectable error vector e results in a unique vector s. Because
of this, s is computed according to The equation above and is used to index a

look-up of the corresponding e, which is then added modulo-2 to y to give the
original code word x. Flags are set according to the number of errors being

corrected. The uses of the flags are described in 60.4. If s is not equal
to 0 and e contains more ones than the number of errors being corrected by
the decoding mode, a detected error is indicated and the appropriate flag is
spt
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112 P

(100 000 000 000 : 101 011 100 O11 )
010 000 000 000 : 111 110 010 010
001 000 000 000 : 110 100 101 O11
000 100 000 000 : 110 001 110 110
000 010 000 000 : 110 O11 011 001
000 001 000 000 : O11 001 101 101
000 000 100 000 : 001 100 110 111
000 000 010 000 : 101 101 111 00O
000 000 001 000 : 010 110 111 100
000 000 000 100 : 001 O11 011 110
000 000 000 010 : 101 110 001 101

000 000 000 00t : 010 111 000 111

FIGURE A-9. Generator matrix for (24, 12) extended Golay ccde.
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12 BITS TO ENCODE (111101110100 110!1:011
s~ | BIT NUMBERS 112]31415]|6(|7|8]9i0f1]12
| 4

1 100 000 000 000 101 011 100 011
(/7]
o
w

g 2 010 000 000 000 111 110 010 010
2
=

= 4 000 100 000 000 110 001 110 110
(@)
[+ o4

x 8 000 000 010 000 101 101 111 000
T
<

- 10 000 000 000 i00 001 Oii Oii 110

12 000 000 000 001 010 111 000 111

110 100 010 101 010 101 100 110

ENCODED DATA BITS™ GOLAY CHECK BITS
W~,===W12 ‘,OR W13,,.W24) G1...G1'2(0R G‘!3"'GZQ)
24 BITS CODE WORD TO SEND

*SEE NOTE 2

NOTES:

1. THE 1" BITS TO BE ENCODED DETERMINE WHICH ROWS OF THE *G”
GENERATOR MATRIX ARE TO BE "MODULO-2" SUMMED. IN THIS EXAMPLE,

BITS 1, 2, 4, 8, 10, AND 12 ARE "1", SO ROWS 1, 2, 4, 8, 10, AND 12 ARE

UMMED

VIV b

2. SINCE THIS IS A "SYSTEMATIC" CODE, THE ORIGINAL 12 DATA BITS ALSO
APPEAR IN THE OUTPUT ENCODED 24 BITS.

0
A

w

FIGURE A-10. Golay word encoding example.
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12 INPUT DATA BITS “W" : 12 GOLAY CHECK BIiTS “G"
W, W, W, . . LW W !
RALTRAC I : n e, GOLAY ENCODE ROM
]
ENCODE ROM ADDRESS 4K X 12 BITS
[
| i -—— W, L. Wi —=| (NOTE 1)
Il ' ENCODE RGMJ LG, ... Gyz
 p ' DATA OUT <
)
Wy Wa Wg . . ... .W, Wy, | Gy Gy Gg. . . . . .Gy Gy
1

RECEIVED W, . . Wy RECEIVED Gj. -Gq2
(PLUS ERRORS) (PLUS ERRORS)
W, w: W3 ..... .W11 W12 : G1 Gz Ga. e . .ng G12
SAME GOLAY
ENCODE ROM
ENCODE ROM SAME

WoDRESS N e xrzers X1 {5 @ s onr
(NOTE 1) Gy . -Gy2

(PLUS ERRORS)

{PLUS ERRORS)
J GOLAY DECODE ROM
12-BIT éc; 4K X 12 BITS <.——
*EXCLUSIVE OR* ‘
(NOTE 2) *SYNDROME" USED AS
DATA BITS ERROR u/ ADDRESS POINTER BASED
PATTERN TO CORRECT-q L ON *G* ERROR PATTERN

1.

Wy W2 Wi . . Wit Wa2
— CORRECTED DATA BITS “w*

B. GOLAY FEC DECODING EXAMPLE
NOTES:
ENCODE ROM CONTAINS GOLAY CHECK BITS "G, . . Gy2° AT EACH ADDRESS, BASED ON DATA BITS
W, . . Wy,* PREVIOUSLY COMPUTED FROM GENERATOR MATRIX "G" AND STORED.
DECODE ROM MAY INCLUDE ADDITIONAL BITS (OVER THE BASIC 12 TO CORRECT “W” BITS) TO
INDICATE QUANTITY OF DATA ERRORS DETECTED AND CORRECTABILITY.

ROM “LOOK UP" HARDWARE FOR EXAMPLE ONLY. SOFTWARE IMPLEMENTATIONS MAY BE
PREFERRED,

FIGURE A-11. Golay FEC coding examples.
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4 \
iii 110 010 010 100 00C 000 000

011 111 001 001 : 010 000 000 000

110 001 110 110 : 001 000 000 000

011 000 111 011 : 000 100 OO0 000

110 010 001 111 : 000 010 000 OO0

100 t11 010 101 : 000 001 000 000

101 101 111 000 : 000 000 100 OO0

010 110 111 100 : 000 000 010 00O

001 011 011 110 : 000 000 001 000

000 101 101 111 : 000 000 OO0 100

111 100 100 101 000 010

o
3
(@]
(@]
(@]

101 011 100 011 : 000 000 OO0 001

FIGURE A-12. Parity-check matrix for (24, 12) extended Golay code.
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60.3.3 Interleaving and deinterleaving. The basic word bits W1 (MSB)
through W24 [LSBJ, and resultant Golay FEC bits G1 through G24 (with G13

through G24 1nverted), shall be 1nter|eavea before transmission us1ng the

pattern shown on figure A-13. The 48 interleaved bits plus a 49th stuff bi

549, {value = 0) shall constitute a transmitted word and they shall be

T TUAITuUL A Sia T I WV Vi W -

+
transm1tted Al, Bl1, A2, B2... A24, B24, S49 using 16-1/3 symbo]s (tones) per
word (Tw) as descrlbed in 50.3. At the receiver, and after 2/3 voting (see
60.3.4), the first 48 received bits of the majority word (including remaining
errors) shall be dernterleaved as shown on figure A- 13 and then GoTay FEC

cmiad b ik m e i mmiaiaa P

decoded to produce a correct{ed) 24-bit basic word {or an uncorrected error
flag). The 49th stuff bit (S49) is ignored.

+
[

60.3.4 Redundant words. Each of the transmitted 49-bit (or 16-1/3
symbol) (Tw) words shall be sent redundantly (times 3) to reduce the effects
of fading, interference, and noise. An individual (or net) routing word
canni g (mu]tichannel) station (or net), shall

I

A S & cran ~al1l 'Tnh\ A aAnci:

a in tné SCan Cai 1SC;) TO éensure
r. when the call is a non-net call to

LAY e wQ

call, using THRU and REPEAT alternately),
the first individual routing wor HRU) and all the subsequent individual
routing words (REPEAT, THRU, REPEAT,...) shall be sent three adjacent times
(Trw). These tr1p1e words for the individual stations shall be rotated in

-t cF ~—
“3

~+
et
(e}
=
[7]
e
(-9
QQ
'S

p C
d (T

roup sequence as described in 70.6. See figure A-14. At bit time intervals
{approximately Tw/49), the receiver shall examine the present bit and past
bit stream and perform a 2/3 majority vote, on a bit-by-bit basis, over a

span of three words. See tables A-VII and A-VIII. The resultant 48
(1gnor1ng the 49th bit) most recent majority bits constitute the latest
majority word and shall be delivered to the deinterleaver and FEC decoder.
In addition, the number of unanimous votes of the 48 possible votes

ad with +
ociated with this majority word are tcmyerar?l" ret

asso
described in 60.4.

60.4 Word framing and synchronization.

60.4.7 General. The ALE system is inherently asynchronous and does not
require any additional forms of system synchronization, although it is
compatible with such techniques. However, the imbedded timing and structure
of the system provide specific synchronous benefits in linking, orderwire,
and anti-interference functions, as described herein,

60.4.2 Framing. A1l ALE transmissions, commoniy referred to herein as

" =

“calls,” are based on the tones, timing, bit, and word structures described
in sections 50 and 60.2. A1l calls shall be composed of a "frame," which

chall ha eanctructoad of nnf1mmnc redundant words in valid cpqnnnralcl as

SIIG I 1 UL LUITJ L UL LU v \-v

described on figure A-5; as 11m1ted in table A-VI, and in formats as
described in section 70. There are three basic frame sections: calling
cycle, message, and conclusion. See 60.4.2.4 for basic frame structure

examples.
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w3 a3 wa I\
w4 A4 w4 C1is \ \
ws AS ws Cig h\' \
/ ws A6 we C1is \\
[ wrcr N
///// We Ao wo  orn N
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e s Y R A ey IS
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o 18 B6 A16 G4 1 7 ’\\l 3
€2, 8§ w7 A wie 87 W19 C3g N - 2
B16 G16 \\
- " ) wao as \ O e w20 cas k.o -
o / 7 b AT (T3] . 4 \ w
co; & wie /// w21 89 / B17 G17 MW\\\ w2y C3, \\\ 2 ca;
C3s 9 *’// w22 810 ///W] A18 G6 My\\ w22 [T SO
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G23 B23 _— 824 o G24 e G23 -
G24  B2a b S49 w S49 I P -
LAST BITS
49th STUFF BIT=0
N RN 4N — N N N —— ;_‘v’__/
INPUT GOLAY ENCODING INTER- TRANSMITTED DEINTER- GOLAY DECODING ouTPUT
BASIC LEAVING WORDS LEAVING BASIC
WORD (24 BITS) (49 BITS) WORD (24 BITS)

FIGURE A-13. Word bit coding and interleaving.
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TABLE A-VII. 2/3 Majority vote decoding.

Received )  Received
bit R time Eight possible bit combinations
R(n) (now) T 0 0 0 0 i i T
R{pn-49) (Tw old) T-130.66... ms O 0 1 1 0 0 1 1
‘ ' ":’ A\l A s . . -
R(n-98) (2 Tw 01d) T-261.33... ms O 1 0 1 0 1 0
Resultant majority bit M: 0 0 0 1 0 i 1 i
Possible error flag: 0 1 1 ] 1 1 1 0

0 = error unlikely
1 = error likely
TABLE A-VIII. Majority word construction.
Relative Received bits R (time) Majority Used as
time for 2/3 voting words bit M decoder bits

Stuff bits R(n) R(n-49) R(n-98) M(n) S49 ignored

Recent (LSB) R(n-1) R(n-50) R(n-99) M(n-1) B24 (LSB)
R(n-2) R{n-51) R(n-100) M(n-2) 24
R(n-3) R(n-52) R(n-101) M(n-3) B23
ni_. A\ 0f. £C2) Nnlfa 1N21\ Ml AN AN
K\n-<«4) K{T1=29} Ki\n=ijvqgy rmn=-<) RO
R(n-46) R(n-95) R(n-144) M(n-46) A2
R(n-47) R(n-96) R(n-145) M(n-47) B1

Older (MSB) R(n-48) R(n-97) R(n-146) M(n-48) AT (MSB)

NOTES:

1. “n" indicates present bit time
2 . " n- mll

indicates bit received at "m" bit times earlier

~2
()

I VOTYN OLUrNrc ~ 1 -
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60.4.2.1

-‘

1.,2,1 Calli . The initial section of al1 calls {nyrept

sounds) is termed a ng cyc1e (ch), and it is divided into two parts:

a scanning call (Tsc) and a leading call (T1c). The scanning call shall be
composed of TO words if an individual or net call {(or THRU and REPEAT words,
alternat1ng, if a _group cali), wn1ch contaln only tne address first word(s)
OT r,ne Cdlleu SEdLlUn\bl or IIEE. llle lEdQng (.dll b”dll UC bUIllpUbUU UI IU
(and possibly DATA and REPEAT) words containing the whole address(es) for the
called station({s], from initiation of the leading call until the start of the
message section or the conclusion (thus the end of the calling cycle). See
figure A-15. The use of REPEAT and DATA is described in 60.5. The set of
different address first words (Ic1) may be repeated as necessary for scanning
ca111ng (Tsc), to exceed the scan perlod (Ts) There is no unique “f]ag

" AN S o~ mawadbdam [ ar Ainmisnann hala
WU(U or y’lb WUIU lUl Ildlllc )]llblll UHILGLIUII \G) uuSCuaScu UclUHl.

Therefore, statiaons may arnu1ro and hna1n to read an ALE q1nnaT at any Qint
after the start. The start of the call shall be initiated after the
transmitter has risen to at least 90 percent of the rated rf output power.
The end of the calling cycle may be indicated by the start of the optional
quick 1D, which occupies the first words in the message section, after the
AnaT11l amd hafama .n.l.... rdhawmd AL btha wunsd AL bha masnsnma { a m~amal,

’Cdullly L-dll ()llu CI.UIC LT Svar L (o)1 LIIC Trcoe vi Lllt: mcosSayc \Ul DUIILIUDIUII,
S

if no message)

nn
n ]
c

NOTE: The frame start time may need to be delayed (equipment
manufacturer dependent) to avoid loss of the leading words if the
transmitter attack time is significantiy iong. Aiternativeiy, the
modem may transmit repeated duplicates of the scanning cycle {set
of) first word(s) to be sent (not to be counted in the frame) as
the transmitter rises to full power (and may even use the ALE
signal momentarily instead of a tunlng tone for the tuner), and
then start the frame when the power is up.

60 4.2.2 Message. The second and optlonal section of all calls (except

..... LIPS Y. Qe Py Y O P, " Cunmnanmnéd £ dha ~sal _TH ed 2hall ha Aamemasna

:uunu>l 19 LNy a mt:b)agr:. LALCY L lUl vig quu.l\ iV ey L JMall v \.U"lpU)Cd
of COMMAND (and possibly REPEAT and DATA) words from the end of the calling

cycle until the start of the conclusion (thus the end of the message). The
optional quick-ID shall be composed of FROM (and possibly REPEAT and DATA)
word(s), containing the transmitter's whole address. It shall only be used
once at the start of the COMMAND message section sequences. The quick-ID

T

Ti
PN P oromot transmi o ggn prongs uft ad e mmd bV D b iaad 2 Al e o= =
enavies pruo lpl, lellbmlbu‘:l |ueru.|l ILdLIUl ana snoiuia ve usea 1 Lrie nes>saye
section length is a concern. It is never used without a following
( COMMAND. . 7 message(s). The message section shall always start with the

fTrst COMMAND (or FROM with later COMMAND(s)) in the call. See figure A-16.
The use of REPEAT and DATA is described in section 80. The message section
is not repeated within the call (a]though messages or information itself,
w1tn1n the message SECBIOH, may De;.

~J
oy
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FIGURE A-15.

. YES GO TO CONCLUSION
1S THIS A SOUND? > (TERMINATOR) SEQUENCE
FLOWCHART.
NO
\
IS THIS A GROUP CALL? YES| 1S THERE A SCANNING CALL?
(NO NET CALL?) - (MULTICHANNEL?) Tsc
YES $no
CREATE GROUP SCANNING CALL HAS LEADING CALL (Tic) SET
(Tsc). COLLECT THE c"'-;f“zv | OF WHOLE ADDRESS(ES) (Tc) |
ADDRESSES FIRST WORDS . HEEN DONE TWICE? —
DELETE DUPLICATES. REMAINDER
5 MAXIMUM. 4 YES
; TERMINATE CALLING CYCLE
(Tcc). GO TO MESSAGE
IS THERE A SINGLE WORD SEQUENCE FLOW CHART,
REMAINING?
} NO
PUT 15t WORD IN THRU * YES
NEXT IN REPEAT, NEXT IN THRU HAVE ALL WHOLE CALLED
... ALTERNATE THRU & REPEAT. Aooniiso(gg)s;c;”aesn -
& CYCLE THROUGH ADDRESS
15t WORDS, YO END OF PLANNED : NO
Tsc, TO EXCEED RECEIVERS Ts.
USE THE TO AT XXX.
' R
SCANNING CALL IS DONE!I GO | VES
TO START LEADING CALL Tic. fa— PUT THE FIRST THREE - IS THIS THE FIRST FUTURE
CHARACTERS IN XXX, ADDRESS TO BE SENT?
NO
PUT THE ONLY FIRST WORD IN \
THRU. DUPLICATE TO END OF |- WAS THE LAST WORD SENT
Tsc = Ts.
NO AN XXX ?
YES
CREATE INDIVIDUAL (OR NET)
SCANNING CALL (Tsc). PUT THE
ADDRESS FIRST WORD IN 70, [~ PUT THE FIRST THREE
DUPLICATE TO END OF Tsc 2 Ts. CHARACTERS IN REPEAT.
IS THE ADDRESS GREATER NO
"1 THAN THREE CHARACTERS? g
YES
PUT THE SECOND THREE
CHARACTERS IN DATA.
L
1S THE ADDRESS GREATER NO
THAN SIX CHARACTERS?

YES

©

(CONTINUED)

Calling cycle sequences.
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(x)

-®

PUT THE THIRD THREE
CHARACTERS IN REPEAT.

1

ESS GREATER o
MINE CHARACTERS? [0

®
> -
zXI
m
»
Q
o
P

v YES

PUT THE FOURTH THREE
CHARACTERS IN DATA.

18 THE ADDRESS GREATER .
THAN TWELVE CHARACTERS ?

z
(o]

YES

PUT THE FIFTH THREE
CHARACTERS IN REPEAT.

1 T ann
o INC AVY

R ER
THAN FIFTEEN CHARACTERS ? o

INVALID ADDRESS SEQUENCE!
DELETE THIS ADDRESS.

RESTART, OR ALERT OPERATOR
OR CONTROLLER.

FIGURE A-15, Calling cycle sequences -- Continued.
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FROM CALLING CYCLE
SEQUENCE FLOWCHART ONLY
\ i
REFER TO STANDARDIZED TS TNERE ANv FORM OF
YES
M e i o MATS MESSAGE FUNCTION
MESSAGES (LQA, CRC, TEXT...)?
NO
GO TO THE CONCLUSION
TERMINATOR SEGUENCE Bt
A | FLOWCHART.
IS THERE A QUICK~ID? (ONLY
ALLOWED IF A MESSAGE I
TION IS TO B NT.
SECTION IS TO BE SENT.) HAVE ALL MESSAGE YES
‘L YES FUNCTIONS (COMMANDs) | _
BEEN PROCESSED? -
PUT TRANSMITTER ADDRESS IN
FROM (8 DATA & REPEAT ...) ‘}"o
ves] START THE NEXT MESSAGE | o
FUNCTION.IS THIS THE FIRST
MESSAGE FUNCTION TO BE SENT?
y
PUT THE MESSAGE FUNGTION N
CHARACTERS (OR BITS) |t 0 WAS THE LAST WORD
lN co“"‘“o. VLN A VCWIRWmIANWD
YES
v
PUT THE MESSAGE FUNCTION
{THREE CHARACTERS OA
TWENTY-ONE BITS) IN REPEAT.
. . ]
Yy v
iS (ARE) ADDITIONAL DATA [NO
-] FIELD(S) REQUIRED FOR THIS
MESSAGE FUNCTION?
YES
]
NO YES
1S THIS A DBM?

PUT THE NEXT THREE TEMPO
CHARACTERS (OR TWENTY-ONE
BITS) IN DATA.
T
1 3
© ©
FIGURE A-16, Message sequences

INTERLEAVED BIT TRANSMISSION.
SETUP ENTIRE DATA BLOCK
(WHICH ALSO RESETS Tm LIMIT).
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L MESSAGE FIiELD SizE
BEEN EXCEEDED?

YES

NO
i

1S (ARE) ADDITIONAL DATA
FIELD(S) REQUIRED F

sar-nn A e miias

MESSAGE FUN

F 4
(<}

-®

PUT THE NEXT THREE

BITS) iN REPEAT.

CHARACTERS (OR TWENTY-ONE

HAVE ANY OF THE MAXIMUM
LIMITS FOR INDIVIDUAL OR

TOTAL MESSAGE FIELD SIZE
BEEN EXCEEDED?

jvEB

INVALID MESSAGE SEQUENCE(S)!
DELETE THIS MESSAGE
FUNCTION. RESTART, OR ALERT

OPERATOR OR CONTROLLER.

FIGURE A-16. Message sequences -- Continued.
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60.4:2.3 Conclusion. The third section of ali calis is termed a
“conclusion." “TTt shalT be composed of either THIS IS or THIS WAS (but not
both) (and possibly DATA and REPEAT) words, from the end of the message (or

calling cyc]é';ect1ons. if no messaqe) unt11 the end of the call"J§;;‘f1aure
A-17. Sounds, an except1on. shall start immediately with THIS IS (or THIS
WAS) words as described in 70.5. REPEAT shall not immediately follow THIS IS

or THIS WAS. Both conclusions and sounds contain the whole address of the
transmittinag station

Tvviiny vZLiIiVile

60.4.2.4 Basic frame structure examples. Contained in figure A-18 are
basic examples ({does not incTude the optional message section) of frame
construction. Included are single-word and mu1t1p1e-word examples of either
singie or m TFip’ cglleg station address(es) for nonscan (s1ngle-channel)
181

u le
and ;uann1ng ﬂu}t1ﬁle-ClaTFc11 use in individual, net, or groiup calls.

60.4.3 Synchronization.

60.4.3.1 Transmit modulator. The ALE transmit modulator accepts digital

data from the encoder and prov1des modulatea basebana aud1o to tne

+trmanems +dan Tha 3 Aanal AAdY addAn rdbusmndNl btmad am Adascmmd cnNn 2
LI QIS LLTT o Ill!'.' )ll_-jlldl lllUuuldLlUll Ib DLU IbLI_Y LIIIIEU d) UC)\.I IUCU lll U9
and 50.4. After the start of the first transmission in a handshake {(or

exchange or other protocol within this document) by a station, the ALE
transmit modulator shall maintain a constant phase relationship, within the
specified timing accuracy, among all transmitted triple redundant words, at
all times, until the 1ink handshake (including the exchange and any ALE
protocol) is terminated. Specifically,

where T( ) is the event time of a given triple redundant word, Trw is the
period of three words (392 ms), and n is any integer.

Tha Intarnal wiard nhaca mafarancra Ff +ha +rancemit madislatam chall ka
e jirscrnjiay wuil u PIIG)C TTITICHILT U} LHT Lransmi L muuuiatlul drat U
independent of the receiver (which tracks incoming signals) and shall be self
timed (within its required accuracy). See 50.4. Therefore all transmissions

after the first (in a handshake) shall synchronize by adding a delay Trwp = 0
to 392 ms after the time the controller would normally initiate the next
transmission.

60.4.3.2 Receive demodulator. The receive demodulator accepts baseband
audio from the receiver, acquires, tracks, and demodulates ALE signals, and

provides the recovered digital data to the decoders. See figure A-14. In
data block message (DBM) mode, the receive demodulator shall also be capable

of reading single data bits for deep deinterleaving and decoding.

60.4.3.3 Synchronization criteria. The decoder accepts digital data
from the receive demndula¥tnr and nerforme deinterlaaving dorndina FFC and
Ty Wi LR A W VN, NMLIHTWAUMW 1 WU wWl A RRAN] 'J\.l 1 VI o U T L T l\.uvnuy’ U\.\'Uulll:” 1 S.U' (" REAV}
data checking. During initial and continuing synchronization, all of the
following criteria shall be used to discriminate and read every ALE word:

76



http://www.abbottaerospace.com/technical-library

MIL-STD-188-141A

APPENDIX A

FROM CALLING CYCLE

FROM MESSAGE
SEQUENCE FLOWCHART.

SEQUENCE FLOWCHART.

l

USE ONLY WHOLE TRANSMITTER l
o] ADDRESS IN SOUND. REFER TO _J

STANDARDIZATION PROTOCOLS
& PROPER TERMINATOR USAGE.

YES | ARE RESPONSES REQUESTED [ %
(OR THIS IS FORCED?) NO
Y ]
PUT FIRST THREE PUT FIRST THREE
CHARACTERS IN THIS IS. CHARACTERS IN THIS WAS.

IS THE ADDRESS GREATER
THAN THREE CHARACTERS?

NO
YES
PUT THE SECOND THREE
CHARACTERS IN DATA

IS THE ADDRESS GREATER NO -
THAN SIX CHARACTERS?

YES

Y

PUT THE THIRD THREE
CHARACTERS IN REPEAT.

m
»
-
m
b
2
(<]

. O)
(Y (Y
FIGURE A-17. Conclusion (terminator) sequences.

Q)
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NOIX A

©O)

PUT THE FOURTH THREE
CHARACTERS IN DATA.

A

-

IS THE ADDRESS GREATER
Al

HADAOTERDS?
SioRS

[\ 2allate] 4

r4
(o]

YES

y

PUT THE Fi

FTH THREE

CHARACTERS IN REPEAT.

y

IS THE ADDRESS GREATER

THAN FIFTEEN

CHARACTERS?

YES

INVALID ADDRESS SEQUENCE!

DELETE THI

S ADDRESS.

RESTART, OR ALERT OPERATOR
OR CONTROLLER.

O

-

BASIC FRAME iS5 CONSTRUCTED.

/

NO
WAS THIS A SOUND?

TRIPLE EACH WORD FOR
REDUNDANCY, EXCEPT THE DBM
DATA BLOCK ITSELF. THE SCAN
CALL HAS BEEN MULTIPLIED TO
EXCEED SCAN PERIOD OF RE-
CEIVER. LEADING CALL HAS BEEN
DOUBLED. OTHER ALE WORDS
JUST TRIPLED ONCE. SEND IT!

BASIC FRAME IS CONSTRUCTED.

TRIPLE EACH WORD FOR

REDUNDANCY. THE SCANNING
REDUNDANT SOUND (Tsrs) HAS
BEEN MULTIPLIED TO EXCEED
SCAN PERIOD OF RECEIVER,
PLUS LEADING SOUND. SEND IT!

YES

-

Y

YES HAS THE PLANNED SCANNING
REDUNDANT SOUND (Tsas)

BEEN FILLED?

NO
)

REPEAT THE SOUNDED ADDRESS.
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f—— Vec
‘-——Tu::j‘Tl"

v L] Y LA

Yo 10 |THiS IS

sam | sam | g0

A. 1-CHANNEL NONSCAN, 1-WORD ADDRESSING, DIRECT, INDIVIDUAL (OR NET) CALL.

Tee -
Tsc T Tee —.JGT,.1
o] o] o] ] o] 1o 10 |tmers
SAM SAM SAM SAM SAM SAM SAM SAM JOE

™ —

— oy L
TO DATA 70 DATA |THIS IS
SAM UEL SAM UEL JOE
e e N 4 s b ' g

C. 1-CHANNEL NONSCAN, 2-WORD ADDRESSING, DIRECT, INDIVIDUAL (OR NET) CALL.

lee
Tac T Tie —t Tx -1
TO TO TO TO TO TO TO DATA TO DATA [THIS IS
SAM SAM SAM SAM SAM SAM SAM VEL SAM UEL JOE

D. N-CHANNEL SCANNING, 2-WORD ADDRESSING, DIRECT, INDIVIDUAL (OR NET) CALL.

Tec

-
.L.n,1

Tsc i Tic

LI LI LB L] v
THRU RPT THRUY RPT | THRU RPT TO RPT TO RPT ITHIS IS
BOB SAM 80B SAM BOB SAM BOB SAM eoB SAM JOE

A A A PO d Py PEEY Ak

ch A‘[_
- Tsc ~r< - T .-—"'.,%1
Al v v v T LA A LJ T T 1 v v B T LS T T L] L] Al A ] RN
THRU | RPT | THRU | RPT | THRU | RPT T0 DATA T0 DATA 10 DATA T0 THIS IS
808 SAM 808 SAM 808 SAM 808 | BY@ SAM UEL gge | Y@ SAM JOE
b dd e Palan P el Y dk P A PRI Moo cnboond

F. N-CHANNEL SCANNING, 2-WORD ADDRESSING, DIRECT, GROUP CALL.

FIGURE A-18. Basic frame structure examples.
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0 Must meet or exceed a threshold of unanimous votes in the 2/3 majority
vote decoder
o Successful Golay decode of "A" word bits
0 §uccessful Golay decode of "B" word bits
0 Acceptabie preambie according tc vaiid word sequences as shown on
figure A-S.
o Acceptable first character bits (of basic 38 subset)
0 Acceptable second character bits (of basic 38 subset)
0 Acceptable third character bits (of basic 38 subset)
o History, status, expectations, and protocol
o Correct tripie redundant word phase
The number of unanimous votes provides an easily adjustable BER signal
guality discrimination, and the threshold should be chosen by the

manufacturer to optimize performance. A successful Golay decode indicates
that all detected bit errors were corrected within the power of the FEC code;
that is, the errors were wwthvn correctabie Timits and therefore, the
uncorreccaoie error fiag{s) did not occur. ne correction power {mode)
P Zata

-
i
[N A h 14 W h ) i
the Golay code should be chosen by the manufacturer to optimize pe

using any of the four modes: (3/4, 2/5, 1/6, 0/7) where n/m indicates u
"n" errors detected and corrected, or up to “m" errors detected but not
correctable. Acceptable preambles, as described here and defined in 60.
refer to those preamb]es which are within the lim1ts of this standard. A
0o, aunomat1c anUStment of the unanimous vot reshol d

T v

abhaiiTd ha cmad s -~ As
bllUUlU UC pr UVIUEU LU UP [ RN} va nu

"Sﬁ

e
simAn
unae

NN Vo ye) v ~
Hanec ny

NOTE: The application of each preamble is dependent on the recent
signaling histohy of the stations heard, the active status of the
machine, the handshake(s) expected, and the protocol being used, if
any. For example, an uncommitted statlon, awa1t1ng calls, would

accept T0 if individuai or net cail (and poss1D|y IHKU or RE
....... Pl b B P imm mmab £

~
T

-y

w
e ¢t

cCoMm

]
AM 3 ¥- r~
VIIIII’\I‘U “ua VCIIIS Ill\lb'ull\p Ve
required calling cyc1n Tcc). Tt
WAS (unless co]lect1nq sounding 1nformat1o ). A ceptab1e
characters means that each character is within the appropriate
ASCIT subset. Note that all criteria, together, must be satisfied

i'Ol" example, ali tnree cnaracters wouid have to
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60.5 Addressing.

