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INTRODUCTION

The Geneva Conventions of 1949 provide only for 
the use of the distinctive emblem (red cross, red crescent 
and red lion and sun) for signalling and identifying me
dical units, 1/. This emblem was sufficient to protect 
the medical services of armed forces in armed conflicts 
before the Second World War.

The mobility of armed forces increased considera
bly during World War II and, moreover, the use of new 
methods of detection and the introduction of remote-con
trolled weapons made it possible to reach targets hid- 
dent from the attacker. This increase in the mobility of 
armed forces, together with the modernization of weapons, 
telecommunications and detection system have made the dis
tinctive emblem insufficient as a means of identifying 
medical transports, units and personnel.

At the Conference of Government Experts on the 
Reaffirmation and Development of International Humani
tarian Law Applicable in Armed Conflicts, held in Geneva 
in 1971, one expert stressed the need to improve the pro
tection of medical air transport, especially in combat 
zones, (cf. ICRC, Conf. Gvt, Experts, Geneva, 1971,
Report, Annex IV, p. 32).

With this in mind, the ICRC has included, in its 
Draft Protocol No I, a provision which provides for the 
removal of the wounded from combat zones by medical air
craft, without any prior agreement on the flight schedule 
of such aircraft (ICRC, Draft Protocol I, Art. 25). 
However, such airborne evacuation operations will be pos
sible only if some degree of safety of the aircraft is 
ensured by an effective system of medical unit signals 
and identification recognized by all belligérants.

1/ cf. First Geneva Conv. 1949, Chapters III to VII 
Second Geneva Conv. 1949, Chapter III to VI 
Fourth Geneva Conv. 1949, Part II and Annex I.
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The ICRC, aware of the need to improve the safety 
of the various means of medical air transport, considers 
that the best solution would be for the States Parties 
to the Conventions to adopt additional means of identifi
cation meeting the requirements of modern weapons, tele
communications and detection. Should these various supple
mentary means of medical-unit signalling be adopted 
by the said States, they will have to be considered as 
having the same protective value as the distinctive em
blem mentioned in the Conventions. It goes without 
saying that the States will have to decide on some pre
cise manner of regulating the use of these supplementary 
forms of signalling and identification, in order to en
visage and suppress all possible abuse.

The modern concept of a general medical service 
during armed conflict no longer makes the traditional 
distinction between military and civilian medical services, 
and the right to use the protective emblem,mentioned in 
the Draft Protocols prepared by the ICRC for the second 
session of the Conference of Government Experts (cf. ICRC, 
Draft Protocol I, 1972), has been extended to both.
In view of these two facts, the ICRC considers that the 
supplementary means of medical-unit signalling and iden
tification to be adopted by the States Parties to the 
Conventions should be available for use by all means of 
medical transport by air »land and water, as well as by 
medical personnel and units protected according to the 
terms of the Conventions.

The first session of the Conference of Government 
Experts on the Reaffirmation and Development of Inter
national Humanitarian Law Applicable in Armed Conflict, 
organised by the ICRC in Geneva from 24 May to 12 June 
1971, called on the ICRC to continue studying the pro
blem of the safety of medical transports, to enlarge on 
its documentation and to include the views of governments 
and specialized agencies (ICRC, Conf. Gvt, Experts,
Geneva, 1971, Report, para. 92b-c and especially the 
comments made by one expert and contained in para. 92a).

In compliance with that recommendation the ICRC has 
prepared a numbered questionnaire which it has tried to 
answer on the basis of information supplied by a number 
of specialized agencies. The replies to this question
naire will provide material from which to prepare tech
nical regulations for the purpose of developing and 
standardizing means of medical-unit signalling and iden
tification.
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These technical regulations could also provide 
solutions to problems such as the issuance of a document 
attesting to the medical nature of means of medical 
transport (cf. ICRC, Draft Protocol I, 1972, Art. 16).

Obviously, the States Parties to the Conventions 
will have to decide whether the rules contained in such 
regulations are to be compulsory or optional.

The ICRC does not claim to have dealt with all the 
problems relating to the improvements to be made in medi
cal-unit signalling and identification. It is relying on 
the collaboration of governments and specialized agencies 
to complete the work.

The questionnaire covers a range of technical pos
sibilities. It will be incumbent on the experts to say 
to what extent several systems of signalling and identi
fication can be combined. It should be made clear, in this 
connection, that possible failure of any given system 
must not be allowed to impair the protection to which 
medical bodies, installations, units, transports and so 
forth are entitled.
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QUESTIONNAIRE

I. LUMINOUS AND OTHER VISUAL AND SONIC 
SIGNALLING AND IDENTIFICATION SYSTEMS

Optical systems
One factor which could help to increase the safety 

of medical personnel, establishments and means of trans
port, is improved visibility of the distinctive emblem 
that protects them. (cf. ICRC, Conf. Gvt. Experts, Geneva, 
1971, Doc. CE/7b, pp. 44»48,49).

Questions :

1. What modern means are there for increasing the lu
minous capacity of the distinctive emblem ?

2. Is the distinctive emblem visible to infra-red 
monitoring ?

3. Should a uniform colour be recommended for all means 
of transport used by the medical services ? If so - 
what colour ?

4. Does the armband worn on the left arm by medical per
sonnel still offer sufficient protection ? If not, 
what form of protection should be adopted ?

5. Should there be specific instructions as to the loca
tion and illumination of the distinctive emblem used 
on means of medical transport? If so, what instruc
tion ?

6. Ought the use of visual signals as provided for in the 
International Code of Signals for Search and Rescue 
and in Annex 12, "Search and Rescue" published by the 
ICAO, be recommended to meet the needs of military 
medical services ? Should other signals be added, and 
if so, what signals ?
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luminous systems

Signalling and identification by emblems alone is 
ineffective by night and even if such emblems are il
luminated, insufficient by day when visibility is poor.

Whereas the illumination of an emblem only makes 
it visible for short distances, the visual range of a 
signal emitted by a luminous source is much greater.

Moreover, a light signal from anywhere on the ho
rizon, is easily visible, which is desirable for modern 
means of medical transport. Such all-round luminous si
gnalling is essential for medical aircraft.

A system of signalling by flashing blue lights is 
described in ICRC Fascicle VII, pages 4-6 ,50-52 and 64.

Question :

7. Does the signalling of means of medical transport by 
flashing blue lights have any disadvantages ? If so - 
what disadvantages ? Do other systems of luminous 
signalling need to be studied ?

Sonic systems
Meteorological conditions or certain situations in 

hostile zones can make visual signalling systems inef
fective. The safety of medical transport would consequently 
be jeopardized by poor visibility unless some supplement
ary form of signalling allowed them to be identified.

Questions :

8. Should the use of a system of medical-unit sonic
signalling be recommended for use in case where other 
systems of signalling become ineffective ? If so, what 
system of sonic signalling could be recommended ?
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II. SYSTEMS OE RADIOCOMMUNICATION AND RADIO DETECTION

a) G-eneral comments
Means of medical transport, at too great a distance 

for the protective emblem or luminous signals to be seen 
can be identified only by radio-electric or electronic 
systems. This is true, not only of air and sea transport 
but also of land transport which can fall prey to long- 
range weapons.

Weapons guided by remote control can well hit means 
of medical transport in the air, on land or at sea unless 
such transport is made readily identifiable by radio - 
communication and radio detection.

b) Radiocommunications
The use of radio communication equipment and a med- 

dical-unit radio designator as supplementary means of 
signalling and identification has been proposed in ICRC 
fascicle VII, pages 46,50,52,53» 54,62-65.

The radiocommunication system meant to increase the 
safety of medical vessels and aircraft in time of armed 
conflict is described in fascicle VII, pages 66-72.

Questions :
9. Should medical services be given the possibility 

of using international radio frequencies in order 
to improve the safety and speed with which the wounded 
are evacuated and to make it possible to keep track 
of medical missions ?

