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Discussions concerning requirements  f o r  su r f ace  movement guidance and c o n t r o l  
extend f a r  back i n  I C A O ' s  h i s to ry .  The most r ecen t  world-wide meeting a t  which d iscuss ions  
on t h i s  sub jec t  took place was t h e  Eighth A i r  Navigation Conference (Montreal, 1974) and 
i t  was these  d i scuss ions  which l e d  t o  t he  wr i t i ng  of t h i s  C i r cu la r .  

Two p a r t s  of t he  Conference record deserve p a r t i c u l a r  a t t e n t i o n .  The f i r s t  
is  the  d e c l a r a t i o n  of t h e  need f o r  a  system of t a x i i n g  guidance and con t ro l ;  t h e  
second is  the  recogni t ion  of t h e  m u l t i - d i s c i p l i n a r y , n a t u r e  of t h e  problem. ICAO Annexes 
and o the r  documents conta in  many a i d s  and procedures which a r e  c u r r e n t l y  used f o r  su r f ace  
movement guidance and con t ro l ;  however, i n  t h e  p a s t  no review of t h e  over-a l l  requirements  
has  been undertaken. This  C i r cu la r  p re sen t s  such a review toge the r  with d e t a i l s  of 
systems recommended t o  meet va r ious  requirements. I n  regard t o  t h e  mul t i -d i sc ip l ina ry  
na tu re  of t h e  problem, i t  is most important  t h a t  work is  not always conducted i n  i s o l a t i o n  
wi th in  t h e  va r ious  s p e c i a l i t i e s  involved. The u l t i m a t e  aim is  t o  develop an  in t eg ra t ed  
system which is compatible with t h e  requirements  of  a l l  a s soc ia t ed  d i s c i p l i n e s .  

The purpose of t h i s  C i r cu la r  i s  t o  a s s i s t  S t a t e s  i n  a s ses s ing  t h e  types of 
su r f ace  movement guidance and c o n t r o l  systems requi red  a t  t h e i r  va r ious  aerodromes. A s  
a l l  aerodromes r e q u i r e  a  su r f ace  movement guidance and c o n t r o l  system of one kind o r  
another  t h e  main ques t ion  is  t h e  ex ten t  of t h e  system requi red .  This  C i r cu la r  a t tempts  
t o  provide S t a t e s  wi th  t h e  b e s t  information a v a i l a b l e  a t  t h e  present  time. 

The C i rcu la r  has  been developed by t h e  ICAO S e c r e t a r i a t  working wi th  t h e  
a s s i s t a n c e  of a  s tudy group composed of members nominated by A u s t r a l i a ,  France, 
United Kingdom, United S t a t e s ,  Airpor t  Associa t ions  Coordinating Council,  I n t e r n a t i o n a l  
A i r  Transport Associa t ion ,  I n t e r n a t i o n a l  Federa t ion  of A i r  Line P i l o t s '  Associa t ions ,  
and I n t e r n a t i o n a l  Federat ion of A i r  T r a f f i c  Con t ro l l e r s '  Associat ions.  It i s  t h e  f i r s t  
s t e p  i n  ca r ry ing  out  t h e  recommendations of t h e  Eighth A i r  Navigation Conference. Work 
w i l l  continue i n  ICAO on t h i s  s u b j e c t ,  t o  de f ine  r e l a t e d  requirements f o r  Standards, 
Recommended P r a c t i c e s  and Procedures. 
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CHAPTER 1 - INTRODUCTION 

1.1 What is meant by su r f ace  movement guidance and con t ro l ?  

1.1.1 I n  i t s  broades t  sense su r f ace  movement guidance and con t ro l  i s  t h e  
provision of guidance t o ,  and the  c o n t r o l  o f ,  a l l  a i r c r a f t  and ground veh ic l e s  on t h e  
movement a r ea  of an aerodrome. "Guidance" r e l a t e s  t o  f a c i l i t i e s ,  information and advice 
necessary t o  enable t h e  p i l o t s  of a i r c r a f t  o r  t h e  d r i v e r s  of ground v e h i c l e s  t o  f i n d  
t h e i r  way on the  aerodrome and t o  keep t h e  a i r c r a f t  o r  v e h i c l e s  on t h e  su r f aces  o r  
wi th in  the  a r e a s  intended f o r  t h e i r  use. "Control" means the  measures necessary  t o  
prevent  c o l l i s i o n s  and t o  ensure t h a t  t h e  t r a f f i c  flows smoothly and e f f i c i e n t l y .  

1.1.2 A su r f ace  movement guidance and con t ro l  system provides guidance t o ,  
and c o n t r o l  o f ,  an  a i r c r a f t  from t h e  landing  runway t o  the  parking pos i t i on  on t h e  
apron and back again  t o  t he  runway used f o r  take-off ,  a s  we l l  a s  from t h e  maintenance 
a rea  t o  t h e  apron, o r  v i c e  versa.  The system a l s o  provides guidance t o ,  and c o n t r o l  o f ,  
a l l  ground veh ic l e s  whose func t ions  r e q u i r e  them t o  ope ra t e  on t h e  movement a r e a ,  e .g . ,  
aerodrome management v e h i c l e s ,  a i r c r a f t  s e rv i c ing  veh ic l e s ,  rescue  and f i r e - f i g h t i n g  
veh ic l e s ,  and v e h i c l e s  engaged i n  cons t ruc t ion  work. Addi t ional ly ,  a  su r f ace  movement 
guidance and con t ro l  system a s s i s t s  i n  safeguarding aga ins t  unauthorized o r  i nadve r t en t  
en t ry  on t o  ope ra t iona l  runways. 

1.2 What does a  su r f ace  movement guidance and con t ro l  system comprise? 

1 .2 .1  In  t h i s  C i r cu la r  t h e  term " ~ u r f a c e  Movement Guidance and Control  (SMGC) 
System" is  appl ied  t o  t h e  system of a i d s ,  f a c i l i t i e s  and procedures designed t o  meet t he  
requirements f o r  guidance and con t ro l  of  su r f ace  t r a f f i c  c o n s i s t e n t  wi th  t h e  p a r t i c u l a r  
ope ra t iona l  cond i t ions  a t  a p a r t i c u l a r  aerodrome. 

1.2.2 An SMGC system comprises an appropr i a t e  combination of v i s u a l  a i d s ,  
non-visual a i d s ,  radiotelephony communications, procedures, con t ro l  and information 
f a c i l i t i e s .  Systems range from t h e  very  simple a t  small  aerodromes wi th  l i g h t  t r a f f i c  
opera t ing  only i n  good v i s i b i l i t y  t o  t h e  complex a t  l a r g e  and busy aerodromes wi th  
opera t ions  i n  very  low v i s i b i l i t y  condi t ions .  SMGC system components a r e  discussed i n  
d e t a i l  i n  Chapter 4.  

1 .3 Who does a  su r f ace  movement guidance and c o n t r o l  system involve? 

1.3.1 Because of t h e  mul t i -d i sc ip l ina ry  i n t e r e s t s  i n  su r f ace  movement guidance 
and con t ro l ,  t h e r e  i s  a need t o  co-ordinate f u l l y  a l l  cu r r en t  and planned use of su r f ace  
movement guidance and con t ro l  systems t o  ensure  compa t ib i l i t y  wi th  aerodrome engineering,  
opera t ions ,  c o r m n i c a t i o n s ,  aerodrome c o n t r o l  s e r v i c e  and p i l o t  requirements. Addi- 
t i o n a l l y ,  t h e r e  i s  a need t o  maintain compa t ib i l i t y  of p r a c t i c e s  between ICAO Member 
S t a t e s .  A t  aerodromes which a r e  j o i n t l y  used f o r  c i v i l  and m i l i t a r y  ope ra t ions ,  
co-ordinat ion wi th  t h e  m i l i t a r y  is necessary.  

1.3.2 Aerodrome a u t h o r i t i e s  should ensure t h a t  t h e r e  i s  appropr i a t e  consulta-  
t i o n  and co-ordinat ion during planning of t h e  SMGC system. During a l l  s t a g e s  of planning,  
consul ta t ion  involving t h e  aerodrome a u t h o r i t y ,  t h e  appropr i a t e  branches of t h e  adminis- 
t r a t i o n  of t he  S t a t e  concerned ( inc luding  aerodrome engineering,  a i r  t r a f f i c  c o n t r o l ,  
communications and opera t ions  s p e c i a l i s t s ) ,  ope ra to r s ,  p i l o t s  and t h e  m i l i t a r y  ( i f  
app ropr i a t e ) ,  would be necessary a s  a  means of a s c e r t a i n i n g  and confirming t h e  var ious  
requirements a s soc ia t ed  with the  SMGC system. 
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CHAPTER 2 - THE NEED FOR SMGC 

2.1 Operat ional  Conditions 

2.1.1 The SMGC system t o  be provided a t  a p a r t i c u l a r  aerodrome is  dependent 
upon t h r e e  main opera t ional  condit ions.  They a re :  

a )  t h e  v i s i b i l i t y  condi t ions  under which t h e  aerodrome 
a u t h o r i t y  p lans  t o  maintain opera t ions ;  

b) t he  t r a f f i c  dens i ty ;  and 

c )  t h e  complexity of t he  aerodrome layout .  

