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Spectrum management 1

Notes

. Spcctmm—orbll ma.nagcmeul

e DL A0 Ik e, 41 B St /

4 ™
| . W’hatls the spectrum S 2

« How is it used
* How'is it allocated and_ ¥ anag_cd

¢ What are cun'ent spectrum management prob]ems
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Spectrum management

Notes

~

M s WA S, Qe O 120 i, ]

* J.-B. Fourier (1768-1830)

“Theorie Anatytique de la Chalew™

f

S_M94-01.PPT
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The spectrum:

Frrst experr'meni: H. Hertz (1880.) '

/!
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Spectrum management 3

Notes

First applications: G. Marconi, A. Popov (1895)

NCMMM PPk 6RO Bl Gt AR S, Sty 1

* Pubhc ‘:safety

 Disaster relief

+ Location

o . Earth & Universe exploratlon
¢ Communication ¢ Education, culture .
+ Measurements + Mass media, entertainment

N /

Defensef 2

. Eiectmmc weapons

= nerou s # RO Jowd Comcem CH1 30 By, S et /
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Spectrum management

/ NEMP(Nuclear Electromagnetic Pulse) \ Notes
HRAYS
- + EXPLOSION
«300m ALT.; few usec TIME
¢ EFFECTS:
- 4MV/2kA onopen
lines
- lk\f on data bus
— 5m phonc linc melt
— Radius: 1200 km
- HF radiocom. disrupted
/" GPS: Global Positioning System "\
$1.000 million project :1 ::':;::,m*
6 inclined orbit planes ™
20.000km
X,Y.Z coordinates
{100m - 15m accuracy)
Time & frequency transfer
PS receiver
users: 10.000 {1950}
1 millior {2000) strong signal
(/ ™~
\
GPS principle
i-th satellite message: "my time is T,; my position is (X, ¥, Z}"
l\l\ ~ F
R, R, R, R,
User (XY, 2)
Pseudo-ranges: R, = {dT).
Position: XrXoP + (Y)Y + (P2 = (RGP
. ¢ =wlocity C,= clock bias i=1..y
$_M94-01.PPT © 199 RG. Struzak, Grand’Rue, CH-1262 Eysins, Switzerland.  All rights reserved




Spectrum management 5

Notes |

Emergency o

4 Catastrophes
e ¢ IHsasters ) : :

. + Earthquakes, Vulcmm 'yphoons Floods
. Medlcal & Veterma; L
o Fire: scrvnces '
. Pohce

+ Remote & rural areas ' j

\

/ Mobile radio

Reasons for use

’m
(Corame P

T y———

BETTER MANAGEMENT '

0 10 40 &0 80 108
>6x107 cordless & cellular phones
- - S0 S, e, O LI bl 13
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Spectrum management

/ Mobile Satellite \
Communication

2 to 77 LEO satellites
polar orbits ® o
& Geostationary

satellites " Strong signal

‘RECEIVER

users: hundreds millions ‘ * min. 1 satellite visibie

e SR Sk Qe N2 e Sbond "

" FPLMTS-IMT-2000 )

[BROADCASTING: - SOUND & TV

] ':News _
“# Iriformation -

Vital for ople in remote regions S
and for illiterate populatmn (=2 billion people)
6x10° TV sets; much mere AM/FM radios

N e A
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Spectrum management 7

N
( Broadcasting from Space N otes

hundred_i- millions of users

2 OTE i #AO Sk I Ry St j

/ SHAP STATIONARY HIGH ALTITUDE RELAY PLATFORM \
Nm

1on DIAMETER CIRCLE

H ok

s m - /
o T 5RO S, v Pom CH. L2 i, 5 reimnlimal- E ]

~ R

. Industrial aPP'i'e‘aﬂ_On.%-(T.)

e Méta[lurgy
B + hardening, soldering,
ultrasonic cleaning,:

* S'em.icor_lductors:'ﬁ

osion ircatinent

ng operations: eemrete drving &
crushigg

+ Power converters

e ST 23 Sk oo CHL2E2 B Sttt X
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Spectrum management 8

Notes

"é-_;Pértic!e accelera

. Eﬁergy transfer:

000KM
'”.LLIARGS

VLBI - ORBITAL STATIGNS
TOB000OKM

ECOND (AT 6CM)

$_M24-01.PPT
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Spectrum management 9

SPS: Electric Power from Orbit Notes
* nearly continuous sunlight * waste haat rejected to space

receving antenna
60 satellites 10 km diameter

300GW

energy collector {10 x 5 km)
& transmitting antenna (1 km)

N s T e 220 ook W, 1 Bt bt j

: f_v Bone fracture treatmen :':' :
* Cancer treatment: RF-mdnced hypemxerfma
. Dlathermy

* Nuclear resonance unagmg

\ i A0 ekl 420 B St j

o B

Domestnc apphcat:ons

Intru:ier alanns
RF
-_O'jGaragc openers.

.'ir;‘_lﬁ_/:ﬁcrowave ove;x's:
+ Indugtion ovens.
+ RF lightening

-gutded toys.,

N BCROCYITT SR ek e, CH st j
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Spectrum management 10

Notes

A free pasture, open to all, limited ...

[ COMMONS: AIM \
= TO MAXIMIZE THE INDIVIDUAL GAIN |

[EFFECTS OF T ANIMAL ADDED ¥

POSITIVE: NEGATIVE: §

INDIVIDUAL SHARED

o S0 S Qo Ten, 9135 B St j
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/ \ Notes

COMMONS: PROCESS

Each Herdsman adds 1 animal more...

...and more... )
\._ S OON 1 -ma—m—n.mam#u._ n

;- )

COMMONS: RESULTS

"...Ruin is the destination toward all men rush, each
pursuing his own best interest, in a society that believes in
the freedom of the commons..."

j
om0 el 0130 e S o

Eirl COMMONS'-'-H!STORY

¥ Farmland & Pasture Area
e Ownership concep :
* Hunting & Fishing’ reas
* Land; Water. Air
- polh:_ A

Y goncept
. Enwronment

oo- protechon concept, national parks efc.

e st o S50 S Ot 34120 B bt J
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Spectrum management

Similarities

Pasture Spectrum

\

Open to All Yes Yes
Free of Charge Yes Yes
Limited Yes Yes

Max. Indiv. Gain Yes Yes

N

[ RESOURCE OWNERSHIP

S
| Mixed [

o -
|Public B [ Private }

piun o @ v, e, 3 125 e Smbeen

A

-

. ALLOCATIONMOD

LS

_+BY LOTTERY

- ACCORDING T

~

S_M94.01.PPT
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Spectrum management , 13

L OCATION CRITEF

\ Notes

- Tradmcm o

* Dormnance

(/ TRENDS

N ST e $K0 Sk 10 Bres Setmie

* Concentratmn of cap:tal technology power’

A

S M94-01.PPT
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Spectrum management

SOCIAL & ECONOMIC NEEDS

OGROWTH OF IDGATING DEVELOPMENT OF NEW
RADIO APPLICATIONS RADIO APPLICATIONS

SPECTRUM CONGESTION

~

COMPETITION & CONFLICTS COORDINATION & COGPFERATION

S SOy v SO Sk G e 07 e St

. SATELLITES 3600
* I5M APPLICAT 120)

TELECOM MARKET: $400G (1990}

\ 40 Sk o, O e S

conﬂlctmg_ mterests of competmg groups

S A0 Sk OusatPen UL B, et

5_M94-01.PPT

Notes
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\ Notes

*and engineers

ST v #RO S ol Tey, T4 B S j

PRIVATIZATION & LIBERALIZATION

GLOBALIZATION & !'ECINOLOGK: o INHOVATIONS
OF ECONOMIC ACTVITIES . T ——

INTENSIFHED
ECOMOMIC
RIVALRIES

REATER
PRESSURE

DECREASED

TELECOM. SYSTEMS

N mmane s $00 Semd, e 2413 St j
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Spectrum management . 16

QLNTRIES

\ Notes

Science

easier than in any other field...

wwg

-

w

4

$_M94-01.PPT
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Spectrum management 17

\ N Notes
( in ernatlona_l coordination of \

M TrOOT R ORO a1 0 o, - j

| Inte__rnatnonal Orgamzatlons 1

G e ABU

e APT & CEPT
+ ARABSAT " # CIGRE ..

’ OASBU T e CIRM

o ASETA S e CISPR

* ATU: " eCITEL

\ MmO S e 136 M Yt j
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Spectrum management .18

Notes . . ...

ot v R0 Sk e e OHL1 26 g, et

R

oldest specialized ag .
‘sover 180 member cousy

. lanéuag_ﬂ.ﬂi EFSC RA :

N

$_M94-01.PPT
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Spectrum management _ . 19

Notes

Plen ipotantian;' Conferences

World Conferences Caunei
on nternational
Teiscommunications ]

| Radii icati Standadrization

Sector Seclor

Davalopivent
Sector

[

ITU Radiocommunication

Radiocommunication Bureau

=

S_M94-01.PPT

S0 S, T CHLLI By, Sovimtind

World/Regional Radiocommunication
Radiocommunication Assemblies
Corferences
{_Radio Regulations Board W Study Groups ]
| Director il Advisory Group s
—T T T

\

J
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Spectrum management

_Negotiations & studies

)

I Proposals from Members
¥
Radio Conferences & Asscmbliea
(consensus-seeking negotiations) !
L J .
Commn_gonh Common studics 4
& policy -
¥ Y
Radio Regulations Recommendations,
& Agreements Reporta, ctc.
¥ | 4 ¥ 4
{ National spectrum needs, policies, goals, practices, restrictions l
o wtvwt oo S0 Sk e, CH 121 4/{

equipinent

-~ specifies provisign
“‘the use of radio’

A

S M94-01.PPT

N RO e @ Syl G I Syt vt

D,

\
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Spectrum management 21

\ : Notes

Asia (parf

- ™

Electromagnetic spectrum

10-3Hz 107Hz
1 . L

T T
10Y'm 10-13m

# Distance s Atom diameter
to Sun

9kHz 400GHz
~30km ~1lmm

ALLOCATED SPECTRUM (1994} )
S MO 00 Tounb, T T, H 22 Sl a

( SpectrumResource

: . Publ ic, Free ofChafge

-Intematlonal cation,

e e s j
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Spectrum management

Consensus

(o Y,

POSSIBLE SOLUTIONS TO
SPECTRUM SHORTAGE

USE NEW LT - MPROVE
FREQUENCY | SPRECTRUM

MANAGEMENT | .
BANDS usg & ENGREERNG |

HARING TECH |

8
[FREQUENCY]  [TIME]

Allocation; semca | Allotment:-area | Assignment: 'sﬁ'ﬁ_@ﬁ

\ e y

S_M94-01.PPT

Notes
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Spectrum management 23

N Notes

) .Adv;nhges ... Dl.sadvantages
efficient resource use "latecomers™ problem
dynamic nat "optimal”
responsive to constraints on later
technological prograss uses

\ i v $ ek P, LA e Sreient J

- p

T "Latecome'rz_s_'?,prObligm

Developlng countnes 'complam:that the
developed countries ¢

national satelllte systems in 10 or 20 years hme
fear that there will be no room for them ..

/
Fcoovewre SR Swk Qe KA v Sebeniend -
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Spectrum management

\

equal status for all

can be "optimal® “warehousing”

simple notification “freezes" technology
_“

Warehousing" probiem

period for Whlch the plan is to be constructed

ey v i S S Chnl T, .2 e S

Y,

=

_Natlonal Spectrum Management

Policy, planning, a]locauon
International cooperation
Licensing, Assignment
Equipment authorization

Liaison, Consultation

Standards, Specifications , Fees
Enforcement, Control, Monitoring
Education, Training

\

Support: legal, enginecring, corputer, administrative...

N

A

$_MS4-01.PPT

Notes
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Spectrum management 25

Notes
SPECTRUM ENGINEERING

mpommie 9

4 N

EMC - Electromagnetic Compatibility

* ability (of a system or
device) to function
satisfactorily in its EM
environment without
causing intolerable
disturbance to that

environment.
IEC j

\

Spectrum Used = Spectrum denied

Transmitters deny the spectrum to receivers.
Receivers deny the spectrum to transmitters.

DENIAL
*ADMINISTRATIVE
*PHYSICAL

)
N mmmms s e A

S M94-01.PPT © 19% RG. Struzak, Grand Rue, CHE1262 Bysins, Switzerland. Al rights reserved
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Spectrum management
( N\ Notes
Spectrum resource dimensions
* Frequency  Power
& Time
¢ Power
+ Polanzation
¢ Location (geometrical) Time
¢ Angle (direction)
* Structure
Spectrum uses separation
SEPARATION
Frequency Separation
FREQUENCY
TTME
S M94.01 PPT ' © 19% RG. Strzak, Grand’Rue, CH-1262 Eysins, Switzerland. Al rights reserved
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Spectrum management 27

( T\ Notes

Transmission loss

PR‘PT ‘TLD‘TLe+GT-R+GR-T
| I l ! Recaiving antwna diractive gain, dB
Tranamitting antenna dirsctive gen, dB
Excass transmission loas raletive 1o free space, dB
, Basic frat-space transmission lowa, 4B
FPowet isdisted, dB
Powe. recelved, dB

TL, = 201og[-—4;“i ) T

wavslengch

Excess transmission loss

TL, = J(ht, hr, d, M, P, Tp, ....)

, Othsy lactors
Tertsin path pratile

Polarization
Mode ot propagation
Distance
Recelving antenna height

Transmitting antenna height

M P OHO Srvad, ol UKD St j

4 )

Propagation statistics

POWER RECEIVED

DISTANCE

N A

S M94-01.PPT © 19% RG. Stnzak, Grand’Ruc, CH- 1262 Eysins, Switzerland.  All rights reserved
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Spectrum management 28
| N\ Notes
DISTANCE SEPARATION
POWER RECENVED
Wanded signal § Ivtartoring signal |
Tust rpvr. poe.
Min_ $-1 margin
Min. 8 ]
TA B
= Cc-t, zorm {TA) =B frimt.orem (TH]
s g, distence TA-TE ———— e !
R —— 4
( F-D separation (iine)
1 zone: 2 ch.
a fis] 2 zones: 3 ch
n zones = {n + 1) channels
/ F-D separation (surface) \
i ]s
____l_'r slol?
HEEHEBEE:E
-; BiotaA|B|lOo]&]|6s
3 eE7| s 9] 7| 259
4 : a
1 zone: 4 charmels 2 ronas: 9 channels
n zones => (n + 1)2 channels /
S _M94-01.PPT © 1994 R.G. Struzak, Grand’Rue, CH-1262 Eysins, Switzerland.  All rights reserved



Spectrum management 29

' \ Notes

TERRAIN OBSTACLES

Future: adaptive antennas /
1y T 6 R Bk, g P, TH. LM e -

r ™

Time Separation

FREQUENCY

. TME /
Pt A Sk, ol Vo, CH L it St (i
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Spectrum management

f Frequency hoping (spread \
spectrum)

FREQUENC /

-

L -/

- ™

Muitiple systems in an EM environment

Intelligent and Nonintelligent noise fields /

e A

EM poliution (rF1, EMT)

+ Natural radiation
+ Temestrial (atmospheric, precipitation, static)
+ Extra-terrestrial (solar, stellar, cosmic)
<+ Man-made radiation
+ Communication (transmifters, receivers)
+ ISM
+ Power (generation, conversion, transmission, distribution)
+ Vania {vehicles, traction, tools, toys, computers, ...)

— N j

S_M94-01.PPT

Notes
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Spectrum management

-

Emission (frequency domain)

\

out-of-band smission

NG

RS S, o CHL205 By Snt__

Spurious emission

\/ -

( Reception (frequency domain)

enargy

~

adjacent bands
----- RO h&mmln S5 bt

spurious reception

\/ frequency

Emission {direction domain)

energy

l— intended

4 )

direction

spurious transmitting antenna side-lobes and back-lobes
Enacyeew SO LI _A

S_M94-01.PPT

Notes
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Spectrum management

Reception (direction domain)

~

spurious receiving satenna side-lobes and back-I
T IR Y L) CIS.  Summanbend

direction

obes /

|- LARGE NUMBER OF STATIONS
« COMPLEX INTERACTIONS

+ REAL-LIFE PROBLEMS INTRACTABLE?

- nacy e SRO CHL By il

- s‘ gnty?

o Increased role of Spectrum Management =

Y

S_M94-01.PPT

-Notes

2
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Spectrum management 33

NEDON M S0 Sk, ol DI

a local, regmnal and international scales.

Notes

* Regular Symposm URSI & [EEF
- EMC Symposm IEEE, Wroclaw, Zurich...

M b SAO Sewa (T, H K2 G S

S_M94-01.PPT
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List of International organizations involved in spectrum use issues

UN Agencies
ITU International Telecommunication Place des Nations, CH-1211, Geneve 20
Union
ICAO International Civil Aviation Place de I’ Aviation Internationale, 1000 rue
Organization Sherbrooke Ouest, Montreal, Quebec, H3A
2R2,Canada '
IMO International Maritime 4, Albert Embankment, GB- London, SE!}
Organization 7SR
WMO World Meteorological Organization | 41, avenue Giuseppe-Motta, CH-1211
Geneve 20
Other International
Organizations
ABU Asia-Pacific Broadcasting Union POB 1164, Kuala Lumpur 22-07, Malaysia
APT Asia-Pacific Telecommunity Soi 5, Chaengwattana Road,
Thungsonghong, Bangkhen, Bangkok 10210,
Thailand
ARABSAT Arab Satellite Communications POB 1038, Rivadh, Saudi Arabia
Organization
ASBU Arab States Broadcasting Union 17, rue El-Mansoura, BP 65 El Menzach, El
Menzach IV, Tunis 1914, Tunisia
ASETA Associat. of State Telecom. Ave. Coruna, 2669, y Gonzalez Suarez ,
Undertakings of the Andean Sub- Casilla Postale 6042, Quito, Ecuador
Regional Agreement
ATU Arab Telecommunication Union POB 28015, Baghdad, Iraq
BIH International Time Bureau 61, avenue de 1'Obsevatoire, F-75014 Paris
CEPT Conference of the European
Administrations of Posts and
Telecommunications
CIGRE International Conference on Large 122, boulevard Haussmann, F-75008 Paris
High Voltage Electric Systems
CIRM International Maritime Radio Southbank House, Black Prince Road, GB-
Association London SE1 78]
CISPR International Special Comumittee on | 3, rue de Varembé, CH-1211 Geneva 20
Radio Interference
CITEL Inter-American 1889 F Street. N.W. OAS, Washington, DC
Telecommunications Conference 20006, USA
COSPAR Committee on Space Research 51, boulevard de Montmorency, F-75016,
Paris
EBU European Broadcasting Union Ancienne Route 17A, BP 67, CH-1218 Grand
Saconnex, Geneva
ESA European Space Agency 8-10 rue Mario Nikis, F-75738 Paris
ETSI European Telecommunications Route des Lucioles, F-06921, Sophia
Standards Institute Antipolis
EU CEC European Union - Commission of Brussels
the European Communities
EUTELSAT European Telecommunications Tour Maine-Montparnasse, 33, avenue du
Satellite Organization Maine, F-75755 Paris Cedex 15
GCC Gulf Cooperation Council for Arab | POB 26831, Manama, Bahrain
Countries
GULFVISION POB 6802, Riyadh, Saudi Arabia
[AB International Association of Calle Yi No.1264, Montevideo, Uruguay
Broadcasting
TALA International Association of 13, me Yvon-Villarceau, F-75116 Paris
Lighthouse Authorities
IARU International Amateur Radio Union | 225 Main Street, POB AAA, Newington,

ADR_ORG0.DOC - Struzak - 17.09.94 - page 1
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List of International organizations involved in spectrum use issues

Connecticut 06111, USA

1ATA International Air Transport IATA Building, 2000 Peel Street, Montreal,
Association Quebec H3A 2R4 Canada

1AU International Astronomical Union | 61, avenue de I’Observatoire, F-75014, Paris

IBI Intergovernmental Bureau for POB 10253, 23, viale Civilta del Lavoro, I-
Informatics 00144 Roma

ICSU International Council of Scientific | 51, boulevard Mario Nikis, F-75015 Paris
Unions

1EC International Electrotechnical 3, rue de Varembé, CH-1211 Geneva 20
Commission

INMARSAT International Maritime Satellite 40, Melton Street, GB-London NW1 2EQ
Organization

INTELSAT International Telecommunications | 3400, International Drive, N.W._,
Satellite Organization Washington, DC 20008-3098, USA

IUCAF Inter-Union Commission on ¢/o Dr. A R. Thompson, National Radio
Frequency Allocations for Radio Astronomy Observatory, Edgement Road.
Astronomy and Space Science Charlottesville, Virginia 22903, USA

NANBA North American National 1500, Bronson Ave., Ottawa, Ontario KIG
Broadcasters Association 315, Canada

OTI Ibero-American Television Varsovia 44, 4 piso, Mexico 6, D.F., Mexico
Organization

PATU Panafrican Telecommunication BP 8634, Kinshasa, Zaire
Union

SITA International Socicty for 112, avenue Charles-de-Gaulle, F-92522
Aeronautical Telecommunications | Nauilly-sur-Seine

UAPT African Postal and Avenue Patrice Lumumba, BP 44,
Telecommunications union Brazzaville, Congo

URSI International Union of Radio c/o Universiteit Gent (LEA), St.-
Science Pretersnieuwsiraat 41, B-9000 Gent Belgique

URTNA Union of National Radio and Centre technique, BP 39, Bamako, Mali

Television Organizations of Africa
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Simulation model for evaluating interference
threat to radiocommunication systems*

by R. G. STRUZAK

ABSTRACT

This article describes an interactive microcomputer simulation model which is intended to serve as an engineering tool for
the analysis of man-made interference threat to a radiocommunication system. Simulation technigue is used to imitate
experiments with the system, environment and their interaction. Various modifications can be simulated and their effects on
the system performance analysed. Input data are supplied by the user, and the computer produces pictures, maps and statis-
tics, describing the interference threat. The model allows for experiments with directive antennas, multiple man-made inter-
Sference sources randomly located in three-dimensional space and with various propagation mechanisms. The areas occu-
pied by the interference sources and victim receivers ean be separate or coincide, totally or partially. Assumptions, limita-
tions, algorithms, performance criteria and application examples are presented.

L. Introduction

HIS article describes an interactive microcomputer simu-

lation model developed to analyse electromagnetic com-
patibility (EMC) problems. EMC is the ability of a system to
function satisfactorily in its electromagnetic environment
without introducing intolerable disturbance to that environ-
ment. In this article, we discuss the interference threat to
radiocommunication systems due to man-made interference
environment. Limiting of man-made interference is vital to
many applications and services, and has been included in the
programmes of several national, regional and world-wide
organizations. These organizations include, among others,

the International Telecommunication Union [ITU, 1989], the
International FElectrotechnical Commission (IEC), the Inter-
national Radio Consultative Committee [CCIR, 1986], the
International Special Committee on Radio Interference
[CISPR, 1987] and the European Economic Community
[EEC, 1989]. Interference-free operation of communication
systems is becoming more and more difficult to ensure, due to

* The opinions expressed in this article are the author’s personal
views, and do not necessarily reflect those of the CCIR or the ITU.
The model described above is still evolving, as the experience drawn
from its use increases. The current version works with personal com-
puters type {BM PC AT or compatible. Copies of the simulation sofi-
ware are available through the ITU Telecom Information Exchange
Service (TIES) under the directory “RS3”.
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the growing number of users of the radio-frequency spectrum
and growing competition between them [Rotkiewicz, 1982].
The problem of undesired RF radiation from industrial, scien-
tific and medical (ISM) equipment is an example [Struzak,
1985}. In spite of the intentions of 160 or so Member countries
of the 1TU [ITU, WARC-79], and in spite of many years of
efforts [CISPR, 1987], widely acceptable recommendations on
1SM radiation limits have not been reached [CCIR, 1986].

Recommendations relating to EMC are usually a cOmpromise
between two parties representing opposite interests. Evaluat-
ing the interference threat is one of the key problems in find-
ing a compromise. When one party claims to overestimate,
and another one to underestimate the interference threat, the
only reasonable way is to refer to experimental evidence. As
the experimental data available is incomplete, special measur-
ing campaigns would be needed for that purpose. Such cam-
paigns would bc too expensive and would require too much
time. In seeking a more practical solution, a simulation
approach was proposed [Struzak, 1984). Numerical simulation
has become a powerful tool in various applications supple-
menting traditional mathematical analyses and “real-world”
experiments (see, for example {Shannon, 1975]). A simulated
experiment is less expensive and avoids all risks of the “real
world” Tt is easier to prepare, to perform, to control and to
repeat. It can modify the time scale, if the “real” experiment
runs too quickly or too slowly. Processes which normally
require months or vears to develop can be accelerated to run
in minutes. Another important characteristic of numerical
simulation is its ability to examine systems which are intrac-
table to experimental manipulation and too complex forexact
mathematical treatment. Examining new systems which exist
only in conceptual forms, testing hypotheses, or examining
postutated modifications to existing systems, are examples of
such applications. The first simulations were limited to large
computers. Now, microcomputers have as much computing
capability as mainframes of only a few years ago, and the tech-
nique is becoming more popular. In spite of this trend, the
literature on simulation of EMC problems is scarce. The
bibliography by Dudewicz [Dudewicz and Karian, 1985]
contains about 500 papers on simulation and lists more than
80 application areas, but disregards the EMC issues. Simula-
tion of certain EMC problems is addressed by Lee {Lee and
Smith, 1983], Koester [Koester et al., 1986} and Cook [Cook,
1987]. All of them use large computers. Microcomputer
models are proposed by Struzak [Struzak, 1984) and Weinberg
[Weinberg and Wilson, 1986] to study ISM interference. These
models, however, are limited to two-dimensional space, omni-
directional antennas and simplistic propagation mechanisms.
The objective of this work was to examine the feasibility of
microcomputer simulation of EMC problems involving three-
dimensional space, directive antennas, more elaborate propa-
gation mechanisms and random influences.
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The rest of the article is organized as follows. The input data
and general algorithm are presented in section 2. Major
assumptions, limitations and device models are discussed in
section 3. Section 4 deals with the output of the simulation,
Computational aspects are treated in section 5, and applica-
tion examples in section 6, Comments on future work are
given in section 7, and concluding remarks in section 8.