10. Would it be advisable to lay down rules specifically 
for the use of medical-unit telecommunications by 
belligérants, especially for announcing airborne 
evacuation of wounded ? Would it thereby be possible 
to avoid negotiating flight schedules ?

11. Could national telecommunications administrations and 
their Co-ordination Committees now propose frequencies 
reserved for international medical-unit radio-com
munications ? If so, what are those frequencies ?



11

c) Radio detection

It is easier to identify a distant medical aircraft 
or ship if it transmits a characteristic signal by radio
telephone or radio-telegraph.

In an effort to solve this problem, the experts 
convened in October 1970 by the ICRG, suggested that in 
the case of medical aircraft the emergency radiolocation 
and distress procedure be used as envisaged in the ITU 
Radiocommunications Regulations and Vols I and II of 
IGAO Annex 10 (Aeronautical Telecommunications) and that 
the word "MEDICAL" repeated three times be added to the 
envisaged signals, 2/

The same experts advised the use of two automatic 
transmitters aboard hospital ships, for the transmission 
of the same signal plus "MEDICAL", 3/ repeated three times.

One transmitter would work on the international dis
tress and call frequency used in radiotelephony, 2182 KHz 
4/· This is also the frequency used for emergency position 
indicating radiobeacon · The power of this transmitter 
shall be reduced to limit the range of the signal to 
50 nautical miles. The second transmitter will work on 
the VHP of 243 MHz. This frequency has bear earmarked for 
transmissions from survival craft station, 5/ and from 
radio survival equipment on board aircraft 6/

Question :

12. Are the radio-electric identification signal trans
mission systems proposed by the experts suitable for 
improving the safety of means of medical transport ?
If not, what systems should be studied ?

2/ - ICRC - Protection of the wounded and sick, 1971, 
(Conf.Gvt. Experts, Doc. CE/7, p. 47).

3/ - ibid - p. 65·
4/ - ITU - RR. 1323 - used by vessels, aircraft and rescue 

devices. RR. 999·
5J - ibid
6/ - ICAO - Annex 10. Vol I - Chapter 5·
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III. ELECTRONIC SIGNALLING AND IDENTIFICATION SYSTEMS

a) Radar
The use of radar and the IFF system - Identifica

tion Friend or Foe - is widespread among air, sea and 
land forces. Radar enables the infantry to survey terrain 
day and night, in fog, rain, snow or dust storms, whereas 
infra-red cannot always be relied on.

In addition to the primary radar, which only shows 
on a screen the echos returned by the object detected, 
the SSR 7/, which is also a primary radar, sets off a ra
dar transponder aboard the detected aircraft or ship.
The transponder instantaneously sends back in a pre - ar
ranged code a reply which appears on the SSR screen.

The SSR permits the use of many numerical code
groups beside which other data 8/ may be shown on the 
screen or PPI,£^This identification method is used for 
air traffic control,especially in areas of intense mili
tary and civilian flying. The ICAO issues directives, 
lays down standards and codes for the international use 
of secondary radar 10/

An international radar code of non-belligerence 
could permit the identification of a medical aircraft or 
ship. In the event of armed conflict, such radar identi
fication should reach military control in fighting zones 
instantaneously, which would avoid sparking off an attack 
by remote-controlled rockets or a conventional type attack 
conducted by radar against fixed or mobile medical units 
which are distant or hidden by meteorological conditions.

Questions :
13· Can civilian and military air and sea traffic control 

bodies study an international radar code of non-bel
ligerence for identification of and signalling by me-

7/- Secondary Search Radar 
8/- E.g. aircraft height 
9/- Plan Position Indicator 

10/- ICAO - Annex 10 - Vol.I.
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dical aircraft, ships and units ?
14· Should an independent system of radar identification 

he studied apart from radar interrogation ? Can a sys
tem of radar identification echo transmission be adop
ted for the use of medical services ? If not, what 
other system should be considered ?

b) Electro-acoustics - Degaussing
Certain experts maintain that submerged submarines 

can launch torpedos at targets without using their optical 
sighting instruments.

As submarines no longer have to rely on their pe
riscopes in order to see and attack a target and as acoustic 
torpedos guided by sound can detect and hit a target, it 
is now necessary to identify friendly or non-belligerent- 
vessels by sound.

Furthermore, sub -marine protection of hospital ships 
must consider the danger of magnetic, acoustic or other 
mines which may occur in naval or amphibious combat zones. 
Consequently, medical ships must be degaussed.

Questions :
15· How can the problem of signalling and identifying 

hospital and medical ships be solved in such a way 
as to protect them from sub-marine attack launched 
by under-water electro-acoustic systems ?

16. How can medical craft and hospital ships in particular 
be protected from the danger of under-water mines ?
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COMMENTARY

G e n e r a l  r e m a r k s

There is always a chance that seriously wounded, 
persons in combat zones may survive if they are given 
specialized care without delay. During this short 
"medical period", the use of modern means of evacuation, 
and especially helicopters, with surgical and revival 
teams on board, makes it possible to transport the 
wounded to medical units especially equipped to treat 
serious wounds 11/.

In addition to helicopters and other suitable air
craft, modern means of evacuation include all mechanized 
means of searching for and collecting the wounded, e.g. 
modern cross-country ambulances and vehicles, armoured 
cars and amphibious craft, ambulance craft, fast medical 
rescue craft, hospital ships and hovercraft.

Medical evacuation from combat zones must be fast 
and above all safe if the wounded are to stand a chance 
of survival. This means that modern safety systems must 
be applied. Civilian and military technical resources 
can be tapped to the full to ensure that means of military 
transport may operate in safety. Such resources may be 
the actual means of transport, or methods of signalling, 
identification, detection or telecommunications.

11/ See the reports submitted to the XXth International 
Congress on Military Medicine and Pharmacy held in 
Brussels from 27 June to 2 July 1971 on the subject 
of "The repercussions of progress in modern evacuation 
methods".
See also ICRC, Conf. G-vt. Experts, Geneva, 1971, 
Report, Com. I, Annex IV.
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Agreement between the belligerents on the flight 
plans of medical aircraft offer another form of security 12/, 
The efficacity of this method cannot, however, be compared 
with that of other methods. At the meeting of Experts 
organized by the ICRO in October 1970, it was admitted that 
agreement of flight plans could : ot be made the key that 
would open the door to any kind of medical mission. The 
flight plan must be introduced specifically for use in 
clearly defined circumstances, but it should not be made 
compulsory. It is unlikely that belligerents themselves 
would be able to negotiate medical aircraft flight plans 
- mainly for helicopters - for primary flights, that is 
for the evacuation of the wounded from the battlefield.
Such primary flights ought to be made in accordance with 
plans which should, if possible, be communicated to the 
adversary, but not negotiated.

The prior communication to the adversary of flight 
plans will be less problematic in the case of medical air
craft making secondary flights, that is, which fly the 
wounded and sick from one medical unit to another, which 
repatriate them or which take them to sorting centres from 
which they are sent home 15/.

12/ See First Geneva 
Second Geneva 
Fourth Geneva

Conv. 1949, Art. J>6 
Conv. 1949, Art. 39 
Conv. 1949, Art. 22

12/ See "Radiocommunications" below.
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I. LUMINOUS AND OTHER VISUAL AND SONIC 
SIGNALLING AND IDENTIFICATION SYSTEMS

Question 1 : What modern means are there for increasing 
the luminous capacity of the distinctive 
emblem ?

The luminous capacity of a signal is increased by 
improving its reflective properties. Signals or objects 
with a high luminous capacity are those most visible and 
they make visual signalling more effective.

In this connection, experiments with reflectors and 
phosphorescent and luminescent paints for road signs have 
been conclusive. A recommendation could be made that such 
products be used for the distinctive emblem and the back
ground, while maintaining the combination of red on white.

The reflective properties of a sign pa.inted with 
ordinary paint could be increased by placing reflecting 
or reflex ref.l ector strips over the sign in the form of 
hatching or a grid, or forming a frame around it.