1

rod gita
up cter)

in | nve a
structure base on h standard 24-bit (fhrne char rl v he basic
38 ASCII character subset. As described below, ALE stations have the
capability and flexibility to link or network with one or many prearranged or

as-needed single or multiple stations. A1l ALE stations shall have the
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capacity to store and use at least 20 self addresses of up to 15 characters
each in any combination of individual and net calls. There are three basic

addressing methods which will be presented:

o Individual station
0 Multiple station
o Special modes

NOTE: Certain alphanumeric address combinations may be interpreted
to have special meanings for emergency or specific functions, such
as n Sosll “MAYDAY“ IIPANPANII " SECURITY" HALLII IIANYII and
"NULL". These shou]d be carefu]ly controlled or restr1 ted.

60.5.2 Individual station. The fundamental address element 1n tne ALE
system is the single routing word, containing three characters, which forms
the basic individual station address. This basic address word, used

primarily for intranet and slotted operations,; may be extended to multiple

words and modified to provide 1ncreased address capac1ty and flex1b1l1ty for
internet and general use. An address which is assigned to a single station
(within the known or used network) shall be termed an "individual® address.
If it consists of one word (that is, no longer than three characters) it

- £ & ~
f it exceeds one word, it shall be

—_
—
r
)
>
)
|

60.5.2.1 Basic. The basic address word shall be composed of a routing
preamble (70, or possibly a REPEAT which follows a T0, in Tlc of group call,
or a THIS TS or THIS WAS) p1us three address characters, all of wnlcn Shall
be the alphanumeric members of the basic 38 ASCII subset. The use of the
utility symbols "@" and "?", shall be as described in 60.5.4, The three
characters in the basic individual address provide a basic 38-address
capacity of 46_656, using only the 36 a1phanumer1cs. This three-character
single word %s the minimum structure. Use of only one or two characters is
discouraged because they provide a basic 38-address capacity of oniy 36 or
1296, respectively, with no significant advantages such as speed, capacity,

or reliability. As examples of proper usage, a minimum three-character call

directed to "JIM" would be structured "TO JIM", and a shorter (discouraged)
two-character call to "ED" would be structured "TO ED@". Both would have
identical size and performance characteristics. ”UﬁE:Word addresses should be
used only for abbreviated address intranet and slotted response operations,

and longer two-word (or more) addresses should be used for intranet

’
internet, and general operations. A1l ALE stations shall be assigned at
least one (DO: several) single-word address for automatic use in one-word
address protocols, such as slotted (multistation type) responses. 1In

addition, all ALE stations shall associate specific timing and control
information with all own addresses, such as prearranged delays for slotted
net responses. As described in section 70, the basic individual addresses of
various station(s) may be combined to impiement fiexible Tinking and
networking.
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AN Fv+nn ad Fvtandad adAdvaccoec nrnvida addAwvoce fialde whirh ava
Ve e b LW WA R AT LS Y ) AW IINAL NS MUY CooLww yl VY UG uuun oo TICIJUY wiritL i1l Qr o
longer than one word [ three characters), up to a maximum system limit of five
words (15 characters). See table A-IX. This 15-character capacity enables

Integrated Services Digital Network (ISDN) address capab111ty.
Specifically, the ALE extended address word structure shall be composed of an
1n1tial basic address word such as 70 or THXS;Lé’ as descr1bed above, p]us

. AT

1
4

characters shall be the alphanumeric member asic
The use of the utility symbols "@" and "?" is described in 60.5.4.
stations shall be assigned at least one (DO: several) two—word address(e
for general use, plus an additional address(es) containing the station's
assigned caii signisj.

NOTE: The recommended standard addr

' v . T | CWUWHRIGIIWW W o va ngay

internet. and general non-ISDN use i :
to operate with address sizes larger than six characters must be a
network management decision. As examples of proper usage, a call

to “EBWARD" wouid be "TO EDW", "DATA ARD", and a cail to

Hasve ey 14 L _TIYR IIrcll TURTYE ol Hnraray crnl UNATA
mi 331331”'1 wouila pbe 1V Mio URITA D10 , KCFCLAL OlF UAITA
DT RAY
AT e

60.5.3 Multiple stations. It is a critical requirement to
simultaneously (or nearly simultaneously) address and interoperate with
multiple stations in MF and HF networks. A prearranged collection of
stations, with a commoniy assigned additionail address, shaii be termed

A & 0

a Wnde N ha ~amenman addmacse ehall ha o Waoads addumace ! A
a ney, anu L LuUNmivilE auuir oo Snial! v a I L aUuui oo, la)
nonprearranged collection of stations, without a commonly assigned
additional address, shall be termed a “group." Protocols for link

and networking with nets and groups are described in 70.6. It shou
be noted that the term "net" is also commonly used to identify any
collection of stations which are, or were, 1nteroperat1ng, regardless
of any prearrangements or the method of estab|1snment. In this

ST Al o oA W _all o W .. UL B TP P I PO - W & RN
Stanuaru, ine terms nev ana group usuauy 5[)8(,"](. iy rerer Lo vne
Tinkina and natwanbina matrhadalnav nnt tha cithcanuant traffie

FIIIR Iy QIIU 1T LWV R TITY G bilvuy v e wiiw DUV IT UL v Lo AR v S B A Y
exchanges.

60.5.3.1 Net. As a prearranged collection of stations, a net may be
organized and managed with significant prior knowledge of the member
statlons, 1nclud1ng their quantities, identities, capab111t1es,

requ1remenc5, and in most cases, their Jocations and necessary
Arannanrtivi $ine Mavimim aduantana ehanld ha ¢albkan nf +hic nnwladna +n
CVINNITW LIV I VITO. FIaA 1wium uuvullbugc QWU IU VT CANnTIl v LI o l\llU“lC\ls w\
optimize the net timing, addressing, and interchanges. The purpose of
a net call is to rapidiy and eff1c1ent1y establish contact with
multiple prearranged (net) stations (simultaneously if possible) by the
use of a single net address, which is an additional address assigned to
all net members in common. As described in 70.6, additionai
information concerning the assigned response siots {and size) must be
-..AJ1-k'|- amAd &b~ _-u-'—n Al dmAaiit A S armA mumairen adAdwaceas anAd
avaliavie, diiu Lvie miAInNy Ui rtnuiviudual, 1oL, alid yruup auuircooc> anu
calls ig restricted,

00
Ny
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TABLE A-IX. Basic (38) address structures.

Address
Words characters Types
B 1 1 Stuff-2
A
S 1 2 Stuff-1
1
C 1 3 Basic
Z 4 Basic +
Stuff-2
2 5 Basic +
Stuff-1
2 6 2 Basic
3 7 2 Basic
Stuff-2
E 3 8 2 Basic
X Stuff-1
T
£ 3 S 3 Basic
N
D 4 10 3 Basic
S Stuff-2
4 11 3 Basic
Stuff-i
4 12 4 Basic
5 13 4 Basic
Stuff-2
5 14 4 Basic
Stuff-1
5 15 5 Basic
(1imit) (Vimit) (1imit)
NOTES
1. Basic : ABC
2' Sthf'z. m
3. Stuff-1l ABG
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When a net address type function is required, a calling ALE station shall use
an address structure identical to the individual station address, basic or
t

extended as necessary. For each net address at a net member's station, there

shall be a response slot identifier, plus a slot width modifier if directed
by the specific standard protocol.

ranged and, in many

cept their individual
S equencies. minimum of data, it is

! al to be able to create a new qroup where none existed, and it requires

a standardized protocol which is compatible with virtually a11 automated

stations, essentially regardless of their 1nd1v1dua1 net, and other

like a net onp
is known i n
ies.

S
t
th

W -
|ln ct 3

n
‘.g a
fr i

O w0
1 [« 9. 7]

characteristics. The purpose of a group call is to estaoiisn contact with
multiple nonprearranged {group) stations {simultaneously if possible) rapidly
and efficiently by the use of a compact combination of their own addresses
which are assigned individually.

When a group address type function is requ1red a calling ALt station shal
use a sequence of the actual individual station addresses of the called
stations, in the manner directed by the specific standard protocol. A

station's address shall not appear more than once in a group calling

sequence, except as spec1f1ca11y permitted in the group ca111ng protocols
described in 70.6.

60.5.4 Special modes "@" and "?".

60.5.4.1 General. The special modes, which use the utility symbols "@"
(1000000) and ™7™ [0T11111) include the following:

Stuffing
Allcalls

© o0
2
<
(x
L 3
7

Wildcards

Self address
Null address

000

60.5.4.2 Stuffing. The ALE basic address structure is based on singie
words which, in themselves, provide multipies of three characters. The
quant1ty of available addresses within the system, and the flexibility of

assigning addresses, are significantly increased by the use of address

character stuffing. This technique allows address lengths which are not
multiples of three to be compatib]y contained in the standard (multiple of
three characters) address fields by "stuffing" the empty trailing positions

[1] a oo A

with the ut1l1ty symbol "@". See table A-X, "Stuff-1" and "stuff-Z¢ words
shall only be used in the last word of an address, and therefore should
appear only in the leading call (Tlc) of the calling cycle (Tcc).

NOTE: As an example of orooer usage, a call to the address "MIAMI"
would be structured "T0 MIA", "DATA MI®".

84


http://www.abbottaerospace.com/technical-library

MIL-STD-188-141A
APPENDIX A
TABLE A-X. Use of "@" utility symbol.
Pattern Function Guidance
Tl “Standard" three-character  Any position in address and
__IABC} _ address structure "ABC" sequences
“[70 "Stuff-1" reduced-address Only last word in address; anywhere
__|lAB ® fieid; adds two characters in sequences
Wa ¥
Ny L
" [70 "Stuff-2" reduced-address Only last word in address; anywhere
__.lAege@ field; adds one character in sequences
# ¥
Y "Allcall" global address; Exclusive member of calling cycle;
e?e all stop and listen (unless single TO only
inhibited). none respond
“7[ TO | REPEATI"Selective allcall": global Alone, or with additional different
| ARj_@B @ iaddress; all with same Tast alicall selections, for “group
(option) character "A" (or "B") stop selective allcall"; only in calling
and lictan lnn'lncc C_‘,’C!“ muct uce Tn REPEAT
inhibited). none respond alternately neve__bAIK. if more
than one*
TO “Anycall” global address; Exclusive member of calling cycle;
@87 aii stop and respond in PRN  singlie TO oniy
slots (unless inhibited), __'
using own addresses
" [ TO | REPEAT|"Selective anycall”: all Alone, or with additional different
__le@ Aj @ @B 'with same last character(s) anycall selections, for “group
option} "A* (or ‘B" ) stop and seiective anycaii", only in caiiing
i‘ESﬁGﬁu in PRN siots \,_yulc, must use TO, REPEAT
(unless inhibited), using alternately (never DATA}, if more
own addresses than one*
" [ TO | REPEATI"Double selective anycall" Alone, or with additional different
__|eAB|_ @CD tall with same Tast characters anycall selections for ' group
option) "AB" (or "CD") stop and double selective anycall™; only in
respond in PRN slots calling cycle, must use TO, REPEAT
(unless inhibited) using alternately lnever DATA)- if more
own addresses than one*
" [T0 "Null" address; all ignore, Any position in address sequence
__|le e gj_ test and maintenance use, {omit from Tsc if group Cal})

or extra "buffer"” siot

except never in conciusion {ter-
nnnnnnn ~wm DCDCAT AnY <« £
llllllchl ly UI NLILAL, Ulll_y, 11
following TO
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TABLE A-X. Use of "B" utility symbol -- Continued.
NOTES:
1. A1l patterns not shown here are reserved and shall be considered invalid
until standardized,
2. "@" indicates special utility character (1000000); "?" wildcard (0111111).
3. “A", "B", "C", or "D" indicates any alphanumeric member of basic 38 subset

other than "@", or "?", that is "A-Z" and "0-9".

4, * THRU, REPEAT in TSC if group cail.

60.5.4.3 Allcalls. An "allcall" is a general broadcast which does not
request responses and does not des1gnate any specific address. This essential
function is required for emergencies ("HELP."), sounding-type data exchanges,
and propagation and connectivity tracking. See table A-X. If an ALE station

roninivrac an alleald funo fFunrtinn it c¢hall uce the f0llowing allcall
!\.\1u|l50 “wil A" B A S " By ) T |u'l~b.v'|’ L3N %3 SIIA b i ENTI vy i 1 7T w1 s
S

protocols. The a]lcal pecial address structures shall be the exclusive
members of the calling cycle {(both Tsc and Tlc, of Tcc) in the initial call,
shall not be used in any other address field or part of the handshake, and
shall use the T0 words. The global allcall spec1a1 address shall be "TO @?@"

PO Y PNy e R e Ta L-~11 memaim Y mis mm Tl Mbha TN e man

with standard r‘euunuam,y. 1T Snidri nlp’lﬁy ontly the T0 preamble and s Gy
be followed by REPEAT or DATA, \Upcn receipt of the 3T1call, (and unless
inhibited or otherwise directed by the operator or controller), all receiving
allcalled stations shall temporarily stop their scan (for a preset limited
time, Tcc max). If the message section or terminator section does not arrive
within Tcc max, the stat1on shall automatically resume scanning. If a quick-ID
{indicated Dy a FROM after the calling cycle) arrives, the pause for the
message ecenrts chall ho avtandad far nA mara fh:n Fiua unfric [8 Trw) and 1f a
s S2C . \-I\Ill Dllull VLT CALVOUIIUL U PRV A LAV N L1 AV 3 R o LN Ly wwiuo A\ TE v g AN i “
COMMAND does not arrive, the station shal] resume scanning. If a message

arrives (indicated by receipt of a COMMAND), the station shall pause (for a
preset limited time, Tm max) to read the message. If the terminator section
does not arrive within Tm max, the station shall automatically resume
scanning. If a terminator arrives (indicated by receipt of a THIS IS or THIS
WAS), the station shall pause (for a preset limited time, Tx max) to read the

r-:.\l'lnv-'c {+r-ancm1++ov- e\ addracc 1f the and of the sianal does not arrive

warr il QIITTI T bl GUaUur CoJe ViiL Wi g Sve o

within Tx max, the station shall automatically resume scanning. If the allcall
is successfully received with a THIS IS, the called station shall stop
scanning, alert the operator, and unmute its speaker (to receive a message).

If there is no activity for a preset time (Twa), the station shall

automaticaiiy mute its speaker and return to scan. To minimize possibie
adverse effects resulting from overuse or abuse of alicalls, stations shall
have the canability to digable receint of the a1l1e,all ormall h 11¢call

N v ¢+
wil A AW J W MIT U I W '\v\-'y\l AV ) i WU VWAt e TENT BIKA J wh

should be enabled. If the allcall is successfully received with
the called station shall automatically resume scanning and will not respond
(unless otherwise directed by the operator or controller). If multichannel
calling is used, at the end of the allcall transmission on a channel, the
caiier shali use call acceptance (THIS IS, with a pausej or call reJeCt1on
(THIS WAS) protocols identical to the sounding (scanning) protocols in 70.5

n 2 rallad nv vraraivina ct

II all Gl tvul1 1CTU AV 21 lC\-Cl'IIIs Jbat‘:op d‘s‘res tc attempt ’n .!1"lb {N!fh‘n fhﬁ
pause after THIS IS), it shall use the o ptional handshake protocol in 70.5.4,
In all handshakes Iother than the calli cycle of the 1n1t1a1 allcall), the
allcall address shall not be used.

(0 9]
N
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As an additional procedure the calling station shall have the optional
capability to organize (or divide) the available but unspecified receiving
stations into logical subsets, using the selective allcall protocol. The
seiective aiicaii is identicai in structure, function, and protocoi to the
2a117221Y Avanand &h S+ rnanifine +ha YTacs e{nn'l nh:nan&nn AF +ha adAdAwacence

[ )PCM'IICD LHIGC tdo e o111 C WA GW VO v WIIC UUU Coouw o
1

Gllbﬂll CTALTP LV \ollat
of the desired subgroup of receiving stations { 1736 of all). By replacing

the "?" with an alphanumeric, the selective allcall special address pattern
shall be "TO GA@" in Tsc and Tlc (or possibly "THRU @A@" and "REPEAT @B@" in
Tsc, and tﬁ—h_Tﬁ'and REPEAT in Tic if more than one subset is also desired),
and rotated if n necessary. “A“ (and ‘B, 1f apEl1cable) 1n this notation
“PTGSGﬁLa any alpnauumcrlu of the basic 38 subset characters (GXCEﬁL "' o
"ol "A" and "B" may represent the same or different character from the
subset. and specifically indicate which character(s) must be last in a
station's address in order to stop scan and listen. As an example of proper

T

usage, a selective allcall to all stations end1ng in "P" i ", and “R", (3/36
of ail) wouid be structured "THRU ©P®", "REPEAT ©Q@", "THRU ®R®", "REPEAT
@PE", unti) appropriately long for the "Tsc scan caTl (and fin1sh with 10,
ﬁTFFAT TO in Tlc). As in the global allcall, the scanning and nnfT‘na]

e oo Pt AR S e

proceaure are the same as for the sound1ng scanning protocol.

60.5.4.4 Anycalls. An ALE station may call, and receive responses from,
essent1a11y unspecified stations, and it thereby can identify new stations

2o A M 1-|n L. o oo -1

and connectivities. An "anycaii" is a general broadcast which requests
WMASANSAS L""h'\ll* Ane‘nna" "M armvs rnef‘""ﬁ ﬂl‘l"‘ﬂeebn’ e\ T+ ‘e “Dl‘lll"ﬂl‘ :ﬂ"
lc)PU”)c) wWiLHUUL Uc)lsllﬂbllls QA )Pbb" Ve UUUI TOOUTTCL O/ e a4 L 1o lchIlcu [AVA]
emergencies, reconstitution of systems, and creation of new networks. See

table A-X. If an ALE station requires an anycall type function, it shall use
the following anycall protocols. The anycall special address structures
spa]} be the exc[usive members oﬁ‘the cg]]qu cycle in’thg 1pitia] 9311. )
shali not De USEG mn an_y or.ner' GGGI"ESS T'IEI(I or part OoOT tne nanasndke, dna
shall use the TO the entire Tcc. The giobal anycall special address pattern
shall be "T0 GB8?", and repeated if necessary for scanning. Upon receipt of
the anycalY (and unless inhibited or otherwise directed by the operator or
contro]ler), all receiving anycalled stations shall temporarily stop their
scan, and examine the call identically to the procedure for allcalls in

60.5.4.4, including the Tcc max, Tm max, and Tx max Timits. If the anycall

is successfu]ly received, the stat1on shall automatically perform a slotted
racnnnen sAantiral +nA +hn+ FfArrm a2 etarm nat [erannina)l 2211 nwAat+tnrnl (70 & 2)
IC)}JUHDC Iucirsivaldn L Limxe 11Ut a D eai 1o o \ébulllllllsl caill PIULU\pUl \IU.U.(.I,
but as modified below

There shall be seventeen standardized slots (slot O plus sixteen) each 20 Tw
(2613 33... ms) wide, for a total duration of approx1mate1y 44 seconds. As
is aescr1nea in /u 6, the primary general var1at1on to SlOt size 1s with

1 NA crbhadeam wmsmisnmda 1 NA 2w bbha mmacanama '\ dbhn e ammaa
LUA. ll LIIC Ld!lllly btdtlUH chuc)b: L‘,(H l’l bllC nmessayc l V Js Lllt’ responses

shall expand by 3 Tw to include the LQA [ ¥ ), and the slots shall

T F wmA

automat1ca11y expand by 3 Tw to 23 Tw (3005 33... ms), for a total of
approximately 51 seconds. In either anycall case, each responding station
shall individually select a slot (of one through sixteen, but not zero unless
emergency), essentially pseudorandomly (PRN), to transmit its response in.

In this protocol, collisions are expected and tolerated, and the caller
attempts to read the best response in each slot. Responses shall be standard

cetarm nat [Aar sndiusAdinal 0311\ maenAnene pnnﬂq cetina Af TN [wieth $ha s:‘dnnna AC
2wud nc v (vi rmuivivyuar vail iy TTOPUIHIOT D LVIiIDIOoVIITY VI TV ywWibLlhh LIIT aQUuUurcoo Vi
the caller) and THIS IS (with the address of the responder), with the LQA
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O N R L B W | = = A parvare [ T 11 P e PR - o
imnciuaeqg 11 requesiea, ana sndili nNOL use tne anycdll SpecCidl adadress. 1ne
~rallawv ehauld 11ea a2 ehnvtd Ana_wnnd calf addrmace and chall nnt 11ea mava +han
WUl Il EXIRAA B Uow “ SV v WViIIG LAAT AR = AN B ) UWUUl o9 A2 LR A SRR A ) LRAV A oo mvr < LITWTY
three words The resnonders shall use a self addrpsc no lonaer than four

two words, the responder cannot exceed two words. ) Upon receipt of the

slotted responses, the cal]ing station shall transmit the acknowledgement

(ALK} to any selectea combination {individuail or group caal) of statwons
o ~

A wmanad Tha wasnanda

r

W =

o
S Wi

f

[T

(4 (' )

e 4
(s

-— -‘

i i i by S

WAS, re pective]y) " The caller shall not use the anyca1l speCIaT address in
the ACK. The caller may pause for additional interoperation and traffic
(THIS IS) with the responders, or may immediately resume scanning ca11ing on

—.siwam s aam

the next channei (THIS WAS); or try again, as appropriate to the caiier’s

.............. T o, mmemnamAl i~ cdhaddan Lhad an mad dmaliadad o &bk ArVY

Urlgl"dl purpose. ANy responding sStacions tndu areé nov TNCIuUded In wne ALK

shall immediately Aannrf :nd resume scan. If tha anvrall d¢ cuccecs cfuullvy

S01a 018 llllllCUI LA 4 wpa 1IN T Couille oWwuil a1 Vile WiTFwuUI b o SUVLLIITUN Ny

received with a THIS 15, th called stat1on shall stop scan, alert the
2 =

operator and unmute its speaker (to receive a message) If there is no

activity for a preset time (Twa), the station shall automatically mute its
speaker and return to scan. To mi inimize possible adverse effects resu1t1ng
_ _ 1| -

A o A2 o _—b a1 Y [

ct w
3
m «

Q
s
J

—d

If too many responses are received, or if the caller must organize the
available but unspecified responders into logical subsets, the selective
anycall protocol shall be used. The selective anycall is a selective general
broadcast which is identicai in structure, function, and protocoi to the

Y mbh el cmicmaT Y mem e Shod b amand ha Tarnd adnmla ~hawa AE A
yivvai an,yuul, CALEPL LildlL 1L bpct.ll lt:b LInE 1asi >Iinyic Character of the
addressas of the desired subset of receiving stations (1/36 of all), By
MU CoIww VI Vil Ul J T T wNa DUV I WV iy o WA W W 7 -~ ~J

replacing the "?" with an a1nhanumer1c. the global anvcall becomes a

selective anycall whose spec1a1 address pattern shall be "TO @GA" in Tcc. If
a group call (mu1tip1e selective anycall), the THRU @GA and REPEAT @@B... are
used alternately in the scan call (Tsc), and then T0 BGA and REPEAT @0 ©eB... in

l—- —ra.v—r. HET——
b 4, 1T
h

tne |ead1n cail {Tic), and rotated 1T necessary. A a

uppllLGUIc) in thi tion represents any ulphaﬁuﬂ&“ asi

cuhcat nhzract t "@" or "?")., "A" and "B" ma h
om the subset. and soec1f1rallv 1nd1cate which

-h Q.
r'D ot
('D m
o+ Cr

)y —
(+ U'!

(D [@ 3]

r sen

D ( )
[V IR ]
] co

‘-( —-do
13

WA W

different char
character(s) mus
response. As an example of proper usage, a selective anycall to all stations
ending in "P", “Q“ and iiR" (3/36 of all) would be structured “TO G@P",

10

O'!J 1)

"-A_n R} . . - - —_— T
“REPEAT @@Q* @BR", "REPEAT ©@P", untii appropriately iong for tne
T
cailing cyCIe.

NOTE: If a narrower acceptance and response criteria is required,
the doub] selective anvcall should be used. The doub]e select1ve

identical to the selective anycall described above, except that its
special address (using "@AB" format) specifies the last two
cnaracters that the des1red subset or receiving stations must have

(PP YN

LU llllleLE a T'esSpvIidE. JCC LGUIC H"I\.

<

0
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60.5.4.5 Wildcards. A "wildcard" is a special character which the
caller uses to address multiple-station addresses with a single-call
address. The receivers shall accept the wildcard character as a substitute
for any a]phanumerlc in their self addresses in that same posvt1on or

pOS]tIOﬂS. lnererore, each wildcard character shall substitute for any of 36

characters (A to Z, 0 to 9) in the basic 38-character subset. The total
lengths of the calling (wildcard) address, and the called addresses shall be
the same. The spec1a7 wildcard character shall be "?" (0111111). It shall
substitute for any alphanumeric in the basic 38-character subset. It shall
substitute for only a single-address character position in an address, per
wildcard character. See table A-XI for examples of acceptable patterns.
Wildcard addresses sha members of the initial call's
calling cycle, and sha used in any other address sequence in the ALE
frame or handshake. The span (number of cases possible) of the wildcard(s)
used should be minimized to only the essential needs of the user(s) The

basic address wiidcards, when foliowed with a A
.............. cne and chall ha Athamaiecen sAdantsral +n
L [ 3
“h]

wn

h

wv wn
T
r
.T

ol ek
b
3
o M
(a4

o
(¢ IN'¢

cause 1w 'pru”bc) ana Snaii D€ Cinerwise 1Gen
in 60.5.4,3, The address wildcards, when follow

TiIl Vwewe v (SR VAV R} Faw QR

[

HI! termin
shall cause responses in pseudorandom]y-se1ected s1ots, ana ShaTT use th

protocol otherwise identical to the anycall in 60.5.4.4. As in both the
allcall and anycall, stations shall have the capability to allow the operator
or controller to disable acceptance. Acceptance should normally be enabled.

60.5.4.6 Self address. For self test, maintenance, and other purposes,
stations shall be capable of using their own self addresses in calls. When a

self-addressing type function is requ1red ALE stations shall use the
following self-addressing structures and protocols. Any ALE calling

structures and protocols permissable w1th1n this standard, and containing a
specifically addressed caiiing cycie {such as "TO ABC", but not aiicall or
anycall), shall be acceptable, except that the station may substitute (or
add) any one (or several) of its own calling addresses into the calling
cycle. A fu]]-dup]ex station shall be capab]e of calling and handshaking

with itself.

60.5.4.7 Null address. For test maintenance, buffer times, and other
purposes, the station shail use a null address which is not directed to,
accepted by, or responded to by any station. When an ALE station requires a
null address type function, it shall use the following null address protocol.
The null address special address pattern shall be "T0 @@@", (or REPEAT @ee"),
if directly after another TO. The null address shall only use the 10 (or
REPEAT), and only in the calling cyc]e (Tcc). Null addresses may be mixed

with otner addresses (group call), in which case they shall appear only in
*+h

~211 [(TY1A) and At sn +ha ecrannina 2311 [ Ter) Mii1le ehal

the leadi g Cavis v11Cj, andG nov 1N Tne SCanning Cary (1SCj. WNUIIS Sndrs
never be used in the conclusion (terminator) (THIS IS or THIS WAS). If a
null address appears in a group call, no station 1s designated to respond in

the associated slot; therefore it remains empty (and may be used as a buffer
for tuneups, or overflow from the previous slot's responder, etc.).
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TABLE A-XI,

MIL-STD-188-141A
APPENDIX A

Use of "?" wildcard symbol.

ABC

AB?

A?C

?7BC

A?7?

?7B?

?7?¢C

>
@
®

A?

®

7B @

@A B

@A "7

@78

®
X)
x|

®
®
>

@A@

®
-0
®

BASIC "STANDARD®, 1 CASE EACH

*STANDARD""WILD-1", 36 CASES EACH

"STANDARD""WILD-2", 1296 CASES EACH

"STANDARD""WILD-3", 46656 CASES EACH

"WILD-1°"STUFF-1", 36 CASES EACH

"WILD-2""STUFF-1", 1296 CASES EACH

*STUFF-2", 1 CASE EACH

"WILD-1""STUFF-2°, 36 CASES EACH

"DSA""WILD-1°, 1/36 CASES

NOT PERMITTED. USE “SELECTIVE ANYCALL"

*GLOBAL ANYCALL"

“SELECTIVE ALL CALL"
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60.6 Link quality analysis (LQA).
60.6.1 Generai. LQA concerns the automatic measurement of the quaiity
of the ALE signal on the link{s) between station{s). The resultant LQA data
is used to score the channels and to sunnort celection of a "hest" (ar an

acceptable) channel for calling and communication. See 60.7. LOA shall also
be used for continual monitoring of the link(s) quality during communications
which use ALE signaling. The stored values shall be available to be
transmitted upon request, or as the network manager shall direct. Unless
specificaliy and otherwise directed by the operator or controller, ail ALE

stations shall automatically insert the COMMAND LQA word { ¥ ) in the message
section of their signals and handshakes when requested by the handshaking
station(s), when prearranged in a network, or when specified by the

protocol. “See 80.2. If an ALE station requires. and i capable of using LQA

information (polling-capable), it may request the data from another station
by setting tge control bit KA1 to "1" in the COMMAND LQA word. If an ALE

station wnich is sending a COMMAND LQA in response to a request is incapabie
of using such information itself (not polling-capable), it shall set the
control bit KA1 to "0". It will be a network management decision to
determine if the LQA is to be active or passive. For human factor

considerations, LQA scores which may be presented to the operator should have
higher (number) scores for better channels.