2. General algorithm

The aim of the simulation is to imitate modifications to
various parameters of the radiocommunication system, its
environment, or both, and to predict the effects of these modi-
fications on system performance. The simulation process
involves input data, simulation software, simulation hardware
and output data. The input data is transformed into the output
data in accordance with the algorithms included in the soft-
ware. The general algorithm of simulation consists of three
major steps illustrated by figure 1. The first step is to deter-
mine that which is to be simulated, The input data is applied to
define the fixed parameters of the modei and the boundaries
for its pseudo-random variables, and to determine the EMC
criteria and simulation scope. The input data is listed in
figure 2 [CISPR, 1987]. They are read from default files or sup-
ptied by the user, and have to be seiected from populations
that might occur in an actual situation, The second step is the
simulation of system-environment interaction, and evaluating
the performance of individual transmitter-receiver links of the
system. Figure 3 illustrates the algorithm applied. Here, con-
cepts of simulation scenes and test points are used. A simula-
tion scene represents a specific configuration of the transmit-
ter, receivers and interference sources (figure 4 shows an
example). The test points are the points at which the receivers
might be installed. Simulation scenes are generated and the
performance of transmitter-receiver links analysed. For that
purpose, the relevant input data is applied to the computer
programs which contain models of the devices and processes
involved. The models are discussed in section 3. Each trans-
mitter-receiver link is examined separately, and the expected
values of the signal ievel and noise margin are computed.
These raw simulation results are compared with the EMC cri-
teria. The third and last simulation step is the determination of
the system performance and evaluation of the interference
threat. On the basis of the examination of the individual com-
munication links, various giobal measures of the system per-
formance are computed, as discussed in section 4. All phases
of the simulation process are displayed on a control panei on
the screen. The panel contains several windows, each of them
representing a set of data (figure 5).

LT
i



Deterministic or probabilistic simulation

The model can be used for deterministic and probabilistic
simulation. In the deterministic simulation, the values of all
variables can be predicted with precision and in the probabi-
listic simulation, some of the variables are random and only
the boundaries within which they are confined can be deter-
mined. Flipping a coin is a good example. Although laws of
physics to predict its position (given the initial velocity, spin,
etc.) are well known, it is practically impossible to determine
in advance whether the coin lands on heads or tails. The pro-
babilistic simulation (known also as the Monte Carlo simu-
lation) amounts to a repetition of simulated trials and a
collection of statistics representing global results. In the
deterministic simulation, a simulation scene is generated and
analysed once for all. There is no reason to repeat deter-
ministic experiments because each of them gives, in principle,
the same results. When random input components are
present, however, the system performance is subject to
statistical dispersion, and each trial may give a different result.
In order to obtain results which are statistically significant, the
simulation experiment has to be repeated. Simulation scenes
are sequentially generated, each time with a new set of ran-
dom components, and the system performance is determined
and treated as a “sample” of statistical data. Section 5 gives
more details on repeated trials.

3. Assumptions, limitations, device models

In computer modelling, all assumptions, variabies, and rela-
tionships must be described by numbers, with an accuracy
commensurate with the accuracy required ofthe results. Even
external influences, left out in real-world experiments,
have to be defined precisely. The assumptions, on which our
model is based, are discussed below, together with the model
limitations.

Radio communication system

Simulated in the computer, it consists of one transmitting and
one or more receiving stations. If two or more wanted trans-
mitters are involved, as for exampie in hyperbolic pavigati-
onal systems, each of them has to be treated separately. If
there is more than one receiving station, all are of the same
type. A narrow-frequency band is taken into account. It means
that a separate model has to be created to simulate each spuri-
ous or non-linear response of the receivers, The distribution
of the wanted signal is defined by the transmitting antenna and
propagation model. Reflected signals are disregarded.

. definition ;

=4

"~ define simulation scop
" fixed parameters N

and boundaries for pseudo

.+ random paramete

. e
e

-

2. simulation

generate “next”
- .- simulation scene .
" and evaluate system
performance

“ R A S =,
evaluate cumulative
system performance
measures

Figure 1-General algorithm of simulation experiments (simpli-

fied)

Antennas

The transmitting and receiving antennas can be isotropic or
directional; adaptive antennas are not included. Receiving
antennas are situated at test points and, if they are directional,
they are pointed towards the transmitter. An antenna model
represents the directive radiation pattern of the original
antenna in consistency with the objectives of the simulation.
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input data

parameters defining
communication system

reference level of wanted signal
transmitting antenna pattern*
raceiving antenna pattern*®
receiver noise level®

parameters defining
interference environment

number of RF! sources
deployment of RFl sources in 3D space*
RFI source radiation level*
RFi source screening/attenuation®
external background noise level*®

parameters defining
propagation process

‘propagation loss of wanted signal®
propagation toss of unwanted signals®

parameters defining EMC criteria

minimum acceptable level of wanted signal
minimum acceptable signat-noise margin

parameters defining test domain

position of test area in 3D space
dimensions of test area
number of test points

parameters marked by * involve pseudo-random
components imitating natural variability,
random spread and measuring uncertainty

Figure 2—Input parameters of the simulation model

In our case, two models are provided: one for the transmitting
antenna and another for the receiving antenna. The models
are in the form:

antenna gain = (antenna gain in the azimuth plane
+ antenna gain in the elevation plane
+ random component) [dB] (1l

The gains are relative to the maximum gain. The gain in the
azimuth plane and in the elevation plane are mutually inde-
pendent. Examples are shown in fligure 5.
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generate simulatio
S SCene I
PCA = 0; ACA = (

1 - evaluate system -2
", performance statistic
DOPEL, RN

CHD B

choose ‘;next"; tési boint
and evaluate link
performance (S, MO, M1}

PCA =1+ PCA

ACA =1+ ACA

A = minimum acceptable signal level
ACA = actual coverage area size

B = minimum acceptable noise margin
MG = background-noise margin

M1 = resuitant-noise margin

PCA = potential coverage area size

S = signal level

Figure 3—-System performance evaluation algorithm (simplified)



Interference environment

This environment, simulated in the computer, consists of two
components. The first is the background environmental noise
and it is assumed to be independent of direction and distance.
The second component is the noise from unwanted man-
made radio-frequency interference (RFI) sources and it
depends on the distance from, and direction to, the sources.
Only radiation phenomena are taken into account. The
sources are randomly distributed in space and have random
radiation patterns, The area occupied by them isin the form of
a three-dimensional rectangular box (figure 4). It can be
separate or coinciding, totally or partially, with the area occu-
pied by the communication system. The RFI sources are of
the point-type; distributed sources (e.g. power lines) are not
included in the model. Radiation limits are usually defined as
the level of unwanted signal at a reference distance from the
source, and the simulation model accepts this definition.
Local attenuation of radiation by buildings, or by additional
screening structures, is taken into account. The distribution of
interfering signals is determined by the propagation model.
The interference sources are co-frequency with the transmit-
ter. Off-channel interference can be simulated by introducing
equivalent co-channel interference source(s). Frequency-
hopping and intermittent sources are excluded. A narrow fre-
quency band is taken into account. It means that a separate
model has to be created to simulate each harmonic or spuri-
ous radiation.

Propagation

A propagation model determines the level of wanted (or
unwanted) signal which is exceeded (or not exceeded, respec-
tively) at the receiving antenna during a given proportion of
time. For instance, the level of the wanted signal may be
required to be not less than A dB during 99.9%of time, and the
level of undesired signal—not greater than B dB during 0.1% of
time, Zero-gain antennas are assumed at both the transmitting
and receiving stations. The software offers a class of models
simulating different propagation mechanisms, from which the
user selects a model which is the most appropriate for his
application (see, for example [CCIR, 1986]). Propagation loss
is assumed to be dependent on distance, but independent of
the bearing to the radiation source. It means that actual terrain
shadowing, reflections, and multipath propagation are disre-
garded. Two separate propagation models are provided, one
for the wanted signal and another for the interfering signals.
The models are in the form:

signal level = (reference signal level
+ propagation loss
+ random component) [dB] (2}

All variables are relative to a given reference level. An
example is shown in figure 5.

EMC criteria and link performance

It is assumed that the degradation of communication links is
attributable td two elements: the first is the internal (receiver)
noise and the second is the external noise and unwanted sig-
nals. The signal level and the noise level serve as the measure
of performance of each individual transmitter-receiver link.
They are computed using formulas listed in figure 6. The com-
putations involve models of antennas and propagation pro-
cesses, and require determination of distances and direction
angles between the receivers and radiation sources (figure 7).
“Signal” is the wantzd signal, and the resultant neise includes

= transmitter position
= reference point
green lines = co-ordinate axes
yellow lines = test area borders

red point
blue point

red lines = interference source area borders

Figure 4—Simulation scene as shown on the computer display.
Red point : transmitter position; blue point : reference point. The
system performance is determined at a number of test points dis-
tributed over the test area. The size and position of the test area
is defined by the user
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Figure S—Control panel displaying various phases of simulation experiment on the computer screen. The windows represent th
following data (letters indicate the rows and numbers indicate columns):

Al: signal correction factor; A2: direction angles; A3: distances; A4: wanted signal propagation; A5: unwanted signa
propagation

BI: receiving antenna pattern (azimuth); B2: receiving antenna pattern (elevation); B3 : transmitting antenna pattern (azimuth
B4 : transmitting antenna pattern (elevation); B5: test area and view of interfering source area

Cl: noise map; C2: wanted signal map; C3: interfering signal map (current); C4: interfering signal map (cumulative); C5: no

margin map (background)

DI: noise margin map (resultant); D2: wanted-unwanted signal margin map; D3 coverage map {potential); D4 : coverage m
(actual); DS : coverage loss index (current, cumulative, maximum and minimum values)
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the internal and external noise (background noise) and all
undesired signals. The effect of multiple interference signals
and noise is calculated by means of the power sum method.
This seems to be a reasonable approach to continuous distur-
bances; discontinuous ones may require another approxima-
tion. The noise causes a degradation of the link performance
and, in some cases, can lead to a disruption of the normal
operation of the link. “Normal”, in this context, refers to
“satisfying given technical and operational requirements”.
The criterion of the “normal” operation built in the model
requires that both the wanted signal level and the noise mar-
gin are greater than their respective minimum acceptable
values, The neise marginisthe difference between the levels of
the wanted signal level and resultant noise. It is also called
“protection margin”, “signal/noise ratio”, etc. (in some sys-
tems, the noise temperature concept is used ; such systems can
be simulated, if the temperature is “translated” into an equi-
valent noise margin). Numerical values of the minimum
signal and minimum noise margin are set up by the user,
depending on the application, signal processing method, error
correction, etc. [CCIR, 1986].

Noise and random components

Random components, like the receiver noise and environ-
mental noise, are modelled using a standard random number
generator. It produces pseudo-random numbers, uniformly
distributed.

Test domain

The performance of the radiocommunication system depends
on the performance of its transmitter-receiver links. With
mobile systems, as for instance in aeronautical communica-
tions, ail expected locations of transmitting and receiving
stations must be taken into account. In the simulation
model, these locations coincide with the test points. Such
an approach may require a great number of computations. A
quick order of magnitude analysis illustrates this point. The
test domain should be large enough to embrace a significant
part of the system and its behaviour in time. On the other
hand, the resolution of the model has to be fine enough to cap-
ture the smallest scales that are relevant. The number of test
points, with a regular time-space grid, yields

Dma’nx N
Moo = (D—) <

where ¥, is the number of nodes of the grid. D,,, and D,,,,
denote the length scales associated with the largest and smal-
lest distances in space or in time, respectively. If D,,, is
100 times greater than D, then there are 10° test points, At
each of them, all relevant signals have to be evaluated. With

output data:
link performance measures

data on signal received

S =10 20

data on noise margin

MO = 20 log 5 __
VNRZ + NBZ
M1 = 20 log S

NiS
NRZ + NBZ + ¥ 12
i=1

I, =10 20

i =123, .., NIS

I, = unwanted signal from i-th RFI sourge [V]
e = signal |; at the reference distance [V]

LA = local screening/attenuation factor

MO = background-noise margin [dB]

M1 == resuftant-noise margin [dB]
NB = background-noise [V]
NR = receiver noise [V]

NIS = number of RFI sources

PA = propagation attenuation factor

RA = receiver antenna discrimination factor

S = wanted signal [V]

S, = signal S at the reference point [V]

TA = transmitter antenna discrimination factor

Figure 6—Output simulation data (raw): definition of perfor-
mance measures of individual radiocommunication link

10? RF1 sources, there are 10* x 10? = 10 signals to evaluate.
Even with 0.1 ms per signal, this would require 10° s, or about
300 h, of computing time. To keep the sirnulation time within
practical limits, we exclude the time variable and restrict the
test domain to a plane. The plane can, however, be fixed at dif-
ferent pusitions, which is equivalent to a series of cuts through
the volume of interest. Thus, a possibility exists to explore the
system performance in three dimensions (figure 4), The num-
ber of test points, N,,, amounts now to:

N’Z —_ ( max)
Dmin (4)
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The data of the previous example would give 10* test points
and 100 s of computing time. With the time variable not
involved explicitly, the simulation model is valid for a short
instant of time. During that time, neither the system, nor the
environment, nor their interaction, can change significantly.
The test points are now distributed over a test plane, which
may be inadequate for those systems for which the curvature
of the Earth is relevant (e.g. satellite systemns).

4, System performance measures

During the simulation process, the system performance is
examined at each test point. With a large number of test
points, this produces huge collections of numerical data. The
analysis of such collections surpasses the possibility ofhuman
perception and, as an aid, we use maps. Colour maps of the
test area provide a visual display of the variable values and sta-
tus of communication links at all test points. There are several
kinds of maps produced: signal maps, noise maps, noise-mar-
gin maps, and coverage maps, which give information about
the operation conditions of communication links. Examples
are shown in figure 5 (see also figures 11to 13). Such a pictorial
representation of abstract concepts helps to identify interfer-
ence structures which may be too complex to conceptualize
otherwise. Moreover, some statistical indices are provided
which characterize the overall situation by a few numbers
only (figure 8). Basic statistics and interference statistics are
provided to quantity the degree of interference threat; we will
discuss them below. In addition to the maps and statistics, his-
tograms of distributions of variables are provided (figure 9).

Coverage area and coverage loss

At any given time, each communication link may be in one of
two possible states: “normal operation” or “unacceptable
operation”, The coverage area is defined as the set of test
points under “normal operation”. In reality, we refer to the
actual coverage area which is defined with the actual interfer-
ence environment. However, we also introduce here the con-
cept of the ideal, or potential coverage area which is deter-
mined with an ideal environment. The ideal environment
consist of the background noise only: all RFI sources are
inactive or removed. Note that it is unrealistic to expect that
all existing RFIsources can be really switched-off or removed,
but the concept is useful for reference purposes. The actual
coverage area is usually less than the potential coverage area,
and the difference, or coverage loss, indicates the degree of
interference threat. In order to quantify this threat, the poten-
tial and actual coverage areas are compared one with another
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distance and direction
from point P, to point P,

distance = (x, — X2 + (v, = ¥2)* + {21 - 22)°

Yi— Vz]

azimuth angle = arctan [
Xy = Xg

. Zy— I3
elevation angle = arctan
(X — X2 + lyy — v2)?

X1, ¥1e Z1e X2, V2. Zg Gre co-ordinates of the points

Figure 7—Distance and direction (vector) from point P, ro
point P

point-by-point, and each test point is marked “0” or “1”. The
“(* means “no harmful interference”, the “1” means “unac-
ceptable interference”. The characteristics “1” and “0” are
qualitative in nature and follow the binomial distribution. The
requirement of exact representation of the coverage areas
calls for a large sample, i.e. a large number of test points. With
too small a sample, the results are statistically insignificant.
With too large a sample, the simulation time is too long. Some
aspects of the sample size are discussed in section 5.

Coverage loss index

It represents the expected likelihood thata receiver, operating
normally without RFI sources, will suffer unacceptable inter-
ference after the RFI sources are activated. Its definition is
given in figure 8. It involves the relative difference between
the actual and potential coverage areas of the system [Ander-
son, 1976]. This index has a straightforward interpretation. In
addition to the loss in the geographical coverage area, it repre-
sents the relative loss in the population served, if the popula-
tion is distributed uniformly over the area of interest. In eco-
nomic terms, it may be interpreted as the /loss of capital due to
radio interference. A simple reasoning leads to that conclu-
sion. The total cost of the radiocommunication system is dis-
tributed among these radio links which work normally in the
absence of RFI sources. When the RFI sources are active, the
coverage loss index gives the proportion of the links which
cannot continue to work normally. It is exactly the proportion
of the total cost which cannot be used as intended. In the
literature, rather than the coverage loss index, the inter-
ference complaint index and the probability of interference
have been applied. They are discussed below.



Interference complaint index

The CISPR uses a concept which we will call “interference
complaint index” [CISPR, 1975]. It is the likelihood of unac-
ceptable interference suffered by areceiver. It is defined as the
number of interference complaints divided by the total num-
ber of receiver licences (figure 8). Under some conditions, it
can be derived from the coverage loss index. If the number of
receiver locations is the same as the number of licences,
NRP = NRL, and ifthe number of receivers suffering interfer-
ence coincides with the number of complaints, NRI = NIC,
then both indices are equal (the equality is valid as well if these
numbers remain in the same proportion). The coverage loss
index involves uniform criteria and characteristics of the Sys-
tem, whereas the interference complaint index relates to a
population of different receivers and subjective, case-by-case,
EMC criteria. As a result, the two indices can only be approxi-
matively equal.

Probability of interference

The probability ofinterference is used by Weinberg [Weinberg
and Wilson, 1986]. He takes into account ali receivers, all RFI

sources, and all possible interactions between them. Under
certain conditions, this probability can be derived from the
coverage loss index. Asis seen from figure 8, the probability of
interference involves the number of receivers and the number
of RFI sources, whereas the coverage loss index involves only
receivers. Thus, if the same interference criteria are applied,
the coverage loss index is NIS times greater than the probabil-
ity of interference, where NIS is the number of interference
sources.

5. Computational aspects

Test sample

The sample size, i.e. the number of test points, determines the
uncertainty with which statistical performance measures of
the system are estimated. Let the “population mean” of a vari-
able relate to an unlimited set of all possible test points, and let
the “sample mean” relate to a limited set of test points
involved in the experiment {sample). Because of a limited

output data: system performance measures

basic statistics

interference statistics

Z(Xi)
=1

=
mean = ———
n

NRI

coverage loss index = ——
g NRP

n

— x)? . NIiC
Ef mean = xi interference complaint index = ——-
variance = NRL
n
V - . NRI
standard deviation = lvariance prebability of interference = m

1,2,3,...n
sample size
signal level, noise level, or noise margin at i-th test point

i =
n=
X; =

NIC = number of interference complaints

NRI = number of receiver locations excluded from the potential
coverage area due to RF|

NRL = number of receiving stations licences

NRP = size of the potential coverage area

NIS = total number of RFl sources

Figure 8—Qutput simulation data. definition of system performance statistics
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sample, the population mean and the sample mean of the
same variable may differ. The probability that they differ by no
more than a quantity ERR (error) is subject to the following
TchebyshefPs inequality {Burington and May, 1953]:

variance)2

ERR

P {(mean — mean*) <ERR}>1— ——— (3)
n

P{x} is the probability of event x, mean is the population
mean, mean* is the sample mean, variance is the population
variance, and n is the sample size. By selecting a sufficiently
large sample (n), the probability that the sample mean will fall
within a small interval about the population mean can be
made as near to unity as desired. If, for example, the maxi-
mum acceptable error equals 10% of the variance with a proba-
bility of 0.95 or greater, then the sample size should not beless
than 2000 test points.

Figure 9—Histogram of noise margin over the test area as shown
on the computer display. The colour scale on the left indicates
the 5-dB value intervals, between —45 and 25 dB. The vertical
bars indicate the percentage of test poinis at which the noise
margin falls into the specific interval. The cumulative curve
represents the percentage of test points having a noise margin
less or equal to a specific value
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Coverage area

The coverage area size imposes a limit on the coverage 1oss
index. Let the total number of test points diminish, other con-
ditions being constant. Then, the number of test points
without interference, and the number of test points suffering
interference, will change. As long as there are many test
points, their ratio remains constant. With too small cover®
area size, the model resolution imposes a limit. A
example illustrates this point, Let the potential r-

consist of 100 test points, and let one of t+

unacceptable interference. The coverag

the number of test paints is diminished b,

two cases possible: either the test point sui.

is a member of the new potential coverage a.

the first case, the coverage toss index is 1799 a:

it equals zero. The limit imposed on the covel.

1

coverage loss index 2 ——
n

For example, if a low coverage loss index is of int
say 1073, then the potential coverage area should con
1000 test points or more.

Repeating tests

In the Monte Carlo simulations, the required number of runs
can be determined at the beginning of the simulation experi-
ment. However, the simulation mode] also accepts another
approach: instead of taking a decision before the simulation
experiment begins, a sequential analysis of cumulated data
indicates when sufficient number of observations have been
made. For that purpose, the cumulative mean and standard
deviation of the coverage loss index is calculated after each
run. After a sufficient number of runs, the mean differs from
its asymptotic or “true” value by no more than a given quan-
tity (formula (5)). This shows that further repetitions are
superfluous. The cumulative mean is the final result of the
repeated simulation experiment, The variance shows how the
individual scenes are spread out from the mean. Figure 10
shows an example.

Acceleration of compuiation

To keep simulation time short, two provisions are made:
firstly, simulation variables are represented as integers, as
much as possible and secondly, the number of repeated com-
putations is kept to a minimum. The antenna and propagation

o

models are stored in the compuler memaory and to use them,

vectors joining the test points and radiation sources have tobe

determined (figure 7). With 100 sources and 1000 test points,

i
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red horizontal tine = maximum value observed {about §0%)
blue horizontal line = mimimum value observed {about 3%)

green line = values observed for individual simulation
scenes

black line = cumulative mean value

light-blue line = gumulative standard deviation

Figure 10—Coverage loss index versus the number of repetitions
in a repeated experiment as shown on the computer display. Pro-
bablistic simulation, a single interference source, 1600 test
points, 25 repetitions

there are 10° vectors, Instead of computing each vector from
original formulas, we use precomputed tables. In order to
determine the resultant level of the unwanted signal at the test
points, we process the signalsin pairs. The greater signal of the
pair is selected and the difference between the signal levels is
calculated. If the difference is greater than 30 dB, then the
lower signal is disregarded, otherwise a correction factor
is applied to the greater signal. The correction factor is com-
puted only once.

6. Applications

The simulation model is “user friendiy™. It is “menu driven”
and does not require any knowledge of programming lan-
guages. Its input data can easiiy be adapted to the user’s needs
and it is not restricted to any specific EMC problem, commu-
nication system, or radio interference source, except for limi-
tations indicated in section 3. A typical application example is
shown in figure 11. This figure presents results of experiments

which imitate actual measurements of signal level at the out-
put of the receiving antennas. It takes only a few minutes to
collect the results from thousands of test points distributed
over a large area and to analyse them statistically. Based on
such data, one can evaluate the interference threat without the
necessity ofa costly “real-world” measuring campaign (such a
campaign, however, may be required to validate the model, or
to verify the conclusions). An important feature of the simula-
tion model is its flexibility in creating a variety of interference
scenarios. This facilitates sensitivity analyses and helps to
examine the effects of variation of the technical design deci-
sions. It also aflows for the generation of “if-then” data for
such decisions. The results, even complex ones, are presented
in graphical form, easy to understand. This makes the model a
useful tool for didactic application and also for examining
relative effectiveness of the various measures undertaken to
reach EMC. The simulation model does not contain any opti-
mization algorithm to generate explicitly a “best™ solution
with respect to predetermined criteria. Instead, such a solu-
tion can be approached experimentally, utilizing a step-by-

Figure 11-Map of the wanted signal level over the test area as
shown on the computer display. The colour scale at the right side
indicates the signal level in 3-dB steps. Areas where the signal
level is below 35 dB are in black; areas with the level above
105 dB are in white. The transmitter position coincides with the
white cross. Probabilistic simulation, a single interference
source, 1600 test points, simulation time about | min
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Figure 12—Map of the interfering signal level overthe test area as
shown on the computer screen. The colour scale at the right side
indicates the signal level in 5-dB steps. Areas where the signal
level is below —5 dB are in black, areas with the level above
65 dB are in white. The transmitter position is marked by “+7;
the interference source position coincides with the white square.
Note the interference-free region in the form of “8” between the
transmitter and interference source. Probabilistic simulation, a
single interference source, 1600 test points

step simulation and evaluation process. Iterative application
of simulation and evaluation leads to a learning process
regarding the impact of alternative solutions. When a compro-
mise solution is sought to satisfy conflicting interests, the
alternatives may be proposed by the various interest groups
involved. This may be helpful in overcoming those difficulties
in deriving the EMC recommendations which result from the
lack of experimental data. Another characteristic of the model
is that it introduces a number of variables permitting the
examination of complex interference situations in more detail
than previously possible. It is to be remembered, however,
that the model cannot correct errors in the input data as
some errors may even cumulate. In practical applications,
simulation results have to be critically reviewed, with allow-
ance for an uncertainty margin.