Each of these t h r e e  f a c t o r s  has  been s tudied  and, f o r  t he  purpose of d iscuss ing  SMGC 
systems, sub-divided and defined according t o  t h e  terms indica ted  i n  Table 2-1. Whenever 
these  terms a r e  used throughout t h i s  C i r cu la r  they have the  meanings given t o  them i n  
Table 2-1. Typical examples of aerodrome layout  ca t egor i e s  a r e  given a t  Figure 2-1. 

2.1.2 Table 2-1 makes reference  t o  " v i s i b i l i t y  5" which would r equ i r e  b l i n d  
t ax i ing  of a i r c r a f t .  A s  t h e  cos t  of t h e  e l e c t r o n i c  equipment necessary t o  make t h i s  
poss ib l e  does not  genera l ly  j u s t i f y  i n s t a l l a t i o n  of such equipment a t  t he  present  time, 
v i s i b i l i t y  condi t ion  5 w i l l  not  be considered i n  f u r t h e r  d iscuss ions .  

2.2 Operat ional  Requirements 

2.2.1 The ope ra t iona l  requirements t o  be met by SMGC systems have been 
discussed f o r  many years. The cu r ren t  requirements a r e  shown i n  Table 2-2. It should 
be noted t h a t  these  requirements conf ine  the  ex ten t  of  t he  SMGC system t o  the  movement 
a rea .  It is  recognized t h a t  a requirement e x i s t s  f o r  guidance and c o n t r o l  of emergency 
veh ic l e s  ou t s ide  the  movement a r ea  but  t h i s  is considered t o  be beyond t h e  a r e a  of 
a p p l i c a b i l i t y  of t he  SMGC system. 

2.3 Reasons f o r  Providing an SMGC System 

2.3.1 The main reason f o r  providing an SMGC system i s  t o  enable an aerodrome 
t o  cope s a f e l y  with t h e  ground movement demands placed on i t  under spec i f i ed  ope ra t iona l  
condit ions.  The system should be designed t o  prevent  c o l l i s i o n s  between a i r c r a f t ,  between 
a i r c r a f t  and ground veh ic l e s ,  between a i r c r a f t  and obs t ruc t ions ,  between veh ic l e s  and 
obs t ruc t ions ,  and between vehic les .  I n  t h e  s imples t  case,  i . e . ,  i n  good v i s i b i l i t y  
condi t ions  and with l i g h t  t r a f f i c ,  t h i s . o b j e c t i v e  may be achieved by a system of v i s u a l  
s igns  and a set of aerodrome t r a f f i c  r u l e s  r equ i r ing  p i l o t s  and veh ic l e  d r i v e r s  t o  watch 
out  and t o  g ive  way i n  accordance with spec i f i ed  procedures. I n  more complex s i t u a t i o n s ,  
p a r t i c u l a r l y  under poor v i s i b i l i t y  condi t ions  and/or heavy t r a f f i c ,  a more elabor'ate 
system w i l l  be required.  

2.3.1.1 An e s s e n t i a l  s a f e t y  funct ion  of an SMGC system is  t o  safeguard aga ins t  
unauthorized o r  inadver tent  e n t r y  on t o  ope ra t iona l  runways. Under poor v i s i b i l i t y  
condi t ions  t h i s  may r equ i r e  a means of e l e c t r o n i c  su rve i l l ance  t o  a s s i s t  a i r  t r a f f i c  
con t ro l  personnel.  

2.3.1.2 Another important s a f e t y  funct ion  of an SMGC system i s  t o  provide 
a s s i s t a n c e  t o  rescue and f i r e - f igh t ing  veh ic l e s  i n  l oca t ing ,  and proceeding t o  t h e  s i t e  
of an acc ident  on a movement a rea .  
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TABLE 2-1. OPERATIONAL CONDITIONS ASSOCIATED WITH SMGC SYSTEMS - 
EXPLANATION OF TERMS 

Condition 1 

Condition 2  

Condition 3 

Condition 4 

Condition 5  

Light (L) 

Medium (M) 

Heavy (H) 

Layout a  

Layout b  

Layout c  

VISIBILITY CONDITIONS 

v i s i b i l i t y  s u f f i c i e n t  f o r  the  p i l o t  t o  taxi .and t o  avoid c o l l i s i o n  with 
o ther  t r a f f i c  on taxiways and a t  in te r sec t ions  by v i s u a l  reference,  and 
f o r  personnel of control  u n i t s  t o  exerc ise  control  over a l l  t r a f f i c  on 
the bas i s  of v i sua l  survei l lance;  

v i s i b i l i t y  s u f f i c i e n t  fo r  the  p i l o t  t o  t a x i  and t o  avoid c o l l i s i o n  with 
o ther  t r a f f i c  on taxiways and a t  in te r sec t ions  by v i sua l  reference,  but 
i n s u f f i c i e n t  fo r  personnel of control  u n i t s  t o  exerc ise  control  over 
a l l  t r a f f i c  on t h e  b a s i s  of v i s u a l  survei l lance;  

v i s i b i l i t y  s u f f i c i e n t  f o r  the  p i l o t  t o  t a x i  and t o  avoid c o l l i s i o n  with 
o the r  t r a f f i c  on the same taxiway but not a t  in te r sec t ions  by v i sua l  
reference,  and i n s u f f i c i e n t  f o r  personnel of control  u n i t s  t o  exerc ise  
con t ro l  over a l l  t r a f f i c  on the  b a s i s  of v i s u a l  survei l lance;  

v i s i b i l i t y  s u f f i c i e n t  f o r  the p i l o t  t o  maintain the  cen t re  l i n e  of the  
taxiway by v i sua l  reference ,  but i n s u f f i c i e n t  to  avoid c o l l i s i o n  with 
o the r  t r a f f i c  on the  same taxiway or  a t  in te r sec t ions  by v i s u a l  reference 
o r  f o r  personnel of control  u n i t s  t o  exerc ise  control  over a l l  t r a f f i c  
on t h e ' b a s i s  of v i sua l  survei l lance;  and 

v i s i b i l i t y  i n s u f f i c i e n t  f o r  the  p i l o t  t o  t a x i  by v i sua l  reference o r  f o r  
personnel of control  u n i t s  t o  exerc ise  control  over any t r a f f i c  on the  
b a s i s  of v i sua l  survei l lance .  

TRAFFIC DENSITY ( i n  the mean busy hour as determined by the individwzl 
State)  

not  g rea te r  than 15 movements per runway, o r  typ ica l ly  l e s s  than 20 
t o t a l  aerodrome movements; 

of the  order of 16 t o  25 movements per runway, o r  typ ica l ly  between 
20 t o  35 t o t a l  aerodrome movements; 

of the  order of 26 o r  more movements per runway, o r  typ ica l ly  more 
than 35 t o t a l  aerodrome movements; 

AERODROME LAYOUT The th ree  p r inc ipa l  layouts  considered are :  

taxiways without in te r sec t ions ,  serving a  s ing le  runway; 

taxiways with in te r sec t ions ,  serving one o r  two runways i n  a  simple 
layout;  and 

taxiways with many in te r sec t ions ,  serving mul t ip le  runways i n  a  
complex layout.  

Note: Not a l l  aerodromes w i l t  f i t  precisely i n to  these categories, 
but appropriate authorities are encouraged t o  c la s s i f y  each 
aerodrome in to  one of the above layouts taking in to  account 
local considerations. 
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Layout a - Taxiways without intersections serving a single runway. 

Layout b - Taxiways with intersections serving one 
or two runways in a simple layout. 

Layout c - Taxiways with many intersections serving multiple 
runways in a complex layout. 

F i g u r e  2-1. Typ ica l  Examples of  Aerodrome Layout C a t e g o r i e s  
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TABLE 2-2.- OPERATIONAL REQUIREMENTS OF SURFACE MOVEMENT GUIDANCE AND CONTROL SYSTEMS 

The SMGC system employed should be appropr ia te  t o  t he  v i s i b i l i t y ,  
t r a f f i c  dens i ty  and aerodrome layout  and should provide: 

1. Requirements of a genera l  na tu re  

a )  communication c a p a b i l i t y  between t h e  appropr i a t e  con t ro l  u n i t ( s ) ,  and between 
the  appropr ia te  con t ro l  u n i t ( s )  and a i r c r a f t ,  and between the  appropr i a t e  
con t ro l  u n i t ( s )  and ground veh ic l e s ;  

b) acceptable  workloads on the  u s e r s  of t he  SMGC system; 

c)  optimum use  of a i d s  and procedures a l r eady  spec i f i ed  i n  ICAO r egu la to ry  documents; 

d) compa t ib i l i t y  between ind iv idua l  elements of t he  guidance and c o n t r o l  systems. 

2. Requirements of p i l o t s  

a )  guidance and c o n t r o l  beginning a t  t h e  end of ro l l -out  on a r r i v a 1 , a n d  extending 
up t o  alignment f o r  take-off on depar ture ;  

b) information on .the rou te  t o  be followed; 

c )  information on pos i t i on  along t h e  r o u t e  being followed; 

d) guidance along t h e  r o u t e  being followed; 

e )  warning o f :  

1 )  changes i n  d i r e c t i o n ,  
2 )  s tops  and o t h e r  speed adjustments;  

f )  i d e n t i f i c a t i o n  of a r e a s  t o  be  avoided; 

g) information t o  prevent  c o l l i s i o n  wi th  o the r  a i r c r a f t ,  ground v e h i c l e s  o r  
obs t ac l e s  ; 

h) information of system f a i l u r e s  a f f e c t i n g  sa fe ty .  