PRPRN 2PN o o~ neinm am  nees dedd A - -
60.6.2 Basic bit error ratio (BER). The ALE system essentially performs
" " : .
2 "pass/fail” LQA test on every received signal by its critical examination
of proper coding, structure, and format. Within its integral demodulation

and decod1ng functions is an inherent basic BER measurement capability. The
purpose of the basic BER/LQA measurement described herein is to obtain an
additional assessment of ]ink quality which provides more resolution than
avaiiabie with the absoiute ° paSS/rail approach. The BER/LQA function uses

data obtained in the process of decoding the received words used in the
automatic linking process.

Analysis of the BER on rf channels, with respect to poor channels and the
8-ary modulation, plus the design and use of both redundancy and Golay FEC,
shows that an excellent and proportional measure of BER may be obtained by
counting the numoer of Z/3 votes (out of 48) in the majority vote decoder.

TI..A DED wealisn Y d bm cememiam o K IR e T T - JUR T L _ L L .YY
1Ne DL Vailues bHUUIU e rcprebenteu lﬂterﬂﬂlly Dy da numper wnicn snaili rdnge

from 0(000000) toc 48(110000). The BER/LQA measurement is based on each
redundant triplet (3 Tw) word which is received and properly decoded as

n
valwd maJorrty word. Therefore. in an ALE transmission. the best BER/LOA
value should appear when the majority vote decoder is properly aligned with
the incoming signal; that is, all three-word inputs are occupied with
identical {except for errors) redundant words.

Tha DED mauw wams ditmdnsa am lll_" boamanad ool awm amad o VTtV micaimem 4 RN AA
Tné BER may vary during an ALE transmission, and a 1inearly averaged BER/LQA,
which includes all the measurements on good words which were properly

e m
aligned, shall be used. If a badly received word is unreadable and is

rejected, it shall be assigned the worst BER/LQA value 48(110000) and
averaged.

N

NDe WIITU ULIHHIUVUUW YU LU D lele I 1ITUY 326 wUrru MMM IW I VI wiTe I wVLl Thl g ULUYWIT wJd s Wl WU
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A]] ALE stations shall au tomat1ca11y perform the basic BER/LQA algorithm on
ali received ALL signals based on majority decoder voting. The individual
vimmed demdaamal DEN/ AR wiaVlisas aball bha 2o ~dV.es daad..nm d Lomme— AL - Al
WUOUT'U 1iLeiiidl DLR/LYA vailued HSilailil wve UITELLly UE'IV&U Tram vne number oty (o]
mainrifu untee fFav a2 nartiriilar #rinla wvadimdant wnwmd nmvananly aldanad Tha
LU A S VWwevewd Wi U PR vIvUT U VI TpPIC P CUMBITIU@TELY WU Uy Pl UPCI IJ al l:’llCU. [ ] ) -4
alue for an entire received signal shall be the 1inear average of the

internal BER/LQA values of the valid received words, shall include a worst-
case 48(110000) value for rejected words, and shall be for an entire and )
uninterrupted signal. For transmission in the COMMAND LQA word, the internal
average va1ue shall oe convertea to r1ve bit vaiues as shown in tabie A-XII.

Tha £2. walian DEC fMCDY &hinai~ nrY /1 o\ abhall ha &blha bdmaa,
ine IIVC"UIL VGIUC), DEJ \I'lQDI bl"ngll DC-I LQD’I Qualt i

\ Ve L
representation of the average number of counted {or averaged) 2/3 votes

)

- 60.6.3 Signal plus noise plus distortion to noise plus distortion ratio
(SINAD). The oﬁtlona1 s1gna1 to noise and distortion measurement emp1oyed

Remn 2v e mun assmasi a A A WY N\ 2 2sr . Al
witnin tne LUA Snall De a blNAU measurement { {S+N+D}/{N+ U)l averagea over tne
-~ Qdon ml Alin cammatisad AT ol 1 Y N U, R W | At a CTAMAN aVlivmoe abkal
auracvion i Llltf receiveud AL blglldl. F ] mplemenieu, Lt olivAU vaitued sSnait i
be measured on all ALE signals and shall be inserted into all LQA words in

the same manner as the BER. It shall be communicated in 4-bit values as
2.2,

60.6.4 Multipath (MP). MP measurements are reserved until standardized
60.7 Channel selection.

60.7.1 General. Channel selection concerns the automatic identification
of a (recently) best (or acceptable) channel for initiating calls or
broadcasts to one or several stations. The selection is based on the

information stored within the LQA memory (such as BER, SINAD, and MP) and
this information is used to speed connectivity and to optimize the choice of
m1aldew Ahhannale Tha wanbinm and ealar+ssAan mathaAd ehnn]ﬂ Aan An *ha

qual Il-J LCIIQHIHT I O e 18IC ’ﬂllkllla QiU DT ITL LIUVIL UrcLuiivu SiNivui1 v UCPCIIU vn Ll
quality of information available, the type(s) of 1ink(s) required (1-or

2-way, voice or data), and the quantity of stations involved. The
manufacturer should select method(s) for optimum performance.

When initiating scanning (multichannel) cailing attempts, the sequence of
channeis to be tried shail be derived from information in the LQA memory with
tha ~hannall el with +hn N"hact crnnval 1M hatdna +unsad Fimet [imlacsr Athawmatien
LIIT LIAiic i1y o) wi " LT UTIO L dWLVUI TYL D) UTIHIIY LIITU 117 oLV \UiiITOoo VLiiti wi ocC
directed by the operator or controller) until all the LQA scored channels are
tried. However. 1f such information is unavailable (or it has been exhausted

and other valid channels remain available and untried) the station shall
start (or continue) on the hlghest frequency (untr1ed valid) channel and if
unsuccessfui snall cont1nue with the next n1gnest (untr1ea vaiid) cnannei,

PR S P e o m 2 =% 2 2\ Ny VPR |

until successful or until all the remaining (untried vaiid) channeis have

60.7.2 Single-station channel selection. The station shall be capable

of selecting the‘(recent) best channel to initiate a call to, or seek a
single station, based on the values in the LQA memory. Figure A-19
represents a simple LQA memory example. For each address/channel call, the
received LQA (upper section) and reported LQA values {Tower section) are
stored. Bilateral {handshakej scores in this exampie are the sum of the two
an values

0
~N
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TABLE A-XII. Basic bit-error-ratio (BER) values.

Average LQA transmission bits

2/3 votes MSB LSB Approx.

counted ~ BE5 BE4 BE3 BE2 BE] BER
0 0 0 o 0 O 0.0
1 c ¢ 0o 0 1 0.006993
2 0o 0o o0 1 O 0.01409
3 o 0 o0 1 1 0.02129
4 o 0 1 0 O 0.02860
5 o o 1 0 1 0.03602
6 o 0o 1 1 O 0.04356
7 c ¢ 1 1 1 0.05124
8 0o 1 0 0 O 0.05904
9 o 1 0 0 1 0.06699
10 o 1 o0 1 O 0.07508
n o 1 0 1 1 0.08333
12 o 1 1 0 O 0.09175
13 o 1 1 0 1 0.1003
14 o 1 1 1 0 0.109
15 o 1 1 1 1 0.1181
16 1 0 0 0 O 0.1273
17 1 0 0 0 1 0.1368
18 1 0 0 1 O 0.1464
i9 i 0 0 1 1 0.1564
20 1 ¢ v ¢ O 0.1667
21 1 0 1 0 1 0.1773
22 1 0o 1 1 O 0.1882
23 1 0 1 1 1 0.1995
24 1 1 0 0 O 0.2113
25 i 1 0 0 1 0.2236
26 1 vV ¢ 1 ¢ 0.2365
27 1 1 0 1 1 0.2500
28 1 1.1 0 O 0.2643
29 1 1 1 0 1 0.2795
30 1 1 1 1 0 0.3
-- T 1 1 1 1 no value available

B%Ragalculated statistically from probability of number of 2/3 votes
0 .

The 2/3 votes count is the average of 2/3 votes of 48 over the words
in the received signal.

0
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CHANNELS
Ci c2 C3 Cé cs cé
FROM 10 4 1 0 5 15
A
_ TO 14 8 2 x 7 11
5
z FROM o 5 1 3 2 &
© |8
e TO X 7 4 3 5 12
[
0 FROM 30 22 13 8 3 18
x |c
% TO X - 17 6 2 -
-
] FROM 1 2 5 12 20 -
w |D
W TO - 4 7 15 21 -
N
"’m FROM - 2 6 7 10 -
c |E
a TO x 14 6 9 12 x
<
LQA SCORES
NOTES
i. UPPER VALUE IS LQA MEASUREMENT ON RECEIVED SIGNAL FROM OTHER
STATION

W

. EXAMPLE SHOWS RANGE OF O

. LOWER VALUE IS LQA MEASUREMENT ON TRANSMITTED SIGNAL TO OTHER

STATION AS RECEIVED AND REPORTED BACK.

-~ T ~ A,J L] \AZ

O 30 FOR LQA "SCORES’, Wi
VALUE BEING BETTER.
e LQA ="0" IS EXCELLENT, RANGING DOWN TO "30" WHICH IS VERY POOR.

e LQA = "X" INDICATES NONE AVAILABLE AFTER HANDSHAKE ATTEMPT.
e LQA = "-" INDICATES NONE AVAILABLE BUT HANDSHAKE NOT TRIED.

FIGURE A-19. LQA memory example.

w
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NOTE 1: For operator viewing, LQA values for better channels
should be displayed as higher numbers, and values for poorer

channels should be di splayed as lower numbers.

NOTE 2: In the example shown on figure A-19, if a handshake is
required with station B, channel C3 would be best because the
"round trip" (bilateral) score would be 5 (1+4), thus the lowest.

Channel C4 is next best with a score of 6 (3+3), then C5 with 7, C2
with 12, and C6 with 18. Linking attempts should be made in that

order (C3, C4, C5, C2, and C6). C1 is left until Tast because of
the "x" which indicates that a recent attempted handshake on that
Arhannal Failad +n 1inb
LIIaniic 1aliriIgcu LW, T 1IN

Similarly, an attempt to call A would yield the sequence C3(3),
c5(12), C2(12), C1(24), C6(26), and C4(x). In this case, C5
was equal to C2 (both were 12), but C5 was chosen first because
the paths were more balanced (LQA values were more equai).

2% "

n

o
1 <

w ct+

~"a
0a
he

NOTE: In the example, to reach B, the sequence would be C4(3),
c3(4), C5(5), c2(7), C6(12), and C1(x) as a last resort.

NOTE: In the example, to listen for A, channel C4(0) would be
best, and if only three channels were to be scanned, they should
be C4, C3, and C2.

The

jate a
the LGA
NOTE: In the example shown on figure A-19, if
group handshake is requ1red with stations B a
best choice as the total score is 12 (2+5+3+2
X1 +) and C
o their unknown handshake capab

unknown har a
. Cl(x) is the last to be tried because
recent handshake attempts had failed for both B and C. To call
the three stations A, B, and C, the sequence would be C5(24),
C3(38), C2(46+), C6T§2+) C4(one x) (recently failed attempt),
and finaily Ci{two x).
1

"en#q nn f

~+
CLiwvrl u\-b\)

95


http://www.abbottaerospace.com/technical-library

MIL-STD-188-141A
APPENDIX A

NOTE: In the example, to call D and E, the sequence would be
ce, C3, C4, C5, C1, and C6. IT a maximum limit of LQA < 14 is
imposed on any path (to achieve a minimum circuit quality),
only C2 and C3 would be initially selected for the linkin
attempt. Further, if the LQA 1imit was "lowered" to 10, 83
would be selected before C2 for the linking attempt.

If a broadcast to multiple stations is required, only the lower section ("to"
the station) scores are used.

NOTE: In the example, to broadcast to B and C, the sequence
would be C5(7), C4(9), C3(21), C2(7+), C6(12+), and
Cl{two x).

If a seeking of multiple stations is required, only the upper section ("from"
the station? scores are used.

NOTE: In the example, to listen for A and B, channel C2(2)
would be best, and if only four channels could be scanned, they
should be C2, C3, C4, and C5.
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70. PROTOCOLS.

70.1 Introduction. In addition to the waveform and signal structure,
the ALE system prov1des Spec1f1c protocols. or clearly defined ru]es for

e Al o mmmamamiais Aasidoamaa am o e e

interaction among stations, to 1mplément the necessary automated functions.

This section presents the protocols for manual and automatic operation on
single and multiple channels, with individual and multiple stations, and for

both 1inking and networking.

Manual operation. The system js based on standard HF SSB radios,
1y alT of which are manually b1 . However, these radios
i

AAAAA 1T1~01 S
e controltlabi omati
n
1

—

tede An
use Uil

3

ts o
eved, An AL 1
0 SSB radio, an
controller, the system enables compatible control by both operators and
automation. Two specific manual operations are described below: emergency
control by the operator, and push-to-talk operation.

nt
/U.c.i Uperator CorJ ntrol. Each station shall be °qui“ped with a manu
e

control capab111ty to permit a human operator to directly operate the bas
SSB radio in emergency situations. At all other times, the radio shall be

under automated control, and the human operator should operate the radio
through its associated contro]ler. In either case, the ALE controller's

receiving and passive coliiection capabilities {"always listening"}), such

monitoring for sounding signals or alerting the operator, shall not be
impaired.

m 2 1 Nnnamadn

-

2
a
Py
1

(o

Qu
7]

70.2.2 Push-to-talk operation. Push-to-talk (PTT) operation is the most
common form of human interaction with MF/HF SSB radios, especially for

tactical use by m1n1ma||y trained, "noncommunicator" operators. Manual
control with PTT shall be conventional; that is, the operator pushes the PTT
button to talk and releases it to listen.

70.3 ALE operational rules. The ALE system shall incorporate the basic
operational rules Tisted in table A-XIII. "Always listening" (rule 2) is not
required during temporary periods when not technicaiiy possibie, such as

aurlng transmit with a transceiver or when using a separate transmitter and
receiver with a common antenna.

70.4 Individual calling.

70.4.1 Introduction. The essential element of the ALE protocols is the
call structure, wh ased on the wavef

b
S

A

g symbols are def
70.4.4. The footnotes, such as (2) for tun1ng time, are essent1a1]y
standardized throughout, except for occasional minor variations to clarify
each specific protocol. Each "box,” such as "THIS IS A" indicates an

individual, on-the-air, 130.66... ms nonredundant word (Tw), of which several
duplicates (multipies of 3) are used to communicate them as redundant words
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TABLE A-XIII. ALE operational rules.

—
—

2) Always listening (for ALE signals) (critical).
3) Always will respond {(unless deliberately inhibited).
4) Always scanning (if not otherwise in use).

5) Will not interfere with active ALE channel (unless priority or

forced).
6) Always will exchange LQA with other stations when requested (unless
inhibited), and always measures the signal quality of others.

7) Will respond in preset/derived/directed time slot (net/group/special

calls).
o\ AV imism mmml, (iimTmme Sfombhdhcdadl acmd medodada drmanml, mf dlamd e
[ }y] Hl"dy5 SEEK (UNIESS 1nrivi1Led) dina “dl”Ldl’ LrdCk Ot Lliglr
rannactivitioe with nthare
VVIINIGOV VI TP T vIVD v en VeiiGl Je

9) Linking ALE stations employ highest mutual level of capability.

10) Minimizes time on channel.

-
—-—
~—

(Trw), as shown (usually as boxes with "tic" marks). In this example, the
basic reguired minimum ~all which 1c 3 Trw l1]7ﬁ me) 1ana ic chown The

L'Ull G MR a1 iy LAAR AR} - LA, ] 1LV v oy TVIiTYy i3 STIVTN Il o LI} A=
large letters, such as "A" and "B", are convenient graphic substitutes for

the;actuéf tnree characters of the ‘basic address fleld The delta (V )

-
.-
—dle

ms; per or1g1na|, nonreaunaant WOTO}
hal ways be a
] d

.3 OO

wde
(5 J1 Jt=]

TgT I
(=9

1a
sha he wor
bot

——d

Ve wWwiou

Q [+V] U‘)
3

d ch 0
re h s1ngle—cha ne] a nd multiple-c
control, and message information for designing ALE stations. The single-
channel description is also an overview of the linking. The multiple-channel
description provides an in-depth analysis of the individual protocols.
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n a channel, AL s nn DY single- e
inking, polling, and network1ng, and for bas1c automated ALE 1nteroperat1on
on a channel after scanning linking. A1l ALE stations, when operational and
not otherwise committed, §ha11.cont1qu§]1y listen for calls; that is, they
are "aiways availabie.” See figure A-2i. The protocol consists of three

n

—Q D O
=

parts: an individual call, a response, and an acknowledgement. At the left,
in +hic nnn_rhanna1 avamnla (1) +ha r:]TAn A eh ulAd :1wa;du ha nwanawlu
i il 2 wile wiIATHIIG Y - N UIIIP LI L LAY Y Wil wu L™ —\ [SARAV AT IS art J v Pl \IPCI IJ
tuned to the channel (2). The wait buffer {3) provides a listen-before-

transmit pause, to avoid "disturbing active channels." It has an optional
Tength (Twt) because, in the single channel case, the history of channel
activity (and present occupancy) is generally known. Similarly, there is

generaiiy no need for an extended caiiing cycie {4}, although it may provide
drnmmanrad ninAahah3T34u AfF e3mrnal Aatrnrtsnn and ~Aa11l wwaratnée T€ a Fiuvad
i cascu pl vuvauvil i (VA )ly“ul UTLTL LIV aliu valis TTLTipPLe. L] a 1 TATU
station is trying to contact a scanning station, or does not know if the

called station is scanning, it should use the tota11v compatible individual
scanning calling protocol. Normally, both A and B are on channel and
ava11ab1e, that is, their speakers are muted, they are a1ways 11stenlng
and they ° 'wiil respond when catlec. 5tart1ng with the 1navv10ua| caii,

.

station A shall call station B by L?&ﬁsmruuuug a calling Lyblt containing 8's
address T"T0 B"), followed by a conclusion (terminator) containing his own™
("THIS IS A") (7). A then shall wait a preset reply time (Twr, a “buffer

which includes ant1c1pated propagation each way and B's turnaround time) to
start to receive B s response (9). Upon rece1pt of'l's call and recogn1t1on

of both his and A*s addresses, B shail tune up (if needed) (2), send the
response, and wait his own rep1y time Twr. Upon receipt of B's response

I:—Lan‘--nn dehin +ha manTu watéd Tum) and rarannitinn Af hath hie and Dte
1 ouat L"‘B wiviiin LIIT 1 TPy ware 1ni Jjg QiU TULUYIII LIWVIT VI UV LIl 11O Q@ilug i 2
addresses, A shall send the acknowledgement, unmute his speaker, and alert

his ooerator. Upon receipt of the acknowledcement (starting with1n B's reply
time Twr), B shall also alert his own operator and unmute his speaker. The
operators may then pick up their microphones and exchange conventional PTT
voice communication, radio te1etypewr1ter (RTTY), ICW, or anythlng else

required. When they are tnrougn, they may reset t
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for activit a),
“available. lso, if the expected repIy does not start to arrive within the

preset wait time (Twr), the handshake shall be terminated, but it may be

re1n1t1ated by the operator or controiier. Termination of a handshake or

ore restoring them ¢
ot kev the PTT or us
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protocol by a timer {or by the use of THIS WAS) shall cause the timed {or
nahn1uinn\ ctatinn +n anA +ha handchala nv nrntnrnl ramnt+o and immadiatelv
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resume scanning (if multichannel).

There are several specific variations to the protocol. I[f an automated
message (or COMMAND sequence) is to be sent in any of the signals, it shall
be inserted at the ( ¥V ) delta location (5), and the signal frame will be

approprlat Ty lengtnenEG. The message can prov1de many 0pt10ns such as the
Qmmmmdlan AL I NR 2L b & amd 2 ma et mm s £ mamdl, Al Cnrnd bha
Tnserviun ur Lya IlllUHlldLlUll al \V l’ alig 1L ||ay )lg“lll\.ﬂ”bl] airgceL une
nratarnl and +iminna aec Aacrwrihod in cartinan 2D nrmallv A'c 1ico nf "THIC
Plvbvbv' G1INg ‘r.""'ls, “ao Yo IL!l tIwve L) 2O LIV UV, ARV Rl {va) IJ, [a) 5] oL v LR S
IS" in the call compels B's response; and the substitution of a "THIS WAS"
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shall suppress B's response (6) and terminate the protocol. Therefore, if
the individual call contained "THIS WAS A," B would receive A's call (and the
message, if any), realize that it was a one-way broadcast for B, and B would
not respond (unless otherw1se compelled by the message, his operator, or his
controller). Similarly, B's use of "THIS IS" compels A to complete the
handshake and send an acknowledgement. However, if B sends a "THIS WAS," A
shall not alert or send an acknowledgement, and the protocol shall be -
terminated. A station such as B would terminate the handshake under several
circumstances, such as being unavailable (but active), being engaged in
traffic, realizing that the channel is busy (at B's end), or being compelled
(by prearrangement or protocol) to respond without having an obligation to
continue (mandatory roll call, optional chat).

It should be noted that A's acknowledgement to B appears identical to A's
individual call to B, but it does not cause B to prov1de another response to
the acknowledgement (resu1t1ng in an endless "ping-pong" handshake) because
A's acknowledgement arrives within the narrow time window (Twr) of B's first
response, and A is respons1b1e for sending the ACK within this time limit.

If A does not receive B's response within this preset time, the call is
considered unsuccessful and A may terminate, or A may try again with
additional call attempts (preset, controller, or operator choice). If A's
acknowledgement arrives late (after Twr), then B treats it as a new (or
second) individual call (and provides a new response, if A uses THIS IS).

While receiving an ALE signal, it is possible for the continuity of the
received signal to be lost (due to such factors as interference or fading) as
indicated by failure to periodically (Trw) detect good ALE words. If such a
dropout occurs during an initial received call, and continues for a period in
excess of 3 Trw (1176ms) beyond the last good received words without
detection of additional good received words, the receiving stations shall
abandon the attempt to 1ink and, if multichannel, shall immediately return to
normal receive scanning. In all cases each individual ALE received signal
must have all of its included words at a consistant and uniform redundant
word phase, despite dropouts, to be acceptable and valid. Any variation
indicates an interference or a collision and such variation shall be rejected
as not part of the signal.

NOTE: Stations should be able to read interfacing ALE signals,
as they may contain useful (or critical) information, and the
station is therefore "always listening".

Also, if a station receives a complete individual call (TO with the whole
address), but does not receive the expected conclusion (THIS IS or THIS WAS),
it should attempt a single-channel call acceptance sound 1THI§ IS, as
described in 70.5.4) to reinitiate the calling station.
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70.4.3 Multiple channels. A1l ALE stations shall be capable of
performing the individual scanning calling protocol described herein, even if
on a fixed frequency. See figure A- 22. If multichannel, they should be
“always scanning.“ Ih1S protocol estaol1snes and positively confirms

hsladamal ~Annnan A snan Anec anmy auvaillahla mint¢i1ally eran

viidierai l.unm:\,t.lvu»y between stations on any available mutuaiiy scanne
channel. Stations shall employ this protocol for multichannel linking. This
protocol is fully compatible with the previously described individual calling
protocol shown on figure A-21, and is essentially identical except for the
longer calling cycle and the following modifications.

A
u

when operational and not otherwise committed, shall continually
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ond. The minimum dwell time (Td min) on each channel is the
the scan rate, and the channels in the scan set are repeatedly
e same order and for the same period. This minimum scan period
t of the number of channe]s (C) times the
1 i x Td min.
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each channel of the set to transmit an individual scanning call, and w
for a preset, limited time for responses. The calling cycle (ch) is
composed of a scan calling time (Tsc) plus a leading call time (Tlc). The
scan calling time (Tsc), in order to capture the scanning receiver, must
equal or exceed the tota] scan period (Ts) of the called station and shall

a]so be composed of multiple address first words ( £ Tal = Tc1), which are a

+3nTa 3 = = "
mUILlpu: of the redundant word time, Trw; that ‘IS, Tsc = n X ET&} = n X
Tcl > Ts. The cranninn call contains only the called address(es) different

first words ( £ Tal) fn rotation. The Ieadinq call contains nTy the whole

called station(s) address(es), repeated twice (2Tc =2 ¥ Ta). Therefore,
the ca]ling cycle should be: Tcc = Tsc + Tlc = (n x TTal) + 2Tc =2Ts + 2
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The scanning calling station shall stop and link on the first channel which
supports the handshake with the called station(s). After scan stop, unmute,
and operator alert, the operators (or controliers) use the Tink and the

channel as necessary. If they reject it as unsuitablie, they may restart the
scan sequence to seek another, better channel by muting (resetting) their
stations and reinitiating granninn ra'l]iqg {ucua‘l'lv by the original caller)

g vl v L M Sala v war 7e

If the calling station has an LQA memory and scorina capab111tv it shall
rerank the channels (with the reJected and the prev1ously failed channels
being downgraded) and restart the calling on the newly expected best
channel. If the station has a fixed calling channel sequence, it shall
restart the scanning caii on the next channel which wouid have been tried

-
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earlier had a 1ink not been established, and it does not restart at the top
frequency (or first channel) as before (unless directed by operator or
controller). Often during the scanning calling cycle, the caller will

encounter occupied cnannels which are sk1pped to avoid interference to
bumaflfdn and andédudéen Edam 11 av adlahla Ahanmale havua hanm Suwdad awmd sam
Lrallisv aQiiu as. bl'l\-]o nleI ail avairauie CTnafiiici S nave UC!‘.’II LI'iCu, anu nv
contact has been successful, the caller may optionally revisit the previously
occupied channels and, if they are free, attempt to call. 1In either case,

when the calling station has exhausted all the prearranged scan set channels
and failed to establish a link, it shall immediately return to normal receive
scanning. It shall aiso alert the operator {and controller) that the ca111ng

a4+ a mnen~rneccfinl +ha 211 <e AL nd &S Sha
ubbc"ly\- "G) ull)u‘—c))'ul. l' LIIT )\-Gllllll!s bu' 1 .3 VCllllbl(lI.!:U. b”c ﬂl—l—

station shall restart and try again. Refer to 70.4.4 for the specific
details of ALE timing.

When an appropriately addressed call ("T0 B") is detected by, and addressed
to, scanning station B, the station shall stop (for a preset, Timited time)

to read the rest of the signal and to perform the standard handshake (unless
otherwise directed) with the calling station (A\ If tha call i¢ ngt

e MIT Tw we -y & ' vaviwvir o Ve

addressed to station B, B shall leave the channe] 1mmediate1y and resume
scanning (unless otherwise directed by the selected protocol, or its operator
or controller). Figure A-22 illustrates the individual scanning calling

e for stations in a typ1ca] five-channel network and
ive cnps. The pTOIOCOI starts \ﬂtlﬂ
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ccu p ncy (3). If the channel appears “clear (or if A ‘is forced by the
erator or controller), A shall tune its coupler (27 as rapidly as possible
(Tt), and initiate the transmission. The scan calling time (Tsc) of the

i
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When station B arrives on channel, sometime during its scan period (Ts), and
therefore during A's additional and longer scan ca111ng time (Tsc), B shall
attempt to detect ALE signaling (within dwell time Td min) and then Shall
decide to wait a preset time (Tdrw) to read possible ALE words if ALE

signaling was detected. If no s1gna11ng is detected within Td min, B shall
r ‘ ﬁ
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resume scanning.
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If B does not read appropriate ALE words within Tdrw, B shall leave and
resume scannlng. If B reads "T0 B“ (or an acceptab]e equxva1ent according to

,,,,,,

prococons;, it shali stop scan, plan to repiy (response), and wait a preset,
1Timitnd $#dma [ Tiunal faum &ha ..-.11:.... AunTla o amd amd Sha macnsama A
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conclusion to begin, Meanwhile, B shall continually read the ALE signaling
to identify add1t10nal information, such as type of call (and additional

station addresses if any). B shall attempt to detect invalid sequences, in
which case B shall automatically reject the call and immediately resume scan
(unless otherwise directed by the operator or controller). If a quick-ID or

a message { COMMAND sequence) starts within Twce, B shail wait and attempt to
(Tm max). If no quick-I
ne

or megcane gtartc within Twea nAr nn tarminatan
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if no message), B shall resume scan. If an invalid message sequence 1s read,
B shall resume scan immediately. If a terminator starts, such as "“THIS IS
A", B shall wait and attempt to read the calling station's address {A) within
a new preset, limited time (Tx max). If an unacceptable terminator address
sequence is read, B shall resume scan immediately. If an acceptable
terminator sequence with THIS IS is read, B shall wait to respond (while
identifying the entire address). B shall also expect A to continue the
handshake (with an acknowledgement] within B's reply window, Twr, after B's
response. If THIS WAS is read instead, B shall not respond and shall resume
scan immediately (after identifying the entire address).