7. Future work

Future work is planned to remove certain limitations of the
model and to answer some new questions related to its appli-
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cations. Two examples illustrate this point: in figure 12 an
interference-free area is visible in the form of the figure “8™.
What conditions must be met to generate such interference-
free areas? How to maximize them? Figure 13 shows interfer-
ence regions on a coverage map. With a single source, a single
interference region raight be expected; the map, however,
shows a few such regions, some of them far away from the
source. In which circumstances do such “far” RFI regions
appear? How to minimize them? A general answer is that
these are the effects of the spatial distribution of the equip-
ment, propagation processes, antenna radiation patterns, etc.
A detailed analysis is beyond the scope of this article ; how-
ever, such an analysis might offer new elements in discussions
of EMC issues.

vellow
red = area lost due to unacceptable interference
red + yellow = potential coverage area

= actual coverage area

Figure 13—Map of the coverage area as shown on the computer
screen. The interference source position is indicated by the
arrows. Probabilistic simulation, a single interference source,
1136 test points. The coverage loss index is about 20%



8. Concluding remarks

A new microcomputer model, imitating interactions between
radiocommunication systems and the environment, has been
described. The histograms, maps, and statistical indices pro-
duced by the model may help to evaluate interference effects
on the system performance. The coverage loss index has been
introduced to quantify the interference threat. The model is a
new simulation tool, creating new opportunities. The essen-
tial characteristic of simulation is the use of models for experi-
mentation. Having a simulation model of a real system or
process, it is quite easy to aiter the various parameters of the
model and observe how it operates with these changes. If the
model and inpui data are correct, conclusions drawn from
these observations are applicable to the original system or
process. This characteristic makes simulation techniques pro-
mising as regards engineering and management applications.
Both, good engineering and effective management, require an
understanding of the system of concern and a means of study-
ing the impact of the various alternatives possible. The simu-
lation model fulfills these requirements.

Acknoledgements

The first prototype of the simulation model described in this
article was created when the author was with the Institute of
Telecommunications, Wroclaw [Struzak, 1984]. At that time,
be also served as the Chairman of CCIR Interim Working
Party 1/4 on ISM radiation limits, and various versions of the
simuilation software were submitted for tests by the Members
of the Working Party. Their co-operation is gratefully acknow-
ledged, as is the encouragement of CCIR Director Mr R. C.
Kirby. Comments of Messrs T. Dvorak, R. Showers and K. A.
Hughes are greatly appreciated.

(Original language. English)

Bibliography

Anderson D. P.: Service area lost due to interfering transmissions,
IEEFE International Symposium on EMC (Washington, DC, 13-
15 July 1976), pages 53-38

Buringten R. S. and May D. C., Jr.: Handbook of probability and statis-
tics with tables, Handbook Publishers (Sandusky, Ohio), 1953,
page 152

CCIR: XVIth Plenary Assembly (Dubrovnik, 1986), Vols. I (Spectrum
utilization and monitoring), V (Propagation in non-ionized
media) and VI (Propagation in jonized media)

CISPR: Statistics of complaints and sources of interference, Publica-
tion 7B (1975)

Ibid.: Determination of limits for industrial, scientific and medi'cal
equipment, Publication 23 (1987)

Cook C. E.: Modelling interference effects for land-mobile and air-
mobile communications, IEEE Transactions on Communica-
tions, February 1987, Vol. COM-35, No. 2, pages 151-165

EEC: Council Directive No. 336 of 3 May 1989 on the Approximation
of the Laws of the Member States Relating to EMC, Official
Journal of the European Communities (23 May 1989)

Dudewicz E. J. and Karian Z. A.: Modern design and analysis of dis-
crete-event computer simulations, IEEE Computer Society
Press (1985)

ITU: Censtitution of tke International Telecommunication Union
(Nice, 1989), Article 30, Item 156

Keester D. P, Smith L. E, Stevens R. R., Jr. and Cook C. E.: A com-
puter model to evaluate airborne receiver performance in
interference environments, IEEE Transactions on Communica-
tions, May 1986, Vol. COM-34, No. 5, pages 462-474

Lee W. C. Y. and Smith H. L.: A computer simulation model for the
evaluation of mobile radio systems in the military tactical
environment, [EEE Transactions on Vehicular Technology,
May 1983, Vol. VT-32, No. 2, pages 177-190

Shannon R. E.: Systems simulation, Prentice Hall, Inc. (1975}

Rotkiewicz W.: Electromagnetic compatibility in radio engineering,
Elsevier Scientific Publishing Company (1982)

Struzak R. G.: Computer simulation model proposed for use in stu-
dies of ISM radiation limits, CCIR Document TWP 1/4-7i
{1984)

Ibid.: Vestigial radiation from industrial, scientific, and medical
radio-frequency equipment; in Nonlinear and environmental
electromagnetics, edited by H. Kikuchi, Elsevier Science Pub-
lishers (1985)

ITU, WARC-79: Resolution No. 63 relating to the protection of radio-
communication services against interference caused by radia-
tion from industrial, scientific and medical (ISM) equipment

Weinberg D. I. and Wilson T. L.: A model for predicting changes in
the probability of television interference by industrial, scien-
tific, and medical (ISM) equipment, JEEE International Sym-
posium on EMC (San Diego, CA, 16-18 September 1986), pages
313-321

Author

Ryszard G. Struzak is the Head of the CCIR Department which deals
with the spectrum management techniques, radio wave propagation,
and space research Study Groups. He is also a Senior Counsellor to
the CCIR Director, Earlier, he served as a Professor at the Technical
University, Wroclaw, and as the Head of the Institute of Telecommu-
nications, Wroclaw Branch. He was nominated Chairman of CCIR
IWP 1/4 (1980-1985), elected Vice-Chairman of CCIR Study Group 1
(1974-1985) and elected Vice-Chairman of the International Union of
Radio Science (URSI) Commission E (1984-1987). Mr Struzak is a
Fellow of the Institute of Electrical and Electronics Engineers
(IEEE),

TELECOMMUNICATION JOURNAL - VOL. 57 - Xil/1990 839

|r"| tj .



L A kel & 2B 3

-y

¥yY

k4

TYY¥ "IN %

R

T FTTY



Microcomputer modelling, analysis and planning
in terrestrial television broadcasting

Digital terrain maps, spectrum-related data banks and
computer simulation help to examine the operation of
existing television broadcasting networks and find

a place for new stations

by R. G. STRUZAK"

ABSTRACT

This article describes a simulation model of a national network of television broadcasting slations.
The performance of a station depends on its siting and its antenna, on its radiated power and
frequency, and on surrounding terrain and electromagnetic environment. All these factors can be
analysed using the simulation model. Simufation can help in the raintenance of the existing television
stations and in the planning of new stations by making “what-if” considerations fast, simple and effective.
The simulation mode! has been developed as an engineering aid in planning the fow-power rebroad-

casting stations.

1. Introduction

1.1 Background

Our society places increased demands on tele-
vision. There are more television receivers in use
throughout the world than there are telephones.[1]
Broadcasting networks involve thousands of tele-
vision transmitters. Without careful co-ordination,
they would all dissolve in a chaos of mutualinterfer-
ence. High-power transmitting stations are co-
ordinated at international conferences,[2] but many
low-power television stations only require national
co-ordination. Such stations, of less than 1 W and
up to 1000 W, can operate unattended and are more
and more popular. For only a fraction of the cost of
high-power stations, they provide services com-
plementary to the main broadcasting network, for

example, local information, local market advertise-
ment, services for special interest groups, clubs,
minorty communities, ethnic groups and church
communities. In the United States, a local broad-
cast station is seen as a basic cultural force in the -
community it serves.[3] Another application of low-
power stations is the delivery of television pro-
grammes to small communities in remote areas.
Still another application is the filling of coverage
gaps. Such gaps in the coverage by terrestrial and
satellite transmitters are. due to shadowing and

* The opinions expressed in this article are the author's
personal views, and do not necessarily refiect those of the
International Radio Consultative Committee (CCIR) or the
International Telecommunication Union (ITU}.
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refiections by terrain obstacles and man-made
structures: although the signal can be delivered by
cable, low-power rebroadcasting is oftenmore prac-
tical. In spite of a spectacular growth of cable and
satellite technology, terrestrial broadcasting remains
the principal means for delivery of television to the
home, and heavy investment in the equipment
indicates that it will continue for a number of years
to come. The number of low-power stations is
growing fastbothinlarge cities andin smalllocalities
in remote areas. According to the statistics of the
European Broadcasting Union (EBU}, about 85% of
alltelevisior: transmitting stations in Europe are low-
power.[4] In Australia, about B0% of all television
transmitting stations are translators.[5]

With the privatization of the broadcasting sec-
tor, a great demand for additional transmitters is to
be expected. For example, some 6000 applications
for such stations were registered in the United
States during a period of one year.[6] However, to
find space for a new station i1s not an easy task in
regions with well-developed television broadcasting
networks. Eachapplicationrequires adetailed evalu-
ation to ensure that the proposed station will neither
sufter nor create interference. Often an existing
station also requires an evaluation. A new transmit-
ter, even distant, can maodify signai environment,
and man-made structures can modity the signal
propagation conditions. Uitimately, any evaluation
of a station, existing or planned, is based on field
measurements. From these measurements, one
determines the station coverage and identifies any
coverage deficiency. The volume of such measure-
ments increases with the number of transmitters
and with the coverage area. in the measurements,
test transmitters must often be used to generate a
test signal [7. 8] As such experiments are expen-
sive, weather-dependent and time-consuming, one
avoids them as much as possible, especially in
inaccessible areas.

1.2 Development of automated tools

Automated tools have been developed to re-
duce the labour and cost of the field experiments.[9]
Signal levels can be predicted instead of being
measured, and computers can do the job, if sup-
pled with propagation models and data. In order
to have accurate predictions, propagation models
involving detailed topographic data must be
used.[19-12] Manual extraction of the data from

460 TELECOMMUNICATION JOURNAL - VOL. 59 - X / 1992

source maps for each propagation path is a time-
consuming task that can be automated by convert-
ing these maps into computer-readable form.[13.14]
The data of transmitting and receiving stations,
however, must still be prepared and introduced
manually. The ultimate step is, therefore, 1o inte-
grate all relevant models and data into one system
that can simulate the operation of the compiete
transmitter network.[15] This article discusses the
implementation of such a simulation system.

Computer simulation can radically reduce the
number of the required “real life" experiments and
offer substantial gains in cost and in time. What is,
however, even more important is that such an
approach can help in an economic use of the
radio-frequency spectrum, as more decision vari-
ants can be examined within the imposed time and
cost limits. The essential characteristic of simula-
tion is the use of models for experimentation. A
simulated experiment is less expensive and avoids
all risks and difficulties of the “real world". itis easier
to prepare, to perform, to control, to modify and to
repeat. Anotherimportant characteristic of the simu-
lation s its abifity to examine systems that existonly
inconceptual form, or are intractable to experimen-
tal manipulation and exactmathematical treatment.
Having a simulation model of a system, it is quite
easy to alter the parameters of the model and
observe how it operates with these changes. The
conclusions drawn from these observations are
applicable 1o the original system if the modet and
input data are correct.[16] The simulation can only
give an estimate of the actual performance of the
station, and an experimental verification in the field
is usually required, but the volume of field measure-
ments is minimized.

Undertying the software advances is the steady
rise in haraware performance. The first automatic
systems required large computers and highly quali-
fied professional staff. The high hardware cost and
complex user's interface fimited their application to
a few moneyed centres. The progress in computer
technology has cpened new perspectives. As re-
cently as 1970, nearly 100% of the world's computer
power was concentrated in large computers. By
1890, such machines held less than 1% of the
world's computer power. Personal microcom-
puters, available at everyone’s desk, became as
powerful as an early 1970s mainframe, for a frac-
tion of its price. As a consequence, the interest in
microcomputer-aided spectrum engineering has

S



Figure 1-Simulation model
(simpiified diagram)

been fast growing.[*7] The demand for micro-
computer software is great, but only a few mini-
computer spectrum engineering systems have
been described in the literature ['8. 19], possibly
because firstly, frequency-spectrum engineering
tasks are computing-intensive and involve huge
collections of data (until recently, they exceeded
the capabilities of microcomputers), and secondly,
the spectrum-engineering software market is
limited.[20] These factors do not encourage soft-
ware developers.

1.3 Organization of the article

The rest of the text is organized as follows:
section 2 describes the databases, among which,
in particular, are digital terrain maps. The following
section describes how the model can be used to
analyse the performance of an existing television
network, for example to identify the coverage gaps.
Section 4 discusses the planning process of a new
television station and its harmonization with the
existing television network and topographic envi-

transmitter data

user interface

simulation process

ronment. Section 5 discusses the overall perform-
ance and limitations of the model and gives results
of its verification. Section 6 contains concluding
remarks. The presented system was demonstrated
at serninars of the Intemational Frequency Regis-
tration Board (IFRB).[21] It is a new, simpiified
version of the software developed earfier for a large
computer and described in reference [14].

2. The databases

The main aim of the simulation mode! is to
imitate a network of television broadcasting sta-
tions. Another objective is to facilitate the storage,
retrieval, and analysis of the information that is
needed to evaluate the operation of the stations.
The model integrates several elements, discussed
betow and shown in figure 1. It incorporates .
data banks, radio-wave propagation aigorithms =
and electromagnetic compatibility (EMC) criteria.
These are based, as much as possible, on the
CCIR texts.

terrain data

other data

propagation models
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2.1 Geographical database

Numerous geography-related data are neces-
sary to evaluate the effects of VHF/UHF signal
propagation. in addition to the terrain relief, informa-
tion is required about administrative boundaries,
population distribution, roads, power line networks,

etc. Usually, that information is extracted trom
various sources. Since nocommon standards exist,
rarely the same scale, projection and co-ordinate
systems are used. The data must be made mutually
consistent and converted to a digital form before

they can be used in a computer system. All geogra--

phy-related data are thus referred to the Earth

transmitters

reference points
individual terrain peaks
borders, roads, rivers, etc
localities (population)
terrain irregularity

terrain coverage/land use
terrain elevation

common co-ordinate system

cell size / resolution

individual terrain points
tines (roads, borders, etc.)
terrain elevation

terrain coverage/land use

terrain irregularity

50 m

100 m

250 x 250 m

250 % 250 m

25 x 25 km
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Figure 2-Geography-related
data use common co-ordinate
system. Data from maps in
various scales can be auto-
matically adjusted and super-
imposed



Table 1

Approximate resolution of various maps

surface height
map scale resolution® resolution™”
(m) {m)
1:1 600 000 1 000 20
1:500 000 500 10
1:250 000 250
1:100 000 100 .
1:50 000 50
1:25 000 25 0.5
1:10 000 10 0.25

* The surtace resclution is defined here as the distance
(in terrain) between two points spaced by 1 mm on a
given map.

“*The height resolution is defined here as one-tenth of
the basic height-contour interval on a given map.

sllipsoid, independently of the projection system
adopted in the source maps, and the points on the
Earth surface are identified by their geographic co-
ordinates (figure 2).

2.1.1 Data represenlation

The way the geographic data are stored in a
computer depends on the required accuracy and
available computer memory. Table 1 compares the
approximate resoiution of various maps. A 1:50 000
map offers about 50 m of the surface resolution and
about 1 m of the height resolution. Usually, such a
precision is quite sufficient for planning UHF/VHF
television broadcasting.

There are two methods of computer represen-
tation of geographic data. The first one uses
reguiarly spaced discrete data, and the other
irregularly spaced data, with interpolation be-
tweeen the discrete data points. In our simulation
model we use both methods. Such a combination
results in the increased accuracy of terrain rep-
resentation and eccnamic use of the computer
memory.

« Regularly spaced data

The basic topographic data are the terrain
elevations at regularly spaced points with implicit
co-ordinates. Each point represents aterraincell,in

the form of a square. The location of an individuai
point is not specified but is calculated using its row
number, column number and cell size. The data are
stored in the matrix form. The regular structure
assures a quick access to the data by its address
derived from the geographica! co-ordinates. The
cell size must be small enough to refiect the terrain
details with required accuracy. According to our
experience, in hilly and undulated regions, the
maximum cell size is about 250 m. in flat areas,
larger cells of about 500 m give practically the same
elevation accuracy. On the other hand, the smailer
the cell size, the greater is the number of cells for a
given territory. Table 2 shows the approximate
relationship between the cell size and cell number.
For example, a territory of 1000 x 1000 km
needs 4 million 500-m cells, or 400 million 50-m
cells. In our simulation model, various scales
of map and cell sizes can be used. The capa-
bility of automatically combining different map
scales is one of the most important features of the
system.

Table 3 compares cell sizes of digital terrain
maps used in various countries. Many of these
maps have been created for the purposes of the
mobile radiocommunication service in the VHF/
UHF freque ncy bands.[22. 23] Digital maps with cell
size of the order of 20 m are now in preparation in
several countries.

Table 2

Cell size and cell number
for an area of 1000 x 1000 km

cell size )

(linear) cell size number
(m) {anguiar)* of cells
1000 323" 1 million
500 16.2"7 4 milion
250 8.087 16 million
100 3.237 100 million
50 1.62" 400 million
25 0.81" 1.6 billion
10 0.327 10 biltion

1 ¢.03" 1000  billion

* On the Equator (arc seconds).

TELECOMMUNICATION JOURNAL - VOL. 59 - X /1932 463



- A & A

101 REBE _ 324, 12  i.d ARA2_Aai

F 3

Table 3

Cell size of various digital maps

cell size
coun notes
v (m)

Canada ~-500 Whitteker J. H.: Propagation prediction from a topographic data base,
IEEE Imernational Communications Conference—ICC ‘83 (Boston,
Massachusetts, 19-23 June 1983), Vol. 1, pages 44-48

Czech and Slovak

Federal Republic -100 Bak P.: private communicaticn (1991)

Finland ~200 Karjalainen J.: private communication (1991)

France ~100 Meyer S. and Pihan J.: Coverage prediction for rural telephony systems,

‘ IEEE International Communications Conference—ICC ‘83 (Boston,
Massachusetts, 19-23 June 1983), Vol. 1, pages 72-76

Germany -100 Loew K. and Lorenz R. W.: Determination of service areas for mobile
communication with a topographical data base, JEEE International
Communications Conference—ICC ‘83 (Boston, Massachusetts, 19-23
June 1983), Vaol. 1, pages 54-58

Ireland 1000 See reference [4)

Italy -230" 1 See reference [19]

~AQ0° 2 Fremi A., Giuli D. and Fossi M.: Simutation models for meteorological
radar siting, Alta Frequenza, 1989, Vol. LVili, No. 4, pages 419-426
Japan . ~5001 1 See reterence [9]
~3502 2 Niimi H., Hirabayasi T. and Kajiyara M.: Computer aided analysis of
propagation characteristics using topographical mesh-data basis, IEEE
Interational Cormmunications Conference-ICC '83 (Boston, Massa-
chusetts, 19-23 June 1983), Vol. 1, pages 48-53
Netherlands ~100 Mawira A. and Stortelder B.: The development of propagation models
- and CAD tools for the planning of mobile communication networks, Alta
Frequenza, February/March 1588, Vol. LVIi, No. 2, pages 83-88

Poland ~-10001 t Since the 1950s. See Struzak R. G.: Radio frequency spectrum
management, Telecommunication Joumal, July 1981, Vol. 48, No. VI,
pages 410-413

~2502 | 2 Since 1975
South Africa 400t 1 In rural fiat areas, Koffernan A.: private communication
2002 2 jn urban areas and mountainous terrain

Sweden -50 Wieweg |_: private communication (1992)

Switzerland -250 Kanachoff P.: private cornmunication (1991)

United Kingdom 500 Ibrahim M. F. A., Parsons J. D. and Dadson C. E.: Signal strength
prediction in urban areas using a topographical and environmental data
base, IEEE Intemational Communications Conference—ICC '83 (Boston,
Massachusetts, 19-23 June 1983}, Vol. 1, pages 64-67

United States 100 Spies K. P. and Paulson S. J.: TOPOG: a computenzed worldwide
lerrain elevation data base generation and retrieval system, NTIA-
Report §1-61 {1981)

‘Yugoslavia ~-100 Starcevic D.: Production of digital model of topographic map for radio
communication planning, Proceedings of the Fifth intemational Wroclaw
Symposium on Electromagnetic Compatibility-EMC 80 (17-18 Sep-
tember 1980), Pan 2, pages 477-485
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+ lrreguiarly spaced data

In addition to the data just described, our digital
terrain model aiso contains irregularly spaced data
with explicit co-ordinates. These are terrain eleva-
tions at specific points that are important for the
radio wave propagation, like mountain peaks or
passes. In hilly regions, the number of such points
reaches up to a few percent of the regular lattice
points.

Figures 3A and 3B show fragments of the
topographic data bank.

inak s,

Figure 3A—-Terrain elevation data bank: pseudo-three-
dimensional visualization. A fragment of the terrain
surface displayed on the screen. Terrain elevations at
line intersections are stored in the computer memory.
False colours and visual perspective are added to
create a realistic appearance of the terrain. The scale of
the picture and position of the observation point can be
modified. Such a representation can be used for error
detection in the dalabase, as errors tend to give rise to
unnatural-looking features

E——————— $47.865 kty ————)

T
.

T94.198 kn

—_— 754.198 kn —m———3

Figure 3B-Terrain elevation data bank: two-dimensional visualization

Right window: physical map of the country derived from the topographic data bank, as displayed on the screen. A
colour scale is used 1o differentiate terrain elevation classes, the scale can be modified. The horizontal and vertical
fines on the map are the meridians and parallels. The country borders, main rivers and major cities are visible

Left window: each pixel on the map represents an area of 5 x 5 km, derived from a digital working map with a
resolution of 1 km. The source digital map has the resolution of 50/50 m
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« Terrain irregularity data

For fast propagation predictions in accordance
with the relevant CCIR Recommendation,[24]
there is a map of terrain irregutarity factor Ah pro-
vided in digital form. The country is divided into geo-
graphic rectangles of approximately 25 x 28 km,
and 12 numbers are stored for each rectangle.
These are the Ah values at 12 azimuths taken
every 30°,

« Other data

Associated with each cell is the information
about the terrain coverage within the cell. The
coverage is ranked in eight categories that include
forests, built-up areas of various intensity, open
area, sea, etc. Other information stored deals with
the administrative borders, roads, contours of cities
and localities, power Jines, etc. These were coded
by digitizing the co-ordinates of selected points
along each line.

2.1.2 Data organization

The total area of the country has been divided
into 60 “pages” or geographic rectangles of 1°
latitude x 1° longitude. Each page of the digitized
map is kept in a separate file, identified by the
geographic co-ordinates of the south-west corner.
Within the file, data are organized as a matrix
fc, 1] where column index ¢ = 0...287 and row
index r = 0..443 for the smallest cells. Digital
maps with larger cells are also possible. These are
represented by smaller matrices:

hpo - hoasr

Paszg ... haazze?

Each element of the matrix is 16-bitlong. Twelve
bits represent terrain elevation, covering the
elevation span from the sea leve! up to more than
4000 m. Three bits describe the terrain coverage,
aliowing for a differentiation among eight coverage
classes, One bit contains information on whether or
not there exists an associated file with the specific
terrain points. Such files are also identified by geo-
graphic co-ordinates. The data are record-struc-
tured, and each record contains three co-ordinates
(x, y. z) of a point. The linearly-related geographical
data are also record-structured. Each record con-
tains (x, y) co-ordinates (6-bit real numbers),

468 TELECOMMUNICATION JOURNAL - VOL. 59 - X /1992

interpreted as the geographiclongitude andlatitude
in radians. The terrain information cccupies about
20 megabytes disk space.

2.1.3 Data capture

The data were extracted manually from the
1:50 000 source map, as automnated tools were
unavailable at the time of the data bank creation.
Special temperature-insensitive transparencies
were used for that purpose. A precise grid of
geographic lines was drawn on each transparency,
defining cell borders every 12.5 seconds in the
north-south direction and roughly 8 seconds in the
east-west direction. Itis about 5 mm on the map, or
250 m in terrain, the same in both directions. The
grid was then superimposed on the map, and the
terrain height was coded at the intersections of the
grid lines. The elevation values were estimated by
visual interpoiation from adjacent isarithms. Qver
flat regions it was sufficient to read the elevation
every second line.

Conversion of data from the source map to
the computer introduces inaccuracies, and special
precautions were undertaken to minimize errors
{figure 4). The elevations were read by well-trained
professionals, recorded on magnetic {(audio) cas-
sette and then typed independently on two sets of
perforated cards. Typing errors were identified by
the computer and checked against the mastermap.
To identify read-out errors, the elevation gradient
between adjacent cefls was examined. In case
of inconsistency, the data were checked again.
The inevitable random errors in elevation are esti-
mated to be in the order of one-tenth of the terrain
irregularity [25] Ah, or one-tenth of the contour
interval over flat areas.[26] The uncertainty in
reading the x, y position on the map is in the order
of 1 mm (50 m in terrain}.

2.2 Transmitter database

The transmitter database incorporates all infor-
mation needed about ielevision transmitting sta-
tions. The technical information includes the geo-
graphic co-ordinates, frequency channel, ofiset,
polartization, effective antenna height and power
radiated at various azimuths. The data format is
compatible with the CCIR Recommendations and
[TUAFRB standards. The administrative data in-
clude the country, name and status of the station.
There are three status categories foreseen. All
legally operating stations belong to the first
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Figure 4-Extracting data from the source map (simplified diagram). The double-framed tasks were performed
automatically
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category. Their data must remain intact. The sec-
ond category includes the stations that do not
physically exist but are notified, or co-ordinated.
Their data should not be changed, except for minor
modifications allowed. The third category embraces
all planned or tested stations whose data can be
modified at will when alternative solutions are to be
examined.

3. Analysing station operation

3.1 Tasks performed

With the simulation model, the manager can
analysethe operation of an existing television broad-
casting network and assess its performance. He
can quickly identify ali wanted and unwanted signals
-at any given location, and answer questions such
as:

- what is the coverage area of the station?

- s there any coverage gap?

-~ what is the interference threat?

- whattelevision prograrnmes can be received
at a given iocation?

Table 4 contains a non-exhaustive list of tasks
that are facilitated by the simulation model. These
are discussed in the following sections.