The recommendations made for road signs at the United 
Nations Conference on Road Traffic, in Vienna in 1968, could 
be useful in studying ways of improving the visibility of 
the protective emblem 14/.

14/ See the Convention on Road Traffic, Vienna 1968,
Ch. II, Art. 32 (5) : Lighting.
Annex 5 to the Convention, ch. II (19 and 27) reflex 
reflectors.
Annex 5 to the Convention, ch. V, appendix, Definition 
of Colour filters, Red, White.
Convention on Road Signs and Signals, Vienna, 1968, 
ch. II, Art. 7.
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Question 2 : Is the distinctive emblem visible to 
infra-red monitoring ?

The infra-red and light amplification equipment used for 
nocturnal military operations does not always distinguish 
and contrast colours. Consequently, the protective emblem 
on medical personnel, transport and units is ineffective 
if not clear under infra-red.

Field tests must be carried out to ascertain whether 
the reflecting materials and paints mentioned in question 1 
react to infra-red illumination (IR). Infra-red detectors 
may make the distinctive emblem visible to IR observation. 
Tests could be made on activated phosphorous dotted round 
the periphery of the distinctive sign or hatched across it.

Question_3 : Should a uniform colour be recommended for 
all medical transport and services ?
If so - what colour ?

Traditionally, white is the colour for medical 
services, but the Geneva Conventions of 1949 only prescribe 
the colour white for the exterior surfaces of hospital 
ships 15/. Medical aircraft, helicopters, mobile or 
fixed medical units, special vehicles for medical evacu
ation, cross-country, amphibious and armoured vehicles 
and so forth would be easier to identify if they were all 
painted white. However, it is apparent that under winter 
conditions white can only be used for camouflage purposes. 
The experts pointed out to the ICRC that white was not to 
be recommended for medical aircraft as certain war planes 
used white as camouflage.

However, the distinctive emblem and the other means 
of identification described below should make it possible 
to distinguish a medical aircraft from a fighter plane 
even if they are both painted white.

15/ Second Geneva Conv. 1949, Art. 43.



18

If some colour other than white had to he recommended, 
a fluorescent orangy-yellow would he a good choice. It is 
a colour with a high luminous capacity, used for air-sea 
rescue appliances and the safety garments of persons 
working on the roads and aerodrome tarmacs. The super
structures of certain rescue ships are painted that colour.

The use of one particular colour should not he made 
compulsory otherwise it would not he possible to make 
temporary, if exclusive, use of unarmed military transport 
vehicles for medical evacuation operations. It would he 
easy to temporarily fit the distinctive emblem to such 
vehicles, aircraft, etc., by means of adhesive tape or 
detachable light metal sheets.

The colorimatric co-ordinates of colours to he used 
for signalling and identifying medical services - red, 
white and possibly orange-yellow - could be mentioned by 
way of indication.

Question 4 : Does the armband worn on the left arm by
medical personnel still offer sufficient 
protection ?
If not, what form of protection should be 
adopted ?

According to the 1949 Geneva Conventions, medical 
personnel must be respected and protected under all 
circumstances and shall wear on the left arm a band 
bearing the distinctive emblem 16/.

Certain new factors make the protection afforded by 
the armband problematic. The most important of these 
factors are the speed and mobility of motorized combatants, 
the range of modern arms, and the camouflaged and variegated 
battledress which is also worn by the members of the medical

16/ First Geneva Conv. 1949, Art. 40 
Second Geneva Conv. 1949, Art. 42 
Fourth Geneva Conv. 1949, Art. 70.



19

corps and on which the armband is less apparent. Also 
during nocturnal military operations, carried out with 
the aid of infra-red, the protection afforded by the arm- 
band alone is very doubtful. In order to increase the 
safety of medical personnel, the visibility of the armband 
and of the distinctive emblem will have to be improved and 
made visible under infra-red by the means suggested in the 
commentaries on questions 1 and 2. Other suggestions that 
could be studied are :
- the wearing of a white or other-coloured helmet or 

helmet cover bearing the distinctive emblem in reflect
ing material on both sides, front and back;

- the wearing of the protective emblem on a white cloth 
tied across the back;

- the weaxrng of a white outer-garment bearing the 
distinctive sign on the front, back and arms;

- the wearir ■■ of a complete outfit made of reflecting 
material,

- cuffs, gaiters and banners made of reflective material.

: Should there be specific -provisions as to
the location and illumination of the 
distinctive emblem used on means of medical 
transport ?
If so, what provisions ?

According to the 1949 Geneva Conventions, the 
protective emblem should appear on the sides and horizontal 
surfaces of medical aircraft and hospital ships 17/.

This marking however is not visible when the aircraft 
or ship is viewed from fore or aft.

In the case of ships it is easy to overcome this by 
marking the protective emblem across the superstructures 
fore and aft.

17/ See First Geneva Conv. 1949, Art. 36 
Second Geneva Conv. 1949, Art. 43.



20

In the case of aircraft and especially helicopters 
which have to he identified fore and aft from afar, some 
additional form of visual medical identification will be 
necessary, i.e. some form of omnidirectional luminous 
signal.

The draft technical regulations mentioned in the 
introduction could recommend that the protective emblem 
or some additional form of visual medical identification 
be visible fore and aft of all aircraft, ships or other 
forms of medical transport.

The distinctive emblem must be made visible by night 
or in conditions of poor visibility by some means of 
illumination if it is to be effectively protective in 
cases of imminent danger. During World War II, the ships 
chartered by the ICRC sailed with all lights on and the 
distinctive emblem illuminated. This possibility of 
illuminating the markings on ships is mentioned in 
Article 43 of the Second Geneva Convention, 1949.

Civil aircraft are sometimes fitted with mini-floods 
to illuminate their commercial markings; presumably the 
same system could be used for illuminating the emblems on 
medical aircraft.

: Ought the use of visual signals as provided
for in the International Code of Signals 
for Search and Rescue 18/ and in Annex 12. 
"Search and Rescue" published by the 
ICAO 19/. be recommended to meet the needs 
of military medical services ?
Should other signals be added and, if so, 
what signals ?

These visual signals make it possible to establish 
certain land-sea and ground-air liaisons for passing 
distress messages. They are used during the embarking

18/ IMCO, International Code of Signals, London 1965;
International Conference on the Safety of Life at Sea, 
London I960 : rescue signals.

19/ ICAO, Annex 12, Search and Rescue, 1970.
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and disembarking of the wounded and during the landing of 
helicopters and medical aircraft.

For example, a temporary heliport used for primary 
medical evacuation could be marked with signal No. 12 in 
ICAO Annex 12, namely a triangle traced out on the ground, 
accompanied by the protective emblem.

Of the other ICAO visual markings which could be use
ful during airborne medical evacuation, the following are 
worthy of consideration :

!s! o • H = Require doctor, serious injuries

No. 2 = Require medical supplies

No. 3 = Unable to proceed

No. 4 = Require food and water

etc.

No. 12 = Probably safe to land here.

Rule No. 16 of the International Conference on Safety 
of life at Sea gives a list of distress signals that medical 
services could use for amphibious evacuation operations. 
These distress signals appear, with others, in the Inter
national Code of Signals.

The High Contracting Parties to the 1949 Geneva Con
ventions could make allowance in the technical regulations 
for the use of these signals for facilitating the evacuation 
of the wounded and sick, especially from combat zones.

Question__7 : Does the signalling of means of medical
transport by flashing blue lights have any 
disadvantages ? If so - what disadvantages ? 
Do other systems of luminous signalling need
to be studied ?
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These flashing blue lights should be standardized for 
all military and civilian medical services.