A1l receiving stations shall identify the end of a received ALE signal by the
following methods. The station shall search for a valid terminator (THIS IS
or THIS WAS, possibly followed by DATA and REPEAT for a maximum of five
words, or Ix max). The terminator shall maintain constant redundant word
phase within itself (if a sound) and with associated previous words (if a
call). The station shall examine each successive redundant word phase (Trw)
following the THIS IS (or THIS WAS) for the first (of up to four) nonreadable
or nonvalid word(s). Failure to detect a proper word (or detection of an
improper word) or detection of the last REPEAT, plus the last word wait delay
time, Tlww, of Trw), indicates the end of the received transmission. The
only acceptable terminator sequence is THIS IS (or THIS WAS), DATA, REPEAT,
DATA, REPEAT. -

If all of the above sequential criteria are satisfied, and if B is not
otherwise directed by the operator or controller, B shall immediately
initiate an ALE response. A1l stations (such as BJ, even in single-channel
mode, shall perform these analytical and timing discrimination functions.
Therefore, in the single channel case, where no scan is available, the
station shall reject the call if inappropriate, invalid, improper, or outside
of the time limits.

After transmitting its individual scanning call to B, A shall pause (9) for
B's reply (response) for a slightly extended wait time (Twrt), as B must be
‘provided an additional period ?Tt) to tune (2) for an initial reply.
However, called station B shall use the shorter single channel wait time
(Twr) when waiting forlgrs reply (acknowledgement), because A has already
tuned.

A shall wait and attempt to detect any ALE signals and read a reply
{response) from B within the preset limited time, Twrt. If A successfully
reads an appropriate response ("TO A") starting within Twrt, it shall plan to
reply (acknowledge) and shall wait a preset limited time (Tdrrw) to read the
next rotating redundant word, which in the protocol shown is the “THIS IS B"
terminator. If A does not receive this appropriate response calling cycle
("TO A") starting within Twrt, or if A does not later receive the appropriate
terminator (“THIS IS B") starting within Tic (plus Tm max, if message
included), A shall automatically terminate the protocol and resume scanning
calling. IT A receives the proper terminator word from B ("THIS IS B")
starting within Tic (plus Tm max, if message included), A shall wait to reply
(acknowledge), and shall expect the handshake to be successfully completed
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within the time window Twr. Meanwhile, A shall continue to read the incoming
ALE signal and shall search for a new preset, limited "last word wait" time
Tiww = Trw for additional words (if any) and the end of the terminator signal
(absence of detected word), which will trigger A's acknowiedgement.
WAS B" is received, A’s iinking attempt is terminated. If an invalid

nnnnnnnnnnnnnnnn - net Antandad s +han Tluns {n1 us +
§=quc’|\;c vLLur 5, U' LIIC Lc' "'l'la LU' CIlu l) ”U‘- uc \-Cb bCU "' L R BN B | l""’ \piuo vl

additional multiples of Trw if an extended address), A shall terminate the
protocol and resume scanning calling. If all the above sequential criteria
are satisfied, if the terminator end is detected within Tlww, and if not
otherwise directed by the operator or controller, A shall alert its operator
that a correct response has been received, shaii initiate the ALE
acknowledgement (using "THIS IS A"), and shall unmute A's speaker. Both A

and B cshall continue to use ) camn mofhndn1ngy rr1+oriz and timina

[TV R R~ L) LR VLRAVAS LV A v

described above for the successfu] transfer of the acknowledgement, in which
case, station B shall alert his operator that the correct acknowledgement has
been received and shall unmute B's speaker. The bilateral 1ink is now set
up, conflrmed and available for the operator. If A is to terminate the

..... alaad - iimne WTUYC wIAC AN o &b
'L UUC) IIUL ailcr L or UIINIULC GIIU ustcd 1INdo RO N [R]] bllc
acknowladaomont

edgement., Thi¢ cauceg B to stay mutad, not ainrf and to recume
scanning.

If the entire set of scanned channels to be used for calling have
been tried, and no successful handshake has been completed, the calling
station (A) shall immediately resume receive scanning and shall alert the
operator (or controliler) of the failure.

ha
<
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NOTE: The total elapsed handshake time (Ths) in the example given
on figure A-22 is about nine seconds on the channel.

70.4.4 Timing. The ALE system depends on a selection of timing functions
for optimizing the efficiency and effectiveness of automatic Tink
establishment. The primary timing functions and values are listed in table

A_YIV  Annox A defineg tha timing svmhole and annax R nvn131nc the fim1ng

NnTnav AL LYY Lh] LAALLERE BEES gLl 4

~
analysls and computation.

TABLE A=XIV.

iming.

If “THIS

NOTE: Refer to annex A and annex B for details.

Basic system timing

- e am o
U U'C rare =

o Tone period = Ttone = 8 ms

0 On-air rate = 375 bps

o On-air word: Tw = 130.66... ms
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TABLE A-XIV. Timing -- Continued.

Nem  md e
uri=dir

On-air individual (net) address time: Ta = m x Trw form=1 to 5
max words. Ta = 392 ms to 1960 ms

- ~

Propagation: Tp = 0 to 70 ms

timing limits

©

0

Address size 1imit 5 word: Ta max = 1960 ms

Address first word 1imit: Tal = 392 ms

Call time 11

me limit 12 words: Tc max = 4704 ms

Group addresses first word limit: Tcl = 1960 ms

Maximum scan period: Ts max = 50 s

Message section time limit, AMD (90 characters) and DTM
(84 characters) (unless modified by COMMAND): Tm max AMD = 11.76 s

e ——

Message section time limit, DTM (1053 characters): Tm max
DTM = 2.29 min (entire data block)

Message section time 1imit, DBM, (37545 characters):
Tm max DBM = 23.36 min (9nt1re deeo]v interleaved block with COMMAND)

Termination time limit: Tx max = 1960 ms

Individual calling

(o)
v

Minimum dwell time: Td(5) min = 200 ms, basic receive scanning
(5 channels per second)

Minimum dwell time: Td(2) min = 500 ms, minimum receive scanning
(2 characters per second {chps})

Probable maximum dwell per channel, for Ts computations, let Td =
Tdrw = 784 ms

Number of channels: C
Scan period: Ts = C x Td

tne Te = T
N i

-
a

(g}
[}
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APPENDIX

TABLE A-XIV. Timing -- Continued.

o Call time: Tcl = Tal (or more different first words, ZTal) in Tsc
o Leading call time: Tlc = 2Tc¢
o Redundant call time: Trc = Tlc + Tx

o Scanning call time: Tsc = nx Tcl = Ts

-4
-

(2]

o Late detect delay: T1d = Tw = 130.66... ms

o Redundant word phase delay: Trwp = 0 to Trw (0 to 392 ms)

o Turnaround ti = Trd + Tdek + Tenk + Ttc + Ttk + Ttd

b

A
J

o Wait for calling cycle end time: Twce = 2 x own Ts (default)

LY.

o Tune time: Tt (as required by slowest tuner)

o Wait for reply and tune time: Twrt = Twr + Tt

o Detect signaling period: Tds < (Td(5) = 200 ms)

o Detect redundant word period:
Tdrw = Trw + spare Trw = 784...ms

o Detect rotating redundant word period:
Tdrrw = 2 Trw + spare Trw = 1176 ms
Sounding
o Redundant sound time (similar to Tlc): Trs = 2 Ta (caller)
o Scanning sound time {similar to Tsc): Tss = n x Ta (caller) 2 Ts

o Scanning redundant sound time (similar to Tcc):
Tsrs = Tss + Trs =2 Ts + Trs

-
(o)
0

‘Y
i
i
]
)
)
I
)
]
)
)
]
|
i
)
|
l
|
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TABLE A-XIV. Timing -- Continued.

Star calling

0

Q

Q

Minimum standard slot widths: Tsw min = 14, 17 Tw for 1st bandshake

ots, or 17, 20 for subsequent handshake c1nfc or other Tw as set by

cl
SIULSy Ul 17y LV TV SuLST QuTiL HaNUGSHART SV LVo, VT VLD 2

COMMAND.

Slot widths: Tsw = 14, 17, 10, or other Tw

[ N Al

h 1 ~ree C
i unwer. on

o+

cY ~
210

Slot wait time: Tswt = Tsw X SN (uniform case)

Slot wait time (delay to start rep]y) Tswt for each slot is the sum
of all the previous siot times and so must be different for each siot
and is cumulative. Tswt{SN) = Tsw x SN for uniform slots or generally
Tswt(SN) = SN x [5 Tw +2 Ta (caller) + {optional LQA)Trw + (optional
message)Tm) + Ta (caller) + [(sum of all previous called addresses)
m=SN-1

T Ta(m) (called)]
=1

Number of slots: NS

Wait for net reply (at calling station): Twrn = (Tsw x NS) for
uniform slots, or generally Twrn = Tswt(NS)

Wait for net acknowledgement {at called stations): Twan = Twrn + Tdrw
Turnaround and tune 1imits: Tta + Tt <360, 2100, or 1500 ms,
depending on whether slot 0, 1, or others

Maximum star group wait for acknowledgement: Twan max = 107 Tw +
27 Ta (caller) + 13 Trw (optional LQA) + 13 Tm (optional message]

For late arrival stations, if caller uses one word addresses and no
message calling: Twan max = 188 Tw, or 277 Tw if LQA

c22a4yc

Programmable timing parameters: typical values

(¢

irst): Twt = 2 seconds, general uses; = 784 ms, ALE/
1~
19

Tw = 1045.33... ms (default), "blind" first call;
0 seconds, next try

Tune time: Tt

N 00

Automatic sounding: Tps = 30 minutes

< r..
|

Wait for activity:
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70.5 Sounding.

70.5.1 Introduction. Sounding is the ability to empirica]ly test
selected channels {and propagat1on paths) by prov1d1ng a very brief

..... T3l a JA-—& £ v adaand ha-h ma) 16813 wnd Shaea p:‘oaa_- &
beacon-1 IKE, T1aenl ly lllg broadcast which n iay be utilized Oy OTier Suaitions
avaluata rannartivis nraonagation  and avatlahilitv  and to selact known
“vrul (¥ o L) wWVIIIIV I ¥V T VJ ’ P‘ UPH”U\-IVII’ NAIINA AV Y TAaWw T 1 1} VJ , A1 A 1 w\s T | ww v RTINS
working channels for possible later use for communications or calling. The

soundinq signal is a uni]atera] one-way transmission which is performed at
periodic intervals on unoccupied channels. The implementation is simple: a
timer is added to the controller to periodica]ly initiate sounding signa]s

(if the cnannel is ciear). Sounding is not an 1nteract1ve, biiateral

technique, such as poiliing. However, the identification of connectivity from
a2 station, by hearing its sounding signal, does indicate a high probability
{but not guarantee) of bi]gtg al connectivity and it may be dgne entirely
passively at the receiver. If propagation changes s1ow1y, a long interval

between soundings of perhaps one or two hours may be sufficient. However, if
propagatlon is erratic and rapidly changlng and the connectlvity information
is critical, sounding may be conducted severai times within each hour.

As soundi uses the standard ALE signaling, any station can receive

a4 \'vulv\-'

<
signals As a minimum, the signal (address) information shall be disp
to the operator and, for stations equipped with connectivity and LQA
memories, the information shall be stored and used later for linking. If a
station has had recent transmissions on any channels which are to be sounded

undina
unding
aved

0
1

on, it may not be necessary to sound on those channeis again untii the
-.......1:..... -..‘,...‘. 1 an mandambad fuwam dhaca Tasd duanecemdcetnn haere AalTanecad
SUUINIUILIIY 1T vai, ad> 1Toval Ltcu j11uiit LiivuosT jasiu Llall)lll)blUll), fla> Tiadpd>Tu.
In addition, if a net (or group) of stations is polled, their responses shall
serve as sounding signals for the other net {or group) receiving stations and
also should reset the sounding interval timer to a fresh start while
compactly concentrating the sounding equivalents in a small amount of channel
time. Speci f1cally, in the 51nQ1e channel case, any jdentifiable
transmission (THIS IS, THIS WAS) shall reset the sounding timer. In the
miil+irhannal ~Aaca Fha Thanaar erannina eniinde ehall wnacat +ha ecnindina #diman
MU CiILITRITHIC S wuIL g wiiIG l\llls‘:l J\r“llllllls SVUITUD S1ane TCov wire JVUI!\I!I!s I v 9
as well as a net (or group) protocol which contains all desired receiving
stations.

Al stations shall be capable of performing periodic sounding on clear
prearranged hanneis

. The sounding capab111ty may be selectively activated
by, and the ﬁefiod between sounds shali be adjustabie by the 6ﬁerauar or
+mallanm armamddna A cuvedam maniidmamande Lihanm awvadlahla nd
\—Ullblullcl’ TLLUT UITITIY LU Oy OoLTIl TTYUITTMTIILO . NI aQvalilavicy cuu IIUD
otherwise committed or directed by the operator or controller, all ALE

stations shall automatically and temoorarilv display the addresses of all
stations heard, with an operator selectable alert. The address information
shall be derived from sounding or the conclusion section of other ALE
transmissions. The display shall have the capability to show and temporarily
retain the adaress of the Tast stat1on neard. If the operator or controlier

F Py N N - L . P oy

inction, an ALE call to that address shall automatically
1
L}

r*

m
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The structure of the sound is virtually identical to that of the basic call
which was described eariier. However, the caiiing cycie is not needed and

there is no message section. It is only necessary to send the conclusion
(terminator) which identifies the transmitting station., See figure A-23.
The type of word, either THIS IS or THIS WAS (but never both), indicates

whether potential callers are encouraged or ignored, respectively. The
minimum redundant sound time (Trs) is equal to the standard one-word address
leading call time (T1c); that is, Trs = Tlc min = 2 Tamin = 2 Trw = 784 ms.
Described below are both s1ng|e-cnannei na multiple-cnannel protocols, pius
v

-------- -l o am

My IUY UESIQHIHQ stations.

PR T Y B Yy v eN P - Uy

detailed iming and control informat

70.5.2 Single channel. The fundamental capability to automatically

sound on a channel 1s provided by the sounding protocol as shown on flgure
A-23. Stations shall employ this protocol for single-channel sounding,

connectivity tracking, and the broadcast of their ava11ab111ty for calls and
traffic. The basic protocol consists of only one part: the sound. In this
one-channel example, the soundin, station A initially performs the identical
steps which are followed in the individual calling protocol presented in
70.4.3. If multichannel stations are to be sounded to, A should use the
totally compatible scanning sounding protocol, presented in 70.5.3.

Normally, both A and all other stations, such as B, are on channel and
availabie; that is, they are always Tistening® and they "always track
connectivities with other stations," if they have a connectivity matrix.
Starting with the sound, station A shall broadcast to station B and all other
stations by transmitting the sound containing his own address T"THIS IS A").
If A is encouraging calls and receives one, A shall follow the sound with the
optional handshake protocol described in 70.5.4. If A plans to ignore calls,
he §hal] useLthe.THIS WAS, which adv1ses B and the others not to attempE
calls, and then A shall immediately return to normail "available.” As this is
a single-channel example, with nowhere for A to go, A actually would still be
contactable, unless otherwise directed by the operator or controller.

However, in some systems it is necessary for a multichannel station A to

period1ca11y sound to a single-channel network usually to inform them that
he is active and available on that channel, although scanning. Therefore, if
B, a single-channel station, needs to contact A at that time, the opt1ona1
handshake may be used after tne THIS IS sound. 1r contact is requ1rea |ater

P T R SR I e Y amm S e, o IK eugiR R sima: Y D bn tioand raeam Lo

the standard individual scanning cailing protocol would be used even though
on a single channel. Upon receipt of A's sound, B and the other stations
shall display A's address as a received sound and, if they have an LQA and

connectivity memory, they shall appropriately store the connectlvitv
information. In the single-channel case, and if B or one of the other
stations requ1res contact with A, they may attempt to link by 1n1t1at1ng a
standard individual call, by Spec1f1C 0perator or controliier directicn as

- -1 Pr PRy PN Tc ~ man

’
part of the optional handshake, despite the THIS WAS advisory.

70.5.3 Multiple channels. Sounding must be compatible with the scanning
timing. A1l stations shall be capable of performing the scanning sounding
protocols described herein, even if on a fixed frequency. See figures A-23,
A-24, and A-25. These protocols establish and positively confirm unilateral

connectivity between stations on any available mutually scanned channeT, and

tney assist in estabiishment of 1inks between stations which are wan:lng for
contact. Stations shall employ these protocols for multichannel sounding,
connectivity tracking, and the broadcast of their availability for calls and
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APPENDIX A
The basic protocol consists of only one part, the scanning sound. See figu
A-23. A1l timing considerations and computations for individual scanning
calling shall apply to scanning sounding, including sounding cycle times and

(optional) handshake times.

NOTE: The scanning sound is identical to the single-channel sound
except for the extension of the redundant sound time (Trs) by
add1nq words to the scan sounding time (Tss) to form a scanning
redundant sound time (Tsrs); that is, Tsrs = Tss + Trs. The scan
sounding time (Tss) is identical in purpose to the scan calling
t1me (Tsc) for an equivalent scanning situation, but it only uses

calling sha]] “also apply to scann1ng sounding. The channels to be sounded
are termed a "sound set," and usually are identical to the "scan set" used
for scanning See f1gure A-24. In tn1s 1|lustrat1on, station A is sounding
and station B is scanning norﬁau?y. If a station {A) plans to ignore calls
(from B) which may follow A's sound, the following call rejection scanning
sounding protocol shall be used. In a manner identical to the previously
described individual scanning call, A lands on the first channel in the scan
set (1), waits (Twt) to see if the channel is clear (3), tunes (Tt) its
coupler, comes to full power, and initiates the frame of the scanning

redundant sound time (Tsrs). This scanning sound is computed to exceed B's

(and any others) scan period (Ts) by at least a redundant sound time (Trs),

which will ensure an availab]e detect1on period exceeding Tdrw = 784 ms. In
this five-channel example, with B scanning at 5 chps, A sounds for at least
12 Trw (4312 ms). A also uses "THIS WAS A" redundantTy, to indicate that
calls are not invited. Upon compTetion the scann1ng sound1ng frame

:FO

transmiss1on, A 1mmea1ate|y ieaves the ¢ anﬁé1 and goes to the next in the
sound set. This procedure repeats until all channels have been sounded, or

skipped if occupied. When the calling ALE station has exhausted all the
prearranged sound set channels, it sha11 automat1ca11y return to the normal
“available" receive scan mode. As shown in the illustration, the timing of
both A and B have been prearranged to ensure that B has at least one
opportun1ty, on eacn channel, to arr1ve and capture _g s sound.
_—L- ..... £ PPy wnnde

Specificaily, B arrives, detects sounds, waits for good words, reads at least
vi

three (redundant) "THIS WAS A" (in 3 to 4 Tw), stores the connectivity
information (if capable), and departs 1mmed1ate]y to resume scan.

There are several specific protocol differences when station A plans to
welcome calls after the sound. See figure A-25. In this illustration, A is
sounding and B is scannlng normally. If a station (A) plans to welcome calls
lrrom B) which may follow his sound, the following call acceptance scanning
sounding protoco) shall be used. In this protocol, A sounds for the same
time period as before. However, since A is receptive to calls, he shall use

his normal scanning dwell time (Td) or his preset wait before transmit time
(Twt), whichever is longer, to listen for both channel activity and calls
before sound1ng. If the channel is clear, A snall initiate tne Scann1ng
sound identicaily to before, but with "THIS IS A". At the end of the
sounding frame, A shall wait for calls jdentically to the wait for reply and
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tune time (Twrt) in the individual scanning calling protocol, in this case
shown to be 6 Tw (for fast-tuning stations). During this wait, A shall (as
always) be 11sten1ng for calls which may coincidentally arrive even though
unassociated with A s sound, p]us any other sound heard, which A shall store

as connectivity information if poiiing-capable. If no calls are received, A
shall leave the channel.

70.5.4 Optional handshake. In the previous descriptions, one
alternative action is the implementation of an optional handshake with a
station immediately after its sound. This protocol is identical in all
regards to the single channel individual ca?l protocol, except that it is
m&ﬁua}ly or \uu) auuumat;bully (upc:atur or uuutlu]}c“) tr?ggered hy
acquisition of connectivity from the station which is to be called. See

Si vy s wvE vV LA . s <

figure A-26. In this illustration, A is scannlng sounding and is recepiive
to calls, and B is receive scanning Tor waiting in ambush on a channel) and
requIres contact with A if heard. A uses the standard call acceptance

scanning sound, inciuding the "THIS IS A" and the pause for caiis. In this
2AlS 15
case, B calls A. When ALE stations ar ing sounding and receptive to

a VI
ca 11c’ or roqu1rn contact with such opti
protocol should be used. The calling station shou]d 1mmed1ate1y initiate the
call upon the determination that the station to be called has terminated its
transmission. A wait time before transmit time is not required Therefore,
1f B hears Al s sound and is seeking A, B calls 1mmed1ate|y us1ng the s1mp|e

PY YR X PP

-1 o Pﬁ& ﬂ
arc oscanrnt ly )uunuuu\_, Qg IC\-CPL.
a statio

v.v-. v

iy l- ..... PRPREY S-S | A

Smgle channel call. Also, if B operawr or controller identifies _:1 S
address it can attempt the optional handshake.

70.6 Multiple stations operations,

70.6.1 General. A critical requirement for MF/HF systems is the

AT T 2 L _a 13_L_ 2 a PR S I WU LY W (T 9 _ P I gy, IS

capamnty to rapialy initiate 1i1nks with, anda interoperate witn, muicipié
stations. Linking among multiple stations {s significantly more difficult
than linking between two individual stations because the quantity of required
MF/HF links can increase exponentially as stations are added, and all the

links still retain their individual challenges of propagation and
interference. In many cases, total interconnectivity cannot be achieved on

any single frequency because, regardless of power or effort, propagation will
not support communications between several stations. This section describes

these multiple~station operations.

There are three fundamental network configurations from which any network may
be constructed, and each requires significantly different quantities of links
(L), depending on the numbers of stations (N) which are included:

o+ =

- (b 2
[
o

= (N-1)
= (N2-N)/2

c OO
3 X

X nrr
—
-]
o
-o
3
(ad
—r-r-
L
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A link involves only two stations and requires only a sin91e point-to-point
path. A star involves several stations in a “one-to- -many " configuration and

PQQUiFES one less link than the numDer of stations. A mul IDOIHt invoives

several stations in a "many-to-many" configuration and requires an
exponential quantity of links. In this section, two fundamental types of
multiple-station operations are described:

o Star net
o Star group

70.6.2 Star net. A star net is a prearranged collection of stations
hich ic to Tink and interoperate primarily with a single hub station which,

wt
WITLIWII 1J LV T I3inn Wi ARSI~ | G ve Y 25852 Y

most cases, has the separate function of net control station (NCS). A

the member stations, including their quantity, identities, capabilities,

requirements, and in most cases, their locations and necessary

connectivities. The purpose of a star net call, like any net call, is to

rapidly and efficiently establish contact with mu1t1n1e Drearranaed (net)

stat1ons. 51mu1taneous1y (or nearly simultaneously), by the use of a single
net address. This address is common to all net members. See section 60.5.

In association with the net address each station must also store information
regarding its proper response(S) and timing(s), as described below and as
described in 40.4 and 40.5. A net manager may select minimum, uniform, or
variable slot widths as required and as described herein.’

When a star net calling type function is required, stations shall use the
star net (scann1ng) calling protocols described herein for all s1ng1e-channe1
(and multichannel) call1ng, polling, and interoperations. See figure A-27.

As shown, station A is ca111ng NET, which consists of three stations, B, C,
n

and D. The ’u'nt‘luT net sc:nn'}ng ca shall he idnnf‘lra] to the ’lnd‘f\li-{{HRT
a

1n
ddress shall be substituted for the
1nd1v1dua1 address. At the end of the net call, the net stations shall not
respond immediately as in the individual call case. Instead, they shall
respond in prearranged time slots to avoid mutual interference and to great]y

Py W Ty 4

speed tne response process. If the cailer is a member of the calied net, his

....... celad ochaiild \nnmn!n em L XV

a>>|9ucu SIOT SAduUiQd remain emply.

In the example illustrated, there are four time slots, designated slot O
through slot 3, and one-word addresses are used. In this case, they have
been preset (by net management) at the standard system uniform minimum slot

width of 14 Tw (1829.66... ms). Station B is assigned to siot i, C to siot
2, and D to slot 3. At the end of A's call to NET, the net members B, C, and
D (if they heard the net call)1 prepare to respond within their preset slots,
as follows. When the end of A's terminator (THIS IS A) is detected, the net
stations immediately start an internal "slot wait timer" (SWT), preset to
identify their slot time {(Tswt), start their normal tuneup and prepare to go

to full power and start the frames of their responses. Siot 0 is reserved

pr1mar11y for these purposes However, after each station is ready to
respond, it ceases all emissions, returns to receive, and waits for the SWT
to timeout (Tswt = 0). Each station's SWT is set to a time value (Tswt)
which, in this Lnifnrm and minimum case, equals the product of his assigned
slot number (SN) times the standard (or prearranged) slot width (Tsw).
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That is, Tswt = Tsw x SN. However, as a system standard default, Tsw is
usually the minimum 14 Tw = 1829.33... ms, but in any case shall always be an
integral multiple of the word time (Tw); that is, Tsw = n x Tw, therefore
Tswt = n x Tw x SN. For a net call, each net statfon's Tswt associated with
that net is preprogrammed along with the net address (NET). After all net
stations have tuned and are ready to respond, they shall wait for their SWT
to timeout and trigger their responses, and (as always) continue to monitor
the channel for any other ALE signals, including those from the other net
members. If capable, they shall store this unilateral connectivity
information in memory.

Once the star net protocol has been initiated, the stations shall be locked
into the protocol timing and shall not be deferred or delayed even by
extraneous or legitimate calls (unless emergency or priority override).
VYalid calls shall be read (if possible) and should be stored for recall as
soon as the net protocol is ended.

Meanwhile, A has automatically set its "wait for response and tune timer"
(WRTT) to a preset “wait reply net" call value (Twrn) equal to the product of
the total number of slots (NS) and the slot width (Tsw); that is, in this
uniform case, Twrn = (NS x Tsw). A shall start its WRTT at the moment that
its net call terminator (THIS IS A) ends and its transmission ceases. Unless
otherwise directed by the operator or controller, A shall remain on channel
throughout all slot times (entire Twrn), regardless of which responses are
received, if any. As each slotted response arrives, A shall alert the
operator and display the responding station's address. In addition, if A is
also capable, A shall store the bilateral connectivity information in

memory. At the end of the slots (Swt = 0), A shall immediately send an
acknowledgement to the net (unless inhibited].

As each net member's SWT triggers its slotted response, it shall immediately
key its (already tuned) transmitter, wait until up to at least 90 percent of
full power, release its response frame, and return to receiving on the
channel. The responses shall be identical to those in the individual call,
but in the slots. If capable, the station continues to acquire and store
connectivity information. Each net member station shall have its own “wait
for response and tune timer" (WRTT) for use in determining the calling
station's (A) expected acknowledgement. Upon receipt of the net call, the
called net member station's WRTT timers are automatically preset to the value
(Twan) equal (in this uniform case) to the product of the total number of
slots (NS) and the slot width (Tsw) plus a minimum lTeading call (Tlc min = 2
Trw). That is, Twan = (NS x Tsw) + Tlc min = Twrn + 2 Trw. The net members
stations start their WRTT at the detected end of A's net call (not at the end
of their own response, as in the individual call protocol) and wait for the
acknowledgement from A before their WRTT times out. Note that the value for
their WRTT (Twan) is the same as that for the caller's (A's) WRTT, except
that it shall add a margin (Tlc min) to detect the acknowledgement (TO NET).
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At the end of the slot times, net calling station A should have acquired all
successful responses from the net stations B, C, and D, its WRTT (starting at
lwrn) snoula time out to O, and A shaill automattcally send its

ac.xnomeugemenr,, UHIESS no responses have drr]VEG or A is ur,nervnse d

L2 .

17

by the gnerator. controller. or nrotocoel, Alg arknndTndnnmpnf chall be
J il VV L] » Tl v » 'l -

jdentical to the individual call protoc01 d‘knowledgement, except that the
net address NET shall be substituted for the individual address as in the
initiating call. Just as in the individual call protocol, if A sends "THIS
WAS A", the net members B, C, and D shall immediately return to normal
scann1ng I sends “THIS IS A", they shall stay, for a preset, Timited

& -~ - wal&d s -
LIIIIC, LU niarn all

As a variation to the net acknowledgement, A may select one or any

combination of responding stations and subsTitute an individual (or group)
call acknowledgement to any selected station(s) to retain them. If the

calling station sends an acknowledgement in individual or group call format
{and uses THIS IS), following a net call, the specified stations shall remain
anAd ha 1snLad Yha nnnennhn"{nfl maenAandame chall Aanavéd and waciima

aliu vco ) ll"\CUo 1nc IIUII) CWit ITuUu lcopuu\JCl @ 2HHany UTpal v arnu 1 vouwce

scannina The ra11pr cha11 nnf use THIS WAS in this variation. If rejection

acknowledgement. The caller should follow the acknowledgement with a
standard 1ink termination call (THIS WAS) addressed to the specific rejected
stations.