Table 4

Examples of tasks performed
automatically with the simulation model

determination of equipment characteristics
determination of signal environment at a given
location

determination of the coverage area of transmitting
station ‘

EMC examination

extraction and analysis of terrain elevation profile
extraction of terrain coverage data

field-strength prediction of wanted and unwanted
signatls

great circie computations of distance and bearing
maintenance of signal environment documentation
maintenance of technical documentation of stations
production of documents for frequency
co-ordinatior/notification

« production of various extracts, reports and maps
simuiation of field-strength measurements
simulation of various experiments in the field

» gspectrum analysis

470 TELECOMMUNICATION JOURNAL - VOL. 59 - X / 1992

Table 5

Main characteristics of television
rebroadcasting stations

= power radiated

» transmission frequency
« transmitting antenna:
- height

— radiation pattemn

- polarization
transmitting station site
= EMC

minimum signal level
receiving antenna:

- height

— radiation pattern

- polarization
recelving station site
recepticn frequency

3.2 How it works

The simulation model is interactive with a user-
friendly graphical interface. Such a visualization
provides the most efficient way of man-machine
communication, keeping in mind the large band of
the human visual system and the computer speed.
Relevant information is presented in the form of
colour maps and diagrams on the screenin various
scales, depending on the user's selection. Allopera-
tions previously carried out on paper maps are
performed on the cathode ray tube display with the
computer aid. Special windows and cursors help to
communicate with the computer. The results of
simulation can also be presented in numeric form
and/or written into computer files for further review-
ing, processing, or printing. The model involves all
major parameters of television rebroadcasting sta-
tions, shown in table 5.

3.3 Coverage analysis

In order to estimate the extent of the station
coverage area at VHF and higher frequencies,
visibility tests are usually performed. The classic
approach involves the performance of such tests in
the field in “real liie” conditions, on a suitable
topographic map, or on a scaled “physical” relief
terrain modet.[27] The terrain relief is analysed
and the line-of-sight {LOS) coverage maps are
produced. Such maps identify “shadow” areas
{with excess attenuation due to terrain shielding)
and *visible" areas. In our approach, the tests are



accomplished in the computer memory, using the
digital terrain data bank.[28] To produce a LOS map,
the region consideredis dividedinto small cells. The
size of these cells is independent of the dimension
of the cells of the digital terrain map. Each cell is
represented by a point. The position of the transmit-
ting antenna, borders of the region to be analysed
andreceivingantenna height are determined by the
user. Two heights of receiving antenna are pro-
vided, maximal and minimal. The software simu-
lates the displacement of the receiving antenna
from one pointto another, over the entire region. For
every point, the terrain elevation profile between the
transmitting and receiving antennas is produced,
and the LOS is constructed. An alternative is to
constructand examine the firstFresnel zone elflipse.
(The elevation profile is discussed in the following
section.} Thenthe relative position of the line against
the terrain elevation profile is analysed {figures 5A,
58 and 5C).

3.4 Terrain elevation profile analysis

Terrain elevation profiles are automatically gen-
erated by the software, given the transmitter and
receiver locations. For that purpose, a gecgraphic
mapwithtwo cursors is provided on the screen. One
cursor symbolizes the transmitter and the other
represents the receiver. Each can be moved freely
by the user. Their current geographic co-ordinates
are displayed in separate windows on the screen,
together with the local terrain elevation, antenna
height and terrain coverage symbol. The software
extracts the terrain profile from the database along
the great circle path connecting the transmitting and
receiving antennas. The effective Earth's radius is
introduced to allow for the tropoespheric refraction of
electromagnetic waves. To accelerate computa-
tions, the great circle path is approximated by a
number of loxodromes. (The great circle is the
shortest path betwesn two peints on a sphere.

horizontal line

Figure 5A-LOS maps: visibility test (principle). Indexes “0" and “n" indicate the endpoints of the path, Ho, Hy,
H2....Hn are the elevations, and D1, Dp,... distances of successive points from point “0 * along the path. Let

[Hk - Ho
Oy = arctan Dy

] k=1 2..n.

if8 <8y, 1= 1, 2.. (n-1), then the n-th point of the path is visible
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position: position: :
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all points + yes

Figure 5B-L.OS maps: production process (simplified diagram). The doubie-framed tasks are performed automati-

cally, Instead of the LOS, the first Fresnel zone may be produced an
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Figure 5C-LOS maps: example

Lower-ieft window. map showing visible (grey} and invisible areas (blue and dark biue} of the region. The blue colour means that
the LOS between the transmitting and receiving antennas is obstructed. The blue and dark-biue colours correspond,
respectively, to the minimurn and maximum receiving antenna height above the ground. These heights are selected by the user.
Visible are: the position of the transmitting antenna (yellow point}, geographic co-ordinates (vertical and horizontai black dashed
tines), border of the country (yellow line) and distances (white lines outside the window)

Lower-right window: the same as the lower-ieft window but with more details. The visible additional elements are: one position
of the receiving antenna (the jeft end of the LOS), the transmitting antenna position and LOS (grey line from the transrnitting
antennaj, and terrain elevation (various colours}

Upper-right window: terrain profile between the two antennas. Visible are. distance and elevation markers, LOS connecting the
amenna centres, direction angles and distance between the antennas (the bottom line), and propagation information specific
lo the path (the top line). The Earth curvature is corrected for diffraction effects

Upper-left and middle-left windows: terrain efevation, antenna height and geographic co-ordinates of the transmitting (x) and
receiving (+) antennas - -
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Figure 6A-Terrain elevation profile: production process (simplified diagram). The double-framed tasks are

performed automatically

set:
" transmitter position (T} :
receiver position (R)
heights of antennas

frequency

compute great circle path T-R

- compute test point position
- read terrain data

- correct for diffraction

- draw terrain elevation

- draw terrain coverage

data
banks

does test point coincide with
the end point?

¢ yes

- compute and display Ah
- compute and draw LOS
- compute and draw Fresnel's ellipse
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Figure 68-Terrain elevation profile: visualization

L ower-left window: administrative map of Central Europe (status of 1989). Visible are various couniries and seas. The small
(white) square near the centre marks the region displayed in the adjacent window. The distances are indicated outside the window

Lower-right window: a more detailed physical map of the region displayed in the adjacent window., The markers (+, x) indicate
the positions of the transmitting and receiving antennas, respectively. Their co-ordinates are shown in separate windows in the
left upper-side of the screen. The terrain elevation profile between the antennas is displayed in a separate window in the upper
part of the screen. The user can move the antenna positions freely. Visible are the border of the country (yellow line), terrain
elavation (represented by coloured pixels), and distances (white lines outside the window)

Upper-right window: terrain elevation profile between the transmitting and receiving antennas (+, x} automatically extracted from
the data bank. Visible are: the distance and elevation markers and scales, LOS connecting the antenna centres and first Fresnel
zone. The Earth curvature is corrected for diffraction effects. The direction angles and distance between the antannas (the bottom
line} and propagation information (the top line) are also shown

Upper-left and middle-left windows: transmitting and receiving antennas data. Shown are: the terrain elevation, antenna height
and geographic co-ordinates

Note: The interrelated information disptayed in various windows is automaticallj updated.
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The loxodrome, or thumbline, is the path of constant
heading between two points on the Earth’s surface;
it intersects all lines of longitude at the same angle.
On the Mercator projection, itis represented by the
straight line between the two points.) The software
generates co-ordinates of 400 uniformly spaced
points along the path, and determines the terrain
elevationateach point. For points notincludedinthe
terrain database, linear interpolation between the
nearest four database poinis is applied. ifthereis a
specific terrain point (peak} in the vicinity, the result
is corrected by taking the elevation of that pointinto
account. In addition to the terrain elevation profile,
the computer determines the terrain coverage,
bearings and distance between the antennas, the
first Fresnel zone, and parameter Ah. Figures 6A
and 68 illustrate the process.

-85 Field-strength prediction

The software automatically performs the propa-
gation predictions necessary for the analysis of
station operation. There are two approaches to
field-strength prediction. The first is based on the
analysis of many thousands of measurement re-
sults. It uses a setof curves indicating how the field-
strength changes with distance, without involving
details of the path between the transmitter and
receiver, The second approach employs caicula-
tions based on optical theories. It takes account of
the unique terrain characteristics of the propagation
path involved. The second method is generally
more accurate than the first, but requires a large
amount of detailed data. The software incorporates
both. The first one is automatically selected if the
propagation path is not covered by the digital map.
In such a case, CCIR propagation curves are used
(see reference [23]). The second approach is auto-
matically applied if detailed terrain elevation and
coverage along propagation path data are available
in the computer memory. The field strength is
determined for 1%, 10% and 50% of the time.
Corrections for attenuation by forests and built-up
areas are included, as appropriate. These models
are described in reference {29). Figure 7 shows the
results.

3.6 Signal environment analysis

The model simulates two kinds of signal meas-
urements, one using a field-strength meter, and
another using spectrum analyser. !n both cases
it assumes an ideal equipment, i.e. a directive
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antenna without side- and back-lobes and spec-
trum analyser without spurious responses. For that
purpose, the model uses a transmitter working data
file, terrain data bank and propagation models
describedin previous sections. Theworking file may
contain all transmitters, or only transmitters
preselected in accordance with specific criteria, in
order to accelerate the process. The user fixes the
position of the test point, and the software identifies
all signals that would be observed there. The fre-
quency, magnitude, polarization and direction of
arrival are determined for each signal together with
the distance to its transmitter. The software identi-
fies, channel by channel and transmitter by trans-
mitter, all signals that exceed a given threshold
value (in our case 20 dB above 1 pV/m) and

Figure 7-Point-to-point propagation prediction: visualization of the resuits. The

A

L

top line indicates the terrain irregularity factor Ah of the propagation path and field -

strength in dBuV/im) for 1 kW e.rp. exceeded for different percentages of time.
Visible is the terrain elevation profile along the propagation path. The bottom line
shows the bearing angles and distance between the transmitting and receiving
antennas. The right scale indicates the elevation in meters above the sea level. The
bottomn scale shows the distance in kilometres, and the right scale the elevation span

in meters

Upper window: case of the first Fresnel zone free; note the signal level about

60 dB

Lower window: case of the first Fresnel zone obstructed; note the signal level

about 10 dB



disregards signals below that level. The maximum
signal is also identified for each frequency channel
and offset category. Figure 8B shows the results.

3.7 EMC analysis

3.7.1 EMC models

EMC is the ability of a device or system to
function satisfactorily in its electromagnetic envi-
roenment withoutintroducing intolerable disturbance
to that environment. There are several possible
mechanisms of incompatibility in television broad-
casting. These fallin two categories: the co-channe!
interference and interference due to equipment
imperfections, Limited receiver selectivity, limited
linearity and local oscillator radiation are examples
of imperfections. They are discussed below.

+ Co-channel interference

If the wanted and unwanted signals fall in the
same frequency channel and the two signals are
commensurate, horizontal bars appear on the tele-
vision screen, moving slowly up and down. The
effectdoes notdepend onthe receiverdesign. It can
be reduced by increasing the wanted-unwanted
signal margin at the receiver input and/ar by offsat-
ting the carrier frequencies of the wanted and
unwanted stations. For instance, with a frequency
difference of about 10 kHz, the required protection
margin can be reduced by about 18 dB {table 4).

* Interference due to limited selectivity

Due to the limited selectivity of the receiver, the
energy from the two channels adjacent to that to
which the receiver is tuned can cause interference.
Similarly, the signal that is separated from the
received channel by twice the intermediate fre-
quency of the receiver can cause the image-chan-
netinterference. To reduce the interference threat,
adjacentand image signal levels have to be limited.
Table 6 lists the limits incorporated in the model.

« Interference due to local oscillator

Radiation from the local oscillators of nearby
receivers can interfere with the wanted signal. The
radiation at the oscillator fundamental frequency
and at each harmonic frequency can affect one
channel. ltmeans that receptionin frequency bands
3. 4and 5 may suffer interference from the harmon-
ics of the local oscillator of receivers tuned to lower
bands.

« Interference due to limited receiver linearity

If two stations deliver strong signals into the
receiver and use channels separated by the inter-
mediate frequency, they can mix due to the non-
linearities in receiver circuitry, The product can ride
through into the IF amplifier and produce interfer-
ence beat. The worst caseis when these two strong
unwanted signals are located around a relatively
weak wanted television signal. Intermoduiation
interference may also appear with strong input
signals. Usually, it is the two-signal, third-order
intermodulation, involving twice the frequency
of one station minus the frequency of the other,
A non-linearity in the front of the receiver may pro-
duce two spurious signals, one above the higher =
and a second below the lower of the twe channels
involved, -

3.7.2 Analysis

All signals are analysed above the specified
threshold and potentia! conflicts are signalized. The
recognized conflicts are co-channel, adjacentchan-
nel and image channel. The signal level required to
overcome the interference is suggested, taking into
account the required protection margins. The soft-
ware signalizes also local oscillator conflicts. At
UHF itis the fundamental oscillator frequency, and
at VHF it is the second or third harmonic. Figure 8A
iHustrates the process. The results of the EMC
evaluation and signal environment analysis are
disptayed together (figure 8B},

3.8 Reference points

The results of simulations can be stored in the
computer memory. There are two reasons to save
the results. Firstly, they may be used as a reference
to identify any change or anomaly in the operation
of stations. Secondly, if the paramelters of a station
do not change, the results of simulations of that
station can be reused as many times as needed,
offering a significant economy. For that purpose, a
set of sorme 3600 reference points has been se-
lected and signal envirenment at these points has
been determined. There is at least one point for
each transmitting station and for each locality..
These are distributed over the whole territory, one
reference pointper 10x 10kmareaonaverage. The
frequency, level, polarization, azimuth of arrival and
source of every signal that can be received at each
reference point have been stored in the computer
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Figure 85-Signai environment: visualization

Lower-left winaow: a onysical mao of a region snhowing the position of the recerving test station (+). Visible are: the positions of the transmitting
sianons {yeliow points), geographic co-orainates rvertical and horizomal biack dashed lines), border of the countrv (vellow line} and distances
fwhnite ines oulsige ine wingow!

Upper-nant winaow: st of television transmitung stations wrich produce. at the location of the receiving test station. signals equal to, or greater
than. the fixed minimum leve!. Indicated are! tne radio-frequency cnannel numper ang offset (Ch. Off}. level (E) in dB(7T pV/m), distance from.
and beanngic. the transmutting station (D. Az}, effective antenna hewaht and e.r.p. of the ransmitiing station (He. PAR). and narne of the country
anda of the transmitting station (Lang. TV st.namej

Lower-right windov: an imifiation of the screen of & “smar!” spectrum analyser. The hiorizontal and vertical axes represent the radio frequency
channels and tne signal level observed & 'ne stalior. respectively. The norizonta! white ling is Ine required mmimum usable signal leve!. The
orange bars are ine maximum signal leveis witnin tne channels. The red iines are the maximum signal levels with specific ofisets. The dark-blue
pars indicate tne signal level required to overcome porential adjacent- and image-channe! interference. They involve signals in the agiacent and
Image cnannels anc minimuim acceolabie interserence margins. Channel numbers marked in red or orange are warnings about potential osciliator
mniterference

Upper-let: winaow: terrain elevation. @nenna heian: anc geoaraphic co-ordinates o/ ihe receiving 1est Station t+}

Miadie-teft winaow: Tne name. terram efevanor. antenna herani ana geographic co-ordinaies of the selected transmiting station (x)
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memory. Only signals above a threshold level are
taken into account, and the information cccupies
about 680 megabytes of disk space. The results of
simulation kept in memory can be complemented
by the results of the field measurements. With this
inmind. the control points are located in suchplaces
that are not only significant but also easily accessi-
ble and easily identifiabie in the terrain.

3.9 Transmitier data visualizaiion

The access to the information on transmitting
stations is possibie by the name of station. fre-
quency channe!, or iocation. The inter-refated data
from difierentfiias can be displaved simultaneousiy.
as shown in figures 9A ana 9B. The transmitter
database inciudss all tejevisior transmittars exisi-
ing and planned ov : :
television transmitting siations et navs 288N NoL-
fiad internationzly and are situated within about
600 km distance from the country border.

4. Planning new stations

This section deals with planning apptications,
with emphasis on the rebroadcasting.

4.1 Planning tasks

The computer simulation modsal can be used as
a 1oo! to examine effects of various planning ds.ci-
sions and/or project alternatives. With th's tool. the
piannar can guickly answer such quastions as:
- whatisthe distance to the nearest transport
road?
- what signal will be the best for reception?
— what frequency channel will be the best for
transmission?
- willthe proposed radio link be cbstrucied by
tarrzin ohstacles?
- N3
[ZISVISION NeLWOTRY
witl it sufier interference from the existing
stations?

Figure SA-Transmitier daia visuaiization with: iarge-scais map (exampier

Lett window: agmmistiative mar of Sentrai Surope (siaius ¢ 1988 snowing Ing posIion of NS 1eigvision Iransmiting sialions.
Tne horizonta: anc vertca' nes represen: ths mendians ano paralielz. Distances are ingicated outsios
COIQUIS are Usec 10 UISINgUIsh Delweer coumnes Lelers ndicale posiuons of e ransmiting sianons

Rign: winaow: siangard rorm Isung tne mais [ecnmica: cnaractensnes o stanon L

Noie: The interretaled mrormaticn aisplaved in vanous windows 1s automaucally upgaiec.
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- what will be the coverage area of the pro-  with all existing and planned stations. Each signal
posed station? must be examined in detail o ensure that the
To plan a new broadcasting station is a major  investment is successful and the new station wiil
undertaking. With an overcrowdedradio-frequency  neither suffer, nor produce, harmful interference. At
spectrum, any new instaliationmustbe harmonized ~ VHF and higher frequencies, “terrain shielding” or

R e
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POL NOHA BYSTRZYCA
POL HITKANOW - .
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POL JAHOREK
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Figure SB-Transmitter data visualization with detailed map (exampile)

Left window: physical map of selected region about 14 x 14 km. Visible are: geographic co-ordinates {vertical and horizonal
biack dashed lines), roads (red fines), contours of built-up areas (orange lines), rivers (blue lines), terrain elevation above the
sea levei (areas in various colours), positions of selected television transmitting stations (frarmed letters), distances (white lines
outside the window/. Note the highlighted station E

Upper window: (partial) list of television transmitting stations displayed in the left window:. Indicated are: the position on the map
andformal status (0}, number of frequency channel, offset and polarization (Ch, Off, P), terrain efevation and actual and effective
antenna heights (Hoc, Ha, Heff), effective isotropically radiated power (PA R), name of the country and station (Land, TV st.name).
Note the highlighted station E. The lowest row lists commands avaiiable, and, on the right side, the identification number of the
highiighted station divided by the total number of the stations in the transmiiter working database

Rightwindow: the form listing the characteristics of the station E highlighted in the other windows (the form is not completely filled
in). It serves 1o view, add, modify, or delete the station characteristics

Nate: The interrelated infermation displayed in various windows is autcmatically updated.
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“site shielding”, that is the diffraction losses caused
by the intervening terrain, can often be deliberately
used to reduce the intensity of unwanted signals.[30]
Thus, the likelihood of interference 1o, or from,
another system can significantly be reduced. The
station design depends on the geography of the
country, the population distribution and the avail-
ability of broadcast frequencies, and a careful de-
sign and positioning of the antenna and selection of
frequency channels are required. In addition to the
signal coverage and EMC considerations, the se-
lection must also accommodate such factors as
physical access to the site, cost, legal aspects, and
other limitations. To select a feasible variant from
the variety of possible deployment scenarios, many
analyses and comparisons have to be made. The
station siting, working frequency, power radiated,
and antenna radiation pattern are among e pe-
rameters that can be varied to achieve the best cost
performance ratio. In order to reach a practicabie
solution, it might be necessary 1o examine many
combinations of these parameters. To select a
station siting, Hufford [25], for exampie, examined
some 80 potential locations and some million calcu-
lations might be required.[31] To reduce the related
labour to manageable proportions, computer-aided
tools are indispensable.

Two characteristics of rebroadcasting stations
are of major importance: the coverage area and
EMC. The LOS coverage, approximating the poten-
tial coverage, is one of the decisive parameters for
the selection of the station site. In this context, the
coverage area (of. a terrestrial transmitting radio
station) means the area associated with the station
within which, under specified technical conditions,
the intended communication is feasibie. The EMC
decides about the frequency selections. Coverage
area predictions and EMC evaluations require data
about the local terrain and signal environment. The
more precise the data, the better the selections.
Each rebroadcasting station needs two frequency
channels, one for reception and one for transmis-
sion. These should be compatible between them-
selves and with the signal environment. ideally, the
transmission channel should be free fromany other
signal, and its use should not interfere with the
actual and planned use of frequency channeis. The
reception channet should contain only the wanted
signal, strong enough and interference-free. The
simulation too! helps to make such a selection.
in a preliminary planning stage, if the number of
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appropriate frequency channels is insufficient, only
the transmitting channel is determined. The signal
for retransmission must then be delivered by cable
or microwave link. in more critical situations,
special selection techniques may be required.[32]
These, however, are beyond the scope of this
article.

4.2 Planning through simulation

One of the main aims of our simulation tool is to
help to select technical characteristics of television
rebroadcasting stations listed in table 5. It covers
only technical elements and figure 10llustrates the
approach. The user has to input the instructions.
The software automatically extracts and processes
all additional data needed and performs the analy-
ses described in previous sections. The results of
simulated experiments and examinations are dis-
played on the screen for the interpretation, analysis
and evaluation of the user, whois to decide whether
the current characteristics are satisfactory, or an-
other variant should be examined. Inthe latter case
he introduces new instructions, and simulation is
repeated with new data. This cycle canbe repeated
as many times as needed, until an acceptable
version is selected, or the iteration process is
discontinued. Ideally, this process would be auio-
mated to optimize the system for the wanted behav-
iour. The station planningis, however, too complex,
and human reasoning is necessary. Thefinal selec-
tion is based on a comparative analysis of several
alternatives possible. The larger the number of
alternatives analysed, the better the final solution.
Extensive interaction betweenthe planner and simu-
lation model is necessary to tune parameters before
embarking on experimental verification in the field.

To restrict interference effects, co-sited trans-
missions and overlapping coverage areas should
avoid conflicting frequency channel comibinations,
and levels of the unwanted signals should be kept
within the tolerable limits. Table 6 lists the minimum
requirements built in the model. There are three
measures to follow these requirements. Firstly,
the attenuation of the unwanted signai over the
LOS propagation path may be used. It means
that minimum separation distances between the
stations must be observed.[33] Secondly, addi-
tional attenuation due to terrain obstacles may
be expioited. Finally, the required amount of attenu-
ation may be obtained by the directional antenna
design. '
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5. Verification, performances and
limitations

This section discusses the overall perform-
ances and limitations of the model. it also gives
results of the verification of the data banks and
propagation models.

5.1 Verification

5.1.1 Terrain data verification

The terrain elevation profiles derived automati-
cally fromthe digital map were verified against those
extracted manually from the source {paper) map.{34]
About 100 randomly selected paths in various
regions were used for that purpose. A sample of
about 6000 points at intersections of the paths with
cor'aur | mes was tested, and tap'» 7 Snmmarizes
the . zsults. The mean difizio oead
1 m, the correlation coefficient was above 0.99, and
the standard deviation of the difierence did not
exceed 15 m in mountainous terrain. It seems fair
to conclude that ourtopographic data bank contains
nearly all the elevation information one could rea-
sonably expect to extract from the source map.

5.1.2 Transmitter data verification

Transmitter data were checked against the
master copies of notifications submitted to the
national authority and to the IFRB. A partof the data
was verified against the actual installations. Some
discrepancies were discovered on that cccasion.

Table 6

Minimum tolerabie wanted-unwanted signal margins

unwanted signal type channel No.* m(zrg)ln remarks
co-channel e 45 no offset
- 27 offset (non-precision)
22 precision ofiset
adjacent channel c+1 -2 upper adjacent channei
¢-1 -5 lower adjacent channel
image channel c+9 13

* Channel No. ¢ is the channel to which the receiver is tuned in.

Sloo e L

As the field-strength prediction models have
aiready been verified by other authors, the sottware
was checked only against errors, For that purpose,

a comparison was made between the signal levels

measured in the field and predicted by the simula-
tion model. The test sample was limited o 36
transmitter-receiver links in a hilly rogion (400 to
1000 m above sea level). The mean difference
between the measured values and predicted ones
was 3 dB, the mean-square difference 5 dB and
the correlation coefficient 0.87. These results
correspond to the accuracy of the field-strength

Table 7

Results of verification

item sample mean standard correfation maximum | minimum
size difterence deviation coefficient difference | difference
terrain all terrain types
elevation® | (135-1300 m} 6117 om 12m 0.998 143 m -75m
fiat terrain
{135-255 m) 1242 om 4m 0.996 19m -30m
undulated terrain
(200-840 my) 1524 -1m 10m 0.994 4a0m ~47 m
mountainous terrain
(260-1300 m} 3351 om 15m 0.996 67 m -75m
field strength™ 36 3dsB 5dB 0.875 12 dB -8dB

* Difference between the terrain efevation above sea level at the same points derived automatically from the digital

lerrain data base and extracted manually from the source map by skilied persons.

** Difference between the measured and predictad field strength levels.
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Table 8

Simulation model performances

No. task time® remarks
(seconds)

1 transmitter-file search and data extraction <1 500 transmitters

2 signal environment and spectrum occupancy estimation < 10™™ 500 transmitters

3 EMC analysis and interference threat evaluation < 10" 500 transmitters

4 transmitter-receiver distance and bearing computing <1 50 km distance

5 terrain-profile extracting <1 50 km distance

6 terrain irreqularity (Ah} evaiuation <1 50 km, 400 points

7 first Fresnel zone determination <1 "™ 50 km, 400 points

8 point-to-point propagation predicting < 17t 50 km, 50%, 10%, %% of time

9 LOS coverage area predicting <20 50 x 50 km, 90 000 points

The time required to perform the task; the task volume is characterized in the column “remarks".

" The total time of performing tasks 2 and 3 together.

e

The total time of performing tasks 4 through 8 together.

measurements [35] and are similar to those pub-
lished in the literature.[36-38}

5.2 Performances

Table 8 illustrates the overall performance in
terms of time required to perform the specific task.
Rows 1 to 3 of the table list the tasks relevant to the
analysis of the station operation. Rows 4 to 9list the
tasks relevant to the planning of a new station.
These performances were observed with the per-
sonal computer Compag 386/20e with a math-
ematical co-processor, EGA/VGA graphic card,
4 megabytes RAM, 80 megabytes hard disk and
DOS.5 operating system. Better performances may
be expected with faster microprocessors andlarger
mermory.