3 .  Requirements of app ropr i a t e  con t ro l  u n i t s  

a )  information on t h e  i d e n t i t y ,  p o s i t i o n  and progress of a i r c r a f t  inc luding  
a i r c r a f t  under tow; 

b) information on t h e  i d e n t i t y  pos i t i on  and progress of ground v e h i c l e s  whose 
movements might c o n f l i c t  with a i r c r a f t  movements; 

c )  information on t h e  presence of temporary o b s t a c l e s  o r  o t h e r  hazards ;  

d) information on t h e  ope ra t iona l  s t a t u s  of elements of t he  system. 
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TABLE 2-2.- OPERATIONAL REQUIREMENTS OF SURFACE MOVEMENT GUIDANCE AND CONTROL SYSTEMS 
(Cont 'd) 

4. Requirements of ground veh ic l e s  on t h e  movement a r e a  

a )  Emergency veh ic l e s  

1 )  information on the  route  t o  be followed; 
2) guidance along t h e  rou t e  being followed; 
3) c rash  loca t ion  c a p a b i l i t y ;  
4) information t o  prevent c o l l i s i o n  with a i r c r a f t  and ground veh ic l e s ;  and 

b) Other ground veh ic l e s  

1)  information on t h e  r o u t e  t o  be  followed; 
2) guidance along t h e  rou t e  being followed; 
3) information t o  prevent c o l l i s i o n  with a i r c r a f t  and ground veh ic l e s .  

2.3.2 It should be emphasized t h a t  an SMGC system should be designed t o  
maintain r e g u l a r i t y  of movement on t h e  ground under d i f f e r e n t  ope ra t iona l  condi t ions .  
Regular i ty  of t r a f f i c  opera t ions  s u f f e r  when v i s i b i l i t y  cond i t i ons  a r e  reduced and under 
heavy t r a f f i c  condi t ions .  The ob jec t ive  is t o  have an SMGC system which i s  compatible 
with t h e  landing and take-off capac i ty  of t h e  runways and t h e  demands placed on t h e  
aerodrome. 

2.3.3 It has  been s t a t e d  t h a t  a l l  aerodromes r e q u i r e  an SMGC system. However, 
each SMGC system must be r e l a t e d  t o  t h e  ope ra t iona l  condi t ions  e x i s t i n g  a t  t h e  aerodrome. 
Complex systems a r e  not  requi red  and a r e  uneconomic a t  aerodromes where v i s i b i l i t y ,  
t r a f f i c  dens i ty  and aerodrome layout  do not  present  a problem f o r  t h e  ground movement of 
a i r c r a f t  o r  veh ic l e s .  SMGC systems should be developed with a modular concept i n  mind 
so t h a t  components can be added when t r a f f i c  requirements  j u s t i f y .  It should f u r t h e r  
be borne i n  mind t h a t  t e chn ica l  r e sea rch  w i l l  cont inue  i n  t h i s  f i e l d  and new components 
w i l l  be developed which may e i t h e r  complement o r  r ep l ace  e x i s t i n g  SMGC components. 
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CHAPTER 3 - FUNCTIONS AND RESPONSIBILITIES 

3.1 Div is ion  of R e s p o n s i b i l i t i e s  and t h e i r  Transfer  

A i r  T r a f f i c  Serv ices  

A t  aerodromes equipped wi th  an  aerodrome c o n t r o l  u n i t  t h e  ope ra t iona l  
r e s p o n s i b i l i t y  f o r  co-ordinat ing t h e  movement of a i r c r a f t  on an aerodrome w i l l  belong 
t o  t he  app rop r i a t e  a i r  t r a f f i c  c o n t r o l  s e rv i ce .  A t  aerodromes which a r e  no t  equipped 
with a c o n t r o l  u n i t ,  an advisory  s e r v i c e  may be provided by an aerodrome f l i g h t  i n fo r -  
mation se rv i ce .  For t h e  sake of s i m p l i c i t y  t h e  gene r i c  term " a i r  t r a f f i c  s e rv i ce"  (ATS) 
is  sometimes used i n  t h i s  c i r c u l a r  t o  r e f e r  t o  t h e  s e r v i c e  which i s  r e spons ib l e  f o r  
co-ordinat ing ground movements on an aerodrome. 

3.1.1.1 Use of Radiotelephony Procedures and Phraseology 

Radiotelephony w i l l  be  t h e  primary method of communication between t h e  
c o n t r o l l e r  and a i r c r a f t ,  s u r f a c e  v e h i c l e s ,  and rescue  and f i r e - f i g h t i n g  veh ic l e s .  It i s  
important t h a t  rad io te lephony (RTF) communications be conducted i n  a s tandard  manner 
both w i th  regard t o  phraseology,  procedures and language. A t  busy aerodromes t h e  
workload on t h e  c o n t r o l l e r  can be extremely h igh  and SMGC systems should be  designed 
with a view t o  minimizing t h e  need f o r  RTF communication. 

I s s u e  of Taxi Clearance t o  F a c i l i t a t e  SMGC 

The app rop r i a t e  a i r  t r a f f i c  s e r v i c e  w i l l  be r e spons ib l e  f o r  t h e  r e l e a s e  
of a i r c r a f t  i n  a sequence which w i l l  exped i t e  t he  t r a f f i c  flow, and f o r  t h e  exped i t i ous  
rou t ing  of a r r i v i n g  a i r c r a f t .  

I n  good v i s i b i l i t y  sequencing can be  done by v i s u a l  observa t ion  and 
radiotelephony.  I n  reduced v i s i b i l i t y  o r  where t r a f f i c  dens i ty  warran ts ,  more advanced 
means need t o  be provided s i n c e  ATS becomes p rog re s s ive ly  more involved i n  guidance and 
c o n t r o l .  

3.1.1.3 Determinat ion of Taxi Routes t o  be Followed 

A t  t h e  planning s t a g e  t h e  ATS and t h e  Aerodrome Author i ty  j o i n t l y  
should determine t h e  b a s i c  rou t ings  t o  b e  taken by a i r c r a f t  and v e h i c l e s  on t h e  aerodrome. 
The aim should be t o  achieve  t h e  most exped i t i ous  and o r d e r l y  t r a f f i c  flow poss ib l e .  
ATS w i l l  adv i se  t h e  p i l o t ,  o r  v e h i c l e  d r i v e r ,  a s  t o  t h e  p a r t i c u l a r  r o u t e  t o  be followed 
and w i l l ,  where necessary ,  r e so lve  c o n f l i c t s  a t  i n t e r s e c t i o n s .  

3.1.1.4 Monitoring of SMGC Aids 

A s  t h e  bodies  r e spons ib l e  f o r  ope ra t ing  t h e  SMGC system, t h e  app rop r i a t e  
ATS u n i t  and t h e  Aerodrome Author i ty  should be  aware of t he  need t o  monitor t h e  system 
and t o  have any f a i l u r e s  r e c t i f i e d  a s  soon a s  is  p r a c t i c a b l e .  This  monitoring may t ake  t h e  
form of v i s u a l  s u r v e i l l a n c e  of l i g h t s ,  inc luding  r e p o r t s  from p i l o t s ,  and of e l e c t r i c a l  
monitoring of e l e c t r i c a l  and e l e c t r o n i c  components of t h e  system. 

Control  of o t h e r  than A i r c r a f t  T r a f f i c  on the  Manoeuvring Area 

While t h e  p r i n c i p a l  t a s k  of an a i r  t r a f f i c  c o n t r o l l e r  i s  t h e  c o n t r o l  
of a i r c r a f t ,  he i s  a l s o  r e spons ib l e  f o r  r e g u l a t i n g  v e h i c l e s .  With t h e  exception of 
rescue and f i r e - f i g h t i n g  v e h i c l e s  when responding t o  an emergency, t h e  c o n t r o l l e r  should 
ensure t h a t  a i r c r a f t  r ece ive  p r i o r i t y  and a r e  not  hindered by t h e  movement of veh ic l e s .  
It i s  important t h a t  power be ves ted  i n  t h e  Aerodrome Author i ty  and t h e  app rop r i a t e  
a i r  t r a f f i c  s e r v i c e  t o  c a r r y  out  t h i s  t a s k  e f f e c t i v e l y .  
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Operation of Visual  Guidance and Control  Aids 

The app rop r i a t e  a i r  t r a f f i c  s e r v i c e  (gene ra l l y  t h e  a i r  t r a f f i c  c o n t r o l  
(ATC) u n i t )  w i l l  be respons ib le  f o r  ope ra t i ng  t h e  v i s u a l  components of t h e  c o n t r o l  system, 
including s top  b a r s ,  taxiway c e n t r e  l i n e  l i g h t s  and rou t ing  des igna to r s .  That u n i t  w i l l  
a l s o  need t o  ensure t h a t  t he  l i g h t s  a r e  i l lumina ted  a t  t h e  app rop r i a t e  time. With regard  
t o  l i g h t s  i n s t a l l e d  on t he  apron, and t o  parking and docking guidance systems, i t  w i l l  
be necessary  a t  each a i r p o r t  t o  determine which body w i l l  be  r e spons ib l e  f o r  t h e i r  
opera t ion .  