Ce. Tn +ha fsua_rhannal na+ ~311 avamnla ehnun Aan fiaura
[A VA N Sy ANl VITG 1 1V IUIIIIG HT LV LVUTS CAUIPISE ITIVIVIT WIT 1 T YWl W
A-27, the total elapsed handshake time (Ths) is less than 14
seconds on the channel without tuninq. Since a net call is

prearranged, the number of slots and their sizes may be
tailored to fit the net, including speed of tuning and

turnaround, propagation times, address sizes, inciusions of LQA
N Y e a4 e a_ T
ana messages, and any other relevant tactors. Siot width { TWS)
e affantad hu v factsrs including maximum nhnn:n:fi +imac
12 Qi lC\o IpC UJ "lull] TALLVUI 9 THVTUUITHY WGA TN p1 Vpa 3uvlvu wiNe I

each way, signal detection delays,; station turnaround and
tuning t1mes. The 14-Tw standard minimum slot size has been
designed to enable full responses (T0 and THIS IS) with single-
word addresses to propagate to and ‘from the other side of the

giobe and use commoniy availabie HF transceivers and tuners.

clnﬂi w h <

f ey 1D« ] >
Tw fo The da . m
shall contain a standard bas1c response word of 9 Tw (1176 ms) “and shall
employ single-word (no more than three characters) addressing. I

calling station requests LQA, all slots and responses shall automatically
expand by Trw l392 ms), regardiess of the preset referenced siots, uniess
Otnerw1se alreCtea by the spec1r1c prearrangemencs when th

_____________ cmand £2a AVNabe and adwna LA crnAm

e
when prearranging the specific siots and sizes for a specia
if the net requires more than one-word addreccina for anv ne

y-Ya 1V
Tyu

r the dat

-ds

1"" -3

A
[

ct
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m w

1 and w
1 aig L
ard <l

lb (1]
lll @]

+
L
n

W ==

LR} wite  iIw W i LA A LU = s LU= R R ]

or the inclusion of any other prearranged message(s), that snec1f1c response

and slot shall be expand d by Trw (392 ms) per additional word required. ATl
following slots shall be shifted over (delayed) by Trw per word also.

122

1 1 "2 i) () 0 VvV 1= 1

N Iy

XM L. A™NPMFE™N


http://www.abbottaerospace.com/technical-library

The slotted general formula for determining the correct timing for tailored
net responses in nonminimum or nonuniform cases shall be as follows:

The slot wait timer time (Tswt) for a selected slot number (SN) is

Tswt(SN) = SN x [5 Tw + 2 Ta (caller) + (optional LQA) Trw (optional

message) Tm] + Ta (caller) + [(sum of all previous addresses)

m=sn-1 ‘

T Ta(m) (called)]

m=1
Ta (caller) is the address length (in Trw) of the calling station; Ta{m)
(called) is the address length of a preceding called station (in slot m).
(Optional LQA)Trw is an optional LQA if requested by COMMAND LQA, and
(optional message)Tm is an optional message section (same size for all) if
requested by COMMAND. The slotted general formula for the calling station
wait for net reply timer shall be Twrn (calling) = Tswt (NS) where Tswt (NS)
is Tswt (SN) computed for maximum NS used. The slotted general formula for
the called station acknowledgement timer shall be Twan {called) = Twrn
(calling) + 2 Trw.

Slot 0 shall normally be used at the net tuneup period. This enables
common]y avai]ab]e MF/HF equipment to part1c1pate in fast-siotted response
operations despite relatively slow tuner and turnaround times. When used in
multiple-station slotted operations (net or group calls) and when initiating

normal responses, stations shall be capable of performing a complete
turnaround including tuning (but not T1ww) in no more than 1500 ms (Tta +
Tt), from the arrival of the end of the call terminator to the start of the

proper response frame calling cyc]e, as measured at the antenna input/output

connection. Tta, the turnaround time, shall inciude decoding, encoding,
transmit/receive switching, control handshaking, propagation within the
transmitter and receiver, and all other delays internal to the station. Tt
js the tune time. The sole exception is a station assigned to slot 1, which
must turn around and tune in not more than 2100 ms (Tta + Tt).

provide a method for emergency
- Py L-&.‘A TR 3

1S
1nterrupt cailiing Dy other sta iﬁﬁs not in the net, or net stations with
critical needs. See figure A-27. Upon receipt of the net call from A, the
unassociated station Z decides that an emergency call is required, ada it

initiates the optional handshake protocol described previously. Station_g
must be a fast turnaround station, to avoid colliding with proper net .
stations' responses. When used in a multiple station slotted operations (net
or group cal]s), and 1n1t1at1ng an emergency ca11 into slot 0, stations shall

n no more than 360

An add1tional function for slot O i
stati

a
=

-
© —

A second mode which is necessary for nets with very slow tuners (over one
second) or which require operator manual interaction, is the “net tune and
standby." In this case, all net stations tune up in slot 0 (and more time if

necessany) and stand by for a preset, Timited t1me. his Timited time is
typically implemented through the standard WRTT, bei -g preset to a selected
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"net wait response time" (Twrn). which allows the necessary actions to occur
and provides a default (t1meout$ termination 1imit. The suppression of
slotted responses is accomplished by setting the SWT timer value Tswt to a

maximum (defau?t) value, or at least to exceed Twrn, in wh1ch case the net

member quits before any response is sent. After the net caliing station has
iiond nma mad addumacse [ mamhane MET THMY A c+an and $iima ¢ha nad ma

USTU UNIT NI auuicoo \pornapos> v IUINJ LU DS LUpP aliu LUl e nice i CIIIUCI ), IL
may send the standard net call [NETY and trigger the ctandard slotted
responses from the now-tuned stations. This is the primary methodology for a

slow-tuning (over one second) stations. The net manager, when prearranging
the net, assigns a net call such as “NET® to all stations, a subnet cail such

as "NET TUN" to the siow stations, and dgirects that a compiete net caii up
ehAanTd 1re MET Tlu cv:v-e‘- wias $ +han itea MET Ae am aldavnat+iua nuarmradn
QMVUUIU UOT T 1 Viv 111 ou WA Ly LIITIT UWOoU IV o MY Qi a1 ecrIilaviIveo Pl U\-CUUI C,
the net calTing station cou1d send a COMMAND Tune and Wait. which causes all

net members to tune up and wait for a specified, limited time. After all
have tuned (both slow and fast), a standard net call (without the special
command) would cause the desired fast responses. See section 80, which also
presents severai other reievant commands, such as ha?t and wait, which wouid

2
PPN £ maadaas ~ Annes mad

UC Cbptblﬂll‘y U)CIUI 707 a UHC'"G_Y U'UOU\-CI)L "I b uvucTo 1L quUl'C
rncnnn(nc

70.6.3 Star group. A star group is a nonprearranged collection of
stations whic h, Tike a star net, is to link and interoperate primarily with a
single "hub™ station, which in most cases has the separate function of net

control station (NCS). In many cases, iittie or nothing is known about the
rd bl ame s dhadin Condd it dial adduwncecns amd cramnad fuanitanndaes Nacnsda
2LALIVID TALTPL LIICHT 1NATViIduar addaresses aiiad SCannea TTTYucliiv ITo,. UTOpI LT
this minimum of data, it is critical to be able to create a new group where
none existed, and it requires a standardized protocol which is compatible
with virt ua]ly ati stations, essentially regardless of their individual, net,
and other characteristics. The purpose of a star group call, like any group
call, is to rapidly and effic ent1y establish contact with muitipie
nonprearranged { group) stations, simuitaneously, by the use of a compact
Anmhdmabdan AfF Ehainm Atun addnacenes wthirh ama acesmanad snAdAsusAall oy Can
LCuniviiiaLvivil Vi LIS UWIil QUUI TOOTO WitILIl QI T aosoirynicu THUIVIUUGT iy e < T
60.5. Unlike the star net call. in which each additional net address has

associated w1th"i the nedessary s]otted'resoonse—déta a group call cannot
have preset slots, because the stations' own individual addresses are used
and nothing is prearranged. As will be shown, the group call members derive

and construct their own response action, based on the actual received call
structure. Basicaiiy, the group cail protocoi is identicai in aii regards to
+hn ~t a1l munadtarnl Avrnnd a2 enarifiand hawmasn

LIT lll:b bull Pl ViLULUI, TALTPL Uud JPTLIl ITU JitiTliil.

When a star group calling-type function is required, stations shall use the
star group (scann1ng) ca111ng protocols described herein for all single-
channel (and multichannel) calling, polling, and interoperations. The star
group (scann1ng) ca11ing protoc01 enables rapid and flexible linking with

muitiple stations without using a common address. See r1gure A-28. As
shown, station A is calling a group of three nonprearranged stations: B, C,
and D. A1l essential parts of star group (scanning) protocel are virtually
identical to those of star net (scanning) protocol described previously, and
all timing and functional considerations shall apply 1dent1ca11 . xcept as
noted herein,
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Considering first the simpler, single-channel case with minimum uniform slots
and using single word addresses the 1n1t1al group call is modified to
incorporate the called in wing ways
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| in the 1 ing 1 (T]c) tw1ce in ro t S, :
hen D, C, and B again. See the acknow1edgement ‘at th raght n fig re
IL28 T a single-channel call is to be made, the first word of the standard
1ead1ng call (Tlc) would be “TO D" as usual for the 1nd1v1dua1 calllng

. However, the next address would foil i

address words (Ta), {(at n x Trw each). That is, s1ngle-cnannel Tic =2 x
 eiioe A TV VY d V. oA mmn madal « T\ _ FAYY. XN ... .\ bemoaa ALALY
A\Sum OrFr 41l Cdaliled wnotle aaaress words) L iaitm) = ( X ({NAW X lrW}, WNEere NANW
ic *ha nimhar Af Aarininal dindiuvidnal addracce wnrde Nhusnirely 31f 44 woavra an
ro WIIT IHuinuct i v lslllul T rv i uuQy auur oo WA UD e VVY 1VUDI » L} L woil O “unl
individual call, NAW = 1, therefore Tlic = 2 Trw, as expected.

In this example of a single-channel group call, stations D, C, and B each

would hear a call addressed to them and plan to respond However, ‘they would
notice that other station addresses also appear in the calling cycle.

AAAAA o & 1nod ha A munmitis ~all Crmnms fadmnall,, an alhaiin am £ mitaa A 20 -
lllClﬂlUYt.' | HIUBL e a QUUUP Caile. Opcbll Ibdl ly, ad> SNUwWIT Ol llguvc H-CO, a
station Such as D wnu]d hear -itc address ("TD N")Y heasna ~allad T4 wnnnld

" v i o i e “u i \ ;\-l: I I-l&lllﬂ WU I UJ e 4 & TUVUT G
plan to respond Thmediatp1y to whichever station is calling (A), because it
appears to be (and at this point is) identical to an individual call.

However, upon reading another called address ("REPEAT C"), D realizes that it
is actually a group call and sliotted responses are required, so D starts to
count addresses (starting with his own) until the caliing cycie ends. When

.-hl\ 'I‘h n"w AT 1A~ N sdAAane+dI s madbhea mumntin . ~a1Tlad adduwnacs and maiinda &a
LHe v O arriveos, U 1gecnuLi i Ic> llUbllt:l yl uup=uLalictu auurcos ailu LuUuUlive v
two. " If the call repeats, as shown for scanning cases at the left on figure
A-28, when "REPEAT D" arrives, D has counted to three. D immediately knows

that there are only three stations involved in the group call (D, C, and B).
D now must find its slot, so it resets its counter to one (itséTf) b

continues to count, until the calling cycie ends. WMeanwhile, C and B are

Anina +ha cama +hiena and +hav alen datammina +hat +thunan ectbadiane N O and
UUIIIB LHCT S>anic LHIIIB, aliu iy alou UuT LTihiiiic LHGL LITCTT oLaviviio \-IJ_, :’ anu
R) ara inunlvuad nwovar whan cainting un tn +tha and nf +ho callina Avele
v “ar o TRV I VO e ’l\l“ﬁ'ﬁl’ i vy \'vull\-lll:’ UP LSV} Wi A R A" v i, Uullllls \'J\vl\-’
TTHIS IS A" in this case, D reaches three, C reaches two, and B reaches one.
They have automatically identified their response slots: D in slot 3, C1in

slot 2, and B in slot 1 The remainder of the protocol is identical to the
star net protocol. Note that if one of the stations, such as C, were to miss

the eariier parts of the calllng cyc1e but receive its last "T0 C", it would
PSEE I TR ramemmiali: fa alad D hamaiiea dah iomiiVd anad &b UATHCET NN ihe £
SLII | FESPOHU properly mmn SIUL £ ULLdUSE 1L WOuid reau uvne KCLFCAI D winicrn
follows. realize that this is a group ca 'I'I and should have counted to two bv
L~ lU"J’ LI R * B B B 24 4 willa W il 2 g “ 3' VUF A A" N UTFINS SIS T i v WA v s Ladd d ~ry
the time the call ended. Similarly, if the last called stat'on heard only

the very last words in the calling cycle which were addressed to him, it
would mistake it for an individual call and respond immediately (essentially
in slot 0) instead of slot 1. Therefore, in a group call, the called
stations automatically sort themseives into their proper response siots.
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In a multichannel scanning group call protocol, the caller call, Tlc, must be
lengthened, as in the individual scanning call protocol. In that case, Tcc
was increased beyond the basic Tlc by the scan call time Tsc, which was
lTarger than the scan time Ts of the called station; that is, Tcc = Tsc + Tlc
=nxTd+ Tlc=2Ts + Tlc. Similarly, the Tcc for the scanning group call
must increase by a group scan call time Tsc =2 Ts. In the group call, as
noted above, the basic leading call, Tlc = 2Tc = 2 x (sum of all called whole
addresses) X Ta(m). The group scan call time, Tsc, shall be composed of a
rotated combination (Tcl) of only the different first words (Tal) of the
called group addresses such that the sum (n x Tcl) exceeds Ts and is a
multiple of Trw. To indicate that this is a group call, the address first
word(s), in Tsc, shall be within THRU (and alternating with REPEAT), and in
Tlc, shall be in TO (and REPEAT).  The addresses first words [Tcl] rotated in
Tsc are not required to be an integral multiple of the addresses in Tc, as
some first words may be duplicated and will be deleted (to produce a minimum
set Tc1). The addresses in both Tsc (Tcl) and Tlc (Tc) shall be rotated in
the same basic sequence. Therefore, the scan call time Tsc = n x Tcl =

n xZTal=Ts = C x Td, where, as before, C is the number of channels scanned
end Td is the potential dwell time on each. Therefore, the total calling
cycle time Tcc = Tsc + Tlc = 2 x (NAW x Trw) + Tsc = (n + 2 NAW) x Trw,
provided n = Ts/Trw.

Note that n is any integer sufficient to make the last equation true, and the
total number of times address first words (Tal) are included in the entire
scanning call (Tsc) for the scanning case is n. Also, when Tsc {and Ts)<
Tcl, it is possible for some addresses to appear only once in the final Tcl
period before the end of Tsc. In the example on figure A-24, Ts = 3920 ms,
n=Ts/Trw = 3920/392, therefore n = 10, at least. Since NAW = 3, the
calling cycle Tcc = (n + 2 NAW) x Trw = (10 + 6) x Trw = 16 Trw, as shown.
The "THIS IS A" terminator of Trw increases the entire group scanning call to
17 Trw. As can be seen on figure A-24, the multichannel scanning version of
the group call only increases the calling cycle by slightly more than the
scan time, regardless of the number of stations called in the group. As a
standard upper system limit, the maximum group size in a single call has been
set at five different address first words (Tcl max = 5 Trw = 1960 ms), or
twelve whole address words in Tc, which allows up to twelve one-word, six
two-word, four three-word, three four-word, or two five-word addresses, or
any other combination which does not exceed a rotating address cycle period
(Tc) (each address once) of 12 Trw.

Unlike the net calls, the slot sizes in group calls are not pretailored for
the specific network situation, although as a system minimum uniform standard
they shall be 14 Tw wide (17 Tw with LQA) as described above. These 14-Tw
response slots require the basic, single-word, intranet addressing for both
calling and called stations, resulting in a 9-Tw wide response, plus adequate
propagation and turnaround margins. If the calling station uses a two or
more word address for itself, each slot shall be expanded by Trw, for each
address word in excess of one, in addition to optional Trw expansions, such
as for LQA or messages. Similarly, if a particular station is called using
an address which uses two or more words, that called station's own slot shall
also be expanded by Trw per address word in excess of one, (in addition to
the caller address and any LQA and message expansions). Therefore, all slots
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are automatically adjusted to the proper, minimum necessary width for their
associated responses. If any called station arrives on channel late and is

unaware of other previously called group stations, it shall be able to derive
sufficient information to respond properly. The slotted general formulas for
des1gn1ng nonunlform, nonstandard star net slotted responses. (Tsw, Tswt,

lwrn, Ide) snalx aISO be USGG to aeter'mme \:ne star gr’oup SIO‘C'CEG responses.
es not identify the magnitude of the

1 Y n Y rrect Twan, it shall use a de ault value for
Twan which is equal to the 1ongest pe rmissable group call of tw elve one-word
addresses. Based on the slotted general formula, Twan = 107 Tw + 27 Ta

(called) + 13 Trw (opt1ona1 LQA) + 13 Tm (optional message). In the case of
no message field and a one-word address caller, Twrn max = 188 Tw (25
enrande) nw 277 T“ {2AN enrnnde) wid+h | NA

ATLUINIIUD /¢ VT [ Ay 2N § YV OoOT\LVVIIUD ) Wi LIl Ly

In the special but not excluded case where a called station is intended by
the caller to use a longer transmission for his response than he can fit in
his assigned slot (such as to add a special message}), the calling station may
insert K "NULL" address in the previous anacent pos1t1on 1n on|¥ the lead1ng

- . N ol " Fe Y od
Lﬂl’l Ul LHC bdl}l'ls b]\.lc Whl\.h Wl’l} pYUVIdC da bldllk )IUL fU gver UW Y
immediately followi ng that rptpnnrlpr s slot. This overflow slot, typ ally

1C
the minimum width (because “NULL" is a one-word address), Drov1des almost a
five additional data-word (Trw) capacity. As another special, but not
excluded, case, a station may be called multiple times in a group call, even
Dy different addresses, and it shall properly respond in the derived slots as

...... R

L”UUgH it were NUILIPIE 5€pdrdte Stdctions.

NOTE: The fact that the called station has multiple addresses ma
not be known to the caller. In some cases, it would be confusin ng
or inappropriate to respond to one but not another address.
Redundant calling address conflicts can be resolved after

successful Tinking, if there is a probiem.

In the leading call (Tlic), {when receiving a group call) the preambles T0 and
REPEAT after TO shall be used to indicate the start of each called station(s)
whoTe addresses. In the scan call (Tsc), the address first words shall be in

alternating THRU and REPEAT, However, if there is only one unique address
first word, 7t shall be repeated in THRU only, in Tsc.
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80. ORDERWIRE MESSAGES.

80.1 Introduction. In addition to automatically establishing links,
stations shall have the capability to transfer information within the
orderwire, or message, section of the frame. This section descr1bes these

purpose functions. Table A-XV provides a summary of the COMMAND functions.

NOTE: For critical orderwire messages which reqiire increased
protection from interference and noise, several ALE techniques are
available. Any message may be specially encoded off-line and then

transmitted using the full 128 ASCII COMMAND data text message
(DTM) mode (which also accepts random data bits). Larger blocks
of information may be Golay FEC coded and deeply interleaved using
the COMMAND data biock message (DBM) mode. Both modes have an
automatic repeat request (ARQ) error-control capability.

Integrity of the data may be ensured using the COMMAND CRC mode.
See 80 6 In addition, once a link has been established, totally
separate equipment, such as heavily coded and robust modems, may
be switched onto the rf link in the normal circuit

(traffic-bearing) mode.

80.2 Link quality analysis {LQA). This mandatory function is designed
to support the exchange of LOA information among ALE stations. The COMMAND
LQA word shall be constructed as shown in table A-XVI. The preamble shall be

COMMAND (110) in bits P3 through P1 (W1 through W3). The first character

_____________

shall be "a" (1100001) in bits C] -7 through Cl—l (W4 througn Wi0), which
Snall laenury cne LUH TUﬂCI10ﬂ dndlySIS . 11. C&T?"les Lllree L_'y'i:'es Uf
analysis information (BER, SINAD, and MP) which are separately generated by
the ALE analysis canab111tv. Note that when the control bit KA1 (W11) 1s
set to "1", the rece1v1ng station shall respond with an LQA report in the
handshake. If KA1 is set to "0", the report is not required, as would be the

case for a basic station which is incapable of using the report if received.

80.2.1 Bit error ratio (BER). The mandatory BER shall be empirically
derived by all ALE stations from the basic digital signaling, and shall be
communicated as follows. The transmitted BER is represented as five bits of
information, BE5 through BE1 (W20 through W24). Refer to table A-XII for the

assigned values.

80.2.2 Signal plus noise plus distortion to noise plus distortion ratio
(SINAD). If the optional SINAD is analytically derived by suitably equipped
stations from the ALE analog signaling, it shall be communicated as follows.
The SINAD is represented as five bits of information SN5 through SN1 (W15
through W19). The range is 0 to 30 dB in 1-dB steps. 00000 is 0 dB or 1less,

and 11111 is no measurement.

80.2.3 Multipath (MP). Three bits, MP3 through MP1 (W12 through W14),
are reserved for multipath information exchange. Until standardized, these
bits shall be set to 111 (meaning no measurement available).
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TABLE A-XV. Summary of COMMAND functions.

COMMAND ABC (ext. 64) Automatic message display (AMD) (mandatory).
“ Contains text message for automatic

..... PO NN an mm adaded men omimmiam o aa

01spldy to C"E T'ELE]VI"Q Statviorn operacor.

COMMAND a . . (1100001) Link quality analysis (LQA) (mandatory).
Contains BER, SINAD, MP.

COMMAND b . . (1100010) Data block message (DBM) (optional).
Contains compressed text message for automatic
output to receiving station 1/0 port.

COMMAND d . . (1100100) t message (DTM) (optional).
- - +n

essage for :ufnmzi"lr autnu

t.

(a4

to
Lo

X
< vt m

ns text mTSS5ayc <
n

a utp
iving station input/output (1/0) por

COMMAND t . . {1110100) Tlme (optiona])

COMMAND x . . {1111000) Cyclic redundancy check (CRC) (optional);
y . . (1111001) mandatory with DTM and DBM. Contains
z.. (1111010) error detection information for preceding
{ .. (1111011) words.

COMMAND : .. (1111100) User unique functions (UUF) (optional).
Contalns unique information for a specific
user system (special registration).

NOTE: A1l others are reserved until standardized.



http://www.abbottaerospace.com/technical-library

MIL-STD-188-141A
APPENDIX A

TABLE A-XVI. Link quality analysis structure.

LQA bits Word bits
COMMAND MSB P3=] MSB W1
preambTe P2=1 w2
LSB P1=0 W3
MSB C1-7=1 W4
C1-6=1 W5
First C1-5=0 W6
character C1-4=0 V4
"a" C1-3=0 W8
C1-2-0 W9
LSB Cl1-1=1 W10
Control KA1 Wil
Multipath MSB MP3 W12
bits MP2 W13
LSB MP] W14
MSB SNS W15
SINAD SN4 Wile6
bits SN3 W17
SN2 W18
LSB SN1 W19
MSB BES W20
BER BE4 W21
bits BE3 W22
BE2 W23
LSB BE1 LSB W24

NOTES:

1. COMMAND LQA first character is "a" (1100001) for "analysis".
2. TControl bit KA1 (W11) requests an LQA within the handshake
from the called station, if set to “1", and suppresses
LQA if set to "0".



http://www.abbottaerospace.com/technical-library

MIL-STO-188-141A
APPENDIX A

80.3 Automatic message display (AMD) mode. The mandatory AMD mode
enables stations to communicate short orderwire messages or prearranged codes
to any selected station(s). This basic data transfer function exploits the
communications, processing, and operator (and controller) interfaces already
embedded within the stations and system. The operators and controllers shall
be able to send and receive simple ASCII text messages using only the

avicting ctation aouinment The entire extended 64 ASCII charactoer csuhget

shall b: ava11ab1e“fo; this purpose. The station shall have the capability
to both send and receive AMD messages from and to both the operator and the
controller. The station shall also have the capability to display any
received AMD messages directly to the operator and controller upon arrival,
and to alert them. The operator and controiier shaii have the capabiiity to
disable the display and the alarm when their functions would be operationally
inappropriate.

When an ASCII short orderwire AMD type function is required, the following
COMMAND AMD protocol shall be used, unless another protocol in this standard
is substituted. An AMD message sha]l be constructed in the standard word
format, as described herein, and the AMD message shall be inserted in the

message section of the frame. Within the AMD structure, the first word shall
he a COMMAND AMD word, which chall contain the firgt fhrnn charactare of the

U VUIR T UIW TuIW TYTUT Uy WV v e Wv ve

message. 1t shall be followed by a sequence of alternating DATA and REPEAT
words which shall contain the remainder of the message. The COMMAND, DATA,
and REPEAT words shall all contain only characters from the extended KSCTT 64
subset, which shall identify them as an AMD transmission. Each separate AMD
message shail be kept intact and shail oniy be sent in a singie frame, and in
the exact sequence of the message itself. If one or two additional
characters are required to fill the triplet in the last word sent, the
position(s) shall be "stuffed" with the “space" character (0100000). The end
of the AMD message shall be indicated by the start of the frame conclusion,or
by the receipt of another COMMAND. Multiple AMD messages may be sent within
a frame, but they each shall start with their own COMMAND AMD with the first
three characters.

Receipt of the COMMAND AMD word shall warn the receiving station that
message is arriving and shall instruct it to alert the operator and
controller and display the message, unless they disable these outputs. The
station shall have the capability to distinguish among, and separately
display, multiple separate AMD messages which were in one or several

transmissions.

am AMDND
art Anwv

The AMD word format shall consist of a COMMAND (110) in bits P3 through Pl
(W1 through W3), followed by the three standard character fields C1, C2, and

2 In each rhararfnr field, each character shall have its most <iumf1ranf

ve AT wuawT e ww LR "~ v

bits (MSBs) b7 and b6 (C1-7 and C1- 6, C2-7 and C2-6, and C3-7 and €3-6) set
to the values of “01" or “10" (that is, all three characters are members of
the extended ASCII 64 subset). The rest of the AMD message shall be
constructed identically, except for the alternating use of the DATA and
REPEAT preambles.
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Any gquantity of AMD words may be sent within the message section of the
Framp within the Tm max limitation of 30 words (90 characters). The messaqe

wa e P < 2G5S

characters within the AMD structure shall be displayed verbatim as received.
If a detectable information loss or error occurs, the station shall warn of
this by the substitution of a un1que and dlstlnct error 1ndication, such as
ail d1sp|ay eiements aCtvvatea (|1Ke a "biock"). The display shall have a

capacity of at least 20 characters {D0: at least 40). The AMD message

=4
storage capacity, for recall of the most rprpnflv received mess aae(c? shall

Sver Qy wrwy s P wias Ve eSS Ss% =228 5%

LA A
be at least 90 characters plus sending station address. (DO: at least

400). By operator or controller d1rection, the display shall be capable of
reviewing all messages in the AMD memory and shall also be capable of

1dent1fy1ng the orig1nat1ng station's address. If words are received which
have the proper AMD format, but are within a portion of the message section
under the control of another message protocol (such as DTM), the other
protocol shall take precedence and the words shall be ignored by the
station's AMD funct1on.
NOTE: If higher data integrity or reliability is required, the

COMMAND DTM or DBM protocols should be used.

AN A Nat+a +oavt moceana (NTM)Y made The DTM orderwire message function

UWV,e T VA LU LEAL IHCooUyYys (\Wwilll] hvube FIIC Wil Vi Vel Wi C it aouy. Tl wiwis
enables stations to communicate [full ASCII, or unformatted binary bits),

messages to and from any selected stat1on( ) for direct output to and 1nput
from, associated data terminals or other DTE devices through the1r standard
OCE ports. The DTM data transfer function is a standard speed mode (1ike
AMD) with 1mproved robustness, especialiy against weak s1gna s and short

noise bursts. When used over MF/HF by the ALE system, DTM orderwire
messages may be unilateral or bilateral, and broadcast or acknowledged. As
the DTM data blocks are of moderate sizes, this special orderwire message

e zes, t 0 m
function enables ut111zation of the inherent redundancy and FEC techniques

The DTM data blocks shali be fully buffered at each station and shouid
appear transparent to the using DTEs or data terminals. As a design
objective, and under the direction of the operator or controller, the

stations should have the capability of using the DTM data traffic mode
(ASCII or binary bits) to control switching of the DTM data traffic to the
appropr1ate OCE port or associated DTE equipment, such as to printers and

bits mode). As an operator or controiier selected option, the received DTM
message may also be presented on the operator display, similar to the method

for AMD in 80.3.

There are four COMMAND DTM modes: BASIC, EXTENDED, NULL, and ARQ. The DTM
BASIC block ranges over a moderate size and contains a variable quantity of
data, from zero to full as required which is exactly measured to ensure

1ntegr1ty of the data during transfer. The DTM EXTENDED blocks are variablie
over a larger range of sizes, in integral multipies of the ALE basic word,
and are filled with integral multiples of message data. The DTM NULL and
ARQ modes are used for both link management, and error and flow control.