5.3 Limitations

The computer hardware limits the speed of
simulation computations andthe maximum number
of transmitters processed within a reascnable time.
The simulation model described in this article has
been running successfully on a personal micro-
computer type IBM-AT or compatible. The system
allows to simulate a network of about 10 000 trans-
mitters over a territory of about 1500 x 1500 km.,
At present, the simulation model is limited to

Secam D/K television systems. The propagation
prediction models refer to VHF/UHF frequency
bands, land paths, standard atmosphere and tem-
perate climate (the main-frame versionincludes four
different propagation models). Astheyare basedon
measurements within some 500 km distance, the
predictions for greater distances are tess reliable.
The model restricts the signal propagation path to
the vertical plane connecting the transmitting and
receiving antennas. Multipath propagation, effects
of reflection from terrain obstacles, buitdings, etc.,
as well as ducting phenomena, are disregarded.

6. Conclusion

6.1 Summary

The growing demand for frequencies can be
satisfied by improving the control over interference
among stations and by reducing the spectrum
wasted due to interference. The interference reduc-
tion involves analyses of huge amounts of spec-
trum- and geography-related data. Without auto-
mation, the job would be hopeless. This article
shows how the task can be facilitated by a computer
system that integrates the analysis, design and
documentation. The strength of the described sys-
tem lies in its precision, efficiency, simplicity of use
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and low cost. Together with its earfier version, ithas
been used to analyse the operation of thousands of
television transmitters and to plan several hundreds
of new low-power rebroadcasting stations. It
offered substantial economies:

— inthe time spent for technical examinations
and analyses;

_ in the frequency spectrum used through
tighter “packing” of stations;

— in energy and in cost.

The experience indicated its possible further
development, and appropriate work has already
been initiated. This section contains some remarks
in this connection.

6.2 Future development

Two indeperd =t 1 too 2
sidered: to make the simulation tool more uinivesd
and to make it more accurate.

6.2.1 Other services

Qur simuiation model is restricted to a specific
country and a specific radiocommunication service.
Could it be applied to other services and other
countries? The answer is. yes, but data banks,
propagation models and criteria have to be modified
as appropriate. Cellular mobile radio, rurai radio-
telephony, microwave links and sound broadcast-
ing applications at VHF and higher frequencies
could use the digital terrain elevation data banks
and other elements of the modeil.

6.2.2 More accuracy

Abetterimitation of the real world reguires more
accurate propagation models and data. Three com-
menits can be made inthis connection. Firstly, more
accurate digital maps are not a technicat problem
today. Digital maps of some regions are availableon
compact disks (CD-ROM). Microcomputer tools
exist to convert conventional maps into digital for-
mat. In addition, satellite technology offers digital
maps from the sky.[39] The ITU publishes various
maps,[40. 41} but digital terrain elevation maps are
not available within thatorganization. Onanintema-
tional scale, the Food and Agriculture Crganization
of the United Nations (FAO) is developing a world-
wide geographic information system {see FAO:
Geographic information systems in FAQ (Rome,
1988). Unfortunately, FAQ's terrain data cannot
be used in VHF/UHF radiocommunication
applications. The resolution of generally available
digital maps from satellites reaches about 10 m.
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A 1-m resolution or less is possible with today's
technology. However, to collect and maintainthese
data with the corresponding degree of reliability
might be difficult. Many man-made structures of
such dimensions would have to be included in the
data banks. As the structures can be created,
destroyed, modified, or displaced, the data would
need frequent updating. Otherwise, the data bank
would be inaccurate. Secondly, in order to improve
propagation predictions, multiple propagation modes
should be included and a three-dimensional propa-
gation model would be required for that purpose.
Various ray-tracing techniques are possible here.
Unfortunately, all of them are computing-intensive
and require huge amounts of data. The existing
~aemmmal ~amniftars are unable to cope with such

Hinally, 1t 588MS UIFEASONEDIE WO seyuiis 10
simulation results more precise than field-strength
measurements. It is the measuring uncertainty that
defines the accuracy required from the computer
simulation.

6.2.3 Wider application

The EMC examinations require data about the
transmitting stations and terrain within the range of
approximately 1500 km. With small countries, such
distances spread outside the country's territory, so
that the same data are used in two or more coun-
tries. An exchange could eliminate the need to
duplicate data collection and maintenance. A com-
mon co-ordinate system, and common data struc-
ture would make such an exchange easier. The ITU
maintains data banks on radiocommunication sta-
tions that seek international recognition, and it could
also maintain digital terrain data banks and simula-
tion models, similar to that presented in this article.
Many time-consuming technical examinations
could be then automated and made more accurate.
The system would be accessible for consultations
and trial examinations by all those interested. Its
operation would resemble an air-ticket reservation
network, where a clientcan consultflight schedules,
select connections, reserve seats and buy tickets in
his local travel office. In our case, it would be the
assignment of the frequency and position of a
station, rather than the airplane seat, and the local
spectrum management office rather than the travel
office, but the concept is the same. The results of
the examinations could be available at the user's
desk almost instantanecusly. In the case of a



positive finding, formal notification could be done
automatically. Otherwise, potential conflicts would
be identified and necessary negofiations among
the invoived parties could begin without delay.
Facsimile and videoconferencing, complementing
the computer communications, couid facilitate the
negotiations and consultations. A group of highly
qualified experts would maintain the system at
headquarters and be available for consultations.
Such a group might also help in solving those
spectrum management problems which result from
the lack of sufficiently experienced professional
staff, especially in developing countries. The border
between national and international spectrum man-
agement would be blurred. The spectrum manage-
ment would be more efficient notoniy interms of the
involved costandtime, butalsc interms of spectrum
conservation, which is even more important.
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At the Secretariat we received 2 reports on this Symposium
. and both are printed below. the first was received from
Prof. Dr. F.LHM. Stumpers, the official URSI
representative and Program Chair at the Symposium, the
second report was written by the Symposium Organizers.

Report by Prof. Dr. F.L.H.M. Stumpers
URSI Representative

This symposium was attended by 250 persons from many
countries. A survey was given by myself in Electromagnetic
Compatibility 1994 (late papers) and for Lightning by Prof.
Ianoz (321-325). Thereis not enough place to repeat all this
here.

Dr. C. Baum started the symposium on Monday, June 27
with a tutorial on EMP. The clarity of his lectures is well-
known, this was no exception. Tuesday, June 28, at 9
o’clock the opening session of the symposium, had
introductory papers by professor Majewski, chairman
Symposium Council, Professor Bem, symposium chairman
and myself as chairman scientific program committee. At
11 o’clock a special ceremony took place in the Aula, led
by the Rector, prof. Wiszniewski, (with ermine mantle) in
which the Senate conferred the degree of doctor honoris
causa on me. Three vice rectors, nine deans, two scepters
were present, as well as my promoter professor Bem. The
university choir sang the national anthem, the polonaise
“Farewell tothe fatheriand”, Mozart’s “Laudate Dominum”
and the academic anthem “Gaude Mater Polonia” during
pauses in the ceremony. After the ceremony a reception
was held, during which many symposium attendees came
to congratulate me, as well as ministers and other polish
personalities. For myself and my wife it was an unforgettable
day. In the afternoon I chaired a special session, in which
professor Sir Francis Graham Smith spoke on “The radio
Universe”. The following session, chaired by dr. Spoelstra
treated “Interference effects in radio astronomy”. In the
evening there was a cocktail party in the medieval townhall.
The European Community required inits E.C. Directive on
EMC, that all equipment, placed on the European market
should comply witha set of harmonized standards, covering
both interference and immunity. The aim of this Directive
is clear : to avoid, that an apparatus disturbs the working of
other electrical apparatus in its neighbourhood, and that its
own working is disturbed by interference, occurring in its
normal environment. In EMC the role of a generic
requirement is limited, as any specific product standard
overrules the generic standard. The generic standard
measures EMC fields between 30 Mtz and 1 GHz, whereas
the household appliances standard measures between 30
and 300 MHz, and with regard to immunity the draft
household appliances. Standard does not require any test
for household appliances, containing no electronic control,
This directive created a shortage of relevant engineering
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skills in the UK., where Marvin set up an M.Sc. course at
York and Hull universities, and a consortium of these
universities with those in Paderborn (Germany), Patras
(Greece) and Rome (Ttaly) plans to agree on apan-European
M.Sc.See Marvin, Anaheim EMC Symp. 158-163, 1992.
Professor Habiger criticized in this Symposium an ESD
requirement (IEC 801-2), that an apparatus should withstand
10 pulses at each level 2, 4, 6, 8 kV, and thinks this number
shouid be increased to 100, 500 or 1000, Obviously this
would require automatization. Bochkov did tests for noise
immunity, in order to improve on the tests of IEC 801-4,
using methods of experimental design theory. His new
multi-factorial tests are an improvement on the test, discussed
here in his 1992 paper. Vrolijk also starts from IEC 801-2
and 4. He discusses a draft immunity standard forhousehold
appliances. For mass-produced appliances the CISPR 8(/
80 method could be used (80% of the appliances comply
with the requirements with at least 80% confidence). Another
paperonimmunity of a different type was given by Pietranik
and Zarko. They propose to use the third order
intermodulation factor as the parameter, that characterizes
thereceiver’s immunity againstintermodulation. Immunity
will be on our agendas for several more years.

In the biologichl effects section, rats and mice are the
favourite animals. One wonders, whether there will be
encugh correlation between the effects on humans, and the
effects on these small animals. Yoshino drew attention to
the danger of sitting to near to the cathode ray screen, as
computer people usually do. He suggested the use of a
conductive transparent coating film, that also found
application in USA. Sweden was one of the first countries,
to draw attention to this danger, So far CENELEC has not
found it necessary, to follow in this direction. Yoshino sees
also a danger in car transmiitters and walkie-talkies in cars,
if the head of the operator is too near to the antenna.
Antennas should be installed with care, and preferably
above the head of the operator. Studies were done ar
wavelengths of 2 m, 70 cm and 24 cm. Further study is
necessary.

Seismogenic emissions preceding earthquakes have been a
subject of interest in the (former) USSR and Japan
(Gokhberg, Yoshino). A group of Greek scientists around
Kopanas and Varotsos came up with a formidable result :

They predicted on March 1,994, that an earthquake of

magnitude 6.0 would occur between April 11 and 18 in the
sea area between the western Peloponesus and Zakynthos
island. It really happened on April 16 and the magnitude
was 5.8. The Greek authorities have confirmed this. We
really hope to see a follow-up !

To protect radioastronomy reception by a 25 meter high
screen around the antenna was tried at Arecibo, and Nancay
is studying the effect of a 30 to 40 meter high screen around
its telescope. The general knowledge of radio-astronomers
is exemplified by Ponsonby, who showed the Russians,
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how they might decrease the sidebands of their GLONASS
transmitters and in that way help the radio astronomers,
without any disadvantage to themselves.

We had a number of papers on printed circuit boards by
John and his colleagues at Siemens-Nixdorf. Analogous
research is done at Philips Research and it will be possible
to compare results at the Zurich Symposium.

Professor Kikuchi drew attention to the effect of chaos and
chaotic fluctuations in gas discharges. From an EMC point
of view it is interesting to find out whether it is easier to
suppress the chaotic fluctuations or to suppress theireffects.
Mayher, Parlow, Boe and Goddard have drawn attention to
the relation between EMC and Frequency Management in
this and earlier Wroclaw EMC Symposia.

Other subjects we can only mention : Antennas and
Propagation. EMC in Power engineering. Lightning and
LEMP. EMI Reduction Technigues. Whistlers.

As you may see on the example of this symposium, EMC
is really a multidimensional field of research and in our
highly technological civilization, an indispensable one.
Without attention to Compatibility this civilization based
on intensive use of electromagnetic energy cannot develop
further.

Prof. Dr. F.L.LH.M. Sturnpers
Honorary President URSI

Report by the Symposium Organizers:

The Symposium was organized by the Association of
Polish Electrical Engineers, the Institute of
Telecommunications, and the Wroclaw Technical
University. It was co-sponsored by URSIand supported by
ITU-R, ITU-T, and other international organizations as
well as by national associations of electrical and electronic
engineers from 17 countries,

The Symposium Council was chaired by Prof. W. Majewski
(Poland) with vice chairman Prof. R. Struzak (Poland), and
the Scientific Program Committee by Prof. F.L.H.M.
Stumpers with vice chairmen Mr. Th. [rmer (ITU-TSB),
and Mr. R.C. Kirby (ITU-BR). The co-chairmen of the
Symposium were Prof. D.J. Bem and Mr. J. Rutkowski, and
the Organizing Committee was chaired by Mr. W. Moron.
There were 250 participants from 26 countries. The most
numerous groups were from Poland (117), Russian
Federation (21), Germany (15), Hungary (10), UK (10},
France (8), Japan (8), USA (8). Some people came from
Canada, China, Thailand, Greece and the Republic of
South Africa,

Because of the financial problems some authors (especially
from China and the former Soviet Union) had to resign
from the participation, but they declared their willingness
to come to the next Wroclaw Symposium.

Proceedings containing 134 papers accepted for
presentation, delivered by 281 authors and co-authors from
26 countries were available to all the participants during the
Symposium.
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On the day before the Symposium opening, a Tutorial
Lecture was given by Dr. C.E. Baum (USA). He presented
the topic “EMP and Related Matters”.

The Symposium was opened by its chairman, Prof. D.J.
Bem. On behalf of Symposium Patron the Minister of Posts
and Telecommunications of the Republic of Poland, the
audience was greeted by the PTT vice-minister, Mr. M.
Rusin.

After the Symposium opening a rather unusual event took
place. It was a sublime ceremony of conferment of a
honorary doctor’s degree on Professor F.L.H.M. Stumpers
granted as an appreciation of fruitful cooperation in the
field of EMC by the Technical university of Wroclaw, the
symposium host and one of its co-organizer. All Symposium
participants were invited to attend that ceremony. Prof.
Stumpers has been the Scientific Program Chairman of the
Symposium since 1975.

Plenary sessions were held on the first and third day. The
following two papers were presented :

- "The Radio Universe” by Prof. Sir F. Graham-Smith
(UK),

- "The International Framework for Spectrum
Management” by Mr. M. Goddard (UK).

The third plenary paper “Biological Effects of
Electromagnetic Fields™ by Prof. L. Miro (France) was not
presented because the author could not come, nevertheless
the paper was inserted into the Proceedings.

Twenty three regular and six poster sessions covered various
fields of EMC. Only 94 papers out of 134 contained in the
Proceedings were presented because of some authors
absence. All the sessions were held in English.

The core of the Symposium was formed of the following
invited sessions :

- HighPowerElectromagnetics, organizer Dr. C.E. Baum
(USA)

- EMC in Amateur Radio Service, organizer Mr. H.
Cichon (Potand); IARU Region sponsored sessions,

- Couptling to Cables and Structures, organizer Prof. P.
Degauque (France); URSI Commission E sponsored
session

- Regulations and Standards in EMC, organizer Mr. G.
Goldberg (Switzerland)

- Terrestrial EM Noise, organizer Prof. M. Hayakawa
(Japan); URSI Commission E sponsored session

- Lightning and LEMP, organizer Prof. M. lanoz
(Switzerland);

- Noise, Fluctuations and Chaos, organizer Prof. H.
Kikuchi (Japan); URSI Commission E sponsored
sessioMn

- EMC in Science Services - Activities of the ITU
Radiocommunication Study Group 7, organizer Mr.
H.G. Kimball (USA); ITU-RR sponsored session

- EMC in Science Services - Interference Effects in
Radio astronomy, organizer Dr. T.A. Th. Spoelstra
(The Netherlands); ESF - CRAF sponsored session

- EMC in Wire Communications, orgamzer Prof. G.
Varju (Hungary); ITU-T SG35 sponsored session

- Alternatives to Open Area Test Sites, organizer Mr.
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P.F. Wilson (Switzerland):

- Biological Effects of Electromagnetic Waves, organizer
Prof. T. Yoshino (Japan); URSI Commission K
sponsored session

- Seismogenic EM Emissions for Earthquake and
Volcanic - Eruptions Prediction, organizer Prof,
Yoshino (Japan); URSI Commission E sponsored
session.

The titles of the other sessions were

- Antennas and Propagation - EMC Aspects

- EMC in Power Engineering

- EMC in Printed Circuit Boards

- EMC Measurements and Instrumentation

- EMC Prediction Analysis and Modelling

- EMI Sources and Coupling Paths to Victim

- EMIReduction Technigues, Regulation and Standards
in EMC

- Spectrum Management, Sharing and Monitoring.

The “Open Forum on Standardization in EMC” evoked a
great interest. It was organized by Mr. M.C. Vrolijk (The
Netherlands) and key speakers were : Mr. G. Goldberg
{chairman of ITEC ACEC), Mr. R. Denoble (president of
CENELEC) and Mr. Ch. J. Corbett (ETSI).

The same interest evoked a round table discussion on
“Spectrum Management : Resolving Future Spectrum
Requirements”. It was co-organized and co-chaired by Mr.
Th. Boe{Norway)and R.J. Mayher (USA); the key speakers
were : Mr. M. Goddard (UK), Mr. R.D. Parlow (USA), Mr.
W. Sega (Poland), and Mr, R.G. Struzak (Poland).

Two workshops accompanied the Symposium :

- Overview of Pulse Disturbances, organized by Rohde
& Schwarz (Austria),

- The emissions and Immunity Testing in EMCQ -
GTEM Cell, organized by EMCO EUROPE
{Germany).

Young Scientists Program was organized with the financial
support of URSL Support was offered to three young
scientists, and two key speakers were partially supported.
The organizers contacted also the International Science
Foundation (Washington, USA) which offered financial

support to scientists from the former Soviet Union. Three
scientists attented the symposium with this help.

A technical exhibition was held during the Symposium
with the participation of 10 companies.

There was also aliterature exhibitionincluding publications
of international organizations (URSL ITU-R, [TU-T, ETSL,
EBU, CENELEC and IEC (CISPR, and TC77)), and some
books from Prentice-Hall (UK).

Both exhibitions were well received and well-attended.
A computer room was available to all participants to enable
software presentation and in depth discussions, as well as
E-mail through Internet Network

A Joint Meeting of the Symposium Council, the Scientific
Program Committee, and the Organizing Committee,
together with Session Chairmen was held on the tast day. It
was co-chaired by Prof. R. Struzak vice chairman of the
Symposium Council, and Prof. F.L. Stumpers, chairman of
the Scientific Program Comumittee. The present Symposium
and future improvements were discussed.

Generally, the current event was positively evaluated and it
was stressed that the broad range of the Symposium topics
resulting from the accepted EMC definition should be
continued. [t was agreed that due to such strategy fruitful
new ideas are often born, and duplication of efforts can be
avoided thanks to contacts and discussions among specialists
involved in various fields of EMC.

It was also emphasized that a mixing of theoretical and
engineering topics is very fruitful and should be retained.
The positive influence of the interaction between those
involved in theory and those involved in the engincering
practice cannot be overestimated,

Copies of the Symposium Proceedings are available from:
EMC Symposium

Box 2141

51-645 Wroclaw 12, Poland

fax : +487] 483248

the : 712118 ilw pi,

The 13th Wroclaw Symposium on EMC is planned for June
25-28, 1996.

The Organizing Committee

MATHEMATICAL METHODS IN ELECTROMAGNETIC THEORY
MMET’94

7-10 SEpTEMBER 1994, KHARKOV, UKRAINE

The two preceding International Conferences on
Mathematical Methods in Electromagnetic Theory
(MMET"90 and MMET"91) caused a great interest of the
participants, both from inside and outside the Former
Soviet Union. This lead us to the conclusion of the necessity
of holding the MMET conference on a regular basis.

MMET’ 94 is the fifth conference in this series, the first two

being for domestic attendance only with Russian as working
language. This time the Conference is organized by the
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National URSI Committee of the Ukraine, in cooperation
with the URSI Commission B. It was held on September 7-
10, 1994, in the Kharkov State University. I am grateful to
Prof. L.N. Litvinenko, Vice-President of the Ukrainian NC
URSI, Prof. O.A, Tretyakov, Chairman of the Commission
B of NC URSI, Prof. V.A. Svich, Rector of the Kharkov
State University, and Prof. A.D. Olver, Chairman of the
URSICommission B, and the staff of the ERQ USARDSG-
UK for their great support and encouragement.
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The TU Telecom Information Exchange Services (ITU TIES) is
a set of networked information resources and services offered

by the ITU.

TIES Public Services, open fo the general public without
charge or registration, includes:

@ General information about the 1TU
® Access to ITU public documents
@ Access to ITU public databases

® Access to information services of other UN
organizations

® Access to the global Gopher server network
@ Auto-answering robot mailboxes (e.g., ITUDOC)

The goal of the TIES Services for Registered Users is to
support the requirements for electronic exchange of
telecom-related information by the participants in ITU
activities: Administrations and Missions representing Member
States, telecom operators, |T industries, standardization
organizations, UN and specialized agencies, efc. The
services provided include:

e All TIES Public Services mentioned above

@ Access to non-public ITU documents

o Internet and X.400 electronic mail accounts

® Internet Telnet and FTP services

® Access to restricied or subscription-based ITU
databases (e.g., tariffs database)

® Access to other external information services
(e.g., ETSI, UN ICC)

Required software on your computer is o VT1 00 terminal
emulation program (examples include Procomm, Crosstalk,
Kermit, MS-Windows Terminal).

@ Public TELNET access: gopher.itu.ch

® Registered TELNET access: ties.itu.ch

® X.25 access: #228468111112

@ Dial-up access: +41-22-733-7575
At logon enter your usename and password to access the
services for registered users or enter "gopher" o access the
public services.

MG ORI

The pointer to the TIES Gopher is:

Name=international Telecommunication Union (ITU)
Host=info.itu.ch

Port=70

Restricted to registered users: ftp.itu.ch

Send an Internet email to itudoc@itu.ch with HELP in the
body of the message to get a help file describing the use of
the ITUDOC autoanswering robot.
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FAX: +41 22 730 5337
Internet: helpdesk@itu.ch
X.400: S=helpdesk; A=arcom; P=itu; C=ch
Telex: 421 000 uit ch

October 1994

Page 2



PUBLIC SERVICES GUIDE TIES

TABLE OF CONTENTS

INTRODUCTION ....oeeceeeeeeemrsasssstossssesenssssesessssmssassnssnsossossorssssssmnssnsssasssmsans 6
WHAT IS THE ITU? .ceetrvecrenrarnsnssssssssinssnsssssssssnsssssnsssssssanssssos sossssesmnsansnns 6
ITU TELECOMMUNICATION STANDARDIZATION SECTOR -......ooeeooeooeoeeeeeeoeseeseessn s 6
ITU RADIOCOMMUNICATION SECTOR ...oooovoeveennn, OO UTON 7
ITU TELECOMMUNICATION DEVELOPMENT SECTOR .ev.vvv et 8
TELECOM L. e oo 9
TIES SERVICES......cooiieierariiniiecrssisssesssssrsensssssssssssssssesssssassssssmesasssorssssenss 10
TIES PUBLIC SERVICES .....oocoiviiimimieeeeeees e ee et e e eeseets e et ea s e e e een s 10
TIES SERVICES FOR REGISTERED USERS .....ooi oo eeeee oo sseenias 11
SIGNING UP FOR TIES SERVICES FOR REGISTERED USERS w.vvvoeveeeeeeeeeree e 12
CONNECTING TO TIES ...t rerressverreemssessnsessssssessssssssosssmssesssssssnsrens 13
THE INTERFACE: GOPHER ..ottt et se e e 14
TIES INTERACTIVE INTERFACE ....ctvette et oe e e s et r e e s eaenaneneas 14

TELNET oot e e e e ees ettt e ae e e e eeeeemnnes 15

X e e e 15

DUAL-UP . e e e e 15
TIES CLIENT/SERVER INTERFACE ..o.ccouvvmvircciieiececerseeesssssssssssssasemnseees 15
TIES ELECTRONIC MAIL INTERFACES ....oooeeeeeeeeveesaeesneesessesesessesseeeses 16
USING THE TIES INTERACTIVE INTERFACE........iiieeceeieerecssnsnsessrones 17
GOPHER BASICS ...t renssssistessssmessesssssssesssssessssases s samnensesssesseasna 18
DISPLAYING DOCUMENTS/FILES......oeiiviecireistsstcsssessessssesssssssssassarssonsnsans 21
ACCESSING ITU INFOBASES ....cooeeerecrereseesensresssensns ersteeternerssestesases 22
THE ITU DOCUMENT STORE (ITUDOC) woveireeeeeeereerasreeesesesesecnasenmessene 24
SEARCHING USING KEYWORDS IN TITLES.....ooii oo ieeeansnssessssnsssssns 28

Page 3 October 1994



A4 A A - A B a2 _ A & L

ARl . S &% -

i A

TIES PUBLIC SERVICES GUIDE
DOWNLOADING DOCUMENTS/FILES reoreasesesssnnessaessssassnnts 32
NAVIGATING THROUGH NON-ITU GOPHERSPACE........ccocusssesvisannes 33
INFORMATION SEARCH IN NON-ITU GOPHERSPACE.......cccevuruianenne 34
THE “FLIP SIDE” OF GOPHER .........c.cocussmmmmsrssassammantsstrsssssnsesanrs srissreensas 37
TIES SERVICES FOR REGISTERED USERS.......ccccnnainicinmmniin 38
USING TIES ELECTRONIC MAIL INTERFACES ...cccrierinieccncssisninsnariens 38
ITUDOC ELECTRONIC MAIL INTEREACE ..coicniiiiiiiiis i inninnie sty 38
TAM EMAIL ADDRESS FOR ITUDOC ..o 39
ITUDCC AUTO-ANSWERING MAILBOX COMMANDS .....oooviiiaiiinininnieninn e 40
TTUDOC ROAD MAP AND INDEX FILES ......oiiiriieiiniiin et scneenies 44
Tips USING THE TTUDOC EMAIL INTERFACE .....cvvtemrenereerercaneririeesennnassenesasess 45
HOW TO GET HELP.......ceeeererisissrnranisssnsssnrssssisssssssssanssssrsnssssrassassasssss 45
GENERAL TIES HELP .....cvviiiivrnreeees i snnisimuis e see e iaas s e ssss s sss e st snaasrannsnsnscness 45
HeLp ON ITU-T ELECTRONIC INFORMATION RESOURCES ......coevveniamiiniininnaeinas 46
HELP ON ITU-R ELECTRONIC INFORMATION RESOURCES ....coocoiceniiiininninninnncninis 46
HELP ON ITU-I ELECTRONIC INFORMATION RESOURCES ......ooooiiriiieninniensnnannns 47
ANNEX A - QUICK START FOR EXPERTS .....cocoveimeriiiriiimenisnsnensecsissas 48
ANNEX B - USING AN INTERNET ACCESS PROVIDER.........cccccciuncannns 50
PDIAL - PUBLIC DIALUP INTERNET ACCESS LIST .ovvrii s 50
Tips ON CHOOSING AN INTERNET ACCESS PROVIDER ....ccovivieriiiciiinininines 50
PuBLIC DATA NETWORK ACCESS INFORMATION ..o 51
SAMPLE INTERNET ACCESS PROVIDERS ..cvvvvvuriiimiimiisiinsimnens s 52
NORTH AMERICA ... e oot eeetetaatarie e eeeeets s insssn s ias s s ss s bs s s 52
MAINLAND EUROPE........oieevesvrieeeeieeseenenaantasrsnes et as s ne s seossansssaansns 54
NORTH AFRICA .....ooooeeeeeeeeeeeeecttesratee s cibt s e e s sma s s saa s b e 55
ANNEX C - DOCUMENT RETRIEVAL FORMATS.....ccccicnsnmrmanessessesnanne 56
ANNEX D - TIES/ITUDOC CONDITIONS OF USE AND COPYRIGHT
INOTICE .oeoveeiercsesesrssrsrsnsasssessesnt rast sassnssssssassns insnss b4ests Hamtsabesssrsnsrtss bostrasasntssnassns 59
October 1994 Page 4



PUBLIC SERVICES GUIDE TIES

ANNEX E - ACCESS TO ITUDOC FROM MAJOR EMAIL SERVICE -
PROVIDERS. ........coovenreeevrmmramresssereeenessssssssssons 60

Page 5 Qctober 1994



A =B A . & & &L + " - =

a2

£ -

A A

- &

AEE _AML .