3.1.1.7 Transfer  of R e s p o n s i b i l i t i e s  Between Con t ro l l e r  and P i l o t  

When t h e  v i s i b i l i t y  is adequate ,  t he  r e s p o n s i b i l i t y  f o r  avoiding 
c o l l i s i o n  is  a j o i n t  p i l o t / A ~ S  r e s p o n s i b i l i t y  w i th  t he  c o n t r o l l e r  always r e spons ib l e  f o r  
t he  r e s o l u t i o n  of i n t e r s e c t i o n  c o n f l i c t s  where an  a i r  t r a f f i c  c o n t r o l  s e r v i c e  is provided. 
A s  v i s i b i l i t y  reduces below SMGC cond i t i on  3 t h i s  r e s p o n s i b i l i t y  w i l l  b e  t r a n s f e r e d  t o  
t he  ATC u n i t .  

3.1.1.8 Transfer  of Respons ib i l i t y  Between Con t ro l l e r  and Ground Vehic les  

The ope ra to r s  of ground v e h i c l e s  w i l l  be r e spons ib l e  f o r  avoid ing  
c o l l i s i o n s  between t h e i r  v e h i c l e s  and a i r c r a f t ,  and between t h e i r  v e h i c l e s  and o t h e r  
veh i c l e s .  When v i s i b i l i t y  reduces,  i t  s h a l l  be a t  t h e  d i s c r e t i o n  of t h e  a i r  t r a f f i c  
c o n t r o l l e r  t o  r e s t r i c t  movements of v e h i c l e s  a s  necessary.  The amount of c o n t r o l  over  
t he  movement of ground v e h i c l e s  exerc i sed  by t h e  aerodrome c o n t r o l  s e r v i c e  w i l l  i n c r e a s e  
a s  v i s i b i l i t y  reduces ( see  6 . 3 . 3 ) .  

3.1.1.9 I n i t i a t i o n  and Termination of Low V i s i b i l i t y  Procedures 

I t  w i l l  be t he  r e s p o n s i b i l i t y  of t h e  a i r  t r a f f i c  c o n t r o l  u n i t  t o  i n i t i a t e  
procedures app rop r i a t e  t o  poor v i s i b i l i t y  opera t ions .  To assist i n  t h i s ,  advice  w i l l  be  
needed from t h e  meteoro logica l  o f f i c e  s o  t h a t  advance p r epa ra t i ons  can be made f o r  low 
minima procedures. Aerodrome s e c u r i t y  procedures  may t ake  some time t o  implement, and 
should t h e r e f o r e  be s t a r t e d ,  i f  p o s s i b l e ,  i n  time t o  complete them be fo re  reducing 
v i s i b i l i t y  r e q u i r e s  o t h e r  a c t i o n s  such a s  t h e  a p p l i c a t i o n  of g r e a t e r  a i r c r a f t  s epa ra t i on .  
When the  v i s i b i l i t y  improves, t h e  c a n c e l l a t i o n  of t he se  procedures  w i l l  t ake  p l ace  a t  
t h e  d i s c r e t i o n  of t h e  a i r  t r a f f i c  c o n t r o l  u n i t .  (Refer t o  5.5 concerning i n i t i a t i o n  
and te rmina t ion  of low v i s i b i l i t y  procedures .)  

3.1.2 Apron Control  

A t  c e r t a i n  aerodromes, c o n t r o l  of t r a f f i c  on t h e  apron i s  n o t  t h e  
r e s p o n s i b i l i t y  of t h e  a i r  t r a f f i c  c o n t r o l  u n i t .  A t  t he se  aerodromes t h e r e  should be a  
designated body r e spons ib l e  f o r  ensur ing  t h e  s a f e  movement of a i r c r a f t  on t h e  apron.  
This body w i l l  assume t h e  r e s p o n s i b i l i t i e s  of ATS bu t  only i n  t h e  apron a r ea .  A l l  r u l e s  
and r egu l a t i ons  app l i cab l e  t o  a i r c r a f t  movements should be c o n s i s t e n t  wi th  normal a i r  
t r a f f i c  con t ro l  r u l e s  and r egu l a t i ons  and c l o s e  l i a i s o n  between t h e  two bodies  w i l l  be 
necessary.  

P i l o t s  

The p i l o t  w i l l  respond t o  t h e  i n s t r u c t i o n s  given by apron c o n t r o l  and 
t he  a i r  t r a f f i c  con t ro l  u n i t .  He w i l l  fo l low t h e  des igna ted  taxiway r o u t e s  and he  
should be provided with t h e  means t o  enable  him t o  do t h i s  wi thout  d i f f i c u l t y .  I n  good 
v i s i b i l i t y  t h i s  may be achieved by c l e a r l y  marked and we l l  maintained s igns .  I n  low 
v i s i b i l i t y  o t h e r  means w i l l  need t o  be provided.  The p i l o t ' s  r e s p o n s i b i l i t i e s  wi th  
r e s p e c t  t o  c o l l i s i o n  avoidance a r e  d i scussed  i n  4.6.  
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Aerodrome Authority 

3.1.4.1 Movement Area Inspections 

The Aerodrome Authority w i l l  be responsible f o r  conducting frequent 
inspections of the  movement area  to  ensure t h a t  the  a reas  reserved f o r  a i r c r a f t  movements 
a r e  kept unobstructed and i n  good repa i r .  It is p a r t i c u l a r l y  important t h a t  an inspec- 
t ion  be completed before the i n i t i a t i o n  of low v i s i b i l i t y  procedures a s  these  procedures 
w i l l ,  i n  themselves, prevent such an inspection.  (Refer t o  6.1 f o r  discussion on rout ine  
inspections of SMGC a ids . )  

Ground Staff  

The Aerodrome Authority and ATS w i l l  be responsible f o r  the  regula t ion 
and control ,  respect ively  of ground s t a f f  on t h e  movement area.  The Aerodrome Authority 
w i l l  be responsible f o r  ensuring t h a t  ground s t a f f  using RTF a r e  properly t ra ined and 
monitored i n  its use. During low v i s i b i l i t y  operations,  i t  w i l l  be p a r t i c u l a r l y  
important to  r e s t r i c t  the movement of ground s t a f f  on the  movement area  t o  a minimum. 
(Refer t o  5.5 f o r  d e t a i l s  of procedures f o r  low v i s i b i l i t y  condit ions.)  

3.1.4.3 Monitoring of SMGC Aids 

The Aerodrome Authority w i l l  normally be responsible f o r  ensuring t h a t  
a l l  v i sua l  components of the  SMGC system a r e  kept serviceable.  This w i l l  require  
frequent physical  inspect ions  of these  v i s u a l  components. 

3.1.4.4 Designation of Taxiways 

I n  conjunction with t h e  ATC se rv ice  the  Aerodrome Authority w i l l  be 
responsible f o r  def in ing the  taxiways and f o r  designing taxiway rout ings  appl icable  t o  
the  types of operations expected t o  take place a t  the  aerodrome. 

3.1.4.5 Low V i s i b i l i t y  Movement Area Protect ion Measures 

During periods of reduced v i s i b i l i t y  i t  w i l l  be t h e  respons ib i l i ty  of 
the  Aerodrome Authority (or o the r  competent author i ty)  t o  ensure t h a t  the  number of 
persons and vehic les  authorized t o  en te r  the  movement area  is kept t o  a minimum. In  
addi t ion,  the Aerodrome Authority w i l l  be responsible f o r  ensuring t h a t  means a r e  
provided t h a t  w i l l  enable the  ATS t o  de tec t  the  presence of a i r c r a f t ,  obs tacles ,  and 
vehic les  on runways. 

3.2 Avoidance of Over-Control 

3.2.1 The surface  movement guidance and control  system should provide a degree 
of control  which is  adequate t o  meet the  needs of p i l o t s  and con t ro l l e r s .  

3.2.2 It is  important t o  ensure t h a t  the  e f f i c i ency  of the  over-al l  system 
is not impaired by the  imposition of unnecessary con t ro l s  and r e s t r i c t i o n s  on p i l o t s  and 
con t ro l l e r s .  P i l o t s  and con t ro l l e r s  should be allowed t o  exerc ise  t h e i r  s p e c i f i c  respon- 
s i b i l i t i e s  when circumstances so permit. When circumstances do not allow t h i s ,  addi t ional  
r e s t r a i n t s  a r e  progressively required t o  ensure sa fe ty  of ground movement. It is  par t i c -  
u l a r l y  important t h a t  these  r e s t r a i n t s  be removed promptly a s  condit ions improve. 