The meeting of technical experts called by the ICRC 
for 28 and 29 October 1970, which is mentioned in the ICRC 
documentation 20/, suggested that medical aircraft be 
fitted with a luminous signal in the form of flashing blue 
lights. This proposal was submitted to the ICAO in 
Montreal. The Secretary-General of the ICAO made the 
following comments :
" The characteristics, given in the Annex to the Draft 
Rules, for flashing light signals do not contradict the 
provisions of the acceptable method devoted to this 
matter in Annex 8 to the Convention on International 
Civil Aviation 21/.
However, blue may not be the best colour to choose as 
the transmission of blue light in certain conditions is 
poor. Ho minimum intensity is stipulated for these 
lights as blue is specified by the ICAO only for use 
as taxiway markings. It would seem, however, that the 
lights proposed in the Annex should be as intense as 
possible and this means that the maximum intensity 
should undoubtedly be 400 candelas. Annex 8 stipulates 
that the minimum intensity of anti collision lights shall 
be 100 candelas, but one country (USA) is considering 
raising this minimum to 400 candelas."

The Experts' proposal was also put to the Inter
national Electrotechnical Commission (IEC) in Geneva, 
which replied :
" We intend to send extracts of the part dealing with 
light signals to the International Commission on 
Illumination and to the IEC Technical Commission on 
lamps, to find out whether these bodies have any 
technical comments to make on the specifications 
given."

The technical comments made by the IEC are reproduced 
in extenso in Annex I.

20/ ICRC, Conf. Gvt. Experts, Geneva, 1971, Doc. CE/7b, 
p. 40.

21/ ICAO, Annex 8, Airworthiness of Aircraft (5th edition,
1962).
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In addition, the IEC sent the ICRC the following
supplementary comments made by its Technical Committee
No. 34 on Lamps and Related Equipment :
(1) International specifications for aircraft anticollision 

lights 22/ could be taken as a basis for medical air
craft identification lights.

(2) Medical identification lights could be specified and 
made on the basis of existing anticollision lights.

(3) Some observers feel that blue is not the best colour 
for a powerful light, considering it less visible than 
green, for example.

(4) There does not, at present, exist any lamp able to 
produce a blue light suitable for the purpose. Once 
the required visual range has been specified, a lamp 
could be studied. The flash frequency proposed in 
the ICRC fascicle VII, pp. 46 and 51 would have to be 
changed.

(5) There are manufacturers of anticollision lights who 
could adapt an existing model to the specifications 
laid down for medical mission signalling and identi
fication.

With the suggestions made by the IEC in mind, we can 
conclude these comments by assuming that it would be possible 
to create forthwith, a form of luminous medical signal, 
using a blue filter. The visual range would undoubtedly be 
reduced by the filter but this is not a major drawback.
The flashes could be produced by an occulting light which 
would complicate installation. Such systems do however, 
already exist on road vehicles having priority such as 
police cars, civilian ambulances, fire-engines and excessive
ly large vehicles as well as on aerodrome location lights.

In the case of ships, the flashing blue lights 
mentioned on page 64 of ICRC fascicle VII, are in fact a 
signal mentioned in rule 13a of the International Regulations 
for Preventing Collisions at Sea 23/.

22/ See ICAO, Annexes 2, 6, 8, positioning and anticollision 
lights.

23/ IMCO - International Conference on Safety of Life at 
Sea, London, I960.
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In accordance with this rule, IMCO allows additional 
H u e  lights, as for example the fixed blue bow light 
carried by certain submarines when on the surface, with 
other additional lights and the usual navigation lights.

Ships towing "Dracone" tanks which are almost 
totally submerged, also show by night a blue light which 
is visible for at least two miles all round, in addition 
to their normal towing and navigation lights. Blue is, 
therefore, already being used for signalling other than 
medical signalling but this should not necessarily be a 
disadvantage. Other colours, too, are used for a variety 
of purposes, for example, surfaced submarines may show a 
quick-flashing orange light visible for at least three 
miles all round.

Moreover, there are hovercraft that carry a quick
flashing amber light (60 flashes per second) visible for 
at least five miles all round by night, and also by day in 
poor visbility. However, the colour of this light must not 
be confused with the quick-flashing orange light carried by 
submarines as mentioned above. 24/.

Practical tests must be made to see whether existing 
systems of flashing blue lights are suitable for military 
medical signalling.

Special, very powerful long-distance blue lamps can 
probably be produced. However, possible objections must be 
borne in mind as medical unit signalling must not give away 
the presence of, or attract attention to, nearby military 
units and the beam from these powerful lamps must not inter
fere with the electronic equipment of aircraft or with 
piloting.

: Should a system of medical unit sonic
signalling be recommended for use in cases 
where other systems of signalling become 
ineffective ? If so, what system of sonic 
signalling could be recommended ?

24/ Service hydrographique de la marine (Naval Hydrographic 
Service), Book 1, Paris 1965, pp. 247-250, Regulations 
for Preventing Collisions, Safety of submarines.
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If atmospheric disturbance or the use of smoke bombs 
do not put a stop to military operations, military evacuation 
will have to continue also and with the necessary speed and 
safety.

When visibility is poor or the situation critical, 
over-land medical evacuation vehicles could signal their 
presence effectively by means of sonic identification devices 
as do civilian priority vehicles.

Fitting standarized sonic warning systems does not 
raise any insurmountable technical difficulty. If the use 
of sirens, bells, gongs, whistles, horns, eic., were admitted, 
the draft technical regulations would have to lay down 
specifications and stipulate how and when they are to be 
used.
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II. SYSTEMS OF RADIOCOMMUNICATION 
AM) RADIO DETECTION

Question_9 : Should medical services be permitted the
use of international radio frequencies in 
order to improve the safety and speed with 
which the wounded are removed and to make 
it possible to keep track of medical 
missions ?

The military units responsible for telecommunications 
in zones of military operations have the means necessary for 
the immediate transmission of information to check posts, 
defence positions, remote control missile launching stations, 
aircraft and ships.

It is these military radiocommunications units in 
combat areas which must receive messages regarding the 
evacuation of the sick and wounded.

For that purpose, it is necessary that medical 
services be allocated international radio frequencies.

It would not be amiss to recommend that members of 
medical services be permanently represented on telecommuni
cation, air and sea control units in combat zones so that 
they can ensure that international and national radio 
messages of a medical nature are passed to the positions 
concerned, thereby assuring respect for the principle of 
protection for the evacuation of sick and wounded as 
announced by radio.

Question 10 : Would it be advisable to lay down rules
specifically for the use of medical tele
communications by belligerents, especially 
for announcing the evacuation of casualties 
by medical airlift ? Would it thereby be 
possible to avoid negotiating flight plans ?
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The ITU Radio Regulations give the procedural rules 
and codes to he used by aeronautical and maritime mobile 
services and by land stations. The latest provisions of the 
Radio Regulations - Chapter VIII : "Distress, Alarm,
Urgency and Safety" and ITU, R.R. RES Spa 2-1, "Space 
Vehicles in Distress and Emergency" similarly provide for 
astronauts and space vehicles in distress and in emergency, 
as does Chapter VII : "Working Conditions in the Mobile 
Services".

Furthermore, on 8 December 1971, the ITU informed 
the ICRC of the adoption by the World Administrative 
Conference for Space Telecommunications (Geneva 1971) of 
Recommendation No. Spa 2-13 Relating to the Use of Space 
Radiocommunication Systems in the Event of Natural Disasters, 
Epidemics, Famines and similar Emergencies.

It would be desirable for military medical services 
to be able to use this international aeronautical, maritime 
and land radiocommunication network in cases of armed 
conflict. What is more, military medical services could 
use the existing procedure and codes for international 
relief work, the evacuation of the injured and so forth, 
in cases of natural disaster.

The appearance of the visual protective sign on means 
of medical transport could, therefore, be preceded by the 
transmission of radiotéléphonie and radiotélégraphie medical 
codes.

It has been proposed, on page 47 of ICRC fascicle VII 
(Item III), that radio could be used to identify medical air
craft by adding the word "MEDICAL" repeated three times in 
radiotelephony.