1. A

i 4248 .

AAZ

TIES PUBLIC SERVICES GUIDE

Introduction

Welcome to Telecom Information Exchange Services (TIES). TIES is a set of
networked electronic information resources and services offered by the
International Telecommunication Union (ITU). The goal of TIES is to support
the requirements for electronic exchange of telecom-related information by the

general public and the ITU's member countries. !

What is the ITU?

The ITU is a United Nations specialized agency dealing with telecommuni-
cations headquartered in Geneva, Switzerland. ITU activities include the
regulation, standardization, coordination and development of international
telecommunications. The International Telecommunication Union is basically
organized into three sectors that reflect its main activities (standardization,
radiocommunication and development).

® [TU Telecommunication Standardization Sector (ITU-T)
® ITU Radiocommunication Sector (I1J-R)

® ITU Telecommunication Development Sector (ITU-D)

TIES electronic information resources and services principally relate to the
activities of these sectors. A summary of the three ITU sectors is given below.

ITU Telecommunication Standardization Sector

The Telecommunication Standardization Sector (ITU-T) fulfills the purposes of
the ITU relating to telecommunication standardization by studying technical,
operating and tariff questions and adopting recommendations on them with a
view to standardizing telecommunications on a worldwide basis.

The ITU-T (formerly CCITT) facilitates the development of global standards
{Recommendations) for telecommunications, including:

s general network planning, network operation and network architecture

1183 as of March 1994,
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* terminals (e.g. data modems, multiplexer), systems (e.g. switch-
ing/signaling/transmission), networks (e.g. telephone, data. ISDN, B-ISDN)

* services and applications (e.g. multimedia)
* operations and maintenance {e.g. telecommunication management network)
¢ tariff principles and accounting rates.

In order to achieve its objectives, ITU-T works through  world
telecommunication standardization conferences, telecommunication standardiza-
tion study groups, the Telecommunication Standardization Advisory Group and
the Telecommunication Standardization Bureau (TSB). The Bureau, headed by
an elected Director, provides technical, administrative and logistic support for
the conferences and meetings of the groups mentioned above.

The ITU-T work programme for the 1993-1994 period comprises 289 questions
on a diversity of subjects such as ISDN services, directory services for telematic
services, tariffs principles for global virtual network services or for intelligent
networks, customer network management service, colour faxes, Programming
Communication Interfaces, telematics on ISDN, long term intelligent network
architecture and intelligent network capability sets, signaling requirements for
FPLMTS (Future Public Land Mobile Telecommunication Systems), telecom-
munications for the physically impaired, integrated video services, broadband
connectionless data service on broadband ISDN, optical systems, SDH and ATM
equipment, {0 name but a few.

ITU-T standards especially relevant to computing are the V series of
recommendations on modems (e.g., V.32, V.34, V.42), the X series on data
networks and OSI (e.g., X.25, X.200 Series, X.400 Series, X.500 Series, X.700
Series), the I and Q series that define ISDN, the Z series that define specification
and programming languages (SDL, CHILL), the T series on text communication
(teletex, fax, videotex, ODA) and the H series on digital sound and video
encoding.

ITU Radiocommunication Sector

The ITU Radiocommunication Sector is responsible for international radio
regulation and for recommendations on technical and operational matters in
radiocommunication. It continues the work of World Administrative Radio
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Conferences, the International Frequency Registration Board (IFRB) and the
International Radio Consultative Committee (CCIR).

World Radiocommunication Conferences (WRC) are held normally every two
years to approve international radio regulations which facilitate compatible and
equitable use of the radio frequency spectrum and satellite orbits, The first WRC

was held in November 1993.

The Radiocommunication Assembly (RA) and ITU-R Study Groups (formerly
CCIR) support the work of conferences and issue Recommendations on technical
and operational questions for radiocommunication systems and services. The
RA meets normally every two years, in association with the WRC, to organize
and approve work of Study Groups. Study Groups represent the work of some
1500 technical and regulatory experts from administrations and
telecommunication organizations, in some sixty Task Groups and Working
Parties. Approximately 630 ITU-R Recommendations are currently in force.

For example, ITU-R Study Groups set up for the 1994-1995 Study Period include
work on spectrum management, science services, inter-service frequency sharing
and compatibility, radiowave propagation, fixed services, fixed-satellite services,
broadcast services (sound and television) and mobile, radiodetermination and
amateur services.

A part-time Radio Regulations Board (RRB) approves procedures which may be
required for application of the Radio Regulations, and is consulted by the Bureau
on issues of application of the radio regulations, or interference cases, which the
Bureau itself cannot satisfactorily resolve.

The specialized secretariat of the Radiocommunication Sector is the
Radiccommunication Bureau (BR): the acronym is derived from the French..

ITU Telecommunication Development Sector

The ITU was one of the first organizations to grasp the connection between the
development of telecommunications and general socio-economic development
in the developing world. The ITU Development Sector’s aim is to contribute to
the growth and development of telecommunications throughout the world, with
particular emphasis on the requirements of developing countries.

Activities of the Development Sector include providing advice, information and
assistance in all aspects of telecommunications inciuding structural, policy and
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regulatory issues. This assistance may include: advising and assisting “in
network planning, evaluating existing systems and advising on the operation
and maintenance of such systems and on the installation of new ones, preparing
specifications for equipment in collaboration with the requesting
administrations, participating in the evalyation of tenders, mobilizing resources,
modernizing and expanding networks, advising and assisting in all aspects of
training, engineering and management, establishing research and development
centres, formulating development programmes/projects, as well as executing
projects financed by the United Nations Development Programme (UNDP) and
others.

The specialized secretariat of the Development Sector is the Telecommuni-
cation Development Bureau (BDT): the acronym is derived from the French.

TELECOM

Part of the General Secretariat of the I'TU, TELECOM is responsible for the
organization, every four years, of a world telecommunication exhibition and
forum. TELECOM also organizes regional telecommunication exhibitions and
fora at four-year intervals for Asia, Africa, Americas and Europe at the invitation
of telecommunication administrations of I'TU Member countries.

The exhibitions offer a very comprehensive display of telecommunication
equipment and services on an international scale. All the aspects of modern
telecommunications, from digital transmission and switching technologies to
integrated services digital networks, are presented. TELECOM is a unique
showcase second to none.

The fora, considered a privileged meeting ground for leaders from every
professional background, are organized in conjunction with the exhibition and
deal with modern technology as well as with emerging trends in the political,
legal, economic and technical areas of telecommunications. Administration,
management, financing, research, equipment supply and every other issue
relating to the transport and processing of information is discussed.
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TIES Services

TIES provides access to electronic information resources and services of the ITU
and other networked sites. TIES services can be basically divided into TIES
Public Services and TIES Services for Registered Users. Both are described
below.

TIES Public Services

TIES Public Services are open to the general public without charge or
registration. Here are a few examples:

General information about the ITU: organization, functions and contacts;

Access to public ITU documents such as telecom/computing standards? and
other standards-related information;

Directories for ITU Staff and access to the Global Telecom Directory
(contains global telecom contact names/offices);

ITU Infobases (databases) containing information such as calendar of ITU
events, list of ITU publications dealing with standardization,
radiocommunication and development, project status of ITU-T
Recommendations, ITU-D development activities, Data Network
Identification Codes (DNIC);

United Nations Infobases (Register of UN Development Activities, Directory
of UN Databases and Information Services (DUNDIS), books in print of the
United Nations System);

Access to information services of other UN organizations (e.g., UNDP,
WHO);

Access to the international Internet Gopher server network;

2 Access to electronic standards will require a subscription fee starting sometime in

1995.

October 1994
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Access to Gopher information search tools (e.g., Veronica):
World-wide library catalogs;
Auto-answering robot mailboxes (FITUDOC, WHOIS);

And more...

TIES Services for Registered Users

TIES Services for Registered Users are only available to participants in ITU
activities. Examples of Services for Registered Users include:

All TIES Public Services;

Access to restricted documents on the TIES Gopher. For example, this gives
access lo documents restricted to participants in ITU activities.

Internet and X.400 electronic mail accounts;
Internet Teinet and FTP services;

Access to restricted or subscription-based ITU databases such as:

* Telecom Services and Tariffs (joint project with Lynx Techno-
logies),

» MARS - Maritime mobile Access & Retrieval System;

Access to other non-ITU information services such as:

* Bulletin boards of other organizations ({e.g., FEuropean
Telecommunications Standards Institute, T1 BBS-2: Committee T1
Bulletin Board System);

¢ Gateway to UN International Computing Centre (ICC);
* European Telecommunications Standards Institute (ETSI);
¢ FEuropean Conference of Post and Telecom Administration (CEPT);

s COSINE Network's Central Information Service:
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¢ Telecommunication Technology Committee Bulletin Board (TTC);
® And more...

Signing Up for TIES Services for Registered Users

TIES Services for Registered Users are only available if you are a participant in
ITU activities and associated with:

® [TU Member States' ministries, embassies, missions

® Telecommunications Operating Agencies

® Industrial Organizations

® National Frequency Administration Services

® Telecommunications Research Organizations

® [International and Regional Telecommunications Organizations
® Standardization Organizations

® [nternational organizations

Services for Registered Users are also available on special application for:
® Telecommunications Consulting Needs

® [ibraries, Training Institutes, Universities

October 1994 Page 12
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A TIES Registration Form is attached to the end of this document. ‘Additional
registration forms are available from: - o

ITU TIES HELPDESK o
International Telecommunication Union
Information Services Department

Place des Nations ,

1211 Geneva 20

Switzeriand

TEL: +41 22 730 5554

FAX: +41 22 730 5337

Internet email: helpdesk@itu.ch

X.400 email: S=helpdesk;A=arcom;P=itu;C=ch
Telex: 421 000 uit ch

An electronic version of the TIES Registration Form is available by return
electronic mail by sending the following message:

To: itudoc@itu.ch
FROM: (NAME)
SUBJECT: (IGNORED)

START
GET ITU-2659
END

Connecting to TIES

No registration is required for access to TIES Public Services. If you meet the
requirements for access to TIES Services for Registered Users, please complete
and return the TIES Registration Form attached to the end of this document.
Electronic versions of the TIES Registration Form can be submitted by
electronic mail to the address on the inside cover of this guide. Processing of
your application should take 2-4 weeks. You will receive documentation and a
logon name/password by return mail.

TIES supports three access methods: interactive, client/server and via email.
The best method for you to access TIES depends on the computing and
connectivity options that you have available. If you’re an expert in computers
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and communications, you can go immediately to Annex A - Quick Start for
Experts on page 48.

The Interface: Gopher

The TIES interface is mainly based on computer software originally developed
at the University of Minnesota called Gopher. The basic function of Gopher is
to facilitate access to networked electronic information resources. Thousands of
Gopher servers around the world now account for a considerable fraction of the
traffic on the Internet, a world-wide network of computers.

Gopher uses a menu-based system that permits navigating through hierarchies of
electronic information resources or services. You can think of Gopher as sort of
an electronic “tree”. Navigating along different “branches” takes you to the
electronic “leaves” which can be documents, graphic images, software, access to
databases or gateways to other computers.

A detailed description of the method to access TIES is given below. Some of the
connectivity information provided is fairly technical and possibly inappropriate
for your computing environment, telecommunications infrastructure or
geographical location. You may wish to consult with local experts for the best
solution in your environment. As a general rule, remember that obtaining a high
speed and reliable connection witl greatly facilitate access.

TIES Interactive Interface

The interactive interface is currently (October 1994) the only method to access
TIES Services for Registered Users. Required software on your computer is a
VTI00 full-screen terminal emulation program (examples include Procomm,
Crosstalk, Reflection, Kermit, MS-Windows Termina!). Connectivity to the
TIES interactive interface is possible via Telnet, X.25 or direct modem dial-up.

An appealing connectivity option {in terms of speed and cost) is to connect via
an Internet access provider offering public dial-up access to a Telnet service.
See Annex B for some tips on using an Internet access provider.

When asked for a username, login as ‘gopher’ for access to TIES Public
Services or with your TIES username and password for access to TIES Services
for Registered Users. Connection details are given below:
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TELNET

If you have a TIES username and password:

ties.itu.ch

If you don’t have a TIES username and password (logon as ‘gopher’):

gopher.itu.ch

X.25

Call the X.25 DTE address, on TELEPAC, the Swiss PSPDN:
#228468111112

where # is local prefix for international routing

DIAL-UP
+41 22 733 7575 (Swiss telephone number)

Direct dial-up is only recommended for Western Europe. Supported dial-up
modem protocols include ITU-T (CCITT) V.21, V.22, V.22bis, V.32, V.32bis,
V.42, V.42bis, Bell212A and MNP 2, 3, 4, 5. Basic settings should be no parity,
8 data bits (necessary for on-line reading of multilingual material), speed 300 to
14,400 bps.

TIES Client/Server Interface

Gopher uses what is called the client/server model. This means that the
computing labor is divided between the program the user invokes (the “client™)
and a program running on a main computer {the “server”). When you use the
TIES interactive interface described above, you are actually accessing a shared
Gopher client running on an I'TU computer. However, it is possible to run client
software directly on your computer. Advantages include support for a graphical
user interface and direct file “saving” to your local computer (instead of
“downloading™). Examples of graphicai clients include NCSA Mosaic (a World
Wide Web browser), Macintosh TurboGopher and MS-Windows WinGopher. A
disadvantage of using the Gopher client/server interface is that access is
currently only possible to TIES Public Services.
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To run a Gopher client on your computer, you require a direct Internet
connection or dial-up Internet “IP” services (e.g., supporting SLIP or PPP) from
an Internet access provider. Note that configuration of dial-up IP services can
require considerable system configuration expertise.

The ‘Gopher’ pointer to the ITU Gopher Server is:

Name=International Telecommunication Union (ITU)
Host=info.ltu.ch
Port=70

The Uniform Resource Locator {URL) for usage with a World Wide Web
browser (e.g., Mosaic, Cello) is:

gopher://info.itu.ch/

An appealing connectivity option (in terms of speed and cost) is to connect via
an Internet access provider offering public dial-up access to a Gopher service.
You can locate the TIES Gopher server from other Gopher servers by following
a “path” similar to:

Gophers in the World / Iinternational Organizations / international
Telecommunication Union (ITU)

Gophers in the World / Switzerland / International Telecom-
munication Union (ITU)

See Annex B for some tips on using an Internet access provider.

TIES Electronic Mail Interfaces

The TIES electronic mail interfaces do not require access o Gopher. Services
available include ITUDOC which gives access to the ITU Document Store
(containing thousands of public telecom documents) and the WHOIS UN email
directory query service. To access the TIES electronic mail interfaces, you can
use any email system that supports Internet email style addressing.? This
includes major service providers that have Internet email gateways (e.g., MCI
and Compuserve - see page 38).

3RFC 822 Addressing
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The ITU Document Store is described in detail on pages 24-27 and the ITUDOC
electronic mail interface is described on page 38. You can also get a help file
describing use of ITUDOC by sending the following email message:

To: ftudoc@Iltu.ch
FROM: (NAME)
SUBJECT: (IGNORED)

HELP

Help on the WHOIS UN email directory query service are available by sending
the following email message:

To: whois@itu.ch
FROM: (NAME)
SUBJECT: (IGNORED)

HELP

Using the TIES Interactive Interface

When you use the TIES Interactive Interface, you are actually using a Gopher
client located on an ITU computer. Examples of using this Gopher interface are
shown below. Most Gopher interfaces share the same basic principles of use.
However, if you are running a Gopher client on your computer or accessing a
client provided by an Internet access provider, you may need to refer to the
specific documentation for that client.

If you are connecting via Telnet, X.25 or dial-up, make sure that your terminal
emulation software is set up to emulate at least VT100. After connecting, you
will receive the following prompt.

I.T.U. Telecom Information Exchange Services (TIES)

Username :

Login as ‘gopher’ for access to TIES Public Services or with your TIES
username and password for access to TIES Services for Registered Users.

Page 17 October 1994
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Gopher Basics

After logging on, the TIES main Gopher menu appears. 4

ITU Telecom Information Exchange Services {TIES)
International Telecommunication Union (ITU)

Abcut ITU, TIES, ITUDOC, Copyright, Gopher.../
Search menu titles in ITU Gopher <?>»
ITU Standards, Publications, Databases, Meetings, Press.../
ITU Telecommunication Standardizatiocn Sector/
Radiocommunication Sector/
ITU Telecommunication Development Sector/
ITU General Secretariat & TELECOM/
ITU Office of the Secretary-General/
ITU Kyoto Plenipotentiary Conference %4/
. Telecommunications-related topics/
. United Nations & international crganizations/
. Other information services/
. Email, private directory, Telnet, PTP, ALL-IN-1, ... /

W00 SN e B
g

b e
[N -]

Press ? Help, g Quit, D Download Page: 1/1i

As shown above, the main Gopher interface is a menu of numbered items with
tittes. To get on-line help, press ‘7. To the left of the menu is a pointer — that
can be moved up and down the item list with the cursor keys.® Titles ending in
the slash “/" character indicate there are sub-menus.

Menu items can be selected by pointing to them or typing in their number then
pressing <Enter>. To move up a menu, press ‘u’ for up. Pressing ‘m’ takes you
back to the main menu. The “Page: x/x” field at the bottom right of the screen
indicates the current page and total number of pages. If there are multiple pages
of items then moving the pointer — below the last item will jump to the first

4 Screens in this document may differ slightly from what you see due to TIES
enhancements.

SIf you cannot use the cursor keys to move the pointer up and down TIES has a problem
recognizing your terminal emulation - try setting it to VT100. If you are using Microsoft
Windows Terminal, make sure the "Settings / Terminal Preferences / Use Function,
Arrows, and Ctrl Keys for Windows” check box is unclicked.
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item on the next page. Likewise, moving the pointer -+ above the first item will
jump to the last item on the last page.

5% TIES TIP: Don't be afraid to explore You can always retrace your steps by
pressing “u’ or go to the main menu by pressing ‘m’. .

A quick help reference to the TIES Gopher interface is given below.

Up

Quick TIES Gopher Help

Move to previous line

Down Move to next line

Right, Enter “Enter” or display current item
Left, u “Exit” current item or po up a level
—, +, Page Down View next page

«, -, Page Up View previous page

0-9 Go 10 a specific line

(o back to the mai_n menu

Download a ﬁ.l.é

Save file (TIES Registered Users or if you are
running Gopher client (e.g. Mosaic))

Quit with prompt

Quit unconditionally

Display technical information about current item

Search for an item in the menu

Find next search item

Open a Gopher server

Ctri-R

Refresh the screen

If you select “About ITU, TIES, ITUDOC, Copyright, Gopher...” from the
main TIES menu, the corresponding sub-menu is displayed.

Page 19
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Press ? Help, g Quit, u up a menu, D Download Page: 1/1

o Uh e Lt B

ITU Telecom Information Exchange Services (TIES)
About ITU, TIES, ITUDOC, Copyright, Gopher...

TIES/ITUDOC Conditions of Use and Copyright Notice
About ITU/

About ITU TIES/

About ITUDOC/

About Gopher/

About Internet/

Note that some menu items also end in the slash “/* character indicating that
there are additional sub-menus. If you select “About ITU/” from this menu, the
corresponding sub-menu is displayed.

Press ? Help, q Quit, u up a menu, D Download Page: 1/1

(Y- R T B TR S

[ ol
bW N O

IT Telecom Information Exchange Services (TIES)
About ITU

ITU's History/

ITU Member Countries/

ITU's Constitution, Convention/

Members of Radiocommunication Sector {ITU-R}/

Members of Telecommunication Development Sector (ITU-D}/
Members of Telecommunication Standardization Sector (ITU-T)/
What is ITU?/

The New ITU/

ITU's Goal and Mission/

ITU's Organization/

ITU's Top Management/

ITU Acrcnyms/

ITU Headquarters Address/

ITU Logo in Windows Bitmap Format {640 x 4B0 (VGA) size} - can be ../
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cirev e,

Displaying Documents/Files = -~~~ - - oul

If you select “What is ITU/” from the menu above, the available formats for this
item is shown along with the size of the file and date it was last updated. This
item is a text (ASCI) file and therefore can be displayed on-screen: pressing
<Enter> displays the corresponding text.

What is ITU
International Telecommunication Union (ITU}

The ITU is a world-wide organization within which
governments and private sector coordinate the establishment
and operation of telecommunication networks and services;
it is responsible for the regulation, standardization,
coordination and development of international
telecommunications as well as the harmonization of naticnal
policies.

The ITU is an agency of the United Nations.

Press <RETURN> to continue,
<m> to mail, <D> to download, <s> to save, or <p> to print:

The text is left displayed on the screen until you type <Return> or <Enter>, If
the text is longer than a single screen, pressing <space> displays the next screen.
If the text is longer than a single screen, pressing ‘q’ then <Enter> quits viewing
and returns you to the previous menu.

=¥ TIES TIP: You can email a document to yourself after viewing it. After
you quit viewing, press ‘m’ to mail it to an Internet email address. Internet
email addresses have the form name@domain (for example,
“jismith@xyz.com™). If you have a TIES account, your TIES Internet email
address is “firstname.Jastname @itu.ch”. You can also use your TIES logon
name as a mail address.

As demonstrated, most Gopher commands are executed by typing single letter
keystrokes. Pay attention to the case of letters: Gopher differentiates between
upper and lower case letters. For example, pressing ‘q’ to quit Gopher asks you
for confirmation while pressing ‘Q’ causes you to quit immediately,

Page 21 October 1994



4 . A A R R . A A =

A A .

. 3

-2 Ai s

TIES PUBLIC SERVICES GUIDE

Accessing ITU Infobases

TIES provides infobases (a kind of database) which you can query. If you select
“ITU Standards, Publications, Databases, Meetings, Press.../” from the main
TIES menu, the following screen is displayed.