The characteristics of the COMMAND DTM orderwire message functions are
listed in table A-XVII and are summarized below:

133

ST TT LT e e Tt D T Ts T ot oms e e e


http://www.abbottaerospace.com/technical-library

COMMAND DTM mode BASIC EXTENDED ARQ
NULL
Maximum size, bits 651 7371 0
Furnldsr vmodiimdancy ~ha~lb 16 Khide 16 hise n
LYLIETL TouuniuaiiLy UIHTWVA TV Ui v Vv wILo v
Data capacity, ASCII 0 - 93 3 - 1053, by 3 0
Data capacity. bits 1 - 651 21 - 7371, by 21 0
ALE word redundancy 3 fixed 3 fixed 0
Data transmission 392 ms - 392 ms - 0
12.152 sec 2.29 min
Ihan am ACQTY An ki ; hid+ Aimital Aatas maceana Ffinrtinn iec wvanitirad +ha
RUCTIT an dwilg VI (S ) Vitby UIYlLadil UGPG HITIOAYT TWIILLIVI T3 TTYUuIrTu, uhic
following COMMAND DTM orderwire structures and protocols shall be usged a

w MMAND D wire <
soec1f1ed ﬁerein uniess another standardized Drotocol is substituted. The
DTM structure shall be inserted within the message section of the standard
ALE frame. A COMMAND DTM word shall be constructeq_jn the standard 24-bit

Format using the COMMAND preamblie. See table A-XVIII. The message data to
transferred shall aiso be inserted in words, using the DATA and REPEAT

be
nuaamhlae Tha wamde ehall $+han ha Calavw CEF ancrndad ntavrlaauad anAd
P' CAiV IT O » LT wWUurirn U oirman s LUTH UT uyviray ¢t Luv Tiivuucu Gllu 1 1 1CTavTuy, anu
then shall be transmitted 1mmpd1afplv fn]?nw1na the COMMAND DTM word. A

0

COMMAND CRC shall immediately follow the data b1ock words, and it éhal] carry
the error control CRC frame check sequence (FCS).
Artar~nl 211 4alka n

tr on time exceeds the max
n r

~ds
Illc))usc )C\- [}

1 VwLuULuv1I )”ﬂl I CGAT P
extend the Tm lim

1]
odate the DTM. The DTM mod 3
on. The
message expansion due to the DTM is always a multiple of one Trw, as the
basic ALE word structure is used. The transmission time of the DTM data
392 ms) does not 1nclude the Trw for the precea1ng COMMAND

a¥alY V¥ U] g Ve PRy

", Py e i1
1OwW ﬂg LUPMIMANU be. rlgure f\ LS SNOWS an (:.'Xdlllple O a vim

1
1

The DTM protocol shall be as described herein. The COMMAND DTM BASIC and
EXTENDED formats (herein referred to as DTM data blocks) shall be used to
transfer messages and information among stations. The COMMAND DTM ARQ format
shall be used to acknowledge other COMMAND DTM formats and for error and flow

a8 anit

controi, except for non-AR( and one-way broadcasts. The COMMAND DTM NULL
Frummat chall ha ticad +a [ a)l dndammiind [BhwaabM) &ha NTM and maccama flaw (kR
TuriaL >Hiail Ut USTU LU (a) THLTTupL \ UITan J LT Uirt aiia ficooayc 1i1uw, (V)
to interrogate stations to confirm DTM capability before initiation of the
DTM message transfer protocols. and (c) to terminate the DTM protocols while

rema1ning linked. When used in ALE handshakes and subsequent exchanges, the
protocol frame terminations for all involved stations shall be THIS IS until
all the DTM messages are successfully transferred, and all are acknowl 6W1edged

if ARQ error control is requfred. The Only except1ons shall be when the
protocoi is a one-way broadcast or the station is forced to abandon the
Averhanan hyv +ha Aanaratnr nv cantrallaw ain whis racae tha tarminatinn chauld
CI\\.llullyc vy LIIT UpT avutr v LVItLI VI 1CT g Il WIHIILIT wUOoGC oI LiTe VOl I ITAVIVIE QlivuT U
be THIS WAS,
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TABLE A-XVIII, Data text message structure,

B DTM bits Word bits
COMMAND MSB P3 =1 MSB W1
preamble P2 =1 W2

LSB P} =0 W3

First MSB  C1 (bit-7) =1 wa

character C1 (bit-6) =1 W5

“q" C1 (bit-5) = 0 Wé

€1 (bit-4) =0 W7

C1 (bit-3) =1 W9

C1 (bit-2) =0 W9
LSB C1 (bit-1) =0 W10

Control MSB  KD4 W11
bits KD3 Wiz
KD2 W13
LSB KD Wwia

DTM MSB DC10 W15

data DCY W16

code DC8 wi7
bits 0C7 Wig
DC6 W19

DCS W20

DC4 w21

DC3 W22

DC2 w23

LSB DC1 LSB W24

NOTES

1. COMMAND DTM and DTM ARQ first character is "d" for "data".

2. With DIM transmission, control bit KD4 (W11) is set to "0" for no ACK
request, and "1 for ACK request.

3. If a DTM ARQ transmission, control bit KD4 (W11) is set to "0" for ACK,
and "1" for NAK.

4. With DTM transmission, control bit KD3 (W12) is set to "0" for binary
bits, and "1" for 7-bit ASCII characters.

5. If a DTM ARQ transmission, control bit KD3 (W12) is set to "0" for flow
continue, and "1" for flow pause.

6. With DTM transmissions, control bit KD2 (W13) is set (a) the same ("0O"
or “1") as the sequentially adjacent DTM(s) if the transmitted data
field is to be reintegrated as part of a larger data text message, and
(b) alternately different if independent from the prior adjacent DTM
data field(s).

7. If a DTM ARQ transmission, control bit KD2 (W13) is set the same as the
referenced DTM transmission.
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TABLE A-XVIII. Data text message structure -- Continued.

ES -- Continued:
8. With DTM transmission, control bit KDI (W14) is set alternately to “0"
and "1" in any sequence of DTMs, as a sequence control.
9. If a DTM ARQ transmission, control bit KD1 (W14) is set the same as the
referenced DTM transm1ssion.
DC) bits are from table A-XVII.

(o]
.
w
1
Q
0
=,
(=
1]
S

Once a COMMAND DTM word of any type has been received by a called (addressed)
or linked station, the station shall remain on channel for the entire

specified DTM data block time (if any), unless forced to abandon the protocol

by the operator or controller. The start of the DTM data block itself shall

be exactly indicated by the end of the COMMAND DTM BASIC or EXTENDED word

itself. The station shall attempt to read the entire DTM data block
information in the DATA and REPEAT words, and the following COMMAND CRC, plus
the expected frame contwnuat1on, whlch shal] contain a conc]usion Zpossibly

-JJAL_ ,,,,,,, cmmA e AamA2 -~

With or without ARQ, identification of each DTM data block and its associated
orderwire message (if segmented into sequential DTM data blocks) shall be
achieved by use of the sequence and message control bits, KD1 and KD2, (as
shown in table A-XVIII) which shall aiternate with each DTM transmission and
message, respectively. The type of data contained within the data block
(ASCII or binary bits) shall be indicated by KD3 as a data identification
bit. Activation of the ARQ error control protocol shall use the ARQ control
bit KD4. If no ARQ is required, such as 1n one-way broadcasts, mu1t1ple DTM
data blocks may be sent in the same frame, but they shall be in proper

sequential order if they are transferring a segmented message.

When ARQ error or flow control is required, the COMMAND DTM ARQ shall
identify the acknowledged DTM data block by the use of the sequence and

message control bits KD] and KD2, wh1cﬁ shal] be set to the same values as
the immediately preceding and referenced DTM data block transmission.
Control b1t KD3 shall be used as the DTM flow control to pause or continue

nTaa I P E Yo7 == A

(OY‘ T‘ESUIREJ the fiow of the DTM data blocks. The acknowl eage (ALK} and
request-for-repeat (NAK) functions shall use the ARQ control bit KD4., If no
ARQ has been required by the sending station, but the receiving station needs
to contro1 the flow of the DTM data blocks, it shall use the DTM ARQ to

request a pause in, and resumption of, the flow.

When data transfer ARQ error and flow control is required, the DTM data
blocks shall be sent individually, in sequence, and each DTM data block shalil
be acknowledged before the next DTM data block is sent. Therefore, with ARQ

there shall be only one DTM data block transmission in each ALE Framn If

the transmitted DTM data block E ;s ; NAK in the returned DTM ARQ, as
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continue to resend dupl1cates {(which should be up ‘to at least seven) one at a
time and with appropriate pauses for responses, until the involved DTM data
block is specifically acknowledged by a correct DTM ARQ. Only then shall the
next DTM data block in the sequence be sent. If the sending station is

_______ a bV,

frequently or totally unable etect ALE frame or DTM ARQ responses, it
c<hould ahn t the DTM transfer nratncnl  +arminata the 1ink and ralink and
SIIVWU I G W " 1 '.ll A" VIVAVLV » LCFITITTIW b il T Viing MITNS T ¥ 1IN AL RAS )
reinitiate the DTM protocol on a better channel, under operator or controller
direction.

Before initiation of the DTM data transfer protocols, the sending stations
should confirm the existence of the OTM capability in the intended receiving
cetatinne iF nat aTwmaasdu Lnawun WUhan a n'ru isntarranatinn functian de
Dbu\vlull), |} VL QIICGUJ NITUWII. Wi Q vt lllbcl(\lsublvl' YW IV "2

required, the following protocol shall be used. Within any standard 0co
frame (us1nq THIS IS), the sending station shall transmit a COMMAND DTM NULL,
with ARQ requ'rea to the intended station(s). These receiving stations

shall respond with the appropriate standard frame and protocol with the

“D
O
(g

following variations. They shall include a COMMAND DTM ARQ if they are DTM
PRE T I Al Adbiar: 2aboal1Y A A L Abar: eam mmd BTH ~ccmakha Thoa snmdd oo
capabie, ana vney snaitil omitv 1L 11 LN are nov viMm capavie. e senuiny
station shall examine the ALE and DTM ARQ responses for existence
correctness, and the stat us of the DTM KD contro1 bits, as described herein.

KD1 and KD2 set opposife of any subsequent and sequential COMMAND DTM BASIC
or EXTENDED data blocks which will be transmitted next; KD3 set to indicate

the intended type of traffic; and KD4 set to require ARj. The returned
OCOAMUMAAMN NTM ADN abkhal1 hawia dde mmemdeant bdbea and ac £ATVaisne vnl amd VND and
v I RARY SHidll niave 1Ly CONLrul piwdy seLv ad> 1ui TUWDS . ANVI ailiu nNUC STt L
+n matrh +ha intarracatina NTM NilL1 « KNR eat tn dindicate if the ctatinon ic
W NI v 1! il gLt Vsubllls wers lIU‘-l—, N e v WV T I § WA LN | L LR A=Y - W W Wil L~
ready for DTM data exchanges, or if a pause is requested; and KD4 set to ACK
if the station is ready to accept DTM data transmissions with the specified

traffic type, and NAK {f it cannot or will not participate, or it failed to
read the DBM NULL.

The sending {interrogating) station shail handie any and all stations which
wmadtiimn a AMAV Awn Aan nAat wnaditmn a NTM ADN aé¢ a1 Arm An nAat maennnd aé¢ 211 "
TCWUIil a Wiy ur UV WL 1Tl a vin r\’\\( aLv ailiy VI Uuv v e IC)PUIIU aL Gl by (A1}
any combination of the followin ng three ways, and for any combination of these
stations. The specific actions and stations shall be selected by the

operator or controller. The sending station shall: (a) terminate the link
with them, using an appropriate and specific call and the THIS WAS
tenm1nator, or (b) direct them to remain and stay linked during the

------------------ AMMMALIN CTAV nmumwadamnal Qo Aanabh fumama Jl——

b! dllbllllbbluub, U)Illg LHC UUI"II'II‘\NU QIAT PruLocul 11 eacnt irane mme ate y'
before each COMMAND DTM word and data block sent; or (c) redirect them to do
anything else which is controllable using the COMMAND functions described

within this standard.

Each received DTM data block shall be examined using the CRC data integrity

test which is included within the mandatory associated COMMAND CRC which
immediately follows the DTM data biock structure. If the data biock passes
+ha D +act tha Aaxata ehal1)l ha nacead dhuaiiah ¢a +ha annnanmiada NOC naAne
LIIG VW LC O by LIIT UdiLa onail 1l JUT pPadosotTu LilTvuyill LU LViiE appruvpr iavtc ULl purh

and
W
o
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(or normal output as directed by the operator or controller). If the data
block is part of a larger message which was segmented before DTM transfer, it
shall be recombined before output. If any DTM data blocks are received and
do not pass the CRC data integrity test, any detectable but uncorrectable
errors or areas likely to contain errors, should be tagged for further
analysis, error control, or inspection by the operator or controller.

If ARQ is required, the received but unacceptable data block shall be
temporarily stored, and a DTM ARQ NAK shall be returned to sender, who shall
retransmit an exact duplicate DTM data block. Upon receipt of the duplicate,
the receiving station shall again test the CRC. If the CRC is successful,
the data block shall be passed through as described before, the previously
unacceptable data block should be deleted, and a DTM ARQ ACK shall be
returned. If the CRC fails again, both the duplicate and the previously
stored data blocks shall be used to correct, as possible, errors and to
create an "improved” data block. See figure A-30 for an example of data
block reconstruction. The "improved" data block shall then be CRC tested.

If the CRC is successful, the "improved" data block is passed through, the
previously unacceptable data blocks should be deleted, and a DTM ARQ ACK
shall be returned. If the CRC test fails, the "improved" data block shall be
stored and a DTM ARQ NAK shall be returned. This process shall be repeated
until: (a) a received duplicate, or an "improved" data block passes the CRC
test (the data block is passed through, and a DTM ARQ ACK is returned); (b)
the maximum number of duplicates (such as seven or more) have been sent
without success (with actions by the sender as described above); or (c) the
operators or controllers terminate or redirect the DTM protocol.

During reception of ALE frames and DTM data blocks, it is expected that
fades, interferences, and collisions will occur. The receiving station shall
have the capability to maintain synchronization with the frame and the DTM
data block transmission, once initiated. It shall also have the capability
to read and process any colliding and significantly stronger (that is,
readable) ALE signals without confusing them with the DTM signal (basic ALE
reception in parallel, and always listening). Therefore, useful information
which may be derived from readable collisions of ALE signals should not be
arbitrarily rejected or wasted. The DTM structures, especially the DTM
EXTENDED, can tolerate weak signals, short fades, and short noise bursts,
For these cases and for collisions, the DTM protocol can detect DTM words
which have been damaged and "tag" them for error correction or repeats.

The DTM constructions are described herein. Within the DTM data block
structure, a COMMAND DTM word shall be placed ahead of the DTM data block
itself. The DIM word shall alert the receiving station that a DTM data block
is arriving, how long it is, what type of traffic it contains, what its
message and block sequence is, and if ARQ is required. It shall also
indicate the exact start of the data block (the end of the COMMAND D™ word),
and shall initiate the reception, tracking, decoding, reading, and checking
of the message data contained within the data block, which itself is within
the DATA and REPEAT words. The message data itself shall be either one of
two Types, binary bits or ASCII. The ASCII characters (typically used for
text) shall be the standard 7-bit length, and the start, stop, and parity
bits shall be removed at the sending (and restored at the receiving)

station. The binary bits (typically used for other character formats,
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computer files, and cryptographic devices) may have any {or no) pattern or
format, and they shall be transferred transparently (that is, exactly as they
were input to the sending station) with the same length and without
modification. The size of the DTM BASIC or EXTENDED data block shall be the
smallest multiple of DATA and REPEAT words which will accommodate the
quantity of ASCII or binary bits message data to be transferred in the DTM
data block. If the message data to be transferred does not exactly fit the
unencoded data field of the DTM block size selected, the available empty
positions shall be "stuffed" with ASCII "DEL" (1111111) characters or all "1"
bits. The combined message and "stuff" data in the uncoded DTM data field
shall then be checked by the CRC for error control in the DTM protocol. The
resulting 16-bit CRC word shall always be inserted into the COMMAND CRC word
which immediately follows the DTM data block words themselves, ATl the bits
in the data field shall then be inserted into standard DATA and REPEAT words,
on a 21-bit or 3-character basis, and Golay FEC encoded, interleaved, and
tripled for redundancy. Immediately after the COMMAND DTM word, the DTM DATA
and REPEAT words shall follow standard word format, and the COMMAND CRC shaTl
be at the end.

The DTM BASIC data block has a relatively compact range of sizes from 0 to 31
words and shall be used to transfer any quantity of message data between zero
and the maximum limits for the DTM BASIC structure, which is up to 651 bits
or 93 ASCII characters. It is capable of counting the exact quantity of
message data which it contains, on a bit-by-bit basis. It should be used as
a single DTM for any message data within this range. It shall also be used
to transfer any message data in this size range which is an “overflow" from
the larger size (and increments) DTM EXTENDED data blocks (which shall
immediately precede the DTM BASIC in the DTM sequence of sending).

The DTM EXTENDED data blocks are also variable in size in increments of
single ALE words up to 351. They should be used as a single, large DTM to
maximize the advantages of DTM throughput. The size of the data block should
be selected to provide the largest data field size which can be totally
filled by the message data to be transferred. Any "overflow' shall be in a
message data segment sent within an immediately following and appropriately
sized DTM EXTENDED or BASIC data block. Under operator or controller
direction, multiple DTM EXTENDED data blocks, with smaller than the maximum
appropriate ID sizes, should be selected if they will optimize DTM data
transfer throughput and reliability. However, these multiple data blocks
will require that the message data be divided into multiple segments at the
sending station, that they shall be sent only in the exact order of the
segments in the message, and that the receiving stations must recombine the
segments into a complete received message. When binary bits are being
transferred, the EXTENDED data field shall be filled exactly to the last

bit. When ASCII characters are being transferred, there are no stuff bits as
the 7-bit characters fit the ALE word 2]1-bit data field exactly.

If stations are exchanging DTM data blocks and DTM ARQ's, they may combine
both functions in the same frames, and they shall discriminate based on the
direction of transmission and the sending and destination addressing. If ARQ
is required in a given direction, only one DTM data block shall be allowed
within any frame in that direction, and only one DTM ARQ shall be allowed in
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each frame in the return direction. If no ARQ is required in a given
direction, multiple DTM data blocks may be included in frames in that
direction, and multiple DTM ARQ's may be included in the return direction.

= _1..-. | N T ] I..—. NTAM ~en
As always throughout the DTM protocol, any sequence of DTM data blocks to be

VA9
transferred shall have the KD1 sequence control bits alternating with the
preceding and following DTM data blocks (except duplicates for ARQ, which

L AR 22 ]

shall be exactly the same as the originally transmitted DTM data block).

Also, all multiple DTM data blocks transferring muitipie segments of a larger
data message shall all have their KD2 message control bits set to the same

value, and opposite of the precedi nd following messages. If a seguence
t

ng a
of multiple but unrelated DTM data blocks are sent { such as several
1ndependent and short messages within several DTM BASIC data blocks), they

may be sent in any sequence. However, the KD1 and KD2 sequence and message

control bits shall alternate with those in the adjacent DTM data blocks.

mnAd Annacita nf +ha nrara

s

The COMMAND DTM words shall be constructed as shown in table A-XVIII, The
preambTe shall be COMMAND (110) in bits P3 through P1 (W1 through W3). The
first character shalT be “d" (1100100) in bits C1-7 through C1-1 (W4 through
W10), which shall identify the DTM "data" function.

For DTM BASIC, EXTENDED, and NULL, when the "ARQ" control bit KD4 (W11) is
set to “0", no correct data receipt acknowledgement is required; and when set
to "1", it is required. For DTM ARQ, "ARQ" control bit KD4 is set to "0" to

indicate acknowledgement or correct data block receipt (ACK); and when set to
"1", it indicates a failure to receive the data and is therefore a request-
for-repeat (NAK). For DTM ARQ responding to a DTM NULL interrogation, KD4
“0" indicates nonparticipation 1n the DTM protocol or traffic type and KD4

M -~ -'..- -~ a NMTM numadann
1" indicates affirmative perlLldelUll in both the DTM pluuuuun and traffic

For DTM BASIC, EXTENDED, and NULL, when the "data type" control bit KD3 (W12)
is set to "0“, the message data contalned within the DTM data block shall be
blnany bits with no requ1red format or pattern; and when KD3 is set to "i"

the message data is 7-bit ASCII characters. For DTM ARQ, "flow" control bit
KD3 is set to indicate that the DTM transfer flow should continue, or resume;
and when KD3 is set to "1" it indicates that the sending station should pause
(until another and identical DTM ARQ is returned, except that KD3 shall be

For DTM BASIC, EXTENDED, and NULL, when the "message” controi bit KD2 (Wi3)
is set to the same value as the KDZ in any sequentially adjacent DTM data

block, the message data contained within those adjacent blocks (after

individual error control) shall be recombined wifh the message data within

the present DTM data block to segment-by-segment reconst1tute the original
whole message; and when KD2 is set opposite to any sequentially adjacent DTM
data blocks, those data blocks contain separate message data and shall not be
combined. For DTM ARQ, ='messa\ge‘i control bit KD2 shall be set to match the

3 M Taa LY unn ma s mama mmadd i

referenced DTM data biock KD2 value to provide message confirmation.
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For DTM BASIC, EXTENDED, and NULL, the “sequence" control bit KD1 (W14) shall
be set opposite to the KD1 value in the sequentially adjacent DTM BASIC,
EXTENDED, or NULLs to be sent (the KD1 values therefore alternate, regardless
of their message dependencies). When KD1 is set to the same value as any
sequentially adjacent DTM sent, it indicates that it is a duplicate (which
shall be exactly the same). For DTM ARQ, "sequence" control bit KD1 shall be
set to match the referenced DTM data block or NULL KD1 value to provide
sequence confirmation.

When used for the DTM protocols, the ten DTM data code (DC) bits DC10 through
DC1 (W15 through W24) shall indicate the DTM mode (BASIC, EXTENDED, ARQ, or
NULL). They shall also indicate the size of the message data and the length
of the data block. The DTM NULL DC value shall be "0" (0000000000), and it
shall designate the single COMMAND DTM NULL word. The DTM EXTENDED DC values
shall range from "1" (000000000T] to “351" (0101011111), and they designate
the COMMAND DTM EXTENDED word and the data block multiple of DATA and REPEAT
words which define the variable data block sizes. The EXTENDED sizes shall
range from 1 to 351 words, with a range of 21 to 7371 binary bits, in
increments of 21, or 3 to 1053 ASCII characters, in increments of 3. The DTM
BASIC DC values shall range from "353" (0101100001) to “1023" (1111111111),
and they shall designate the COMMAND DTM BASIC word and the exact size of the
message data in compact and variable size data blocks, with up to 651 binary
bits or 93 ASCII characters. The DTM ARQ DC value shall be "352"
(0101100000), and it shall designate the single COMMAND DTM ARQ word. The DC
values "384" (0110000000) and all higher multiples of "32m" (m x 100000)
shall be reserved until standardized. See table A-XVII for DC values and DTM
block sizes and other characteristics.

80.5 Data block message (DBM) mode. The DBM orderwire message mode
enables ALE stations to communicate either full ASCII, or unformatted binary
bit messages to and from any selected ALE station(s) for direct output to and
input from associated data terminal or other DTE devices through their
standard DCE ports. This DBM data transfer function is a high-speed mode
(relative to DTM and AMD) with improved robustness, especially against long
fades and noise bursts. When used over MF/HF by the ALE system, DBM
orderwire messages may be unilateral or bilateral, and broadcast or
acknowledged. As the DBM data blocks can be very large, this special
orderwire message function enables exploitation of deep interleaving and FEC
techniques to penetrate HF-channel long fades and large noise bursts.

The DBM data blocks shall be fully buffered at each station and should appear
transparent to the using DTEs or data terminals. As a design objective and
under the direction of the operator or controlier, the stations should have
the capability of using the DBM data traffic mode (ASCII or binary bits) to
control switching of the DBM data traffic to the appropriate DCE port or
associated DTE equipment, such as to printers and terminals (if ASCII mode)
or computers and cryptographic devices (if binary bits mode). As an operator
or controller-selected option, the received DBM message may also be presented
on the operator display, similar to the method for AMO in 80.3.
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APPENDIX A

until all the DBM messages are successfully transferred, and all are
acknowledged if ARQ error control is required. The only exceptions shall be
when the protocol is a one-way broadcast or the station is forced to abandon
the exchange by the operator or controller, in which cases the termination
should be THIS WAS.

Once a COMMAND DBM word of any type has been received by a called (addressed)
or linked station, the station shall remain on channel for the entire
specified DBM data block time (if any), unless forced to abandon the protocol
by the operator or controller. The start of the DBM data block itself shall
be exactly indicated by the end of the COMMAND DBM BASIC or EXTENDED word
itself. The station shall attempt to read the entire DBM data block
information, plus the expected frame continuation, which shall contain a
conclusion (possibly preceded by additional functions in the message section,
as indicated by additional COMMAND words).

With or without ARQ, identification of each DBM data block and its associated
orderwire message (if segmented into sequential DBM data blocks) shall be
achieved by use of the sequence and message control bits, KB1 and KB2 (see
table A-XX), which shall alternate with each DBM transmission and message,
respectively. The type of data contained within the data block (ASCII or
binary bits) shall be indicated by KB3 as a data identification bit.
Activation of the ARQ error-control protocol shall use the ARQ control bit
KB4. If no ARQ is required, such as in one-way broadcasts, multiple DBM data
blocks may be sent in the same frame, but they shall be in proper sequence if
they are transferring a segmented message.

When ARQ error or flow control is required, the COMMAND DBM ARQ shall
identify the acknowledged DBM data block by the use of the sequence and
message control bits KB1 and KB2, which shall be set to the same values as
the immediately preceding and referenced DBM data block transmission.

Control bit KB3 shall be used as the DBM flow control to pause or continue
(or resume) the flow of the DBM data blocks. The ACK and NAK functions shall
use the ARQ control bit KB4. If no ARQ has been required by the sending
station, but the receiving stations need to control the flow of the DBM data
blocks, they shall use the DBM ARQ to request a pause in, and resumption of,
the flow.

When data transfer ARQ error and flow control is required, the DBM data
blocks shall be sent individually and in sequence. Each DBM data block shall
be individually acknowledged before the next DBM data block is sent.
Therefore, with ARQ there shall be only one DBM data block transmission in
each frame. If the transmitted DBM data block causes a NAK in the returned
DBM ARQ, as described below, or if no ACK or DBM ARQ is detected in the
returned frame, or if no frame is detected at all, the sending station shall
resend an exact duplicate of the unacknowledged DBM data block. It shall
continue to resend duplicates (which should be at least seven), one at a time
and with appropriate pauses for responses, until the involved DBM data block
is specifically acknowledged by a correct DBM ARQ. Only then shall the next
DBM data block in the sequence be sent. If the sending station is frequently
or totally unable to detect frame or DBM ARQ responses, it should abort the
DBM transfer protocol, terminate the 1ink and relink and reinitiate the DBM
protocol on a better channel (under operator or controller direction).
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TABLE A-XX. Data block message structure.

DBM bits Word bits

COMMAND MSB P3 =1 MSB Wi

preamble P2 =1 W2

LS8 P1 =0 W3

First MSB C1 (bit-7) = 1 W4

character C1 (bit-6) =1 W5

"b* C1 (bit-5) =0 W6

C1 (bit-4) = 0 w7

€1 (bit-3) = 0 W8

€1 (bit-2) =1 W9
LSB C1 (bit 1) =0 W10

Control MSB KB4 Wil
bits KB3 Wi2
KB2 W13
LSB KBl wia

DBM MSB BC10 W15

block BC9 W16

code 8C8 Wi7
bits 8C7 Wis
BC6 W19

BCS W20

BC4 W21

BC3 W22

BC2 W23

LSB  BCi LSB Wz4

NOTES:

1. COMMAND DBM and DBM ARQ first character is "b" for "block".

2. With DBM transmission, control bit KB4 (W11) is set to "0" for no ACK
request, and "1" for ACK request. s

3. If a DBM ARQ transmission, control bit KB4 (Wil) is set to "O" for ACK,
and "1" for NAK.

4. With DBM transmissions, control bit KB3 (W12) is set to "0" for binary
bits, and "1" for 7-bit ASCII characters.

5. If a DBM ARQ transmission, control bit KB3 (W12) is set to "0" for flow
continue, and "1" for flow pause.

6. With DBM transm1ssions, control bit KB2 (W13) is set: (a) the same ("0"
or "1") as the sequentially adjacent DBM(s) if the transmitted data
field is to be reintegrated as part of a larger data block message; and
(b) alternately different if independent from the prior adjacent DBM
data field(s).

7. I1f a DBM ARQ transmission, control bit KB2 (W13) is set the same as the

R lreferenced DBM transmission.

8. With DBM transmissions, control bit KBl {W14) is set alternately to "0"
and "1" in any sequence of DBMs as a sequence control.