3.2.3 Future advances i n  automated systems may permit a high degree of control  
without the associated reduction i n  t r a f f i c  capacity which i s  a f e a t u r e  of most contem- 
porary manual systems. 
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C H A P T E R  4 - C O b l P O N E N T S  O F  S M G C  S Y S T E M S  ( A I D S  A N D  P R O C E D U R E S )  

4.1 Provis ion  of Routes f o r  A i r c r a f t  

4.1.1 On a n  aerodrome t h e  movement of  t a x i i n g  a i r c r a f t  gene ra l l y  f a l l s  i n t o  
a  d i s t i n c t i v e  p a t t e r n  i n  which t h e  major t r a f f i c  flows a r e  between: 

a )  runway(s) and ap ron ( s )  

b)  apron(s )  and maintenance a r e a ( s )  

C )  maintenance a r e a  ( s )  and runway ( s )  

Where pos s ib l e  s tandard ized  rou t e s  should be  arranged between t h e s e  l o c a t i o n s  which a r e  
d i r e c t ,  s imple,  and capable of being used i n  both good and bad v i s i b i l i t y  and which o f f e r  
minimum c o n f l i c t  wi th  t h e  rou t e s  of o t h e r  a i r c r a f t  o r  veh i c l e s .  One-way systems should 
be introduced where t h i s  can be done without  g r e a t l y  extending t a x i i n g  d i s t ances .  

4.1.2 Care should be taken  t o  ensure  t h a t  t h e  r o u t e s  a r e  adequate  f o r  t h e  
l a r g e s t  a i r c r a f t  l i k e l y  t o  use  them, and t h a t  a i r c r a f t  us ing  them do no t  o f f e r  problems 
of :  

a )  i n t e r f e r e n c e  w i th  nav iga t i on  a i d s ,  

b)  pene t r a t i on  of o b s t a c l e  l i m i t a t i o n  su r f ace s ,  

c )  obs t ruc t i on  of r ada r  t ransmiss ions ,  

d )  phys ica l  o b s t r u c t i o n  (e.g.,  inadequate  c l ea r ance  from 
a i r c r a f t  ho ld ing  f o r  take-off from an  i n t e rmed ia t e  po in t  
on t h e  runway), 

e )  j e t  b l a s t .  

4 .1.3 Routes on a n  aerodrome w i l l  vary  according t o  t h e  runways i n  u se  f o r  
l anding  and take-off .  A r o u t e  p lan  must a l low f o r  a n  o r d e r l y  t r a n s i t i o n  from one 
ope ra t i ona l  mode t o  another ,  e.g.,  fo l lowing  a  runway change, and a l s o  f o r  t h e  a i r c r a f t  
which, a f t e r  t a x i i n g  f o r  take-off ,  needs t o  r e t u r n  t o  t h e  apron. 

4.1.4 For aerodromes where s tandard  t a x i i n g  rou t e s  a r e  provided,  d e t a i l s  
of such rou t e s  should be publ ished i n  t h e  app rop r i a t e  a e r o n a u t i c a l  in format ion  publ i -  
c a t i o n  and shown on aerodrome c h a r t s .  Routes should normally be i d e n t i f i e d  by des igna to r s .  
The des igna to r s  of t a x i  r ou t e s  should be  d i s t i n c t i v e l y  d i f f e r e n t  from t h o s e  of t h e  
runways, instrument  depa r tu r e  rou t e s  and airways.  

4.1.5 A s e t t l e d  and recognized s tandard  r o u t e  system o f f e r s  advantages over  
a  random system, namely h igher  degree of s a f e t y ,  g r e a t e r  exped i t i on  of movement, more 
conf ident  ope ra t i on  i n  reduced v i s i b i l i t y  and l e s s  RTF workload. 

4.2 Provis ion  of Routes and R e s t r i c t i o n s  of Ground Movement 

4.2.1 The s e r v i c i n g  and maintenance of a i r c r a f t  and of aerodrome i n s t a l l a t i o n s  
i n e v i t a b l y  demands t h e  presence of v e h i c l e s  on t h e  movement a r e a .  Annex 11 r e q u i r e s  
t h a t  t h e  movement of persons o r  v e h i c l e s  on t h e  manoeuvring a r e a  s h a l l  be  c o n t r o l l e d  
a s  necessary  t o  avoid hazard t o  them, o r  t o  a i r c r a f t ;  a m p l i f i c a t i o n  of t h i s  requirement 
is  contained i n  PANS-RAC, P a r t  V. Chapter 4  of t h e  Aerodrome Desiqn Flanual, P a r t  2 ,  
s t r e s s e s  t h e  importance of planning aerodrome f a c i l i t i e s  f o r  t he  maximum seg rega t i on  of 
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a i r c r a f t  and veh icu l a r  t r a f f i c ,  with land  s i d e  road systems so  designed t h a t  v e h i c l e s  
have acces s  t o  a l l  pub l i c  a r e a s  of t h e  aerodrome without  t r a v e l l i n g  on t h e  movement a r ea  
c~erodrome Design Manual (DOC 9157-A~/901), P a r t  2 ,  Taxiways, Aprons and Holding Bays). 

4.2.2 The Aerodrome Design Manual, P a r t  2 ,  po in t s  ou t  t h e  va lue  of a i r  s i d e  
roads t o  e l imina t e ,  o r  l e s s e n ,  t h e  use  of runways and taxiways by ground v e h i c l e s  which 
need access  t o  t h e  movement a r ea .  For example, aerodrome perimeter  s e r v i c e  roads  may 
provide acces s  t o  naviga t ion  a i d s ,  o r  from one s e r v i c e  a r e a  t o  another .  An a i r  s i d e  road 
may connect one te rmina l  w i th  another  f o r  a i r l i n e  v e h i c l e s ,  baggage t r a i n s ,  e t c .  Every 
e f f o r t  should be made t o  avoid a i r  s i d e  roads  c ros s ing  runways and taxiways,  o r  a f f e c t i n g  
t h e  func t ion  of naviga t ion  a i d s .  I f  i t  is necessary  f o r  an acces s  road t o  c r o s s  t h e  
extended c e n t r e  l i n e  of a  runway t h e  road should be s o  l oca t ed  t h a t  v e h i c l e s  t r a v e l l i n g  
on i t  do not  become o b s t a c l e s  t o  a i r c r a f t  ope ra t i ons .  

4.2.3 On an apron,  i n t e r a c t i o n  between a i r c r a f t  and v e h i c l e s  i s  unavoidable, 
and guidance f o r  d r i v e r s  is necessary  i f  s a f e  and e f f i c i e n t  u s e  i s  t o  be made of t h e  
a v a i l a b l e  space. Apron s a f e t y  l i n e s  ( s ee  Aerodrome Design Manual, P a r t  2 )  should be 
provided on a paved apron t o  d e f i n e  t h e  l i m i t s  of a r e a s  e s t a b l i s h e d  f o r  u se  by ground 
v e h i c l e s  and o t h e r  a i r c r a f t  s e r v i c i n g  equipment. These l i n e s  should be of a  conspicuous 
co lour  and should c o n t r a s t  wi th  apron markings f o r  a i r c r a f t .  Vehicle  c r o s s i n g s  from 
te rmina l  a r e a  o r  a i r  s i d e  road t o  a  s t and ,  and from s tand  t o  s t and ,  should be des igna ted  
by conspicuous pa in ted  l i n e s .  

4.2.4 A i r  s i d e  r o u t e  systems f o r  v e h i c l e  movement f a l l  i n t o  f i v e  broad 
ca t ego r i e s :  

a )  roads  which a r e  completely segregated from a i r c r a f t  
movements , 

b)  roads  which c r o s s  taxiways i n  maintenance a r e a s  b u t  
which a r e  segregated from ope ra t iona l  a i r c r a f t  
movement , 

c )  rou t e swh ich  c r o s s  ope ra t iona l  runways o r  taxiways, 

d)  apron rou te s ,  

e )  v e h i c l e  movement a long  o p e r a t i o n a l  taxiways and 
runways. 

The manoeuvring a r e a  should b e  p ro t ec t ed  from inadve r t en t  e n t r y  by persons and v e h i c l e s  
from a i r  s i d e  roads ,  e.g. by s i g n s  o r  t r a f f i c  l i g h t s  on acces s  roads.  The movement of 
persons on foo t  should only  be  allowed on runways, taxiways o r  apron s e r v i c e  roads,  when 
a b s o l u t e l y  necessary.  

4.2.5 Where bu i ld ing  o r  o t h e r  a c t i v i t y  c a l l s  f o r  l o c a l i z e d  f r e e  moving t r a f f i c ,  
t h e  boundaries  of a  temporar i ly  c losed  a r e a  should be marked a s  descr ibed  i n  Annex 14,  
and any movement o u t s i d e  t h e  a r e a  should comply wi th  normal aerodrome r egu la t i ons .  
(Annex 14,  2.8 s t i p u l a t e s  t h e  requirements  f o r  promulgating information on t h e  cond i t i on  
of t he  movement . a rea . )  

4 .3 Communications Requirements 

4.3.1 The t a s k  of an aerodrome c o n t r o l  s e r v i c e  f a l l s  i n t o  t h r e e  main d i v i s i o n s :  

a )  c o n t r o l  of a i r  t r a f f i c  i n  t h e  c i r c u i t  and i n  t h e  approach, 
landing and depa r tu re  phases of  f l i g h t ,  
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b) c o n t r o l  of t a x i i n g  a i r c r a f t  and v e h i c l e s  on t h e  
manoeuvring a r e a ,  

c)  a c q u i s i t i o n  and pass ing  of a irways c l ea r ances ,  
weather in format ion  and o t h e r  f l i g h t  da ta .  