ITU Telecom Information Exchange Services (TIES}

ITU Standards, Publications, Databases, Meetings, Press...
-—> ITU Telecommunication Standards (ITU-T Recommendations)/
ITU Radiocommunication Standards (ITU-R Recommendations)/
ITU Publications {July 1994 Catalogue}
I1TU Press Releases/
ITU Schedule of Meetings/
ITU-Lynx Tarriffs and MARS Databases
11U Global Telecom Directory/
Catalogue of ITU-T Recommendations/
Catalogue of ITU-R Recommendations/
10. Catalogue of ITU-R Questions/
11. Database of ITU Scftware for Frequency Management/
12. ITU/BDT Databases/
13. ITU Constitution, Convention, .../
14. ITU Telephone Directory/
15, ITU Telecommunication Terminclogy Database (TERMITE}

W oUW

Press ? Help, q Quit, u up a menu, D Downlead Page: 1/1

Let's imagine we are looking for telecom contact points in Switzerland. The
“ITU Global Telecom Directory/” is an infobase of telecom contacts around the
world so we’li select that.
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ITU Telecom Information Exchange Services (TIES)

ITU Global Telecom Directory

==> 1. How to Search the ITU Global Telecom Directory
2. Search the ITU Global Telecom Directory <?>
3. How to Get a Printed Copy
4. Please HELP to Keep the Directory Up-to-Date
Press ? Help, q Quit, u up a menu, D Downlcad Page: 1/1

Note the menu item “Search the ITU Global Telecom Directory <?>", Gopher
menu items ending with the symbol “<?>" indicate that this is a database search.
If you select this item, you are prompted for the words to search for:

ITU Telecom Information Exchange Services [(TIES)
ITU Global Telecom Directory

1 How to Search the ITU Giobal Telecom Directory

2. Search the ITU Global Telecom Direcrory <7»

3. How to Get a Printed Copy

4. Please HELP to Keep the Directory Up-to-Date

Ao Search the ITU Global Telecom Directory-——-—~—-—- . ____ +

Words to search for

switzerland

[Help: -] [Cancel: ~G]
T T T T +
Press ? Help, g Quit, u up a menu, D Download Page: 1/1

We can now type in “switzerland” and press <Enter> which will result in a list of
telecom contacts in Switzeriand.
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ITU Telecom Information Exchange Services (TIES)

Search the ITU Global Telecom Directory: switzerland

Swiss Telecom PTT, {Switzerland}

Swiss Telecom PTT, (Switzerland)

Cerberus Ltd., (Switzerland)

Zellweger Telecommunications, (Switzerland)

Joint Inspection Unit, (Switzerland)

Landis & Gyr Communications (Suisse)S.A., {Switzerland)
siemens-Albis S.A., (Switzerland)

Alcatel STR AG, (Switzerland)

Commission économique pour 1'Eurcpe, (Switzerland)

10. Organisation météorclogique mondiale, (Switzerland}

11. Union postale universelle, (Switzerland)

12. Swiss Telecom PTT, (Switzerland)

13. Ascom Tech AG, [Switzerland)

14. Union Internmationale des télécommunications, (Switzerland)
15. Organisation Internationale du travail, (Switzerland)

16. Comité consultatif pour les guestions administratives, {Switzerland. .
17. Union internaticnale de 1'industrie du gaz, {Switzerland)
18. Office des Nations Unies & Genéve, (Switzerland)

——

W IR R W

Press ? Help, q Quit, u up a menu, D Download Page: 1/3

The ITU Document Store (ITUDOC)

The ITU Document Store (ETUDOC) is ITU’s electronic document database.
ITUDOC contains thousands of electronic documents on a wide variety of
telecom-related subjects. ITUDOC is organized into a tree structure of hier-
archical groups. Access to ITUDQC is possible through several user interfaces
including TIES Gopher, FTP,® and electronic mail. At the root level, the ITU
Document Store is divided into main groups that represent the organizational
structure of ITU and key topic areas. Therefore, all TIES interfaces basically
mirror the structure of the ITU Document Store.

6 FTP (file transfer protocol) is a program for file transfer between Internet connected
computers. An advantage of FTP is that it provides very fast file transfer. A
disadvantage of FTP is that it has a non-user-friendly interface. Currently, the TIES FTP
interface is only available to TIES Registered Users. See the TIES Registered Users
Guide for more information.
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Every ITU Document Store group has a title and a short name. Each group also
has a path which is the list of short names used to reach the group from the root
(separated with the /' character). If you access ITUDOC with a Gopher
interface, the titles are used to “navigate” to a specific group. If you access
ITUDOC with FTP? or the electronic mail interface8, you use a group's path to
refer to it.

For example, one of the main groups of the TIES Gopher has the title:
ITU Telecommunication Standardization Sector®

with the corresponding path:

itu-t

Suppose you're interested in finding Recommendations (standards) published by
the ITU Telecommunication Standardization Sector. These are found in-:

ITU Telecommunication Standardization Sector / Recommendations
with the corresponding path:
itu-t/rec

Let's suppose you are specifically interested in an X Series Recommendation
{e.g., X.400). X Series Recommendations are found in:

ITU Telecommunication Standardization Sector / Recommendations /
X Series Recommendations

with the corresponding path:
itu-t'rec/x

This group contains the actual documents related to X Series Recommendations.

"Described in the TIES Registered Users Guide.
8Described on page 38.

Jincludes former CCITT groups and documents
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Here is a graphical representation of the root group of the ITU Document Store
{October 1994). Group titles with paths are shown on the right.

lTUDocumc\ant Store (ITU Root Group)

7 About ITU, TIES, ITUDOC, Copyright
T Jabout

(rool o ITU Telscommunication Standardization Sector
group) = f Mt

[T Radiocommunication Sector
- ftu-r

ﬁ ITY Telecommunication Devalopmem Sactor
a TU General Secretariat & TELECOM
— igs

¢ ITU Office of the Secretary-General
[ ﬁ fosg

cn Telecommunications-related topics
[ ﬂ Reltopic

- 'l"J:‘ilad Nations

_-'Rond Map and Index for the ITU Document Store

LEGEND

i Tl

The ITU Telecommunication Standardization Sector Group, shown above in the
root group, is partially graphically expanded on the next page {as of October
1994),
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ITU Document Store (ITU Telecommunication Standardization Sector)
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= TIE'S 'I'IP Please note that” because TIESIH‘UDOC contams electtomc
publications, .usage implies that you accept - the -conditions of -use and
copyright notice as- described in the document ‘TIESIITUDOC Conditions
of Use and Copyright Notice” (see Annex D). e

For example, you can find ITU Telecommunication Standardization Sector
Recommendations by selecting from the TIES Gopher main menu, “ITU
Telecommunication Standardization Sector/” then “Recommendations/” then
the series of Recommendations in which you are interested (e.g., “Series I
Recommendations””). This method takes you progressively down through a
hierarchy of items until you find the file or document you need to access.

1T Telecom Information Exchange Services ({(TIES)

ITU Telecommunication Standardization Sector

Study Group l/
Study Group 2/
Study Group 3/
10. Study Group 4/
11. study Group 5/
12. Study Group &/
13. Study Group 7/
14, Study Group 8/
15. Study Group % (formerly CMTT}/
16. Study Group 10/
17. Study Group 11/
18. Study Group 12/

--» 1. TSB Databases (ITU-T Catalogue, ...}/
2. Operational Bulletin/
3. Lists annexed to Operational Bulletin/
4. Recommendations/
5. World Telecommunication Standardization Conference/
6. Circulars/
7.
8.
9.

Press ? Help, g Quit, u up a menu, D Download Page: 1/2

Searching Using Keywords in Titles

You can also search across the TIES Gopher hierarchy by selecting from the
main menu “Search menu titles in ITU Gopher <?>" Let’s imagine you're
searching for references to “isdn”:
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———
ITU Telecom Information Exchange Services (TIES) AU
International Telecommunication Union (ITU)
1. . About ITU, TIES, ITUDOC, Copyright, Gopher. ../
--> 2. Search menu titles in ITU Gopher <7>

3. IT Standards, Publications, Databases, Meetings, Press.../

4. ITU Telecommunication Standardization Sector/
it e DL T TS Search meru titles in ITU GOpher—------mac—oe e ___ +
[ |
| Words to search for |
! |
| isdn |
| !
| IHelp: ~-]1 [Cancel: ~g] |
T e e +

13. Email, private directory, Telnet, FTP, ALL-IN-1, .., /
Press ? Help, g Quit, D Download Page: 1/}

If you enter “isdn” and press <Enter>, the following list of documents is
Note that the “Page 1/6” indicates there are six pages of items related

returned.

to your search request for the text “isdn”.

You can move to the next page by

pressing “Page Down” or moving the pointer below the last item on the screen.

ITU Telecom Information Exchange Services (TIES)

Search menu titles in ITU Gopher: isdn

--> 1. (004]) Exemple Cover Page - ISDN field trial guidelines ;/ Handbook/
2. [ITU-R 78-1] Use of satellite communication systems in the B-ISDN/
3. [ITU-R 89-2] Compatibility for interworking between the mobile-sat, ./
4. [coml3-r9) Report of the first meeting of the JCG on B-ISDN, Genev../
5. [D.220] Recommendation D.220 - Charging and accounting principles ../
6. [D.232) Recommendation D,232 (rev, 1) - Specific tariff and accoun. ./
7. [D.240} Recommendation D.240 - Charging and accounting principles ../
8. {D.250] Recommendation D.250 - General charging and accounting pri..s
9. [D.260] Recommendation D.260 - Charging and a&ccounting capabilitie, ./
10. [E.721) Recommendation E.721 - Network grade of service parameters. ./
11. {E.164] Recommendation E.164...331 - Numbering plan for the ISDN era/
12. [E.172] Recommendation E.172 - ISDN routing plan/
13. [E.710] Recommendation E.710 - ISDN traffic modelling overview/
14. [E.730) Recommendation E.730 - ISDN dimensioning methods overview/
15. [E.215] Recommendation E.215 - Telephone..llite services of INMARSAT/
16. [E.331]) Recommendation E.331 - Minimum user-terminal interface for../
17. [E.B846} Recommendation E.B45 - Accessibility for 64 kbits circuit ../
18. [F.721] Recommendation F.721 - Videotelephony teleservice for ISDN/

Press ? Help, g Quit, u up a menu, D Download Page: 1/8
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¥ TIES TIP: Note that some titles are long and disappear off the right side of
the screen. A trick to read the entire title on screen is to press “<". This is
~ the Gopher command for displaying technical mfonna’uon about an :tem but

it also shows the entire title.

Sometimes several formats or languages are available for a specific item. For
example, if you select from the list above, ITU-T Recommendation D.220
“Charging and accounting principles to be applied to intenational circuit-mode
demand bearer services provided over the integrated services digital network
(ISDN)”, you may see a menu like this.

1TU Telecom Information Exchange Services (TIES)

[D.220] Recommendation D.220 - Charging and accounting principles to be appli...

-=> 1, [POSTSCRIPT Lang: E Bytes: 135%38 Updated: 94-07-08 ITU-3176]
2. [POSTSCRIPT Lang: F Bytes: 105547 Updated: 9%4-07-08 ITU-2280]
3. [POSTSCRIPT Lang: S Bytes: 105124 Updated: 94-07-08 ITU-3364]
4. [WINWORD2.0 Lang: E Bytes: 55873 Updated: 94-05-25 ITU-1066.. <Bin>
5. {WINWORDZ2.0 Lang: F Bytes: 60993 Updated: 94-05-25 TITU-1066.. <Bin>
6, [WINWORD2 .0 Lang: S Bytes: 61047 Updated: 94-05-25 ITU-1067.. <Bin>
Press ? Help, g Quit, u up a menu, D Download Page: 1/1

This means that this document is available in 6 formats and/or languages. In this
case, the document is available in English, French and Spanish in Postscript and
Microsoft Word for Windows 2.0 format. Each document listed also has a last
updated date (yy-mm-dd) and a file size (useful to estimate downloading times).

The entry of the form ITU-xxxx is the ITU's Unique Permanent Identifier (UPT)
code for the document. The UPI is used to uniquely identify documents/files
stored on ITUDOC. If you already know the UPI of a document, you can search
for it directly.

Note that although Postscript files have an ASCII representation (indicated by no
symbol at the end of the item), they are not meant to be read on-screen. They
should be downloaded and copied to a Postscript printer or viewed with a
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Postscript file viewer.!® Items ending with ‘<Bin>" or ‘<PC Bin>" are binary
documents/files and cannot be displayed on screen: they can only be downloaded
‘D’ or saved ‘s’.

TF TIES TIP: Saving ‘s’ is only permitted if you are running a Gopher client
or World Wide Web browser (e.g., Mosaic) on your computer or if you
logged on as a registered TIES user. In the latter case, files are saved to
your TIES private directory (only available to TIES Registered Users).!! If
you need the file on your computer, it is probably easier to directly
download it from Gopher.

¥ TIES TIP: You should, of course, make sure you have the capability to
read a specific format before retrieving it. For example, almost ail
computing environments can read simple ASCII text files. However, if you
wish to retrieve a document posted in Microsoft's Word for Windows
format, you will require access to a corresponding version of this program
or an appropriate filter into your word processing program. See Annex C for
a description of some common formats posted.

IF TIES TIP: Some documents/files stored on ITUDOC and accessed either
through the TIES Gopher, FTP or electronic mail interface have been
archived or compressed with the PKZIP program. This is indicated by the
name “ZIP” or the prefix “ZIP" before the document/file format. For
example, compressed Postscript files are referred to as “ZIPPOSTSCRIPT".
To uncompress this file, you need a program called PKUNZIP or
equivalent.  Self-extracting MSDOS and Macintosh versions of these
utilities are available under:

= About ITU, ITU TIES, ITUDOC, Copyright Notice, Gopher.../
= About ITU TIES/
=% Other TIES Information/
= Utilities/

10A popular public domain Postscript file viewer is “Ghostscript”. This is available from
many computer sites around the world,

1Described in the TIES Registered Users Guide.
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Downloading Documents/Files

TIES supports several methods for downloading documents/files (e.g., Kermit,
XModem, Reflection WRQ, FTP, email). Let’s imagine you want to download
the English version of Recommendation V.120 in Postscript format: press ‘D’
and the following screen appears.

ITU Telecom Information Exchange Services (TIES)
[D.220] Recommendation D.220 - Charging and accounting principles to be appli...
~—»+-—- [POSTSCRIPT Lang: E Bytes: 135938 Updated: 94-07-08 ITU-3176}---+

Zmodem
Ymodem Bin>
Kmodem-1K Bin>
. Xmodem-CRC Bin>
. Kermit
Text

Mail File
Print File
WRQ

—_——

(V-0 IS B RV O R TR R

| Choose a download method (1-9):
[Help: 7] [Cancel: "G)

Press ? Help, g Quit, u up a menu, D Downlcad Page: 1i/1

By typing a number then <Enter>, you can choose the desired file transfer
protocol. For example, selecting the menu item “Kermit” will start Kermit file
transfer on the TIES Gopher Server. You can then invoke the corresponding file
transfer protocol on your computer, supply a local filename, and download the
file.

¥ TIES TIP: If you are using the Reflection® terminal emulation program,
here’s a tip on setting up file transfer for uploading or downloading files:

Select File / Transfer Setup...
Select Transfer Protocol: WRQ
Select Predefined Settings...
Select WRQ Protocol to Unix
OK

Select Tranfer Link: 7-bit

OK
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¥ TIES TIP: The TIES Gopher download menu also supports emailing binary
documents/files. Because most email systems can only handle ASCII
formatted mail, binary formats are first converted: to the UUENCODE
format (an ASCI representation) before 'mailing. To decode the
UUENCODED file back into its original binary format, you will require a
utility program called UUDECODE. An MS-DOS version'of this program
is available in the ITU Document Store in the group; S

=+ About ITU, ITU TIES, ITUDOC, Copyright Notice, Gopher.../
=> About ITU TIES/ S
= Other TIES Information/
= Utilities/

B TIES TIP: You should only use the Print and Text file transfer options with
text (ASCII) files.

Navigating Through Non-ITU Gopherspace

The TIES Gopher lets you navigate in both ITU provided electronic resources
and among other Gopher servers around the world (known to Gopher regulars as
“Gopherspace”). For example, if the TIES Gopher main menu item “Other
information services/” is selected from the main TIES menu, the following
menu is displayed and permits browsing Gopher servers around the world.

Page 33 October 1994



- A

ia 4 A R4 . AA:

2 8l

TIES PUBLIC SERVICES GUIDE

IT0 Telecom Information Ewchange Services {TIES}
other information services

Press Releases, News, Weather, .../

Phone, E-mail, X.400, X.500 Directories/
Worldwide Library Services/

Reference Info, Dicticnaries, Bookstores, .../
Selected European Information Services/
Selected US Information Services/

Gophers in the World/

Gophers in the World sorted by country/

Gopher servers sorted by subject (SUNIC)/

10. French Speaking Gophers/

11. German Gopher Servers/

12. Education and Training/

13. Selected Public Domain S$oftware Archives/

14. Computer hardware and software companies/

i5. Gopher Jewels.../

16. Gopher servers added lately to the net/

17. Access toc External Telecom Information Services
18. Worldwide Information Search/

WD S AWV AW

Press ? Help, ¢ Quit, u up a menu, D Download Page: 1/1

Information Search in Non-ITU Gopherspace

The TIES Gopher permits searching for information on any topic in
Gopherspace. For example, if you select “Worldwide Information Search/”
from the menu above, the following screen is displayed.

ITU Telecom Informaticon Exchange Services (TIES)
Search the headings of all gophers {Veronica, jughead)

FAQ: Frequently-Asked Questions About Veronica

How to Compose Veronica Queries

veronica Home Directory (University of Nevada at Reno)/

Search Gopherspace (via SUNET, Sweden} <?>

Search Gopherspace for GOPHER DIRECTORIES (SUNET, Sweden) <?>

Search Gopherspace (via UNINETT, U. of Bergen) <?>

Search Gopherspace for GOPHER DIRECTORIES (via UNINETT, U. of B.., <?>
Search Gopherspace {via Uniwversity of Koeln) <?>

Search Gopherspace for GOPHER DIRECTORIES (via Univ. of Koeln) <7?>
10. Search Gopherspace (via Univ. of Manchester) <7>»

11. Search Gopherspace (via Imperial College, United Kingdom} <?>

12. Search Gopherspace (via Univ. of Pisa. Italy) <?>

13. Search Gopherspace for GOPHER DIRECTORIES {(via Univ. of Pisa, I.. <?>
14. Search Gopherspace (via America Online} <?>

15. Search Gopherspace for GOPHER DIRECTORIES (via America Online) <?>
16. Search Gopherspace (via Univ. of Nevada at Reno) <7?>

17. Search Gopherspace for GOPHER DIRECTORIES {via SCS Nevada) <?»

18, Search Gopherspace {(via NYSERNet, New York) <?>

WA e W

Press ? Help, g Quit, u up a menu, D Download Page: 1/2
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Selecting one of the menu item to “Search Gopherspace../” gives access to a
Gopher indexing service that runs at selected computing sites around the
world.!2 These Veronica “index servers” provide keyword searches of titles on
all public Gopher servers. These indices are updated roughly on a weekly basis.

U TIES TIP: Sometimes it takes a very long time for a remote computer to
reply due to network congestion or computer overload. To abort, type
Ctri-C. Gopher will prompt you “Really quit (y/n) ?”. Type ‘0’ to return to
the current menu. '

B¥ TIES TIP: If a Gopher index server fails to respond or indicates that it
currently has too many users, try another one. Veronica servers typically
have access to the same information.

Let’s imagine we are searching for information about Africa. If you select
“Search Gopherspace (via America Online) <?>" and enter “africa”, a list of
menu items from Gopher servers around the world having the word “africa” in
their menus is returned.

12For those interested in the naming of Internet tools, Veronica is an acronym for Very
Easy Rodent-Oriented Net-wide Index to Computerized Archives. Veronica is also a
character in the popular “Archie” comic book series. Archie is also the name of an
Internet tool for indexing “FTP” sites. Therefore, one can say that Veronica is to Gopher
as Archie is to FTP.
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ITU Telecom Information Exchange Services {TIES)
Search Gopherspace (via America Online): africa

africa-n.log3308

africa-n.log3309

africa-n.log9310

africa-n.log?3ll

africa-n.log9312

AFRICA-N - AFRICA-N Africa News & Information Service/

Afro 5143 Geography of West Africa

Geog 5143 Geography of West Africa

Hist 3432 History of Africa: 1B00 to Present

10. Africa/

11. A directory: NGOs in the forestry sector. 2nd Africa edition.

12. The conservation atlas of tropical forests: Africa.

13. [Man, forests and the past in Africa.}

14. Politics and forestry in South Africa: Racism, social engineering
15. West Africa: Resource management policies and the tropical forest
16. Arid-zone forestry policy in North Africa region.

17. Harmonization of selected forestry policies in Africa.

18. An introduction to forest management planning in South Africa.

(V-3 NS R W T I P S

Press ? Help, g Quit, u up a menu, D Downlcad Page: 1/12

& TIES TIP: The Gophér command “=" for displaying technical information
about an item gives an indication of the Gopher site offering the

information. For example, if we pomt at :tem 3 above and press ', the
- following screen appears:
L3
Type=0

Name=africa-n.log9310
path=0/listserv/africa-n/africa-n.log%310
Host=vm.utcc.utoronto.ca
Porc=70

URL: gopher://vm.utcc.utcronto.ca;70/DO/1istserv/africa-n/africa—n.lng9310

Preas <RETURN> to continue,
<m> to mail, <D»> to dawnload, <s> to save, or <p> to print:

Computer hosting this information is located at the
| University of Toronto in Canada.
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The “Flip Side” of Gopher

The good news about navigating
through all the Gopher servers in the
world (“Gopherspace™) is the wealth
of information available. But that’s
also the bad news: there is no
guarantee that the information you
get back (e.g., using Veronica) is
correct, up-to-date andfor well-
organized. There are lots of reasons
for this. One is that it takes a lot of
work to  maintain  electronic
information resources and most
Internet information providers are offering “free” services for local users so there
is little motivation to provide services or categorization that caters to remote
“Gophernauts”. When you pay for something your expectations should be high.
Likewise, when you don’t pay for something, your expectations shouldn’t be too
high.

Another problem is that Gopher servers tended to be set up, organized and
maintained by computer scientists instead of librarians; the latter having far more
experience in categorizing and ordering information so that the rest of us can
find it.

“The future beiongs to neither the conduit or content players, but those
who control the filtering, searching and sense-making tools we will rely
on to navigate through the expanses of cyberspace.”

Paul Saffo, Wired: March 1994

We make a lot of effort to keep ITU’s electronic information resources well
organized, correct and up-to-date: if you think you find something that is not
(entirely possible since we have thousands of information resources), please tell
us and we will correct it.
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TIES Services for Registered Users

Pressing ‘m’' takes you back to the TIES main menu. If you logged on with a
TIES username and password, additional menu items are available on the main
screen such as “Email, private directory, Telnet, FTP, ALL-IN-1, .. /.
Selecting this menu item displays a menu only available for TIES Registered
Users.

A TIES Registered Users Guide is available upon request from the ITU TIES
Help Desk (address on the inside cover of this guide).

Using TIES Electronic Mail Interfaces

The TIES electronic mail interfaces only require access to an Internet compatible
email system. Services available include access to the ITU Document Store
{ITUDOC) and the WHOIS UN email directory query service.

ITUDOC Electronic Mail Interface

The ITUDOC electronic mail interface is via a TIES Auto-Answering Mailbox
(TAM)}. The TAM is a “robot” electronic mailbox with access to the ITU
Document Store. You can send electronic mail to the TAM as you would send
electronic mail to a person outside your organization or company. However,
your message should only contain simple commands (see ITUDOC Auto-
Answering Mailbox Commands on page 40). When the TAM receives a
message, it scans it for commands which it interprets and processes. It then
constructs and mails a reply back to you,

To help you find your way around with the ITUDOC electronic mail interface,
“Road Map and Index” files are available. These files are updated approximately
the Ist and 15th of each month and describe each group's structure and list the
available documents (see ITUDOC Road Map and Index Files on page 44),
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TAM eMail Address for ITUDOC
The TAM can be addressed using Internet email conventions!3. This address is-
itudoc@itu.ch

If you do not have direct access to Internet compliant mail, most major email
service providers (e.g., MCI, Compuserve) provide gateway facilities and can
access the TAM (see page 38).

Here is an example of an email message to ITUDQC:

To: itudoc@itu.ch
FROM: (NAME)
SUBJECT: (IGNORED)

START

HELP

LIST
LISTITU-T
LIST ITU-T/REC
GET ITU-1100
GET ITU-1800
END

The above message asks the TAM to:

L. send a help file listing and explaining TAM commands;

2. send a list of groups and/or documents in the root of the ITU Document
Store;

3. send a list of groups and/or documents in the “ITU Telecommunication
Standardization Sector” group.

13A caveat about access through UUCP sites: Although UUCP sites typically have access
to Internet compliant mail, there is a considerable difference between email access
through the Internet and UUCP; UUCP sites typically do not have the store and forward
capacities for file transfer. It is considered a breach of UUCP etiquette to transfer large
files or documents without first arranging it with the administrators of affected sites
along the route.
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4. send a list of groups and/or documents in the *ITU Telecommunication
Standardization Sector / Recommendations™ group;

5. send two documents that have, respectively, UPIs (Unique Permanent
Identifiers) of ITU-1100 and ITU-1800. The UPI is the ITU code used to
uniquely identify a document stored on ITUDOC. These two documents
correspond to Road Map and Index files for the “ITU Telecommunication
Standardization Sector” group and the “About ITUDOC” group (see
ITUDOC Road Map and Index Flles on page 44).

iTUDOC Auto-Answering Mailbox Commands

The commands that you can send to the TAM consist of a command word fol-
lowed, in some cases, by an argument. Commands and arguments can be speci-
fied in upper, lower or mixed case.

Every line of your mail message to the TAM should contain a valid command.
Only commands contained in the mail message are interpreted. All other lines
and the mail subject field are ignored (you can use the subject field to docu-
ment queries for your own use). Up to 50 lines per message are processed by the
TAM. Every GET, LIST, HELP, and TEST commands generate separate
replies.

START

This command tells the TAM to begin processing commands after this
line. If this command is present, any text in the mail message before
this command is ignored.

TEST

This command is used to test that the TAM can receive mail from your
electronic mail system and can also respond back to your mail system.
The TAM will acknowledge your message and send a help document.
Typically, if you have not received a reply within 48 hours, there is a
connectivity problem between your electronic mail system and the
TAM.
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HELP
- This command sends the latest help file listing and explaining the
commands understood by the TAM (which may differ from this
manual due to enhancements).
LIST <PATH>
This command returns a list of groups andfor documents in the speci-
fied group. The path to a group is defined by its location relative from
the root of the ITU Document Store. For example:
LIST
LIST ABouTt
LISTITU-T
LIST ITU-T/REC
LIST ITU-T/REC/X
LISTITU-R
LISTITU-D
The first example of the LIST command above returns a list of groups
and/or documents at the root group of the ITU Document Store.
GET <UPI>

When the TAM sends a list of documents and/or groups, it provides a
Unique Permanent Identifier (UPI) code for every document in each
available format and language. The UPI is the code used to retrieve
the document that you want. For example:

GET ITU-1100
GET ITU-1800

You should only retrieve documents in formats that can be handled by
your electronic mail system (see ENCODE below).
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ENCODE <MIME>

HUMAN

Most mail systems can handle ASCII documents attached to mail
messages but may have difficulties with non-ASCII (i.e., ‘binary’)
formats such as word processing and graphics files. With the
ENCODE command, you can request the TAM to encode non-ASCII
files into the UUENCODE format or to use the Internet MIME (Mutti-
purpose Internet Mail Extensions) encoding standard. To decode a
UUENCODED file back into its original binary format, you will need a
utility program called UUDECODE. This program is widely available
in different computing environments. MIME-compliant email systems
should automatically convert back to the original format. Enter the
ENCODE command in your mail message before any GET commands
retrieving binary formats if your mail system can only support ASCII
formats. To retrieve files in the MIME standard, use the ENCODE
MIME command before GET commands. For example:

ENCODE

GET ITU-2314
GET ITU-2315
ENCODE MIME
GET ITU-2314
GET ITU-2315

If the TAM is replying to Internet mail, the ENCODE command is
automatically applied.