This proposal, made by the experts convened by the 
ICRC in Geneva on 28 and 29 October 1970, was submitted to 
the ICAO in Montreal. The Secretary-General of the ICAO 
commented that he supposed that the proposal in Item III 
of the Annex to the Draft Rules, that the word "MEDICAL" be 
used in radiot elephony, meant that the word would be used 
as a part of a medical aircraft radiotéléphonie call-sign. 
Provided that the word was used as a prefix to the air
craft's registration marks, that is instead of the radio
telephony designator of the aircraft operating agency 
(Annex 10, Volume II, para. 5.2.1.6.2.1.1. type b.) 23/,

25/ ICAO, Annex 10, Vol. II, Aeronautical Telecommunications 
2nd Edition - 1968.



there should not he any difficulties. It might also be as 
well to specify a corresponding two-letter call-sign which 
would be used in messages exchanged between control unite on 
the ground concerning the aircraft. However, the two-letter 
call signs "MD" and "Ml" having already been reserved for 
other purposes (see ICAO Doc. 8585/10) it might possibly be 
better to consider using the call sign "RX" and the corres
ponding radiotelephony call sign "Red Cross" for English 26/.

It was worth noting that the above-mentioned methods 
of identification could also apply with advantage to air
craft carrying out humanitarian missions in areas other than 
zones of armed conflict, for example, to aircraft carrying 
out relief missions following floods in conditions in which 
it was desirable for the aircraft to receive special treat
ment .

26/ The use of these call signs is regulated by the following 
ICAO documents :
(1) Document 8585/10;
(2) Annex 8 to the Convention on International Civil 

Aviation;
(3) Annex 10 to the Convention on International Civil 

Aviation.
RX : This call sign, mentioned by the Secretary-General 
of ICAO as a two-letter call-sign appears on the list of 
designators used by aircraft operating agencies in the 
international aeronautical telecommunications service.
The radiotelephony call-sign, "Red Cross" (for English) 
corresponds to the two-letter call sign "RX" and is a 
radiotelephony call-sign for aircraft in keeping with 
ICAO radiotelephony procedures.
The ICRC has asked that the call signs RX and "Red Cross" 
be registered in the name of the International Committee 
of the Red Cross and will use them only for aircraft 
chartered by the ICRC for its humanitarian missions.



The radiotelephony call-sign "MEDICAL"

This designator, proposed by the experts, would be 
reserved for medical aircraft. In its comments, the ICAO 
points out that no two-letter designator beginning with M 
is available to symbolise "MEDICAL".

ICAO regulations (see ICAO, Doc. 8585/10) do not 
allow for two-letter call-signs in the X, Y, Z series to 
be registered in the names of aircraft operating agencies. 
They are allotted as follows :
X series for organizations providing services for use by 

international civil aviation.
Y series for Governmental organizations which provide 

civil aviation facilities and service, e.g.
YC = Rescue Co-ordination Centre
YW = Military Flight Operational Control Centre
YX = Military Service or Organization
Z series for Governmental organizations providing air 

traffic services.

The ICRC asked ICAO in which of these three series a 
two-letter call-sign could be found for use by medical 
aviation, and the Secretary-General of ICAO replied as 
follows in his letter of 21 December 1971 :
" As to the assignment of designators for military ambulance 
aircraft operations, the two-letter designator "YX" is 
allocated to military services and organizations and the 
text of any message would indicate the nature of the 
mission. However, there is no common telephony designator 
for military operations and although it appears that 
"MEDICAL" would be appropriate for use by ambulance air
craft, this matter will have to be raised with States 
collectively. It appears to us that your Committee 
perhaps is in the best position to effect the preliminary 
co-ordination required."

Use of radio designators and codes
The ICRC therefore proposes that the international 

radiotelephony designator "MEDICAL" and also the two- 
letter call— sign "YX" be reserved for the exclusive use of
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medical missions. These call signs would be used in accord
ance with the procedure mentioned in the ITU, ICAO and IMCO 
regulations and mentioned in detail in the draft technical 
regulations.

The relevant documents are :
I.T.U. Radio Regulations, especially, Appendices 13 and 

13a : Q Code, Miscellaneous Abbreviations and 
Signals (Radiotelephony and radiotelegraphy).

I.C.A.0 . Document 8400/2nd, 1967 edition - Procedures for 
Air Navigation Services, ICAO Abbreviations and 
Codes (in abbreviated form the PANS - ABC) the 
foreword to which contains the following remark :
"Certain Q Code Signals which through constant 
use have attained plain language status have 
been repeated with their plain language signifi
cations in the portion of this document which 
contains the "general" category abbreviations." 
(Foreword 7.)

Examples : QRA to QRZ series - signals usable by all 
services.

Question
QRZ = Who is calling me ?

QRD = Where are you bound and 
where are you from ?

QRE - What is your estimated 
time of arrival at (or 
over) ...(place) ?

QSF - Have you effected 
rescue ?

etc·, etc....
The QAA to QNZ series, reserved for the aeronautical service, 
naturally contains many groups of use to medical services, 
e.g.

Answer, Information
You are being called by ... 
(on ...KHz (or MHz))
I am bound for ... from ...

My estimated time of arrival 
at (or over) ... (place) is 
... hours.
I have effected rescue and 
am proceeding to ... base 
(with ... persons injured 
requiring ambulance·)
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QAG- = I am arranging my Arrange your flight in order 
to arrive over ... (place) 
at ... hours.

flight in order to 
arrive over ...
(place) at ... (hours).

QAL = Are you going to land 
at ... (place) ? I am going to land at ... 

(place).
or

(You may) land at ... (place) 
or

Aircraft ... landed at ... 
(place).

or
Has aircraft .. , 
landed at ... 
(place) ?

etc·, etc....

IMCO = International Code of Signals (1965)
The revised Code is suitable for all means of trans
mission including radiotelephony and radiotelegraphy 
thereby dispensing with the need for a separate radio 
telephony code and the part devoted to radiotele
graphy. It has a large medical section and the 
general section includes many signals under the 
headings : "Accident, illness, wounded, aircraft, 
helicopter, distress, rescue, survivors, etc. 27/.

Examples :

BT 2 = A helicopter is heading your way (or at the time 
indicated) with a doctor on board.

AQ = I have one (or the number indicated) wounded - sick 
- to be picked up urgently.

BR 5 = Urgently request helicopter to pick up ... wounded/ 
sick.

etc., etc....

27/ This code was adopted by the Fourth IMCO Assembly in
1965.
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Language difficulties

When the international signal code is used in cases 
where language difficulties occur, the principles laid down 
in the ITU Radio Regulations should he followed. The 
letters and figures shall be spelled out with the help of 
the spelling tables 28/.

Priority of calls

In order that the wounded may be sought and evacuated 
without delay 2^/, medical radiocommunications should be 
granted absolute priority as envisaged for distress calls 
in Article 1394 of the ITU Radio Regulations 30/.

In order for this to be done, a study should also be 
made of the possibility of sending medical telecommunications 
over existing networks :

fixed world aeronautical telecommunications network 
space radiocommunications systems, etc.,

even if such networks are momentarily or permanently un
available to other users as a result of an armed conflict 
or any other cause of interruption of normal telecommuni
cations .

28/ ITU - Radio Regulations, Appendix 16 - Phonetic 
Alphabet and Figure Code.

IMCO - International Code of Signals, Ch. VIII
(Radiotelephony) and Ch. X (Phonetic Tables).

ICAO - See Annex 10, Vol. II - Spelling Alphabet - a 
recording exists to illustrate the proper 
pronounciation (supplied by ICAO)

29/ First Geneva Conv. 1949, Art. 15.
30/ ITU - Radio Regulations, Ch. VIII - Distress, Alarm, 

Urgency and Safety.
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Medical communications in combat zones

When the transmission and reception of radiocommuni
cations concern the evacuation of the sick and wounded from 
combat zones, details of the operation could be set down in 
a standard international document for all medical services.

This document could be reduced to the form of a 
synoptical table of the elements which comprise a medical 
mission 31/·

It would show :
- Date and time of radiocommunications and timetable of 

airborne medical evacuation or transport.
Indication of where this operation is to take place 
(land-sea).
Means of transport and medical staff engaged, identifi
cation, description, equipment.
Medical equipment transported.
Distinctive emblem, identification and signalling 
methods used, visibility under infra-red.
Radio frequencies, list of medical codes and signals. 
Radio medical designators, radar codes, etc.