9. If a DBM ARQ transmission, control bit KB1 (W14) is set the same as the
referenced DBM transmission.

10. Block code (BC) bits are from table A-XIX.
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Before initiation of the DBM data transfer protocols, the sending stations
should confirm the existence of the DBM capability in the intended receiving
stations, if not already known. When a DBM interrogation function is
required, the following protocol shall be used. Within any standard proEggo]

frame (using THIS IS), the sending station shall transmit a COMMAND DBM NULL,
with ARQ required, to the intended station(s). These receiving stations

shall respond with the appropriate standard frame and protocol, with the

following variations. They shall include a COMMAND DBM ARQ if they are DBM
capable, “and they shall omit it if they are not DBM capab]e. The sending
station shall examine the ALE and DBM ARQ responses for existence,

correctness, and the status of the DBM KB control bits, as described herein.
The transmitted COMMAND DBM NULL shall have its control bits set as folliows:
KB1 and KB2 set opposite of any subseguent and sequential COMMAND DBM BASIC
or EXTENDED data blocks which will be transmitted next; KD to indicate

H ~ L L

the intended type of traffic; and KB4 set to require AR The returned
COMMAND DBM ARQ shall have its control bits set as follow§1 KB1 and KB2 set

reaay for DBM aata excnanges, or if a pause is requesnea and KB4 set to ACK
if the station is ready to accept DBM data transmissions with the specified
traffic type, and NAK if it cannot or will not participate, or if it failed

to read the DBM NULL.

The sending (1nterrogating) station shall handle any stations wh1ch return a
NAK, or do not return a DBM ARQ, or do not respond, in any combination of the
fo]]owing, and for any combination of these stations. The specific actions
and stations shall be selected by the operator or controller. The sending
station shall: (a) terminate the 1ink with these stations, using an
appropriate and spec1fic call and the THIS WAS terminator; (b) direct the

stat1ons to remaln and stay 11nked dur'ng tﬁe transm1ss1ons, us1ng the

Each received DBM data block shall be examined using the CRC data integrity
test which is embedded within the DBM structure and protocol. If the data
block passes the CRC test, the data shall be passed through to the
appropriate DCE port (or normal output as directed by the operator or
controller). If the data block is part of a larger message which was

segmented before DBM transfer, it shall be recombined before output. If any
DBM data blocks are received and do not pass the CRC data integrity test, any

detectable but uncorrectable errors, or areas likely to contain errors,
should be tagged for further analysvs, error control, or inspection by the
operator or controller.

v S wwv

If ARQ is required, the received but unacceptable data block shall be
temporarily stored, and a DBM ARQ NAK shall be returned to the sender, who
s

E;?l retransmit an exact du511cate dBﬁ'aéfa block. Upon receipt of the
duplicate, the receiving station shall again test the CRC. If the CRC is
successful, the data block shall be passed through as described before, the

prev10us1y unacceptable data block should be deleted, and a DBM ARQ ACK shail
_____ LAl AL .. msmamisd miaas 1o

be returned. If the CRC fails aQGIH, both the Gupl]Ldte and the previousiy

stored data blocks shall be used to correct, as possible, errors and to
create an "improved" data block. See fiﬂurp A-30 for an example of data

“wi QLT Gn T WY O LC LS LI UVLRNe SLTT iyl tT AaTauy Wt all ©Tadain c U Jda L.a
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APPENDIX A
biock reconstruction. The "im rovea aata DIOCK snall then be CRC tested.
TL b PO o miimmanaf. bhan Wloamumarsn Aadan hTanl Ja0 mansaan A Shmarimbh e
47T LINE UKL 15 SULCEOSSTUTy Lile llllplUVt:U uatia UIULR Ib pass>eu uiirovuyri, uvic
previously unacceptable data blocks should be deleted, and a DBM ARQ ACK
shall be returned. If the CRC test fails, the “1mnroved" data block shall
also be stored and a DBM ARQ NAK shall be returned. This process shall be
repeated until: (a) a received duplicate, or an "improved" data block passes
the CRC test (and the data block is passed tnrough and a DBM ARQ ACK 1s
returned); (b) the maximum number of duplicates {such as seven or more) have
hoan cant withai+ ciirrace [with artiane hv +ha cnndnw ae dacrwvihnd ahnuvals An
WCCTII JTIIL Wi LIIVU L oUuULLT o9 AW LIT GLvwiviio Wy wile IGIHTIUGT Yo VLIV TWLUY QUYL /gy A
(c) the operators or controllers terminate or redirect the DBM protocol.

During reception of frames and DBM data blocks, it is expected that fades,
interferences, and collisions will occur. The receiving station shall have
tne capaolllty to maintain synchronization with the frame and the DBM data

mamemd ansAn nisbdabad T4 chal?l alea havua &ha mnakhd1dey, &a
UIULK L'dllbllll))lUll, once ini LICLCU. lb BIIGII aiso nave LIIC bdpﬂulll\._y vV

read and process any colliding and significantly stronger (that is, readable)

ALE sianals without confusing them w1th the DBM signal (basic ALE recention
in para]]e] and always listen1ng) The DBM structures, especially the DBM
EXTENDED, can tolerate significant fades, noise bursts, and collisions.

Tnerefore, useful information which may be derived from readabie coiiisions

_____ aaale LA .. __?1 -

of ALE s1gna|s should not be arbitrarily rejected or wasted.

The DBM constructions shall be as described herein. Within the DBM data
block structure, a COMMAND DBM word shall be placed ahead of the encoded and
interleaved data block itself. The DBM word shall alert the receiving

station that a DBM data block is arriving. how long it is, what type of

traffic it contains, what its ID is, what its message and biock sequence is,
and if ARQ is required. It shall also indicate the exact start of the data

hinclk i+tealf (+ha and Af +ha COMMAMD NRM wnrd i4+calf) and chall dnitiata +ha
ViIVWLRA 1 Lo} Vi QI Vi WIIC LUITRTVUIWYW U Wil U T Loy g ariu SHia L 11V T AW vile
reception, tracking, deinterleaving, decoding, and checking of the data

contained within the block. The message data itself shall be either one of
two types, binary bits or ASCII. The ASCII characters (typically used for
text) shall be the standard 7-bit length, and the start, stop, and parity

bits shall be removed at the sending (and restored at the receiving)
station. The binary bits \gypicauny used for other character formats,
comnintor fila nd cervntnaran dovicac) mav hava anv {ar nn\ nattarn ar
\—Ulyubcl LI B = 9 ull\.l \'IJVHUSI \I’llll\v NCY TG WD) IIIUJ LEA* B~ wiryy IS Al LAY PUV\O\-I 1y Wy
format, and they shall be transferred transparently, that this, exactly as

they were 1nput to the sending station, with the same length and without
modification. The value of the ID shall be the smallest (multiple of 49)
which will accommodate the quantity of ASCII or binary bits message data to
be transferred in that DBM data biock. If the message data to be transrerreu

..... P I L£2 a4 sbn iinmadad dada £2Td L il NDME LT el e oY
GOES not EXdCEIy TIL LI uncoueu adtita r1iei1ja o1 une vom DIVUCK Slse bElELLEU
(except for the last 16 bits, which are reserved for the CRC), the available
empty positions shall be "stuffed” with ASCII "DEL" characters or all "1"
bits. The combined message and "stuff" data in the uncoded DBM data field

shall then be checked by the CRC for error control in the DBM protocol. The
resulting 16-bit CRC word shall always occupy the last 16 bits in the data
field. A1l the bits in the field shall then be Golay FEC encoded, on a

1Z2-bit basis, to produce rows of 24-bit code words, arranged from top to
bottom in the interieaver matrix {(or equivaient), as shown on figure A-32.
The bits in the matrix are then read out by columns {of length equal to the
ID) for transmission. Immediately after the COMMAND DBM word, the encoded
and interleaved data blocks bits shall follow in bit format, three bits per

symbol (tone).
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The DRM BRASIC data block has a fixed size {ID 49) and shall be used to

transfer any quantity of message data between zero and the maximum 1imits for
the DBM BASIC structure, which is up to 572 bits or 81 ASCII characters. It

is capable of counting the exact quantity of message data which it contains,
on a bit-by-bit basis. It shouid be used as a singie DBM for any message
Aada withdn +hie n,nﬂn T4+ ehall alean ha uead ¢ +wranefan amnna Aaés
vaLa wiwiiin ittt 1 an SCQ A6 )llull QAQIOoV VT UITU LU LialiioiIcy GIIJ lllc))ﬂsc ua

in this size range which is an "overflow" from the larger size (and
increments) DBM EXTENDED data blocks (which shall immediately precede the DBM

BASIC in the DBM sequence of sending).

The DBM EXTENDED data biocks are variabie in size, in increments of 49 times
the ID. They should be used as a single, large DBM to maximize the

advantanoc of DBM dean infnr1navinn FEC fnrhninnne and hinhnr enaad [ +ha

MUTRII v YT Wi W - =32 Fp WMirw d1Yyes P | v l

DTM or AMD) transfer of data. The ID of the EXTENDED data b]ock should be

selected to provide the largest data field size which can be totally filled
by the message data to be transferred. Any "overflow" shall be in a message
data segment sent within an immediately fo]lowing DBM EXTENDED or BASIC data

LY _ [ POy ROl GO GTy pee 1 1PN A2 A2 _ 9 _ MRAL FUTPrLAInen 8 _a
DIOCK. unaer operavor or ¢ n‘roller 01rect]0". NUIEIDIE UbM CAICLNULD Qdala
hlncrlke ui*h emallan fh:n +ha mavimom :nnnnnn"afn TN ed2ae ehnuld I\n

O3 0CKS, Wit SMmaiier Tnan Tne maxXimum appropriace SI1&TIy JlVuIU

selected 1f thev will optimize DBM data transfer throughput and 1 eliabi]itv.

divided into multiple segments at the sending station and sent only in the
exact order of the segments in the message. The receiving stations must
recombine the segments into a compiete received message. Wnhen o1nary pits

ama haina $manefannad *ha CYTCMNEN Aada Fiald ehall ha £311ad avandlu +a OI\
airc UCllly LIQHITITT T TU, bl“: LNTLITWWVLY UdaLva 11TI1U )llull ve 111 ICU TAGLLIJ LU LIC

last bit. When ASCII characters are being transferred, the EXTENDED data
field may have 0 to 6 “stuff" bits inserted. Individual ASCII characters
shall not be split between DBM data blocks and the receiving station shall
read the decoded data field on a 7-bit basis, and it shall discard any
remaining "stuf i bits (moduio-7 remainder).

If stations are exchanging DBM data blocks and DBM ARQs, they may combine

both functions in the same frames. They shall discriminate based on the
direction of transmission and the sending and destination addressing. If ARQ
is required in a given direction, only one DBM data block shall be allowed
within any frame in that direction, and only one DBM ARQ shall be allowed in

eacn trame 1n tne return direction. If no ARY 1§ ‘r"eqm rea In a given
As wmar+tinn mitl$+inla NRM Aada hlasrke mav ha Tt nerlidad sn wamae din +had
“wir C\'blvll’ nsa UIFIC WY Ul bU WViIiIVEeny ."uJ (S 4AS [ IRAAS S AS LS - ) " 11 Anie.J " Wil W
direction, and multiple DBM ARQs may be included in the return direction.

As always throughout the DBM protocol, any sequence of DBM data blocks to be
~transferred shall have their KBl sequence control bits alternating with the
preceding and following DBM data blocks (except duplicates for ARQ, which
shail be exactiy the same as their originaily transmitted DBM data biock).
Also, all multiple DBM data blocks transferring multiple segments of a larger

data megsaae <hall all have thair KBR2 messaae contrnol bhite cet to the same

MR vw TTeeSkgw. =y~ e Pew ww

value, and opposite of the preceding and following messages. If a sequence
of multiple but unrelated DBM data blocks are sent (such as several
independent and short messages within several DBM BASIC data blocks), they
may be sent in any sequence, However. when sent, the associated KB1 and KB2
nu

alL

nd message control bits shalil aiternate with those in the adjaéé
1
)

—
un
>

HE S ar J TR N Y S T EA S e T e BTV B SG TS R ¥ v e e s s Y Y T A~ et t N ~ Wt Ve 5T ki wm W e W T e v W e e ¢ v e —m = mem s = - o
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The COMMAND DBM words shall be constructed as shown in table A-XX. The
preamble shall be COMMAND (110) in bits P3 through P1 (W1 through W3). The
first character shall be "b" (1100010) in bits C1-7 through C1-1 (W4 through
Wi0), which shall identify the DBM “biock” function.

For DBM BASIC EYTENDED  and NULI whan +ha ADN rantrnl hit YRA [W11) 43¢ cot
Vi wuri U"\JL\I' I-I\ll—“u‘-ll’ ("R ARV l‘Ul-l.’ wiicy A" 1 XA~ r‘l\\( WwWVIlLT W Wi v INUTY A\ g LI~ D -
to "0" no correct data receipt acknowledgement is required; and when set to
“1" it 1s required. For DBM ARQ, ARQ control bit KB4 is set to "0" to
indicate acknowledgement or correct data block receipt (ACK); and when set to
"1" it indicates a fa11ur to receive the data and is therefore a request-
for-repeat (NAK). For DBM ARG responding to a DBM NULL interrogation, KB4
NN 2 dimandne manmmambesadnaddan €n dha NDM mnumndbannl Anm $maffdm +unna and FRA

(%) mmuiIivalLco IUIIPGI lelpuuun 1y LT wvoirl P’ULU\'UI vr LFaliiv Lypc, aiiu noT
"1" dindicates affirmative participation in both the DBM protocol and traffic
type.

For DBM BASIC, EXTENDED, and NULL, when the data type_ control bit KB3 (?]2)
ng

to N the message aata contained within tne UUM aata biock Sﬂall be
binary bits with no required format or pattern; and when KB3 is set to "1",
+ha maeccana A:f: iec 7-hi+ ASLTIT ~havartare F'nvo nRM ADN 'F'lnu cantral h"f
LitG ulcoousc U v 19 i Wil W VU A a Wil UV WO I i1 TvVW oy Wil Wl WV L
KB3 is set "0" to indicate that the DBM transfer flow should continue or

resume,iéﬁd when KB3 is set to "1", it indicates that the sending station
should pause {until another and identical DBM ARQ is returned, except that
KB3 shall be "0%).

CAw NDIA DACTPC cCvTCancn amad A} viham dha Nmaccamall AAantmanl his VD2 LYY
FuUl vpri DAVLILVy LAILIWWLUY, aAQllu NJULL, wWiIiTii LiIT mTod>ayc LUIILIVULI VIV NUL NIV
is set to the same value as the KB2 in any seguentially adjacent DBM data
block, the message data contained within those adjacent blocks (after

individual error control) shall be recombined with the message data within
the present DBM data block to reconstitute (segment-by-segment) the original
whole message; and when KB2 is set opposite to any sequential]y adjacent DBM

data biocks, those data biocks conta1n separate message data and shaii not be
PR Rt e | Caw NDAM ADN Weinnnnmall mmedoan 1T Ldd VDD ahall ha cad ba madbabh dha
CuUlw I neu . FOUr vor Aang , lllc))dyt: LU"L!UI ViIL ANDC Driatli UT OSTL LU 1awv it Viic
referenced DBM data block KB2 value to provide message confirmation.

For DBM BASIC, EXTENDED, and NULL, the sequence control bit KB1 (W14) shall
be set opposite to the KB1 value in the sequentially adjacent DBM BASIC,
EXTENDED, or NULLs to be sent (the KB1 values therefore alternate, regardless
of their message dependencies). when KBi is set the same as any sequentiaily
adjacent DBM sent, it indicates a duplicate For DBM ARG, seguence control

T e n U
bhit KBl chall he set to match the referenced nBM data block or NULL KB1 value
to provide sequence confirmation.

When used for the DBM protocols, the ten DBM block code (BC) bits BCI10
through BC1 (W15 through wza) shall indicate the DBM mode (BASIC, EXTEﬁDED,

AL

ARG, or NULL}j. They shaii aiso indicate the size of the message data and the
Ve b ol hboe dadea MV aanl Tho NDM MIH]T DA waVlia akhal1Yl ko AN fAnnNNANNNANN Y
1enygeui Ul Lie uatia DIOCK, e vom NULL oL vVaiueé Snaifr D& (94 (QELOAVIVIVAVIVIVIVIV Y Y
and it shall designate the single COMMAND DEM NULL word, The DEBM EXTEMDED BC
values shall range from "1" (OQQQQHUHHIS _ _ _ _ _ , to "447" (0110111111), and they

shall designate the COMMAND DBM EXTENDED word and the data block multiple (of
49 1D) which defines the variable data block sizes, in increments of 588
binary bits or 84 ASCII characters. The DBM BASIC BC values shall range from
"448" (0111000000) to "1020" (1111111100), and they shall designate the
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COMMAND DBM BASIC word and the exact size of the message data in a fixed size
(ID = 49) data block, with up to 572 binary bits or 81 ASCII characters. The

“aeTTI2IIIAY

iue shall be "i1021" lllllllllUl), and it shalil
111
1 i

=4
-a
D
il
-—
>
)
N

-

80.6 Cyclic redundancy check (CRC). This special error-checking
function is available to provide data integrity assurance for any form of
message in an ALE caill.

NOTE: The CRC function is optional, but mandatory when used with
the DTM or DBM modes.

The sixteen-bit frame check sequence (FCS) and method as specified by FED-STD
1003, shall_be used herein. The FCS provides a probability of undetected
error of 2'16, independent of the number of bits checked. The generator

polynomial is

X16 « X12 + x5 +
and the sixteen FCS bits are designated
sB) x15, x14, x13, x12_  x1, xO (LsB)

VT iww ®

The ALE CRC is employed two ways: within the DTM data words, and following
the DBM data field, described in 80.4 and 80.5, respectively. The first, and
the standard, usages are described in this section.

The COMMAND CRC word shall be constructed as shown in table A-XXI. The
preamble shall be COMMAND (110) in bits P3 through P1 (W1 through W3). The
first character shall be "x" (1111000), "y" (1111001), "z" (1111010), or "{"
(1111011) in bits C1-7 through C1-1 (W4 through W10). Note that four )
identifying characters result from FCS bits X2 and x14 which occupy C1-2
and C1-1 (W9 and W10) in the first character field respectively. The

conversion of FCS bits_to and from ALE CRC format bits shall be as described
in table A-XXI where X15 through X0 correspond to W9 through W24,

The COMMAND CRC message should normally appear at the end of the message
section of a transmission, but it may be inserted within the message section
(but not within the message being checked) any number of times for any number
of separately checked messages, and at any point except the first word
(except as noted below). The CRC analysis shall be performed on all ALE
words in the message section which precede the COMMAND CRC word bearing the
FCS information, and which are bounded by the end of the calling cycle, or
the previous COMMAND CRC word, whichever is closest. The selected ALE words
shall be analyzed in their nonredundant and unencoded (or FEC decoded) basic
ALE word (24-bit) form in the bit sequence (MSB) W1, W2, W3, Wa...W24 (LSB)
followed Dy the unencooea bits Wl through W24 from the next

AAAAAAAA V 7.5 I ]
received), followed by the bits of the next word, until th

is 1ncnrfnd {nr annd\ Thprnforpi each COMMAND CRC inserte

message section ensures the data integrity of all the bits in t o P
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TABLE A-XXI.

APP

ENDIX A

Cyclic redundancy check structure.

157

A a ®* a _a * Y

MHTTIrIY T V"IROC VY

CRC bits Word bits
MSB P3=1 MSB Wl
COMMAND P2=1 W2
preambie LSB Pi=0 W3
(c)[ MsB €1-7 =1 W4
C1-6 =1 W5
First C1-5 =1 W6
character(s) C1-4 =1 W7
X,Y»2 t Ci-3 =0 LT
(x)|[MsB C1-2 = XI5 W9
(c)[|LsB C1-1 = x14 W10
x13 Wil
Xi2 Wi2
x11 W13
x10 W14
X9 M E
x8 W16
X/ W17
x6 W18
X5 Wis
x4 W20
X3 W21
X2 W22
x1 w23
(x) |LSB XV LSB Wza
NOTES:
1. COMMAND CRC first character is one of four, iixii (1111000)
"y (1111001}, #z* (1111010}, or “{* (1111011), depending on
CRC bits X15 and x14, which are also C1-2 and C1-1, respectively.
2. "XM 4ndicates FCS bits.
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message section, and shall analyze the calling cycle words in their simplest

(Tc), nonredundant and nonrotated form. If it is necessary to check the
words in a concliusion (THIS IS or THIS WAS), an optional conciusion CRC shall
directly precede the conclusion portion of the call, shall be at the end of
the message section, and shall itself be directly preceded by a separate
COMMAND CRC (which may be used to check the message section or calling cycle,

as described herein). Stations shall perform CRC analysis on all received
ALE transmissions and shall be prepared to compare analytical FCS values with

any COMMAND CRC words which may be received. If a CRC FC CS comparison fails,
cn a e T i A miamda 2 AfAf_ s A\ kel bl emmiimad [ANNY ne adbia

dan 4dutomati \Or Operdilor intitcidiedj reuvrdaitsimissiofn requesl. \ARY ) O ULiicr

appropriate procedure may be used to correct the message, as may be defined

in this standard.

80.7 Tune and wait. The COMMAND tune and wait special control function
directs the receiving station(s) to perform the initial parts of the
nandsnake, up through tuneup, and walt on channel for further instructions

diring the specified time limit. The time 1imit timer is essentially the
WRTT wait for response and tune timer, as used in net slotted responses where
its va]ue Twrn is set by the timing information in the special control

instruction, and it starts from the detected end of the call. The COMMAND
tune and wait instruction shall suppress any normal or preset responses.
Except for the tuneup itself, the receiving station(s) shall make no
additional emissions, and tney shail quit the channel and resume scan if no

Litrad hhmes S o draismds mme

Turtner insStructiions are rece

NOTE: This special control function enables very slow tuning
stations, or stations which must wait for manual operator
interaction, to effectively interface with automated networks.

The COMMAND tune and wait shal) be constructed as follows and as shown in
table A-XXIl1. The preamble shall be COMMAND {1 ]Q in bits P3 thrgugh P1 (W1

through W3). The first character (C1] shaTl be "t" (1110100) in bits C1-7
through C1-1 (W4 through W10) and "t" (1110100) in bits C2-7 through C2-1
(W11 through W17), for “time, tuneup." The "T" time bits TB7 through TB1

(W18 through W24) shall be values selected from tabie A-XXIII, and Timited as
shown in table A-XXIV. The lowest value (00000) shall cause ‘he tuning to be
performed immediately, with zero waiting time, resulting in immediate return
to normal scan after tuning

v e L] =4 GArs “r VL Ulllllv'

80.8 Time-related special functions for all COMMANDs. These special
control functions permit the manipulation of timing in the ALE system. They
are based on the standard "T" time values, presented in table A-XXIII, which
have the following ranges based on exact multiples of Tw (130.66... ms) or

rAann

Trw (352 ms).

0 0 to 4 seconds in 1/8 second (Tw) increments

o 0 to 36 seconds in 1 second (3 Trw) increments

o 0 to 3] minutes in 1 minute (153 Trw) increments
o 0 to 29 hours in 1 hour (9184 Trw) increments

p—
N
0
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TABLE A-XXII. Tune and wait structure.

Tune and Word
wait bits bits
COMMAND MSB P3 =1 MSB Wl
preambTe P2 = 1 W2
LS8 Pi =0 w3
MSB C1-7 =1 W4
C1-6 = 1 W5
First C1-56 =1 W6
character Cl1-4 = 0 W7
"t ti-3 =1 W8
C1-2=0 Wa
LSB C1-1 =0 W10
MSB C2-7 =1 W1
C2-6 = 1 Wiz
Second £2-5 = 1 W13
character C2-4 = 0 Wi4
Iltll C2'3 = " w]s
c2-2 =0 W16
LSB C2-1 =0 W17
MSB  TB7 W8
TB6 W19
185 W20
Time TB4 W21
bits TB3 W22
TB2 W23
LSB  TB1 LSB W24

NOTES:

1. COMMAND tune and wait first two characters are “t* (1110100) and *t*
{(1T10700) for “time tuneup.”
2. Time bits TB7 through TB1 from tabie A-XXIII.

i
(34
(Ve )
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MULTIPLIER: Most significant bits (MSBs)
MSB Approximate
187 186 Exact Approximate range
{(W18) {W19) increment increment of "T" values
0 0 Tw T30.66... ms 178 second 0 - 4 seconds
0 ) 3 Trw 1176 ms 1 second 0 - 36 seconds
0 153 Trw 59,976 sec I minute 0 - 37 minutes
] 1 9184 Trw 60,002 min 1 hour 0 - 29 hours
INDEX: Least significant bits (LSBs)
!!Te! 5!-1—99 -!T!! e!-l-!e
1 D S FYY-S Y Y. 1 saY e
LoD va iuc vaiuge vaiue vailuve
TBS TB4 TB3 182 TB1  Index for for for for
(W20) (W21) (W22) (W23) (W24) value MSB=00 MSB=01 MSB=10  MSB=11
0 0 0 0 0 0 of1) 0 0 0
0 1] G t] i i 130.66ms 1.176s 1.00min 1.00hr
0 0 0 1 0 2 261.33ms 2.352s 2.00min 2.0Chr
0 0 0 1 1 3 392.00ms 3.528s 3.00min 3.00hr
0 0 1 0 0 4 523.66ms 4.204s 4.00min 4.00hr
n n 1 n 1 [ AE? 2 e £ QRNe 8 NDmin & NOhr
v 1 ¥ ¥ v i Lo VI o I AT ve UUVI e WIS IS e v
i i i 0 i 2S 3783.3ms 34.10s 25.Gwmin  29.Chr
1 1 1 1 0 30 3920.0ms 35.28s 30.0min (3)
] 1 1 1 1 31 4050.7ms 36.46s 31.0min (2)
NOTES:
T. The minimum vaiue "0% (7B = 0000G00G) is interpreted as "do immediately”
2 € a Aala >Aama e39all -:‘ a +9mn wsAd+h ae enarifiad in 1ncana
" a UC!G], or LCIV Q04L%C I @ LIIHC WiULIlg Q9 JIPCLITICUY 113 uollygwe
2. The maximum va]nn ']?7" {TB = ]111]]1) is interpreted as "do it at time

The next maximum value "126" (TB = 11111107 1s 'nterpreted as

time," unlimited except by other COMMAND or timeout protocol.

p—
Ch
[en]

"indefinite
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Time-related COMMAND functions.

Identification

First
character

Second

fo A=t PAVIRAY

character

Function

Adjust slot width

Halt and wait

Operator NAK

Operator ACK

Respond and wait

w
«“r
V
<

(1) tll

H tll

" t"

Ilall

] hll

"_.n

[+])

(1100001)

(1101000)

(1101110)

(1101111)

(1110010)

o~
IA
(o)
(=)
b
—
et
ad
amd
S’

161

Add T to width of all slots for
this response. TB=0, normal.
187 = 0 as 36 second iimit.

Stop scan on channel, do not tune
or respond, wait T for
instruction; quit and resume scan
if nothing. 0, quit after

=17 " - P e I <
Ccdlie. Ib/7 = as JO SECOHG
limit.

Same as "“t,o" operator ACK,
except that at T, if no input,
automatic tuneup and respond NAK
(THIS IS), in slots if any. TB =

0, NAK now.

Stop scan, alert operator to
manually input ACK (or NAK),
which causes tuneup (if needed)

and ACK response THIS WAS, or

———
TIIYIC TC0 . 2L o 2 omn.cd L. e dhmsa

THIS IS; if no input by operator
by T, imp]y quit. TB = 0, ACK
now. TB7 = 0 as 36 second time
limit. TB = 1111111, do at
date/time following.

WE O
o
0
£
=

[ F =]

36 second 1imit. TB =
!, do at date/time

- -
(<]

unless commanded and ignore all
signals during T if not
understood; expect ALE frame
reacquisition by T (must be in
correct redundant word phase). T
d

in 1+1n1ne Nnf Tww ae indie~
l|' lllul\-l].l Ca Ul itwy Qo [RAAY R A

by binary value of 1a<t 14 bit

(<:0011111 11111171 = 4095 s),
range of 0 to 26.754 minutes.

+a
[ RS
S
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First Second

Identification character character Function

Tune and wait "t" "t* (1110100) Stop scan, tuneup, do not
respond, wait T for instructions,
quit and resume scan if nothing.
TB = 0, quit after tuneup. TB7 =
0 as 36 second limit.

Width of slots "t "w" (1110111) Set all slots to T wide for this
response. TB = 0, noc responses.
TB7 = 0 as 36-second limit.

NOTES:

1. Preamble is COMMAND (110).

~  T——Hall A IAYIAANAN £~ _ 99

2. First character 1s "t" (1110100) for ail.

3. Third-character field is binary bits TB7 through T81 (W18 through

W24), designating a time interval "T" as a standardized value in
table A-XXIII.

and protocol resumes, to ensure synchronization. The STAY function preserves

maintenance of the frame and link. It instructs the stations to wait,

because the amount of time occupied by the UUF activity or its signaling may

conflict with functions such as the wait-for-activity timer (Twa). This may
interfere with the protocols or maintenance of the link. In any case, the
users of the UUF shall be responsible for noninterference with other stations
and users, and also for controiling their own stations and Tink management
functions to avoid these conflicts.

The user unique function (UUF) shall be constructed as follows and as shown
in table A-XXV. The UUF word shall use the COMMAND (110) preamble in bits P3
through P1 (W1 through W3). The character in the first position shall be the

“pipe” or "vertical bar "f“ (1111100) in bits C1-7 through C1-1 (W4 through
. _ t . L Lo Lo e eam oamaa Lo A

- M ) ~—r
-—de W
- —h
[ SN 7, BN 3
(1)

- O
O O

wn O X
€

O T —
QAo o

—
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The UUF shall be used only among stations which are specifically addressed

and included within the protocol, and shall be used only with stations
specifically capable of participating in the UUF activity, and all other
(nonparticipating) stations should be terminated. There are two exceptions
for stations which are not capable of participating in the UUF and are
required to be retained in the protocol until concluded. They shall be

handled using either one of the two following procedures. First, the calling
station shall direct all the addressed and included stations to stay linked
for the duration of the UUF, to read and use anything that they are capable

of during that time, and to resume acquisition and tracking of the ALE frame
and nratnrnl aftar +ha IHF ande TA arramnlseh +hie and smmaddataluy hafaun
G prvLvLva L% B %l =g } LIIc vwuil CTiIUuD e v Clbbv"lyll)" LIFE Oy Qariu l"l"CulGLC’J voivrrcc
the COMMAND UUF, the sending station shall send the COMMAND STAY, which shall
indicate the t1me period (T) for which the receiving stations shall wait for

resumption of the frame and protocol. Second, the sending station shall use
any standard COMMAND function to direct the nonparticipating stations to wait
or return Tater, or do anything eise which is appropriate and controllablie

...... -a = = s A

l:nrougn the standard orderwire functions.