Since the TAM is a ‘robot’, it may not understand exactly what you are
trying to say to it. If you type the command HUMAN followed by any
message, the TAM will STOP processing commands and automatically
forward your mail message to an ITU help desk. For example:

October 1994 Page 42



PUBLIC SERVICES GUIDE TIES

HUMAN
I am having a problem locating a document concerning
XXXX. Could you please tell me where It is available?

Thank you,

Bill Pagoda

pagoda@xyz.com

11181 ISP Streel, Suite FOD?6

Sacramento, California

Tel: 916-555-8613

Fax: 916-555-8859

If your problem is related to a connectivity issue (e.g., you are not
receiving responses from the TAM), please include other contact
information such as your postal address, email address and telephone
and fax number.

END

This optional command tells the TAM to ignore the rest of the mail
message. This command is required if your mail message contains text
after your commands that you want the TAM to ignore (e.g., your
signature).

Page 43 October 1994



- A

A BMR _ A S 12

1 a A

-4 k4

TIES PUBLIC SERVICES GUIDE

e

ITUDOC Road Map and Index Files

Here are the UPIs (Unique Permanent 1dentifiers) for key Road Map and Index
files. These files are updated approximately the Ist and 15th of each month and
describe each group's structure and list the available documents. You can
retrieve these files with the GET command.

UPI Thtle
ITU-1100 | Road Map and Index for ITU Telecommunication Standardization Sector
Group

ITU-1200 | Road Map and Index for ITU Radiocommunication Sector Group

ITU-1300 | Road Map and Index for [TU Development Sector Group

ITU-1400 | Title: Road Map and Index for the About ITU, TIES, ITUDOC,
Copyright Group

ITU-1600 Road Map and Index for the complete ['TU Document Store (NB: large)

ITU-1700 | Road Map and Index for the ITU General Secretariat & TELECOM
Group

ITU-1900 Road Map and Index for the United Nations UN/EDIFACT Standards
Database (EDICORE) Group

ITU-2000 | Road Map and Index for the ITU Office of the Secretary General Group

For example, the email message below retrieves the Road Map and Index file for
the ITU Telecommunication Standardization Sector Group:

To: ftudoc@ltu.ch
FROM: (NAME)
SUBJECT: (IGNORED)

START
GET ITU-1100
END
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Tips Using the ITUDOC Emaill Interface

When using the email interface to ITUDOC, please recognize that-there .are
sometimes problems with international email connections. The electronic mail
circuits between the TAM and your mail systern can fail or be temporarily out of
order. In this case, email can be delayed or not delivered. So, the first advice if
you have a problem is to try again.

The ITUDOC TAM will only reply to valid commands. If the argument (o a
LIST command or GET command cannot be interpreted then you will receive an
error message explaining why. If the TAM cannot process any commands in
your mail message, it will send back a help file.

If you have problems retrieving large documents, your mail system Or gateways
to your systern may not support large file attachments.

The volume of email messages sent to the TAM does not permit monitoring the
processing of each message. If you have problems that you can't resolve, use the
HUMAN command and enter a written description of the problem in the mail
message; include your complete contact information (e.g., telephone, FAX
number - especially if your query is related to an email problem). The TAM
forwards messages containing the HUMAN command to the ITU TIES Help
Desk.

How to Get Help

General TIES Help

If you have general questions relating to the TIES interface, connectivity or
related technical issues, please contact;
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ITU TIES HELPDESK
Intemational Telecommunication Un}on

Information Services Department

Place des Nations
1211 Geneva 20.
Switnrlmd L

TEL: +41 227305554

FAX: +4122 7305337

Intermnet emall: helpdesk@itu.ch

X.400 email: S=helpdesk;A=arcom;P=itu;C=ch
Telex: 421 000 uit ch

Heilp on ITU-T Electronic Information Resources

If you have questions relating to the ITU Telecommunication Standardization
Sector (ITU-T) documents or other ITU-T electronic information resources,
please contact:

Telecommunication Standardization Bureau
Electronic Document Handling

International Telecommunication Union

Place des Nations

1211 Geneva 20, Switzerland

TEL: +41 22 730 5857/5859

FAX: +41 22 730 5853

X 400 email; S=tsbedh; A=arcom; P=itu; C=ch
Internet email: tsbedh @itu.ch

Help on ITU-R Electronic Information Resources

If you have questions relating to the ITU Radiocommunication Sector (ITU-R)
documents or other ITU-R electronic information resources, please contact:

Radiocommunication Bureau

Electronic Document Handling (BR-EDH)
International Telecommunication Union
Place des Nations

1211 Geneva 20, Switzerland
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X.400 email: S=bredh; A=arcom; P=itu: C=ch
Internet email: bredh@itu.ch

Tel.: +41 22 730 5810/5800

Fax: +41 22 730 5785

Help on ITU-D Electronic Information Resources

If you have questions relating to the ITU Telecommunication Development
Sector (ITU-D) documents or refated electronic information resources, please
contact:

Telecommunications Development Bureau
International Telecommunication Union
Place des Nations

1211 Geneva 20, Switzerland

FAX: +41 22 730 5484

X.400 email: S=bdtmail; A=arcom; P=itu; C=ch
Internet email: bdtmail @itu.ch
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ANNEX A - Quick Start for Experts

If you’re already an expert in computers and communications, here’s the quick
start connect info for TIES.

GOPHER CLIENT
Pointer to the ITU Gopher Server is:

Name=International Telecommunication Union (ITU)
Host=info.itu.ch
Port=70

The URL for a WWW Browser is:
gopher://info.itu.ch/

Note that native Gopher clients or WWW browser will only give access to TIES
Public Services.

TELNET

TIES Public Services (login as ‘gopher’)
gopher.itu.ch

TIES Services for Registered Users

ties.itu.ch (login with TIES username and password)

X.25

Call the X.25 DTE address, on TELEPAC, the Swiss PSPDN
#228468111112

where # is local prefix for international routing.

DIAL-UP
+41 22 733 7575 (Swiss telephone number)

Recommended for Western Europe only. Supported modem protocols include
ITU-T (CCITT) V.21, V.22, V.22bis, V.32, V.32bis, V.42, V.42bis
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Recommendations, Bell212A and MNP 2, 3, 4, 5. Basic settings should be no
parity, 8 data bits (necessary for on-line reading of multilingual material), speed -
300 to 14,400 bps.

EMAIL ACCESS TO ITUDOC

For help on the ITUDOC electronic mail interface, send a message with the line
HELP in it to:

itudoc@itu.ch

The robot mail server will return to you a help document. To re.rieve files, send
the command:

GET <UPI>

where <UPI> is the UPI (Unique Permanent Identifier) for the document. For
example, to retrieve the index of the ITU-T (ITU Telecommunication
Standardization Sector) Group, send the command:

GET ITU-1100

See page 44 for the UPIs of other ITUDOC index files. You can place muitiple
commands in a single message (maxirmum 50).
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ANNEX B - Using An Internet Access Provider

The Internet is a world-wide network of computers offering access to millions
of people and terabytes of data. Increasingly, commercial Internet Access
Providers (IAPs) are
providing inexpensive public
access to the Internet using
your regular modem and
computer. IAPs  provide
Internet services for monthly
fees and/or actual connect-
time charges. You can think
of IAPs as Internet “on-ramp”
points to the world data superhighway.

PDIAL - Public Dialup Internet Access List

The best compilation of dial-up Internet Access Providers is called PDIAL
(Public Dialup Internet Access List). PDIAL provides a comprehensive list of
Internet service providers offering dialup services (e.g., Telnet, Gopher). It is
prepared by Peter Kaminski of “The Information Deli”.

To receive the current edition of the PDIAL, send email containing the phrase
"Send PDIAL" to “info-deli-server @netcom.com”. If you have Internet FTP
access, you can obtain the latest PDIAL from:

ftp.netcom.com:/pub/info-deli/public-access/pdial [192.100.81. 100}

The information listed in the PDIAL changes rapidly. If your edition of PDIAL
is more than 2 months old, you should obtain a new one. PDIAL can also be
found in the TIES Gopher server by following the “path™

About ITU, TIES, ITUDOC, Copyright, Gopher../ About Internet /
Public Dialup Internet Access List (PDIAL)
Tips on Choosing an Internet Access Provider

A primary consideration is telephone charges which can be a major part of your
Internet access cost. Therefore, you should try to locate an IAP with a dial-up
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number in your local area, preferably with no per-minute charges. If there aren’t
any, then you should check for access to:

® A Public Data Network (PDN). For example, some IAPs are accessable
through the Compuserve data network which has local dial-up in many
locations.  International access is sometimes possible through a PDN.
Contact the relevant IAP for information on their PDN access.

® An 800 number. International users who do not have an IAP in their region
can investigate using a telecom operator {e.g., AT&T, MCI, Sprint) in their
country who can offer dial-tone services that can reach 800 numbers.

® Direct-dial jong distance number.

As a general rule, remember that obtaining a high speed and reliable connection
will greatly facilitate your use of TIES. Typically the highest dial-up
capabilities currently offered by IAPs is at ITU-T V.42bis speeds (as of October
1994} although some are starting to supply V.34 access. V.42bis supports 14,400
bps and with additional compression offers higher throughput. V.34 is a recently
approved standard and supports even higher speeds.

If you need access to TIES Services for Registered Users then we recommend:

¥ Obtain a V.34 or V.42bis modem and a terminal emulation program
supporting a well known file transfer protgcol (e.g., Kermit).

B¥" Contact an Internet Access Provider and tell them you need dial-up access
at V.42bis or V.34 (preferable) speeds to Telnet services. If you only need
access to TIES Public Services, you can ask them for access only to a
Gopher service (see page 16 for how to get to ITU TIES Gopher from other
Gopher servers).

Public Data Network Access Information

Here's how to get local access numbers and/or information for some public data
networks.

BT Tymnet
For information and local access numbers, call 800-937-2862 (voice) or
215-666-1770 (voice).
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Compuserve Packet Network :

Note: You do not have to be a Compuserve user to use the Compuserve Packet
Network to access an IAP. For information and local access numbers, call 800-
848-8199 (voice). '

PSiNet
For information, call 800-82PSI82 (voice) or 703-620-6651 (voice) or
send email to "all-info@psi.com”.

Sample Intemet Access Providers

Given below are a few commercial Internet Access Providers extracted from the
PDIAL list and other sources.

NORTH AMERICA

DELPHI

Dialup: 800-365-4636 'JOINDELPHI password:INTERNETSIG'

Area Codes: 617, PDN

Local Access: MA: Boston; KS: Kansas City

Long Distance: Sprintnet or Tymnet: $9/hour weekday business hours, no charge
nights and weekends

Services: ftp, telnet, feeds, user groups, wire services, member conferencing
Fees: $10/month for 4 hours or $20/month for 20 hours + $3/month for Internet
services

Email Address: walthowe @delphi.com

Voice Telephone Number: 800-544-4005

NETCOM

Name: Netcom Online Communication Services

Dialup: 206-547-5992, 214-753-0045, 303- 758-0101, 310-842-8835, 312-380-
0340, 404-303-9765, 408-241-9760, 408-459-9851, 415-328- 9940, 415-985-
5650, 503-626-6833, 510-274-2900, 510-426-6610, 510- 865-9004, 617-237-
8600, 619-234-0524, 703-255-5951, 714-708-3800, 818-585-3400, 916-965-
1371

Area Codes: 206, 213, 214, 303, 310, 312, 404, 408, 415, 503, 510, 617, 619,
703, 714, 718, 818,916

Local Access: CA: Alameda, Irvine, Los Angeles, Palo Alto, Pasadena,
Sacramento, San Diego, San Francisco, San Jose, Santa Cruz, Walnut Creek;
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CO: Denver; DC: Washington; GA: Atlanta; IL: Chicago; MA: Boston; OR:
Portland; TX: Dallas; WA: Seattle '

Long Distance: provided by user '

Services: shell, ftp, telnet, irc, WAIS, gopher, SLIP/PPP, ftp space, feeds, dns
Fees: $19.50/month + $20.00 signup

Email Address: info@netcom.com

Voice Telephone Number: 408-554-8649, 800-501-8649

FAX: 408-241-9145

PSI-WORLD-DIAL

Name: PSI's World-Dial Service

Dialup: send email to numbers-info@psi.com

Area Codes: PDN

Long Distance: [per hour, off-peak/peak] V.22bis: $1.25/$2.75; V.32
$3.00/$4.50; 14 4K: $4.00/$6.50

Services: telnet, rlogin, tn3270, XRemote

Fees: $9/month minimum + $19 startup

Email Address: all-info@psi.com, world-dial-info@psi.com
Voice Telephone Number: 703-620-6651

FAX: 703-620-4586

ALTERNET

Name: AlterNet from UUNET Technologies, Inc.

Dialup: contact for numbers

Area Codes: 212, 408, 415, 510, 617, 703, 800, PDN

Local Access: Washington, D.C.; CA: Berkeley, Palo Alto, San Jose; MA:
Boston; NY: New York City

Long Distance: provided by user

Services: terminal access to telnet, UUCP (e-mail/news), check with provider
Fees: check with provider

Email Address: alternet-info@uunet.uu.net, info@uunet.uu.net

Voice Telephone Number: 703 204 8000, 800 4UUNET4 (1 800 488 6384)
FAX: 703-876-5059

UUNET-Canada

Name: UUNET Canada, Inc.

Dialup: contact for numbers

Area Codes: 416, 905, 519, 613, 514, 604, 403
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Local Access: ON: Toronte, Ottawa, Kitchener/Waterloo, London, Hamilton,
QC: Montreal, AB: Calgary, BC: Vancouver

Long Distance: provided by user

Services: terminal access to telnet only, UUCP (e-mail/news),
SLIP/PPP, shared or dedicated basis, from v.32bis to 56k+

Fees: (All Cdn$ + GST) TAC: $6/hr, UUCP: $20/mo + $6/hr, IP/UUCP:
$50/mo + $6/hr, ask for prices on other services

Email Address: info@uunet.ca

Voice Telephone Number: 416-368-6621

FAX: 416-368-1350

WORLD

Name: World

Dialup: 739-9753 'new'

Area Codes: 800, PDN

Local Access: Boston, MA

Long Distance: Compuserve Packet Network: $5.60/hour
Services: shell, ftp, telnet, irc

Fees: $5.00/month + $2.00/hr or $20/month for 20 hours
Email Address: office @ world.std.com

Voice Telephone Number: 617-739-0202

MAINLAND EUROPE

EUNet

Name: EUnet

Dialup: contact for number, PDN (e.g., Transpac in France)
Area Codes: contact for numbers (27 countries)

Local Access: Major Cities

Services: e-mail, teinet, IP

Fees: contact for information

Email Address: info@EU.net

Voice Telephone Number: +31 20 592 5109 (Amsterdam}
FAX: +31 20 592 5163

DIRCON

Name; The Direct Connection
Dialup: +44 ()81 317 2222
Area Codes: +44 (0)B81
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Local Access: London, England

Long Distance: provided by user

Services: shell or menu, UUCP feeds, SLIP/PPP, fip, telnet, gopher, WAIS,
Archie, personal ftp/file space, email-to-fax

Fees: Subscriptions from GBPounds 10 per month, no on-line charges.
GBPounds 7.50 signup fee.

Email Address: helpdesk @dircon.co.uk

Voice Telephone Number: +44 (0)81 317 0100

Fax Number: +44 (0)81 317 0100

IBMPCUG

Name: UK PC User Group

Dialup: +44 (0)81 863 6646

Area Codes: +44 (0)81

Local Access: London, England

Long Distance: provided by user

Services: ftp, telnet, bbs, irc, feeds

Fees: GBPounds 15.50/month or 160/year + 10 startup {no time charges)
Email Address: info@ibmpcug.co.uk

Voice Telephone Number: +44 (0)81 863 6646

NORTH AFRICA

EUNet

Name: EUnet

Dialup: contact for number, PDN (e.g., Transpac in France)
Area Codes: contact for numbers (27 countries)

Local Access: Major Cities

Services: e-mail, telnet, IP

Fees: contact for information

Email Address: info@EU.net

Voice Telephone Number: +31 20 592 5109 (Amsterdam)
FAX: 431 20 592 5163 (Amsterdam)
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ANNEX C - Document Retrieval Formats

Below is given an explanation of several document formats that TIESATUDOC
offers for retrieval:

ASCH

Often the only format that different word processors have in common
is a line-oriented format using ASCII characters. If the master or
original format of a document in the ITU Document Store is different
from ASCII then conversion to ASCII may have resulted in loss of
information content and/or formatting. ASCII files have the file
extension .txt

Microsoft RTF

Microsoft Rich Text Format (RTF) is a standard form of encoding for
text and graphics interchange that can be used with different micro-
computers and operating systems.

RTF can represent all objects contained in ITU documents (e.g. multil-
ingual text, footnotes, headers, footers, symbol sets, tables, mathemati-
cal formulas, geometric and raster graphics, font information, layout,
structure elements). A standard RTF file consists of only 7-bit ASCII
characters so it can be transported more easily between various mail
systems. If your word processing tool can read RTF then this is a
useful format. RTF files have the file extension .ritf

Word for Windows

Word for Windows is the ITU standard document processing tool and
is therefore the ITU native document format. The version being used
as of October 1994 is Word for Windows Version 2.0. Word for
Windows files have the extension .doc

Postscript

Postscript is a final form document - in other words, it typically cannot
be edited or revised. It can only be printed or viewed on-screen.
However, the Postscript form of a document is typically identical to the
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ITU printed page form. Postscript files are 7-bit ASCII and so can be
transported between various electronic mail systems (however, they are
typically very large files). After you receive a Postscript file, you can
copy it to your Postscript laser printer for a printed version of the
document. Note that ITU documents are paginated for A4 paper size
and 5o all text may not fit on North American Letter size paper. If this
causes difficulty you may wish to obtain a public-domain Postscript
file viewer called Ghostscript. Ghostscript is available at ‘many
computer sites around the world. Postscript files have the file
extension .ps

ODA/ODIF

The Open Document Architecture (ODA) and Open Document
Interchange Format (ODIF) are ITU-T (CCITT) Recommendations
(T.410 series) also adopted by International Organization for
Standardization (ISO 8613). ODA is a modern, object-oriented
document architecture for the description of both the logical and layout
structures of a document. Examples of logical objects are abstracts,
titles, sections, paragraphs, figures, tables, etc. Examples of layout
objects are pages, columns, frames, etc. ODA provides for the
representation of documents in processable form, which allows
revision by a recipient, and formatted form, which allows the precise
specification of the document layout. ODA also supports the transfer
of documents in formatted processable form. ODIF defines the data
stream of the actual interchange format. ODIF files currently accessed
via the ITUDOC Service can correspond to the European Workshop on
Open Systems (EWO0S) Q112 or the ISP 11181 (FOD26) document
application profile (DAP). They have been converted to ODIF from
Rich Text Format (RTF) by the Bull ODA Product Set (BOPS). ODIF
files have the file extension .0df. If you are interested in more
information on ODA, please contact the Open Document Architecture
Consortium (ODAC):
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ODAC

Avenue Marcel Thiry 204
1200 Brussels

Belgium

Tel. 432 2 774 9623

Fax, +32 2 774 9690

ZIP Format

Some documents/files stored on TIESATUDOC have been archived or
compressed with the PKZIP program. This is indicated by the name
“ZIP” or the prefix “ZIP" before the document/file format. For
example, compressed Postscript files are referred to in TIES/ITUDOC
as “ZIPPOSTSCRIPT”. To uncompress this file, you need a program
called PKUNZIP or equivalent.  Self-extracting MSDOS and
Macintosh versions of these utilities are available in the “About ITU,
TIES, ITUDOC, Copyright, Gopher../ About ITU TIES/ Other
TIES Information/ Utilities/.

Other Formals

Other document formats may be available on the ITTU Document Store.
Retrieving these formats via the TAM depends upon the capability of
the electronic mail system you use (e.g. support for binary message
attachments). The latest list of formats used on the ITU Document
Store is available in the group “About ITU, TIES, ITUDOC,
Copyright, Gopher... / About ITUDOC"”.
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ANNEX D - TIES/ITUDOC Conditions of Use and
Copyright Notice

“Access to databases of the International Telecommunication Union (ITU) for
consultation of documents and/or information retrieval is permitted by the ITU
subject to the user's acceptance of ITU's provisions and conditions of copyright
contained within each document which obliges the user not to duplicate the
document or parts thereof for distribution or sale external to the user’s
organization. Such information may be utilised in the receiving organizatjon, as
required, to further the work of the I'TU or any standards body developing related
standards, to provide guidance for product or service development and
implementatjon and to serve as support documentation associated with a product
or service.”

For special arrangement or further clarification regarding this policy, please
contact:

Mr. Michel Giroux

Chairman of the ITU Publication Policy Committee
International Telecommunication Union

Place des Nations

1211 Geneva 20

Switzerland

FAX: +41 22 730 5785

Internet email: giroux @itu.ch

X.400 email: S=giroux; P=ity: A=arcom; C=ch
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Annex E - Access to ITUDOC from Major eMall
Service Providers

The ITUDOC email interface is accessible from several major email service
providers.

ACCESS FROM MCI

MC'T users can access the TAM through MCT's facilities for access to other mail
systems (EMS). The TAM can be accessed through MCT's Internet gateway.
You can then download documents from your MCI mailbox using a file transfer
program in your communications package (e.g. Kermit or Zmodem). If you
have problems with one gateway, please try the other.

ACCESS FROM MCI MAIL VIA INTERNET:

1. At COMMAND, type CREATE

2. At TO, type ITUDOC foliowed by EMS in parentheses. For example,
TO: ITUDOC (EMS)

3. At the prompt EMS: type INTERNET. For example,
EMS: INTERNET

4. At MBX: type itudoc@itu.ch. For example,
MBX: itudoc@itu.ch

5. At the next MBX: type return to end addressing

6. Complete as usual

HOW TO DOWNLOAD DOCUMENTS FROM MCI MAIL:
File transfer protocols supported by MCI include

- Zmodem

- Kermit

- Text {MCI account default for downloading ASCII data only)
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If the document you retrieve from your MCI mailbox is a binary format, you
must use either Zmodem or Kermit transfer protocols.

1.
2.

Note the number of the message you want to download.

At COMMAND, type DOWNLOAD followed by the number of the message
you want to DOWNLOAD and the name of the protocol you want to use.
For example,

COMMAND: DOWNLOAD 3 KERMIT

MCI will provide a message that explains how many files are contained in
the transfer. You will receive an itemized list of the text and binary message
segments contained in each download request. When prompted, enter a file-
name for each file you wish to download or press return if you wish to skip
that segment. Specify a file extension that corresponds to the document
type. The TAM always returns two message segments in reply to a GET
command. The first message segment part is always in ASCII format and
contains information (attributes) of the document (e.g., title, file size and
type). The second message segment part is the actual document. You may
choose only to download the second message segment which is the actual
document.

When you have completed assignment of filenames for the messages you
wish to download, press return to begin. You may then need to give the
command for your communications software to begin the download process.

For more complete information, use MCI's HELP DOWNLOAD command.

ACCESS FROM COMPUSERVE

Compuserve mail users can access the TAM through Compuserve's Internet mail
gateway facility.

ACCESS FROM COMPUSERVE MAIL VIA INTERNET:

1.

Choose COMPOSE a new message, edit the message with TAM commands,
then choose SEND

At SEND TO (NAME OR USER ID), type >internet:itudoc@itu.ch For
example,

Send to {(Name or User ID): >internet:itudoc @itu.ch
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3. At SUBJECT, type any text (TAM ignores subject fields)

4. Complete as usual

HOW TO DOWNLOAD DOCUMENTS FROM COMPUSERVE:

For complete information, use Compuserve's HELP DOWNLOAD command.
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Annex F - TIES Registration Form

No registration is required for access to TIES Public Services. If you meet the
requirements for access to TIES Services for Registered Users (see page 12),
please complete and return the TIES Registration Form attached to the end of
this document.

ITU TIES HELPDESK

International Telecommunication Union
information Services Department

Place des Nations

1211 Geneva 20

Switzerland

TEL: +41 22 730 5554

FAX: +41 22 730 5337

Internet email; helpdesk@itu.ch

X.400 email: S=helpdesk;A=arcom;P=itu;C=ch
Telex: 421 000 uit ch

Processing of your application should take 2-4 weeks. You will receive
documentation and a logon name/password by return mail.

An electronic version of the TIES Registration Form is available by return
electronic mail by sending the following message:

To: Hudoc@itu.ch
FROM: (NAME)
SUBJECT: (IGNORED)

START
GET ITU-2659
END

Electronic versions of the TIES Registration Form can be submitted by
electronic mail to the email address above.
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TIES User Registration Form

[Jor [ M [ Ms [] Mss []ms

Last Name

First Name(s)

Job Title

Organization/Company

Department/Service

Address

Country

Telephone

Fax

Email
Address

Telex

ITU Activities Participation
{Member Administration, Sector
members, Study Groups, etc.)
This information is required.

Communications software

Signature

Date

{TU TIES HELPDESK
International Telecommunication Union
Information Services Department
Place des Nations
1211 Geneva 20, Switzerland

TEL: +41 22 730 5054 or 5555
FAX: +41 22 730 5337
Internet: heipdesk@itu.ch
X.400: S=helpdesk; A=arcom; P=itu; C=ch
Telex: 421 000 uit ch