If necessary, an outline of the flight plan could be 
included also, e.g.

Place of departure
limits of the region covered by flight information. 
Envisaged timetable.
Speed, height, route.

- Rescue equipment on board aircraft.
- Helicopter with electric winch, standard medical equipment.

All this would go to make up the medical evacuation 
radio warning report and assignment of resources to the 
mission.

5i/ A private medical aviation company has prepared a docu
ment of this nature for its own needs and has called it 
a "Protocole d'alarme".
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Finally, when preparing the technical regulations 
for medical unit signalling, account must also be taken of 
proposals made to up-date radio and optical communication 
media with hospital ships and medical aircraft as set out 
in ICRC fascicle YII (Annex III, pp. 74-77) ¿2/.

Question_ll : Could national telecommunications administra
tions and their Co-ordination Committees now 
allocate frequencies reserved for interna
tional medical-unit radio communications ?
If so, what are those frequencies ?

International distress and assistance frequencies

One of the experts consulted by the ICRC expressed 
the opinion that the use of the frequencies prescribed by 
the ITU for use in cases of Urgency and distress was unsuit
able for medical radiocommunications. He maintained that 
international distress frequencies should be reserved solely 
for air and sea traffic in distress 33/.

Another expert pointed out that the use of distress 
frequencies for medical radiocommunications could be admitted 
provided they were used only for calling and that another 
frequency were thereafter immediately engaged. In order to 
avoid jamming radio distress signals and radio medical 
signals and the confusion that results from the fact that 
certain frequencies are reserved for military telecommuni
cation, it would be desirable for international frequencies 
to be earmarked for medical radiocommunication.

National telecommunications administrations and their 
Co-ordination Committees could study this problem and decide 
how these frequencies could be monitored during peacetime 
and in armed conflict. This suggestion could be put to the 
ITU in accordance with Recommendation No. 34 of the Radio 
Regulations 34/.

32/ ICRC, Conf. G-vt. Experts, G-eneva, 1971, Doc. CE/7b, 
pp. 66-77.

21/ ITU - Radio Regulations, Nos. 1107-1108, 1208-1321-1323 
to 1339 and 1456.

34/ ITU - ibid - Recommendation No. 34 Relating to the Use 
of Radiotelegraph and Radiotelephone links by Red 
Cross Organizations.



Question 12 Are the radio-electric identification
signal transmission systems proposed by 
the experts suitable for improving the 
safety of means of medical transport ?
If not, what systems should, he studied ?

It is important that these signals should not jam 
radiocommunications. If the use of the radio detection 
frequencies mentioned in the questionnaire in any way 
interfere with the sending of military or civilian communi
cations distress signals, the use of other frequencies will 
have to be considered.

For example, the Radio Regulations mention the 
possibility of ships, using the aeronautical emergency 
frequency of 121.5 MHz for communicating with aircraft 
for safety purposes 55/.

ICAO Annex 10, Yol. I, states that the international 
frequency of 121.5 MHz may also be used as a VHP communi
cation channel for civilian and military aircraft involved 
in common search and rescue operations (SAR) and between 
such aircraft and surface services prior to changing to the 
appropriate frequency 56/. Similar provisions could be 
prepared for communications and the transmission of identi
fication signals by medical aircraft and hospital ships in 
combat zones.

Radio direction-finding

Furthermore, the radio signals emitted by medical 
aircraft and ships by way of identification would make 
direction-finding and the reading of positions easier for 
those monitoring or directing medical missions.

Lastly, these signals should enable medical aircraft 
and ships to have priority use of radio aid to navigation 
when necessary.

55/ ÏTU - RR-275-968-969
56/ ICAO - Annex 10, Vol. II, Emergency channel 4.1.5.1.
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III. ELECTRONIC SIGNALLING-
AND IDENTIFICATION SYSTEMS

Radar - General remarks

The first radars in service in 1937 were for detec
tion in anti-aircraft operations. They were used to guide 
fighter aircraft on interceptor missions.

In September 1939, echos from enemy and friendly 
aircraft could be shown on the screen of a radar identifi
cation system.

At that time there was no point in being able to 
distinguish by radar between a non-belligerent and combat 
aircraft or ship, as long-distance remote-controlled 
missiles were then unknown.

Question_13 : Can civilian and military air and sea
traffic control bodies study an inter
national radar code of non-belligerence 
for identification of and signalling by 
medical aircraft, ships and units ?

Secondary Search Radar (SSR) is still not in 
general use throughout the world for watching and monitoring 
air traffic. However, with an eye to progress, allowance 
is being made for the development and generalization of 
this system of sophisticated signalling and identification.

Many small sport or passenger planes are already 
fitted with radar transponders which several States are now 
making compulsory for all aircraft.

Some of the 4,096 existing SSR codes have already 
been earmarked as distress, urgency, search and rescue 
codes. They may be used by civilian and military aircraft 
alike.
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SSR has obvious advantages in the monitoring of 
military operations and it is already in general use by 
airforces, navies and fleet air arms. There is no doubt 
that the allocation of a non-belligerent radar code for 
medical service signalling and identification will raise 
many problems and meet with certain difficulties, but 
science should be able to cope with these.

The frequencies used by military surveillance units, 
interceptor radar in military aircraft and radar used by 
remote controlled missile launching stations are but a few 
of the elements to be considered when studying this matter.

Medical radar code

A medical radar code must be allocated forthwith in 
order that medical aviation may have a system of security 
consistent with technical development. In those regions 
where SSR already exists, a medical radar code would be 
useful, even in peacetime, so that priority may be granted 
medical air transport in cases of natural disaster and 
international rescue work.

Finally, if the characteristics of a medical radar 
code or of a non-belligerent radar code could be determined 
as soon as possible, and standarized by international agree
ment, existing radar equipment could be modified accordingly, 
if necessary, and new equipment able to use the new code 
could be installed. Equipment specifications and procedure 
for use of the medical radar code should appear in the 
technical regulations for the signalling and identification 
of medical transport.

Question_14 : Should an independent system of radar identi
fication be studied apart from radar inter
rogation ? Can a system of radar identifica- 
tion echo transmission be adopted for use by 
medical services ? If not, what other system 
should be considered ?

Various methods of radar identification have been 
examined :
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radar detectors and radar markers.
- Frequency scanning, coded jamming.

Jettisoning of strips by aircraft or rockets.
Building radar reflectors into aircraft.
Fixed or mobile radar reflectors on aircraft or ships.

The underlying principle adopted for all these 
systems was that the equipment had to be autonomous and 
not subject to any ground-based equipment.

Consideration was given to the transmission of a 
preventive radar signal by making use of the meteorological 
radar carried by aircraft and by modifying the directional 
antenna normally installed. Navigational radar would be 
used for this signalling in the case of ships. The effect 
sought is an omnidirectional transmission rather like a sort 
of "radar beam" which would show on monitoring and inter
ceptor radar screens as a very brief jamming which would 
be repeated at given intervals in accordance with an agreed 
code.

Electronic countermeasure (ECM) equipment could be 
used in a similar way by momentarily jamming the detected 
frequency.

System of identification echo transmission (suggested by 
the IEC )

The range of these radar signals, the jamming - even 
momentarily - of screens, the erection of special antennae 
and the building of the necessary special energy sources, 
raise problems that have been eliminated in the radar identi
fication echo transmission project mentioned in question 14.

Attached Annex II is a detailed description of the 
system by the inventor who was one of the experts consulted 
by the ICRC in October 1970 ¿7/. This system was submitted
by IEC to ICRC.

37/ IEC - Bulletin No. 17, July 1971. Commentary on this 
plan.
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This equipment is fully automatic and it works as 
an air-ground and air-air transponder, without interfering 
with anti-aircraft radar. It covers all radar frequencies 
currently in use. Medical aircraft could use it permanent
ly for radar identification purposes. Furthermore, this 
equipment can he provisionally installed in aircraft tempo
rarily requisitioned for medical missions.