A t  an  aerodrome wi th  l i g h t  t r a f f i c  i t  is  normal f o r  one c o n t r o l l e r  t o  be r e spons ib l e  f o r  
a l l  of t he se  d u t i e s ,  using one RTF channel f o r  a l l  purposes and making use  a l s o  of  a  
s i g n a l l i n g  lamp. A t  a  l a r g e  aerodrome wi th  heavy t r a f f i c ,  t h e  aerodrome c o n t r o l  f unc t i on  
may be shared between a  number of c o n t r o l l e r s  and a s s i s t a n t s  and may c a r r y  a  t o t a l  RTF 
loading  which demands t h e  s imultaneous use  of s e v e r a l  channels .  The s i g n a l l i n g  lamp 
i s  too l i m i t e d  a s  a  means of conveying messages and ambiguous i n  i n t e r p r e t a t i o n  t o  have 
any p a r t  t o  p lay  except  i n  l i g h t  t r a f f i c  on small aerodromes. 

4.3.2 In  a  growing aerodrome o r  t r a f f i c  s i t u a t i o n  t h e  po in t  a t  which a d d i t i o n a l  
c o n t r o l  p o s i t i o n s  need t o  be in t roduced  may hinge s o l e l y  upon RTF channel load ing ,  o r  t h e  
dec i s ion  may be prompted by o the r  f a c t o r s  such a s  c o n t r o l l e r  workload generated by. t h e  
p a r t i c u l a r  mix of t r a f f i c ,  complexity of aerodrome l ayou t ,  o r  t h e  need t o  provide a  c o n t r o l  
pos i t i on  which o f f e r s  a  b e t t e r  view of t h e  manoeuvring a r e a .  Whether o r  no t  t h e  
dup l i ca t i on  of p o s i t i o n s  is  due t o  RTF loading ,  each p o s i t i o n  should have i ts  own d i s c r e t e  
frequency. 

4.3.3 A t y p i c a l  usage of two RTF channels  is  t o  have t h e  s e r v i c e  descr ibed  
i n  4.3.1 a )  on one frequency and 4.3.1 b)  and c )  on t h e  o t h e r ;  b)  and c)  subsequent ly 
become d iv ided  when workload develops t o  t h e  po in t  a t  which another  channel is  r equ i r ed .  
I n  some in s t ances  i t  may become necessary  t o  open an a d d i t i o n a l  f requency,  o r  f r equenc i e s ,  
during t he  busy hours of t h e  day, and then r e v e r t  t o  a more l i m i t e d  communication channel  
usage i n  t h e  l e s s  busy per iods .  

4.3.4 It is customary f o r  non-aeronaut ical  r ad io  f r equenc i e s  t o  be used f o r  
communication between ground v e h i c l e s  and va r ious  aerodrome agenc i e s  such a s  c o n t r a c t o r s ,  
customs, po l i ce ,  a i r l i n e  companies, e t c . ,  but  i t  must be  ensured t h a t  when ope ra t i ng  on 
t h e  movement a r e a  use  of t h e  non-aeronaut ical  frequency does no t  p rec lude  maintenance of 
a  l i s t e n i n g  watch on t h e  ground movement c o n t r o l  frequency. 

4.3.5 A spa re  frequency f o r  use  i f  a  normal channel is jammed/overloaded i s  a  
h igh ly  d e s i r a b l e  f a c i l i t y  which can, on occasion,  save a  g r e a t  d e a l  of t r o u b l e  and 
delay.  

4.3.6 At many aerodromes p rov i s ion  is  made f o r  a  d i s c r e t e  RTF c o n t a c t  between 
. emergency s e r v i c e s  v e h i c l e s  and an a i r c r a f t  which h a s  landed a f t e r  dec l a r i ng  an  emergency, 

o r  i n  any emergency when t h e  a i r c r a f t . i s  on t h e  ground and capable  of being manoeuvred. 
This  is  of p a r t i c u l a r  s i g n i f i c a n c e  w i th  l a r g e  a i r c r a f t  where i t  is  important  f o r  t h e  
crews of t h e  emergency veh i c l e s  t o  be  aware of t h e  p i l o t ' s  i n t e n t i o n s  so  t h a t  r i s k  t o  
a i r c r a f t  occupants  and t o  personnel  on t h e  emergency v e h i c l e s  may be  minimized. For 
such a  d i s c r e t e  frequency t o  be of va lue  i t  is  obviously necessary  t h a t  a l l  u s e r s  of 
radiotelephony equipment be  competent i n  speaking a  common language. 
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4.4 Provis ion  of Route Guidance f o r  A i r c r a f t  

4 .4 .1  The degree of r ou t e  guidance requi red  depends upon v i s i b i l i t y  c o n d i t i o n s ,  
complexity of a i r p o r t  l ayou t  and t r a f f i c  dens i t y .  F a c i l i t i e s  f o r  ground movement guidance 
i n  v i s i b i l i t y  cond i t i ons  1 t o  4  i n c l u s i v e  a r e :  

1. Runway c e n t r e  l i n e  marking Annex 14, Chapter 5 

2. Taxiway c e n t r e  l i n e  marking Annex 14 ,  Chapter 5 

3. Taxi-holding p o s i t i o n  marking Annex 14 ,  Chapter 5 

4. Visua l  a i d s  f o r  denot ing  
r e s t r i c t e d  u se  a r e a s  Annex 14 ,  Chapter 7  

5. Runway edge l i g h t s  ( n i g h t )  Annex 14,  Chapter 5 

6. Taxiway edge l i g h t s  ( n igh t )  

7. S igns  

8. Apron marking 

9. Taxiway i n t e r s e c t i o n  marking 

Annex 14 ,  Chapter 5 

Annex 14,  Chapter 5  

Curren t ly  no ICAO s p e c i f i c a t i o n s  
See Note A below 

Cur ren t l y  no ICAO s p e c i f i c a t i o n s  
See Note B below 

10. Aerodrome c h a r t  Annex 4 ,  Chapter 1 3  

11. Radiotelephony equipment Annex 11, Chapter 6  

12. Runway p r o t e c t i o n  l i g h t s  Cur r en t l y  no ICAO s p e c i f i c a t i o n s  
See Note C below 

13.  Clearance b a r s  Annex 14,  Chapter 5 

14. Monitoring appa ra tu s  Annex 14,  Chapter 8 ;  Aerodrome 
Design Manual, P a r t  4  

15.  Taxiway c e n t r e  l i n e  l i g h t s  Annex 14 ,  Chapter 5 

16. Taxiway c e n t r e  l i n e  l i g h t  c o n t r o l  Cur r en t l y  no ICAO s p e c i f i c a t i o n s  
See Aerodrome Design Manual, P a r t  4 

17.  Stop b a r s  Amex 14,  Chapter 5 

18. Taxiway l i g h t i n g  - h igh  i n t e n s i t y  Amex 14, Chapter 5 

19. Docking guidance Curren t ly  no ICAO s p e c i f i c a t i o n s  
See Note D below 

20. Non-visual s u r v e i l l a n c e  system Curren t ly  no ICAO s p e c i f i c a t i o n s  
See 4.6.2 

Notes: 

A .  Apron marking spec i f i ca t ions  developed by the  Visual Aids Panel have been reviewed 
by S ta tes  and are current ly  under study by ICAO. 

B. Taxiway in tersec t ion  markings are required t o  indicate  holding posit ions a t  taxiway/ 
taxiway in tersec t ions .  Action t o  develop appmpriate spec i f i ca t ions  for such 
markings has been i n i t i a t e d  by the  Visual Aids Panel. 

C. Runway protection l i g h t s  are flashing l i g h t s  located a t  runway holding posit ions 
e i t h e r  on, o r  adjacent t o ,  holding posit ion signs t o  improve t h e i r  conspicuity.  
The Visual Aids Panel i s  currently working on development o f  speci f icat ions  for 
such l i g h t s .  

D. Apron parking/docking guidance system speci f icat ions  developed by the  Visual Aids 
Pane;! have been reviewed by S ta tes  and are currently under study by ICAO. 

4.4 .2  Table 4-1 i n d i c a t e s  t h e  s c a l e  of p rovis ion  which t h e  exper ience  of 
S t a t e s  shows t o  be a p p r o p r i a t e  t o  t h e  v a r i o u s  o p e r a t i o n a l  cond i t i ons .  



TABLE 4-1. GUIDANCE ON SMGC SYSTEM COMPONENTS FOR CRITICAL OPERATIONAT., CONDITONS 

1. G r o u p i n g  o f  SMGC S y s t e m  Components  

C1 
P a  

rl 
n 
c 
I-' 

R 
I-' * 
03 

P 
\ 
w 
.I 

Component 
Group 

A 

B 

C 

System Components 

Aid 

Apron markings (See 4.4.1, Note A) 
Runway centre line marking (Annex 14, Chapter 5) 
Taxiway centre line marking (Annex 14, Chapter 5) 
Taxi-holding position marking (Annex 14, Chapter 5) 
Visual aids for denoting restricted use areas (Annex 14, Chapter 7) 
Runway edge lights (Annex 14, Chapter 5) 
Taxiway edge lights (Annex 14, Chapter 5) 
Obstacle lighting (Annex 14, Chapter 6) 
Signs (Annex 14, Chapter 5) 
Parking guidance (Annex 14, Chapter 5) 
Taxiway intersection marking - where applicable (See 4.4.1, Note B) 

Responsibility/Procedure 

Aerodrome Authority: 
Periodic electrical monitoring of SMGC aids (Annex 14, Chapter 8. 