If a COMMAND UUF is included within an ALE frame, it shall only be within the
message section. The UUF activity itself should be conducted completely
outside of the frame and should not interfere with the protocols. If the UUF
activity itself must be conducted within the message section, will occupy

time on the channel, and is incompatible with the ALE system, that activity

shail be conducted immediately after the COMMAND UUF and it shall be for a
]{lmited umOu'ut Uf timc IT\ A COIIIIIG\ND Slr\l )ll(ll 1 PI C\.Cdc thc uUF
instruction, as described herein, fo indicate that time (T). The s dinn

station sﬁa]] resume the same previous redundant word 5hésé when the frame
and protocol resumes, to ensure synchronization. The STAY function preserves
maintenance of the frame and l1ink. It instructs the stations to wait,

because the amount of time occupied by the UUF activity or its s1gna|ing may
AanEldae b Einatbdane citahh ae Sha yndd €am anddudtds +dmam [Tl Thie maw
cunriiv i WIln TUNCTIONS SUCn as Tne waiv=-707 sacveiviuvy vimcr Liwaje. LIS may
interfere with the protocols or maintenance of the link. In any case, the
users of the UUF shall be responsible for noninterference with other stations
and users, and also for controlling their own stations and link management
functions to avoid these conflicts.

The user unique function {UUF) shall be constructed as follows and as shown

S m dabkla A VWV Them INC timinced a1V iam dla AAMMSAMNA 11N e LY - 2. L2a. DN
171 LdD 1€ A~AAY, e Uur woru shdil it uste Lne LUMMAND ( T1i1V) preanoile 1n biws ro
through P1 (W1 through W3). The character in the first position shall be the
“pipe" or "vertical bar " " (1111100) in bits C1-7 through Ci-1 (W4 through
W10), which shall id ntlfy the "unique" function. The user or manufacturer

specific unique index (UI) shall be a 14-bit (or two-character, 7-bit ASCII)
code using bits UI14 through UI1 (W11 through W24), A1l unassigned UI codes
shall be reserved and shall not be used until assigned for a specific use.
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TABLE A-XXV. User unique functions structure.

User unique Word
function bits bits

COMMAND MSB P3 =1 MSB W1
preamble P2 = 1 Wz
Ls8 Pi =0 W3

MSB  C1-7 =1 w4

Ci1-6 = 1 w5

First C1-5 =1 W6
character C1-4 = W7
i Ci-3 =1 w8

' C1-2 = 0 W9
LsB C1-1 =0 W10

MSB  UIl-7 Wi
uIl-6 W12
First UI uIi-5 Wil
character vli-4 wid
uI-3 W15
uIi-2 W16

LsB Ul W17

MSB  UI2-7 W18

uiz-6 Wio

Second Ul viz-5 w20
character uI2-4 W21
uI2-3 w22

uIz2-2 w23

LSB  UI2-] w24

NOTES

1. COMMAND user unique functions first character is " " (1111100)

for "unique".

2. Unique index (UI) characters UI1 and UI2 from central registry
and assignment.

b
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90. LINK PROTECTION.

90.1 General. In many HF radio networks, it is necessary to prevent
adversaries from surrept1txou5|y entering the net or aeny1ng its use to
legitimate members by means of deception. This shall be achieved by
scrambling the ALE words used to establish links, thereby preventing the

adversary from establishing links to legitimate members because he cannot
communicate with them. Because this protection is applied to the link
establishment function link protection is a data 1ink layer function in

Interconnection (0SI) reference modei. Figure A-34 shows a conceptuail modei
of the MIL-STD-188-141A data link layer functions, showing the placement
within the data link layer at which 1link protection shall be implemented.

90.2 Description. The data link layer without link protection consists
of two sublayers: (a) a lower sublayer concerned with error correction and
detection (FEC sublayer); and (b) an upper sublayer containing the ALE

nrntnrnl ([AIE eiihYauvaw) Tha FEQ etthlavarm ~ramnrnicac wadiindancru /madnand ¢«
.Jl vV wuLui \ L QU ITAYTT ] o [N L =S I &) V) QUL ch' \'UIHPI FoT O 1 Tuuiivanuvy/smajgwvi 1 vy

voting, interleaving, and Golay coding applied to 24-bit ALE words. The ALE

sublayer specifies protocols for 1ink estab11shment, data communication, and
link guality analysis (LQA).

50.3 ‘ynchronization. Synchronization functions are found in both
sublayers: 'pattern sync" depends on FEC functions such as unanimous votes
and successful Golay decodes, aleong with scanning the received bit stream to
match bit patterns sought by the ALE sublayer (e.g., “TO self address"
words). "Word sync" is maintained in the ALE sublayer by checking received
words in the context of the ALE protocol.

50.4 Location. The proper location for 1ink protection is at the

boundary between the FEC sublayer and the ALE sublayer as shown on figure
A-34. At this point, the full power of the error correction techniques has
been harnessed to reduce the error rate seen by the encryption algorithm. By
inserting link protection between (beneath) the ALE protocol modules,
unauthorized transmissions are excluded from interaction with the Tink
establishment mechanism, either to establish unauthorized links or to

Aantanfancna with Tanitimada 1inbea
Lo iTaLtc wivll icylvimatceoc 117IRO.

90.5 Implementation. Radios or controllers designed to support 1ink
protection shall implement it as a module which may be removed or disabled
and leave the system operational in an unprotected mode. The link protection
runct1on shall encrypt and decrypt entire 24-bit ALE words by perform1ng a

LA Y.

b1 E-DY-D]I exciusive-0R
£
i

of data bits and key stream bits. Key stream bits
shall be H :

(V)
a

a. For those links that require protection, but do not insert classified
information into the ALE protocol, secure sequence generators using
the KGV-10 as defined in MIL-STD-188-148 shall be employed to
generate the key stream.

et
()
(92 ]


http://www.abbottaerospace.com/technical-library

MTI cTn
FilL=Joi1U=1

100_1TA1A
UU=ITIA

APPENDIX A

ALE [
suaLAYeni
N

PROTECTION |
SUBLAYER ‘L

r

FIGURE A-34.

> <>
TRANSMIT RECEIVE
— -~ ~N\ G ~
ALE ALE
PROTOCOL PROTOCOL

\

masmemes e

~. e o

\ SEVEN LAYER
0S| MODEL

_ A AN ) o
(BIT PATTERN) | PATTERN SYNC APPLICATION
\\ \ }LEVEL
E:g;g;R Dgg‘;g;" \\ \ ]FRESENTATGGN
A\ \ ? LEVEL
INTERLEAVE | DEINTERLEAVE \\\————J
_— — ] SESSION
REDUNDANCY MAY VOTE \<>\\ }LEVEL
~& N\
E»,‘ LEVEL
N W\
MODULATOR | DEMODULATOR | "\ \ \\\ ] nerwor
\\ \\ JLEVEL
TRANSMITTER RECEIVER
AN
ANTENNA ANTENNA \\<:§§zs }DATA LINK
LEVEL
N/
lPHstAL
Te—~—— T~ ( LEVEL
—~—l/

Data link layer with link protection sublayer.

—
(23]
o


http://www.abbottaerospace.com/technical-library

ART Y or 1 ﬂ 1A
L=JIU-]00~14

A
[Ka

CJ

APPENDIX A

Other 1inks shall employ the NSA Commercial COMSEC Endorsement
Program (CCEP) Type I module INDICTOR for key stream generation.

This module may be used in either of two modes: (a) an unclassified
mode with an unciassified key; or {b) a CiaSSTfiea mode which
requires a classified key. The latter mode shall be employed to
protect highly-sensitive networks or classified orderwire traffic.
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ANNEX A. DEFINITIONS OF TIMING SYMBOLS

Number of channeis in scan sequence

Handshake. Completed sequence of call, response, and
acknowledgement

Integer
Number of addresses

Number of addresses with “m" words

Number of original individual address words
f

-.T— mAsmAancn mansad

srevabhmea A e md o . . Aada
nuniver v SI1ULD H TCOpPuUioT poiivu, LwuiLua

Individual station {or net) whole address time
Individual station (or net) address first word time

Maximum individual station (or net) whole address time limit

Call time, combination of whole address(es), which is usually
repeated as a leading call Tlc

Calling cycle time
Maximum call time limit

Basic dwell time on each channel during scan.
channels per second scanning rate.

Data block message time

Decode time

-—
(=]
O
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Detect rotating redundant word time

Detect signaling (tones and timing) time

Encode time

Leading call time
Late detect word additional time
Last word wait deiay

Ordarwira mocea
LUrCerware messa

e cartinn tima
v LIL=S - P vl VWV v

g " ELLLY
Maximum orderwire message section time limit

Propagation time

intarval
v W ! ¥ WD

Parindiec cnundin
vericlic s¢ LR n

Redundant call time

Receiver internal signal delay time

Redundant word time (392 ms)
Redundant word phase deiay (0 to Trw)
Cran narind

Scan period

Scan calling time, same as Tss

Maximum scan period

Scanning redundant call time
Scanning redundant sound time

Scan sounding time, same as Tsc

doiion S -

Lunny

A
1}
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Slot width time
Fixed slot width time

1 Tmn Aa
1 Hic uc

t
starts

i L%

Ad iad e
UL wWal i
esponse

Tuneup time delay of antenna tuner or coupler

Turnaround time, receipt of end of signal to start of reply

Transmitter internal signal delay time
Transmitter acknowledgement (that it is transmitting) time
ne (8 ms)

Word time (130.66... ms)

Wait for activity time

-
ot
-4

t nt time {for called

wn

or ne tations).

Maximum 1imit group call wait for reply time (for late
arrival called stations)

Wait for calling cycle end (message or terminator sections)

-de
ct
-

t for net/group reply time (for calling stations)
Wait for reply and tune (scanning) time
it (M
Termination section time

Maximum termination section time limit

—l)
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—
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ANNEX B. TIMING

Note: Refer to annex A and table A-XIV.

Basic system timing

Tone (symbol) rate = 125 symbols per second

(o]

o Tone period:
Ttone = 8 ms per symbol

o On-air bit rate = 375 bits per second

o On-air individual word period (never sent alone):

Tw = 16.33... symbols x Ttone = 130.66... ms

o On-air (triple) redundant word period:

Iﬁﬁ = 3Tw = 49 tone = 392 ms

o On-air individual (or net) address time, for m = 1 to 5 words:

Ta=mx Trw = 392 ms to 1960 ms

o Propagation time, range divided by speed of wave, for MF/HF
signals, local to global:

Tp =0 to 70 ms
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System timing limits

Maximum individual station (or net) address time limit,

KN USR8 25CS0 eSS QRIS ee it ]

based on I5-character (or 5-word) maximum:

©

Tamax = 5 Trw = 1,960 ms

0 Individual (or net) address first word, used in scan call Tsc:
Tal = Trw = 392 ms
0 Maximum group combined addresses different first words time limit,
maximum 5 first words, 1n scan call Tsc:
Tcl = Z Tal (different)
Tcl max = 5 Tal = 5 Trw = 1960 ms
0 Maximum call time limit, based on 12-word maximum, whole addresses in
Tlec:
Tc max = 12 Trw = 4,704 ms
0 Maximum n cycle period limit, based on 2 channels per second and

Ts max = 50 s

o Maximum message (orderwire) section time 1limit, unless
ucte ANI) *

uwuau\_u Yy MMruuuiw e

Tm max AMD and other COMMANDS = 11.76 s
Tm max DTM = 2.29 min
Tm max DBM = 23.36 min

=]
=
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o Initial and minimum dwell time on each channel by receiving station
during normal receive scanning; inverse of scanning rate; not
including extended pause to read words:
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200 ms at 5 channels per second basic scan rate, or
at 2 channels per second minimum scan rate

100 ms at 10 channels per second (DO)

11
[}

Td(5)min
Td{Zymin

nonon
5
(=
(&
3
n

scanne
umber of

Ts min=C x Td qiq

For example,

0 for sinale-channel. nonscan case, or

2 seconds for typica] 6'"'¥5"a£‘§-chps, or
5 seconds for C = 10 at 2 chps minimum rate
1 second for C = 10 at 10 chps (DO)

Te min
'S min

LI I TR |

ns, use Ts based on

VOT o waISLNw Ve

nr
o read words) of Tdrw
anagers for best system

5#0

Ts =C x Td = C x Tdrw
For example,

Ts = 7,840 ms for C = 10 channels and Td = Tdrw

Call time, the ¢ 11ed whole
wAsSCAC 4‘

SAAdvacecnc
agaresses, a u
Ipad1na ra11 Tlc: maxi

Ta (called) for single-station (or net) calls, or
Ta (first) + Ta (second) + . . . Ta (last) if
group cail

Tc

First-word call time, the called address first word (or
combination of addresses first words, if a group call),
which is repeated in the scanning call Tsc; maximum Vimit
5 different first words:

Tcl = Tal (called) for single-station (or net) calls, or
= Tal {first) + Ta) (second different) + . . . Tal {last
different) if group call

Lead1ng ca]l t1me, composed of two complete repetitions of Tc, which

Tle
LI S

]
-t N ™
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o Scanning call time, consisting of repetitions of only
the TTrst word(s) Tal of the called address (or combination
of addresses, if a group call), for calling station to "capture”
scanning receivers during normal scanning calling. Therefore,
Tsc 1s a multiple Tcl (?roup of Tal's if a group call) of words,
which is > the receiver's scan period Ts, where n is any integer
such that Tsc = Ts:

Tsc =nxTcl 2 Ts=C x7Td

For example,
Tsc = 0 for single-channel individual call case, or

>20 Trw = 7840 ms if C = 10 and Td = Tdrw

o Calling cycle time for calling station to both “"capture"
scanning recefvers and ensure reading the called station
address{es), consisting of scan calling time (Tsc) plus
leading call time (Tlc), respectively:

Tcc = Tsc + Tle =2Ts + Tlc

For example,

Tcc = Tlc

2Ta (called) = 784 ms for single-channel one-word
address individual (or net) call case (Ts = 0), or
Tsc+ Tlec = (20 + 2) Trw = 8624 ms if C = 10

and Td = Tdrw

o Single-channel redundant call time, consisting of
individual (or net) Teading call Tlc (with T0) plus
terminator Ta (with THIS IS or THIS WAS), not including
any message section time:

Tlc + Tx = 2Tc + Tx = 2Ta (called) + Ta (caller)

3 Trwmin = 1176 ms minimum, for individual station
(or net) call using one-word addresses.

15 Trw min = 5880 ms max for 5-word addresses

Trc

" u

o Scanning redundant call time, consisting of scanning
call time Tsc, and redundant call time Trc, respectively:

Tsrc = Tsc + Trc

For example, using one-word addresses:

Tsrc = (20 + 3) Trw = 9016 ms if C = 10 and Td = Tdrw
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o Last word wait additional fixed delay at replying or
receiving station, after (possibly early) detected end of
received call and before start of reply, to avoid on-air
overlap, loss of additional termination (caller address)
words, and to allow margin for transmitter turnaround for
reception:

Tiww = Trw = 392 ms

o Late word detection additional fixed delay at calling
station, to increase wait for reply time in case of
possibly late detection at called station:

T1d = Tw = 130.66... ms

0 Redundant word phase delay. To synchronize a transmission
to any recently preceding transmissions, and used on all but
first transmission of a handshake or exchange until terminated
period:

Trwp = 0 to 392 ms < Trw

o Turnaround time at replying station, measured at rf
port(s); from end of received signal to start of
transmitted reply, not including delays such as Tlww
or T1d and including receiver and transmitter
internal signal delays, Trd and Ttd; decode and encode
times, Tdek and Tenk; and transmitter command and
acknowledgement delays, Ttc and Ttk:

Tta = Trd + Tdek + Tenk + Ttc + Ttk + Ttd

For example approximations,
Tta = 0 for new, fast equipment, or

2 Tw = 261.33...ms estimated allowance for old

slower equipment

o Wait for calling cycle end time at receiving station, is
delineated by receipt of start of message, terminator, or
quick-ID section:

Twece = 2 x Ts (of own station) as default value

177
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Wait for reply time at calling station, from end of
fransmitter signal to start of received reply detection

- rad o od T A -
periods {Tds, Tdrw, and Tdrrw, below); including

propagation, Tp; last word wait, Tiww; late word detection,
T1d; turnaround, Tta; redundant word phase delay (if not
first transmission in handshake or exchange), Trwp;, and
receiver and transmitter internal signal delays, Trd and
Ttd; in a single-channel case without tune times, or muiti-
channel scanning case after first tune and transmission:

Twr = Ttd + Tp + Tlww + Tta + Trwp (if not first) + T1d + Tp + Trd

For example approximations,

Twr = 5 Tw = 653.33... ms for fast equipment, or
= 7 Tw = 914.66... ms for slower equipment, maximum
= 8 Tw = 1045.33...ms for fast equipment if not first
= 10 Tw = 1306.66...ms for slower equipment if not first
Tune time delay, after issuance of tuneup command and
before ready to transmit the reply signal:

uneup delay for slowest tuner in
roup being called)

o
o
NCe
(ﬂ:’

Tt <Tw = 130.66... ms for fast (solid state) tuners or
<8 Tw = 1,045.33... ms for fast relay tuners, or
<20 seconds for old electromechanical (servo drive) tuners,
or as required by available equipment

NOTE: If tune time(s) of called station(s) is unknown,
first try default value shall be 8 Tw and second try
default value shall be at least 20 seconds.

Wait for response and tune time, same as wait for reply
Twr, plus tune time Tt in scanning cases; and relevant
rh
A\ w

memVe, b L£2uupd duuancmse ~
only to first transmission on a channel (which Mq'".re_,
tuning time):

Twrt = Twr + Tt

For examples, typical allowance ranges are

Twrt = 6 Tw = 784 ms for fast tuners, or
15 Tw = 1,960 ms for slower tuners, or
adjusted as required by available equipment
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NOTE: If tune time(s) of called station(s) is unknown,
first try default value shall be 15 Tw and second try
default value shall be at least 20 seconds.

o Detect signaling tones and timing (of call or reply)
detection period; after arrival on channel during normal
receive scann1ng, or after end of wait for reply time
Twr or Twrt during normal ca111ng, and before automatic
return to normal receive scanning; used to identify channel
vacancy or occupancy with standard ALE signaling.

Tds Td(5) = 200 ms

P [ TP NN

e
as‘Tds, and used to continue beyond Tds if tones and
mat

t1m1ng are OeteCtea, before automatic return to normal
receive scanning; used for acceptance of basic single-word
(and address first word) addressing and to read calls

Tdrw = Trw + spare Trw = 6 Tw = 784...ms

o Detect rotating redundant words detection period,
starting same time as 1ds, and used to continue beyond Tdrw
if redundant words are detected, before automatic return
to normal receive scanning; used for acceptance of
extended (multiword) addressing and/or group calls:

Tdrrw = 2 Trw + spare Trw = 9 Tw = 1,176 ms
Sounding
o Single channe] redundant sound time, Tike Teading call Tic,

but with only the "1HIS 1S or THIS WAS" terminator,

using twice the whoie address:
Trs = 2Ta (caller)

For examples
Trs = 2Trw = 784 ms minimum, individual single-word

address sound on a single channel

o Scanning sound time. Like Tsc, but using whole address only
[not just Tirst word of address):

Tss = n x Ta (caller) 2 Ts
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Scanning redundant sound time, 1ike calling cycle time,
Tce, conSTSfThg of redundant sound time Trs, with addition
of scanning sounding time Tss {(which is identical to Tscj:

4+ Tre = f?-&n\'fl 2a11ar) > Te + Tre
L -1 [ £ I \\— TICY £ TS T iy >

For examples.

Tsrs = (20 + 2) Trw = 8624 ms if C and Td = Tdrw

Minimum uniform slot width for automatic slotted responses
in normal single-word address star net and group calling
protocols (but may be modified by COMMAND):

T . 20 22 £

Py f o o
>5wW \miin

1
i

- 14 T = 1 O - ~ew cbhasndamd wmantTdae o~
- It 1wW = 190CTFeIJ e e HID tUT sLanuar u ICPI Ico,y UI
= 17 Tw = 2221.33__.ms for LQA replies, or
= 9 Tw= 1,176 ms for only fixed "tight slot"
replies, or
= n x Tw by COMMAND
(Ya%d = N 1L bhoiin miam Loe L£2L2inmdh bdncemamd aadnma: 2L mnd
NUILC Keplles ADUVE dre 10r r1i1rsuv Lrarnsmidd>ivnin, 11 1uL,
Tew mdn = 17 €N and 12 Twu waenart+ivaly {Aia +n wadiindant
1Oow min 17 9 Vg UIIV L 1 TUIPCLLITLIJ g | UUL VW §F CUWHIUGAIT W
word-phase delay).
r >
Slot wait time before start of slotted response and
arter detection of eno of caiiing signai, where "SN" is
b coadmamnd [ Am o arn P P P N Lram mummii;m mAvm muacad
[%] a))lg"cu Ul uer IVCUI DdIVUL lulllUEl » 1V yirvup vi preoTe
net calling:

Tswt(SN) = Tsw x SN for uniform slot widths
Tby COMMAND or net | manager), or

Tswt{SN) = Tsw x SN
Tswt(bN) = SN

2

T
1 .
] T

( cal
1
\

Terj
- 7Y ...
caiie

\.— +
4 -

O
—
-~ ct

Tw +
A\ r_
] im

[, N7 e
~= (D

Tewt(8) = 14 Tw x 5 = 70 Tw = 9,146.66..
normal 5th slot resp nse, first

word address.

1

or start
QA, singl

1-'-
o
-

elay f
L

ms d
time. no

[{=]}
1]
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Wait for net reply buffer time at calling station,
end of star net or group call,

stat after

untiT responses should be

received and an acknow1edgement can be started, where

“NS" 1s the total number of slots:
‘r......l 2 - I Teoi: w MCY Lo ism LLAven ~21Ade A ~Aanmamalle
ITWIriie llg = VIOW A NI J 1VUT UlliTuliil S21VLY Ul yTilitial 1)y,
= Tswt(NS)
o MWait for net acknowledge buffer time at called stations, to receive
acknowiedgement after end of star net or group caii:
Twan(called) = (Tsw x NS) + Tdrw
= Twrn{calling) + ¢ Irw
o Turnaround plus tune time totals for slotted responses
have the following Timits (not incliuding [Tww):
Tta + Tt 1500 ms for standard slots, except
2100 ms for slot 1 only, or
360 ms for slot O emergency or interrupt
o Maximum star group wait for acknowledgement time at called stations:
Twan max = 107 Tw + 27 Ta (caller) + 13 Trw (optional LQA) +
13 Tm (optional message)
o Default maximum star group wait for acknowledgement time for
Tadn ammiual Aal1lad cdaddne nat bnautna +ha e39a nf +ha
aLwc GIIIVGI LGIICU 2LALIUIID, TIVL I\llU"llls \.llc Q14T UL LiIc
group Thprp are two default maximum waiting values,

before automatically returning to normal receive scann1nq,

if no message and caller

N

Twan max = 18
- 7
4

~
X E

»

T 24
T
] 7

S

uses single-word address:

-~

33.

et e e ulll)

..ms if standard, or

SE€ 1 NA wmamiactad
s Lymn 1 Cquc: \-CU

565.3
vV

Programmable timing parameters

SS otherwise programmed by the

Unles
foliowing typica

)

o DOwell time per channel,

Td(5)

network manager, the

A Ao 2

timi ng va lues are recommended :

basic receive scanning:

= 200 ms for 5 chps basic scan rate
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Dwell time per channel, minimum receive scanning:

ral
ia

N
1]
n
(a>]
[ep]
~nN
g

Dwell time for calculations of Ts (and Tsc), based
on probable maximum typical pause (may be adJusted
by net manager for best system performance):

T oA
I of WS

Wait (listen first) time before tune or transmit:

Twt

2 seconds for voice or general purpose ch
n

nnels or,
Tdrw = 784 ms for ALE and data only channels

a
e

Tune time allowance for wait for response time is
normally set for slowest known tuner in associated
network; except if unknown parameter (such as in b

-..A-_... 4. ~nlle +a Vadumamanne "y,

muernese Caiirs v >uauycla [

Ly
i

2 __
ina

8Tw = 1045.33... ms for first call, and
20 seconds for next try

l—i
(ad

Automatic periodic sounding intervals (when channe

Tps = 30 minutes when enabled (disableable).

Wait for activity time after Tinking or use, before
automatic return to normal receive scanning:

Twa = 30 minutes when enabled (disableable).
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ANNEX C. SUMMARY OF ALE SIGNAL PARAMETERS

ALE occupied bandwidth
Quantity of tones

Tone frequencies

Tone values

Symbol changes

Symbol structure
Symbol rate; period
Coded data rate

Forward error correction
(FEC)

Auxiliary coding (DTM,
AMD, basic ALE)

Auxiliary coding (DBM)

Uncoded data rate (DTM,
AMD, basic ALE)

Uncoded data rate (DBM)

Uncoded data bits per basic
ALE word (DTM, AMD)

Uncoded data bits per
message (DTM)

Uncoded data bits per
message (DBM)

Throughput maximum data rate
(DTM, AMD, basic ALE)

Throughput maximum data rate
(DBM)

Characters per word (AMD
or basic ALE)

Characters per message (DTM)

500-2750 Hz

8 (one per symbol period)

750; 1000; 1250; 1500; 1750; 2000; 2250; 2500 Hz
000 001 011 010 110 111 01 100
Tone transitions are phase continuous

3 bits of binary coded data

125 symbols per second (sps); 8 ms

375 bits per second (bps) transmitted

Golay (24, 12, 3) half-rate coding (4 modes of
correct/detect; 3/4, 2/5, 1/6, or 0/7)

Redundant x 3, with 2/3 majority vote (with 49
transmitted bits)

Interleaving depth (ID) = 49 to 21903 = (n x 49)

61.22 bps

187.5 bps

24 (21 (3 characters) plus 3 preamble), per word

From 0 to 7371 bits per block

From O to 262820 bits per block, plus 16 bits
CRC

53.57 bps data bits

187.5 bps data bits

0 to 3 expanded 64 or full ASCII

0 to 1053 full ASCII characters per block
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Characters per message (DBM)

Character rate (DBM)

Equivalent throughput maximum
word rate (DTM, AMD)

Equivalent throughput maximum
word rate (DBM)

Unit period (DTM, AMD,
or ALE word)

noarind ™
Pei vy iy
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Message period (DBM)
Minimum sound time
inimum call time
Minimum handshake time
Preambles (word types)

Character sets

Link quality analysis (LQA)

MIL-STD-188-141A
APPENDIX A

0 to 37545 full ASCII characters per block
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26.79 cps

76.53 words per minute (wpm) (5 characters
pius space per word)

267.9 wpm (5 characters + space per word)

130.66... ms per word (Tw) or 392 ms per triple
redundant word {Trw)

3528 ms (9 Trw) three-way linking
8 (3 bits)

ASCII (basic 38, expanded 64, full 128), or
random bits

ALE (BER, SINAD, and MP)
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submitting comments and suggestions for improvements. All users of military standardization documents are invited to pravide
suggestions. This form may be detached, folded along the lines indicated, taped slong the loose edge (DO NOT STAPLE), and
mailed. In block 5, be as specific as possible about particular probiem areas such as wording which required interpretation, was

i00 rigid, restriciive, iocose, ambiguous, or was incompaiibie, and give proposed wording changes which wouid aiieviaie ihe
problems. Enter in block 6 any remarks not related to a specific paragraph of the document. If block 7 is filled out, an
acknowledgement will be mailed to you within 30 days to let you know that your comments were received and are being

considered.

NOTE: This form may not be used to request copies of documents, nor to request waivers, deviations, or clarification of
specification requirements on current contracts. Comments submitted on this form do not constitute or imply authorization
to waive any portion of the referenced document(s) or to amend contractual requirements.
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(See Instructions — Reverse Side)

1. DOCUMENT NUMBER
MIL-8TD- 188~ 141A

2 DOCUMENT TITLE

MEDIUM AND HIGH

INTEROPERABILITY AND PERFORMANCE S8TANDARDS FOR

FREQUENCY RADIO EQUIPMENT

3a. NAME OF SUBMITTING ORGANIZATION

4. TYPE OF ORGANIZATION (Mark one)

m
—J

VENDOR

D USER

b. ADORESS (Street, City, State, ZIP Code)

MANUIFACTURER

1
—J

D OTHER (Specify).
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b. Recommended Wording:

¢. Resson/Rationsle for Recommendation:

6. REMARKS

7a. NAME OF SUBMITTER (Last, Firat. M1, -

Opuona

b WORK TELEPHONE NUMBER /include Area
Code) — Options!

c. MATLING ADDRESS (Street. City. Stale, ZIP Code) — Optional

8 DATE OF SUBMISSION (YYMMDD)
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