If a medical evacuation mission comprises several 
aircraft, only one of them need carry the medical radar 
signalling equipment to identify the whole formation pro
vided that they fly in close formation.

The cost of the equipment would he relatively high, 
about %  20 to t  25 thousand, hut this would he radically 
reduced once research costs had heen covered.

The maintenance problem is the same as with other 
civilian or military aeronautical equipment. This problem 
must he studied.

Question_15 : How can the problem of signalling and
identifying hospital and ambulance ships 
he solved in such a way as to protect them 
from submarine attack launched by under
water electro-acoustic systems ?

Undoubtedly, the transmission by a hospital ship of 
a submarine sonar signal such as emitted by sonar buoys at 
an agreed cadence would be detected by the highly sensitive 
sound-detecting equipment on board submarines.

The nature of the signal and the cadence of trans
mission could identify the ship while not obliging the 
submarine to reveal its presence by surfacing or putting 
out a radio interrogation signal while in the area under 
supervision.

As far back as 1827, the use of under-water sound 
signalling was considered by D. Colladon and Ch. Sturm who 
measured the speed of sound in the waters of the Lake of 
G-eneva. Using the primitive means of the day, they managed 
to pick up signals over a distance of nearly 10 miles in 
1827 and of 30 miles in 1841.
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Modern technology could certainly provide non
belligerent hospital ships with some means of identification 
to protect them from attack by Tinder-water electro-acoustic 
means.

Question_l6 : How can ambulance shins and hospital shins
in particular be protected from the danger 
of under-water mines ?

In future, medical ships will be protected by means 
of degaussing, as are all ships built since the Second 
World War. This is done by incorporating degaussing 
circuits in their structure. Allowance must, however, be 
made for the degaussing system's losing its efficiency or 
not being sufficient. In such cases, medical transport 
technical regulations ought to stipulate that medical ships 
should receive priority attention, in any port with the 
necessary equipment, for effective electrical degaussing 
treatment.

When necessary, medical ships should be provided 
with paravanes or some other form of anti-mine protection 
devices.

Moreover, it should be possible for medical ships 
to take on naval or mine-sweeper pilots as technical 
advisers if the safety of a medical ship so requires.
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ANNEX I

LIGHT SIGNAIS
International Electrotechnical Commission 
suggested addendum to ICRC Document CE/7b : 
"Protection of the Wounded and Sick"

(January 1971)

On Page 52 of the English text insert the following 
between the end of Clause (3) Location on aircraft (air
plane, helicopter, etc.) and the begInning~of_Clause II. 
Radio detection (radar).
Commentary on the specific light signals envisaged in the 
specifications * :
(a) Flash duration : For a given expenditure of energy 

the effective intensity of a flash duration of one 
second will be approximately one-fifth that of a flash 
having a duration of 0.01 second or less. Hence the 
use of flashes of short duration appears to be desir
able .

(b) Flash interval : An interval of 1.5 seconds between 
short flashes in a group appears to be unduly long.
An interval of 0.5 seconds is believed to be more 
suitable.

(c) Group frequency : If the interval between flashes in 
a group is reduced from 1.5 to 0.5 seconds, the 
repetition rate for the groups should be increased if 
power capacity permits an increase. A rate of 30 
groups per minute of two flashes each is suggested.

(d) Colour: If the colour of the signal is to be recognized 
as blue, the use of the boundaries given in CIE Public
ation No. 2 "Colours of Light Signals" is recommended. 
These boundaries are :

* Commentary prepared by Committee E-1.7, Fundamentals of 
Visual Signalling of the International Commission of 
Illumination (CIE) and co-ordinated with the CIE Airborne 
lighting Committee.
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G-reen 'boundary 
White boundary 
Purple boundary

y = 0.065 + 0.805 x 
y = 0.400 - x 
x = 0.155 + 0.600 y

It should be noted that the transmittance for 
incandescent light for a blue filter meeting these 
requirements is low, usually from 0.05 to 0.05. 
Transmittance for sources of high colour temperature, 
such as Xenon flash tubes, is considerably higher, 
of the order of twice the transmittance for incandes
cent light.

(e) Intensity : An intensity which will provide adequate 
visual range of the signal should be specified. As 
we do not know the ranges required, we can only give 
the equations and parameters used in computing ranges 
and results of experience. The equation used is known 
as Allard 1s law. It is

i u o  U C I  X U X  X X J L g X X  U U U I i U X  U X U I i D ,  O .X 1 U . X .V X  X - U X L l& X lt J  ^ I ^ X  K 3 V J _ U .a . r e

kilometer for bright day conditions. Representative 
values of transmittance are 0.85 per kilometer for 
clear air and 0.40 for hazy air. Using these values 
for the parameters in the equation gives the following 
results :
Condition : Night (E = 0.2 lm/km2

E = ITD/D2
where

E is the illuminance required by 
the observer in order for the light 
to be visible in lumens per unit 
area;
I is the intensity of the light in 
candelas ;
T is the atmospheric transmittance 
for unit distance; and
D is the visual range.

Intensity
Distance (km)/Transmittance : 0.85 0.40

1
2
5

0.24 candelas 
1

0.5 candelas
5

11 500

j
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Intensity
Distance (km) Transmittance : 0.85 0.40
1 1180 candelas 2500 candelas
5

5500
56000

250,000
2,400,000

From the above it is evident that very low intensities 
are required for short ranges in clear weather at 
night and that much larger intensities are required 
in daylight.
The following data are given for comparison :
International effective intensity specifications 
require an intensity of 100 candelas for aircraft 
anticollision lights. These lights are intended 
primarily for use at night. The United States is 
raising its effective intensity requirement to 400 
candelas.
Recent field studies of the visual range of flashing 
lights on small helicopters indicated a visual range 
by day of about 1 km for lights having an effective 
intensity of 3300 candelas.

J
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ANNEX II

RADAR IDENTIFICATION ECHO TRANSMISSION
Proposed by the International Electro

technical Commission

The task of the identification echo is to inform the 
radar operator that the aircraft observed on his PPI is 
part of a humanitarian rescue service about which an agree
ment has been made, nationally or internationally. To be 
able to solve this task the identification echo should be 
marked off on the PPI in such a way that a definite 
connection exists between this echo and that of the air
craft for which protection is needed as well as elimination 
of the risk that the identification echo is interpreted as 
another aircraft echo.

To obtain acceptable protection, the device which 
generates the identification echo must cover the frequency 
or frequencies used by the surveillance radar station(s) 
within the penetrated airspace where resistance may be 
expected. Long-distance radar stations operate on frequen
cies between 100 MHz and *+* 3300 MHz. To cover all these 
frequencies by one equipment is very complicated. However, 
the exploitation of the frequencies concerned is such that 
five to eight equipments, with a bandwidth of approximately 
30^ each would cover most of the surveillance radars now in 
use both in the East and West.

To ensure observation on the PPI, the identification 
echo must have a signal strength equal to or greater than 
that of the aircraft echo. On the assumption that the 
effective radar output is 1 MW, the aerial power gain is 
30 dB, the equivalent target area of the aircraft is 100 
square metres and the aerial power gain of the identity 
equipment is 0 dB, the necessary output from the equipment 
which generates the identification echo at a strength 
equal to the aircraft echo is calculated to 1 W down to 
100 km from the radar site and equal in size down to 30 km 
from the radar site. The result is shown in Pig. 1. The 
effective output of 1 W will, in other words, satisfy the 
demand for the identification echo to be equal to, or 
greater than, the aircraft echo down to such a distance 
from the radar site that in the meantime ample time for 
identification would have been available.
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The amplification required is mainly determined hy 
the distance from the radar site at which the identification 
echo equipment will give full output effect hut the frequen
cy, too, plays a certain role as the absorption area of the 
aerial for this equipment changes with the frequency. At 
500 MHz this area is calculated to be about 0.03 square 
metres and at 3 000 MHz about 0.001 square metres. Under 
such conditions, the input signal level at 200 km distance 
from the radar site will be -42 dBm at 500 MHz and -57 dBm 
at 3 000 MHz. The amplification required for reaching 1 ¥
(30 dBm) will in the former case be about 70 dB and in the 
latter about 90 dB. 200 km is probably a sufficiently large 
identification distance and it is also possible that this 
distance can be extended even if the equipment for generating 
identification echoes is then working below its maximum as 
certain amplifiers are intended to work at saturation.