See 4.7 following) 
Designation of taxiways 
Movement area inspections (Annex 14, Chapter 2) 
Regulation of ground staff conduct on the movement area 

(See Chapter 5) 

Pilot: 
Adherence to a ground movement traffic rules and regulations 

(Annex 2, PANS-RAC) 

Note: The provision of an aerodrome control service for airports with traffic density L or with layout a or b, is an administrative decision. 

Aerodrome chart (Annex 4, Chapter 13) 

Aerodrome control service 

Note: The provision of an aerodrome control service for 
airports with traffic density L or with layout a or 
b ,  is an administrative decision. 

Signalling lamp (Annex 14, Chapter 5) 
Radiotelephony equipment 
Runway protection lights (See 4.4.1, Note C) 

Aerodrome Authority: 
Initiate amendment of aerodrome chart as necessary 

Aerodrome Authority: 

Regulation of ground staff in radiotelephony procedures 
(Annex 10, PANS-RAC. See 5.2 following) 

Control Unit: 
Visual monitoring of SMGC aids (Annex 11, Chapter 7) 
Use of radiotelephony procedures and phraseology 

(PANS-RAC, Part 9) 
Use of signalling lamp (Annex 2, Appendix A) 
Control of other than aircraft traffic on the movement area 

(PANS-RAC, Part 5) 

Pilot: 
Use of radiotelephony procedures qnd phraseology (Annex 10, 

PANS-RAC. See 4.3 and 5.2) 



D 

E 

. 

F 

G 

H 

I 

Clearance bars (Annex 14, Chapter 5) 
Monitoring system (Annex 14, Clupter 8, Aerodrome Design 

Manual, Part 4) 

Taxiway centre line lights (Annex 14, Chapter 5) 

Note: A system for the control (by selective switching) of taxiway centre 

Aerodrome Authority: 
Designation of taxiway routes (See 4.1) 

Control Unit: 
Determination of the taxiway route to be followed 

(PANS-RAC, Part 5) 

Control Unit: 
Application of sequencing procedures (See 5.3) 

Aerodrome Authority: 
Low visibility movement area protection measures (See 5 .S .l) 

Control Unit: 
Application of separation instructions at intersections 

(PANS-RAC, Part 5) 
Application of gate holding procedures (See 5.4) 
Initiation and termination of low visibility procedures (PANS-RAC, 

Part 5. See 5.5 following) 
Transfer of responsibility between controller and pilot at 

intersections (See 3.1 .1.7) 

Pilot: 
Transfer of responsibility between controller and pilot at 

intersections (See 3.1.1.7) 

line lights is required for visibility condition 4 and perhaps for 
heavy traffic dendly (H) specified in Table 2-1. 

Stop bars (Annex 14, Chapter 5) 
Taxiway lighting - high intensity (Annex 14, Chapter 5) 
Docking guidance (if docks provided) (See 4.4.1, Note D) 
Crash locators for emergency vehicles (Currently no ICAO 

specifications) 

Airport surface surveillance radar (Currently no ICAO 
~ p e ~ c a t i o n s ,  see 4.62) 

Aerodrome Authority: 
Continual electrical monitoring of SMGC aid (Annex 14, Chapter 8) 

Control Unit: 
Application of separation criteria (PANS-RAC, Part 5. See 5.6 following) 
Transfer of responsl%ility between controller and pilot along taxiways 

and at intersections (See 5.6) 
Continual electrical monitoring of SMGC aids (Annex 1 1, Chapter 7. 

See 4.7 following) 
Operation of visual guidance and control aids (PANS-RAC, Part 5) 

PUot: 
Transfer of responsibility between controller and pilot along taxiways 

and at intersections (See 5.6) 

Control Unit: 
Monitoring of surface movement 
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Table 4-1 f con t .  ) 

2. Component Groups Appropriate  t o  C r i t i c a l  Opera t iona l  
Condit ions f o r  Aerodrome Layout 

* See Table 2-1 f o r  explana t ion  of o p e r a t i o n a l  condi t ions .  

AERODROME 
LAYOUT* 

a 

b 

c 

T ~ F F I C  
DENSITY* 

Light  

Medium 

Heavy 

Light  

Medium 

Heavy 

Light  

Medium 

Heavy 

1 

A 

ACE 

ACE 

Elements of 
component 

groups G and 
H may be 

appropr ia te .  

AB 

ABCE 

ABC 
E GH 

ABCDG 

ABCD 
EG 

ABCD 
EGH 

CONDITIONS* 
3 

ABC 

ABC 
EFG 

ABCE 
FGH 

ABC 
F 

Component 
group G may be  
app rop r i a t e .  

ABC 
EFG 

ABCE 
FGHI 

ABCD 
FG 

ABCD 
EFG 

ABCDE 
FGHI 

VISIBILITY 
2 

AB 

ABCE 

ABC 
E G 

Elements of 
component 

group H may be 
app rop r i a t e .  

AB 

ABCE 

ABCE 
G H I  

ABCDG 

ABCD 
EG 

ABCD 
E GHI 

4 

ABC 
FGH 

ABCE 
FGH 

ABCE 
FGH 

ABC 
FGH 

ABCE 
FGH 

ABCE 
FGHI 

ABCD 
FGH 

ABCD 
EFGH 

ABCDE 
FGHI 

5 

Components 
of 

v i s i b i l i t y  5 
no t  y e t  

determined 

Components 
of 

v i s i b i l i t y  5 
no t  y e t  

determined 

Components 
of 

v i s i b i l i t y  5 
n o t  y e t  

deterinined 
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4.5 Provis ion  of Means of Control  

4.5.1 E f f e c t i v e  c o n t r o l  of t r a f f i c  on t h e  movement a r e a  r e q u i r e s  t h a t :  

a )  t h e  a r e a  is c losed  t o  a l l  t r a f f i c  except  t h a t  which i s  
c l e a r e d  t o  e n t e r ,  

b)  t h e  t r a f f i c  conforms t o  recognized r u l e s  and procedures ,  

c )  t h e  c o n t r o l  f a c i l i t i e s  provided a r e  adequate  f o r  t h e  
aerodrome l ayou t  ca tegory ,  t r a f f i c  d e n s i t y  and v i s i b i l i t y .  

4.5.2 The movement a r e a  should be  fenced o r  o the rwi se  p ro t ec t ed  a g a i n s t  
unauthorized e n t r y ,  and should be provided w i th  c o n t r o l l e d  e n t r y  p o i n t s .  Authorized 
d r i v e r s  should c a r r y  a  pa s s ,  and v e h i c l e s  c l e a r e d  f o r  e n t r y  t o  t h e  movement a r e a  should 
c l e a r l y  be  i d e n t i f i a b l e  a s  au tho r i zed  t o  b e  t h e r e  e i t h e r  by: 

a )  t h e i r  s p e c i a l i s t  de s ign ,  

b)  t h e i r  co lou r  and markings, 

c )  having an approved i d e n t i f i c a t i o n  token prominently 
d i sp l ayed ,  i n  accordance w i th  Annex 14,  Chapter  6. 

4.5.3 Procedures  a r e  cons idered  i n  Chapter 5 of t h i s  C i r cu l a r .  F a c i l i t i e s  
f o r  c o n t r o l  w i t h i n  t h e  movement a r e a  a r e :  

S igns  

Vehicular  t r a f f i c  c o n t r o l  l i g h t s  

Cont ro l led  b a r r i e r s  

Surf a c e  markings 

S i g n a l l i n g  lamps 

Radiotelephony f a c i l i t i e s  

Runway p r o t e c t i o n  l i g h t s  

Clearance b a r s  

Stop b a r s  

Non-visual s u r v e i l l a n c e  systems 

11. Monitoring appa ra tu s  

Annex 14,  Chapter 5  

Cur r en t l y  no ICAO s p e c i f i c a t i o n s  

Cur r en t l y  no ICAO s p e c i f i c a t i o n s  

Annex 14,  Chapter 5 

Annex 14,  Chapter 5; Annex 2 
Appendix A 

Annex 11, Chapter 6  

Cur r en t l y  no ICAO s p e c i f i c a t i o n s  
See 4.4.1 Note C 

Annex 14,  Chapter 5 

Annex 14,  Chapter 5 

Curren t ly  no ICAO s p e c i f i c a t i o n s  
See 4.6.2 

Annex 14 ,  Chapter 8; Aerodrome 
Design Manual, P a r t  4  
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4.5.4 The d i spos i t i on  and usage of con t ro l  f a c i l i t i e s  w i l l  be determined by 
aerodrome s i z e  and layout ,  t r a f f i c  demand and weather condi t ions .  F a c i l i t i e s  app l i cab le  
t o  c r i t i c a l  opera t ional  condi t ions  a r e  shown a t  Table 4-1. The prime ob jec t ives  w i l l  
be to :  

a )  Leave runways f r e e  f o r  t h e  landing and take-off  of 
a i r c r a f t  by p ro t ec t ing  them from unauthorized 
encroachment of veh ic l e s  o r  a i r c r a f t .  F a c i l i t i e s  
used t o  achieve t h i s  ob jec t ive  include:  