To separate the identification echo from the aircraft 
echo, the former has been delayed in relation to the latter, 
thus being presented on the PPI radially somewhat displaced 
in relation to the aircraft echo. To make the identification 
easy this displacement must not be too small. If the PPI 
range of 0-200 km is used, a radial displacement of 2 mm on 
a 12" PPI will require a delay of 18 jis. This delay will at 
the PPI range of 0-50 correspond to a displacement of 8 mm.
To avoid complete separation between the identification echo 
and the aircraft echo regardless of PPI range used, a delay 
variation must be applied.

In Pig. 2 is shown an equipment to be used for generat
ing identification echoes. Prom the aerial (l) the received 
radar pulse is fed through an electronic switch (2) and a 
limiter (3) to a hybrid (4) where the signal is divided into 
two parts. One part is fed into a detector (5) and this 
pulse is amplified in a video amplifier (6) and passes 
through a pulse-forming circuit (7). The pulse is subse
quently fed into a control unit computer (8) which in this 
way will be informed that a radar pulse has been received 
and also its pulse length. The other part of the signal 
from the hybrid (4) is fed through an electronic switch (9) 
to an amplifier (10) and on to a hybrid (11). In this 
hybrid the signal is divided into two equal parts of which 
one is fed through a delay unit (memory) (12) and back to 
the switch (9). The other part is fed through a third 
electronic switch (13) which either is linked to a load (14) 
or to a power amplifier (15)· This amplifier is connected 
to the aerial (l) via the switch (2).

J
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The three switches (2), (9) and (13) are actuated by 
the control unit (8). The normal state for switch (2) is 
to connect the aerial (l) to the limiter (3), i.e. position 
(l) - (3)· The normal state for switch (9) is position 
(4) - (14) and for switch (13) position (ll) - (14).

When a radar pulse has been received the control unit 
will, according to the time (delay time) or any longer
time, change the switch (9) to position (12) - (10). During 
time the delay unit (12) has been saturated by the
signal and when the switch (9) is changed to the above- 
mentioned position the signal will circulate in the delay 
(memory) line (9), (10), (ll) and (12) under continous 
drainage through the hybrid (ll). When the radar pulse has 
terminated, the control unit will change the switch (2) to 
position (15) - (1) and when the time has come to emit the 
delayed identification pulse also change the switch (13) to 
position (ll) - (15) during a period equal to the radar 
pulse length. At the same time, the power amplifier will 
be fed with a drive signal from the delay (memory) line 
which causes the identification pulse to pass through the 
switch (2), already changed to position (15) - (l), and 
into the aerial (l). When the identification pulse has 
terminated, all switches are changed to the normal state 
and the circulation in the delay (memory) line will cease.

The front and back edges of the pulses which are fed 
into the control unit from the pulse-forming circuit (7) 
will be delayed independently in the control unit in two 
monostable multivibrators, the pulse times of which can be 
controlled by varying the bias on the voltage variable 
capacitors incorporated in the vibrators. The pulse times 
of the two monostable multivibrators must be as equal as 
possible and independent of the pulse time length to ensure 
that the length of the identification pulse will be in 
accordance with the length of the radar pulse.

The most narrow-band component in the described 
equipment is the acoustic delay line. It consists of a 
single crystal, sapphire being an appropriate material.
At each end of the crystal a transducer is connected which 
transforms electromagnetic energy into acoustic energy and 
vice versa. The speed of sound within the material and the 
crystal determines the delay time.

Delay lines with delay times from 0.1 jus to 10 jis are 
commercially obtainable. With a relative bandwidth of 30$ 
and a delay time of 0.5 JJ.S, the memory attenuation will be 
about 45 dB at 500 MHz and about 60 dB at 3 000 MHz. Delay 
(memory) time should be as long as possible to allow the
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necessary amount of cycles of operation to be as few as 
possible. The delay (memory) time however should not be 
so long that it risks being longer than any of the radar 
pulses being dealt with. This would cause the memory not 
to be completely saturated which consequently might cause 
the identification pulse to deviate from the intended 
length. With *0 = 0.5 ¿as this risk is small as the amount
of required cycles of operation are about 40 which it should 
be possible to achieve without noise capture.

The amplifier (15) will have an effective output of 
at least 1 W and consists of a wavetube amplifier for 
frequencies over 1 000 MHz of a transistorized amplifier 
for frequencies below 1 000 MHz. This amplifier will work 
at saturation or near saturation with an effective input of 
0.1 mW (40 dB amplification). The amplifier (9) consists 
of a transistorized amplifier with thin-film circuitry 
with a gain of about 60 dB for equipment to be used at 
3 000 MHz and about 40 dB when used in a 500 MHz equipment.

The switches are diode switches with a switching time 
of less than 100 ns and with high isolation, ^  60 dB.

A suitable identification marking will be obtained 
by linear variation in the delay time of the identification 
echo, from maximum value to a small value and back to 
maximum value (Big. 3)· The time T will be many times 
longer than the rotation time of the aerial. After every 
such completed cycle a pause equal to time T, will follow 
during which no identification pulses are being generated. 
Fig. 4 illustrates how the picture in various flight 
directions will be presented on a PPI with long after-glow.

The aerial creates a specific problem due to the 
considerable dimensions at low frequencies. A low periodic 
conical coil-aerial seems to be the most suitable solution. 
This aerial has an elliptical polarization which means that 
it can be used against both horizontal polarized and vertical 
polarized radar stations. The aerial can be given decaband- 
width. The biggest dimension, the height of the cone, is 
determined by the lower limit of the frequency and will, at 
500 MHz, be about 0.5 metres. To each such aerial of the 
broad-band type, it is possible to connect several equip
ments of the above-mentioned type.

The primary power supply can be estimated at less 
than 100 W for each equipment and the total costs for one 
equipment will be around ?> 20 000. (Twenty thousand U.S. 
Dollars).
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The following are some applications of the equipment 
to the most commonly used frequency bands.

1-band The frequency-indicating component, the delay unit 
or the memory (12), is operating between 1.1 and 
1.5 GHz and is here able to provide the necessary 
delay for generating identification echoes of all 
radar signals concerned. The aerial for this 
frequency band, with a height of 30 cm and a dia
meter of 15 cm, will cover a bandwidth of 1.0 - 
11 GHz, i.e. the S-band also. Except for the power 
amplifier (15), all necessary components are to-day 
available in thin-film technique or equivalent 
technique. The power amplifier (15) is to-day 
obtainable as an integrated component, i.e. the 
necessary circuits for power supply, protection, 
cooling etc., are available as a compact unit 
measuring 350 x 125 x 100 mm. The primary effect 
is 50 ¥ at 28 volts d.c.

3-band The delay unit or the memory (12) operates between 
2.7 and 3.3 GHz. The power amplifier will have 
dimensions very similar to the L-band power 
amplifier.

Put into practice, these two equipments will cover a 
very considerable part of the world's radar stations used 
for air traffic control and military interception service. 
The total cost will, in other words, be around $ 40 000, 
but, as previously mentioned, this cost will be consider
ably cut as the developing costs for various components and 
the assembly are being covered.

Enclosed
4 Appendices (Fig. 1-4)

Research Institute of Swedish 
National Defence 
Stockholm, Sweden 23.10.1970
presented by Karl Emanuelson, 
Swedish Board of Civil Aviation, 
at the Red Cross Conference 
Geneva 28-30.10.1970, on behalf 
of International Electrotechnical 
Commission (IEC)
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FIG. 1
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FIG. 2
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