Signs 

Surface marking 

S igna l l i ng  lamps 

RTF f a c i l i t i e s  

Runway p ro tec t ion  l i g h t s  

Clearance b a r s  

Stop ba r s  

Non-visual su rve i l l ance  systems. 

b) Provide f o r  t h e  s a f e  and expedi t ious  movement of 
t a x i i n g  a i r c r a f t .  F a c i l i t i e s  used t o  achieve t h i s  
ob jec t ive  inc lude  : 

Signs 

Surf ace  marking 

S igna l l i ng  lamps 

RTF f a c i l i t i e s  

Clearance b a r s  

Stop b a r s  

Non-visual su rve i l l ance  systems. 

c )  Allow f o r  s a f e  i n t e r a c t i o n  between a i r c r a f t  and 
veh ic l e s  on the  apron. F a c i l i t i e s  used t o  achieve 
t h i s  ob jec t ive  include:  

Signs 

Surface markings 

RTF f a c i l i t i e s .  

d)  Permit maximum freedom of movement on t h e  movement 
a r ea  cons i s t en t  with s a f e t y  on perimeter  and access  
roads. F a c i l i t i e s  used t o  achieve t h i s  ob jec t ive  
inc lude  : 

Signs 

Road t r a f f i c  con t ro l  l i g h t s  

RTF f a c i l i t i e s  

Control led b a r r i e r s  f o r  road t r a f f i c .  
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4.6 Survei l lance  - Visual  and Non-visual 

4.6.1 Visual  Survei l lance  

4.6.1.1 I n  good v i s i b i l i t y  condi t ions  the  ope ra t iona l  e f f i c i e n c y  of t he  SMGC 
system a t  an aerodrome depends upon t h e  c o n t r o l l e r ' s  v i s u a l  awareness of t h e  t r a f f i c  
s i t u a t i o n  and on t h e  con t r ibu t ion  t h e  p i l o t  can make from h i s  app rec i a t ion  of t he  
l o c a t i o n  of o ther  a i r c r a f t ,  and of t he  genera l  environment i n  which he is  moving. The 
p i l o t  normally is respons ib le  f o r  maintaining s a f e  s epa ra t ion  from o the r  a i r c r a f t  while 
t ax i ing ;  t h i s  he does by the  "see and be seen" p r i n c i p l e  which, i n  genera l ,  works s a f e l y  
and wel l ,  (allowing f o r  a s s i s t a n c e  and c o n t r o l  by ATC a s  r equ i r ed ) .  A s  v i s i b i l i t y  
dec l ines  and the  c o n t r o l l e r  progress ive ly  l o s e s  s i g h t  of t he  aerodrome i t  i s  necessary 
f o r  ATC t o  a d j u s t  i ts methods of con t ro l  i n  order  t o  maintain optimum s a f e  capac i ty  f o r  
t he  p reva i l i ng  ope ra t iona l  condi t ions .  The amount of adjustment requi red  w i l l  depend 
upon: 

a )  degree and trend of v i s i b i l i t y  d e t e r i o r a t i o n ,  

b) s i z e  and complexity of t h e  aerodrome, 

c )  t r a f f i c  demand, and 

d )  c o n t r o l  and guidance f a c i l i t i e s  ava i l ab le .  

4.6.1.2 I n  accordance wi th  t h e  ope ra t iona l  cond i t ions  descr ibed  i n  Table 2-1, 
v i s i b i l i t y  condi t ion  2 provides v i s i b i l i t y  s u f f i c i e n t  f o r  t h e  p i l o t  t o  t a x i  and avoid 
c o l l i s i o n  with o t h e r  t r a f f i c  on taxiways and a t  i n t e r s e c t i o n s  by v i s u a l  re ference ,  but  
i n s u f f i c i e n t  f o r  personnel  of con t ro l  u n i t s  t o  e x e r c i s e  con t ro l  over  a l l  t r a f f i c  on t h e  
b a s i s  of v i s u a l  su rve i l l ance .  I n  a given l o c a t i o n ,  t h e  l a r g e r  t h e  aerodrome t h e  more 
l i k e l y  t h i s  condi t ion  w i l l  occur a t  t h e  aerodrome. Under such v i s i b i l i t y  condi t ions  
normal a i r  t r a f f i c  demand could be expected but  t h e r e  may need t o  be r e s t r i c t i o n s  on 
veh icu la r  t r a f f i c  on t h e  manoeuvring a rea .  Some c o n s t r a i n t  on capac i ty  and inc rease  i n  
p i l o t  and c o n t r o l l e r  workload could be expected due t o  the  i n a b i l i t y  of t h e  c o n t r o l l e r  
t o  s ee  a l l  of t he  manoeuvring a r e a ,  and t h e  need t o  acqu i r e  information by RTF which, i n  
good v i s i b i l i t y  condi t ions ,  would have been a v a i l a b l e  from observa t ion .  Depending upon aero- 
drome s i z e ,  t h e  range of v i s i b i l i t y  encompassed by condi t ion  2 is very  wide, i . e . ,  from 
500 m t o  about 3 km, and c o n t r o l  methods w i l l  need t o  be r e l a t e d  t o  t h e  l e v e l  of v i s i b i l i t y ,  
t he  t rend  and o t h e r  f a c t o r s  l i s t e d  i n  4.6.1.1. 

4.6.1.3 A t  cond i t ion  3 l e v e l  of  v i s i b i l i t y  v i s u a l  s u r v e i l l a n c e  from t h e  con t ro l  
tower can con t r ibu te  i n  only a minor way t o  s a f e  movement on t h e  manoeuvring a rea ,  t h e  
chief  v i s u a l  con t r ibu t ion  t o  c o l l i s i o n  avoidance being t h e  p i l o t ' s  a b i l i t y  t o  s epa ra t e  
himself from a preceding a i r c r a f t  on t h e  same taxiway. Since t h e  p i l o t ' s  v i s u a l  c a p a b i l i t y  
i n  t h i s  condi t ion  does n o t  extend t o  c ros s ing  t r a f f i c ,  then each a c t i v e  c ros s ing  needs t o  
be pro tec ted .  The ATC workload generated and t h e  capac i ty  of  t h e  SMGC system w i l l  depend 
upon the  number of a c t i v e  c ros s ings  which r equ i r e  t o  be negot ia ted .  

4.6.1.4 I n  v i s i b i l i t y  cond i t ion  4 n e i t h e r  t h e  ATC u n i t  nor  t h e  p i l o t  can prevent  
c o l l i s i o n  by a c t i o n  based s o l e l y  on v i s u a l  observa t ion  of t r a f f i c .  It fol lows the re fo re ,  
t h a t  f o r  movement i n  these  condi t ions  t h e  ATC u n i t  must undertake t h e  r e s p o n s i b i l i t y  f o r  
providing separa t ion .  The form of s epa ra t ion  and SMGC system capac i ty  w i l l  depend upon 
t h e  provis ion  of SMGC components ( s ee  5.6.3), and e s p e c i a l l y  upon t h e  number of segments, 
i d e n t i f i a b l e  t o  both p i l o t  and c o n t r o l l e r ,  i n t o  which a given r o u t e  can be divided.  For 
example, i f  a  d i r e c t  rou te  from apron t o  runway r ep resen t s  20 minutes t a x i i n g  time, and 
t h e r e  is  no means of d i v i s i o n ,  t h e  e f f e c t i v e  depar ture  capaci ty  i s  t h r e e  movements an 
hour. I f  t he  rou te  can be divided i n t o  fou r  segments and t h e  p i l o t ' s  occupancy of each 
segment i n  sequence can be confirmed, then t h e  capaci ty  of t h e  r o u t e  i s  n ine  movements 
an hour. 
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4.6.2 Non-visual Survei l lance  

4.6.2.1 The problems of continuing aerodrome opera t ions  a t  an acceptable l e v e l  
of s a f e t y  and capaci ty  with v i s i b i l i t y  i n s u f f i c i e n t  f o r  t he  exe rc i se  of v i s u a l  su r f ace  
movement cont ro l  l e d  t o  the  development of many techniques of non-visual su rve i l l ance .  
These techniques o f f e r  t h ree  b a s i c  forms of su rve i l l ance :  

a )  those  charac ter ized  by a sensor which surveys the  
manoeuvring a r e a  and produces a  f acs imi l e  d i sp l ay  
of t h e  runways and taxiways together  wi th  t h e  
t r a f f i c  upon them; 

b) those which use  a  l i n e a r  sensor t o  monitor t h e  
e n t r y  and e x i t  po in t s  of t r a f f i c  on defined 
d i v i s i o n s  o r  "blocks" on t h e  manoeuvring a rea  
su r f ace ,  t h i s  being then indica ted  a s  block 
occupancy on a d isp lay;  

c) those  which use a form of small  a r e a  sensor t o  
i n d i c a t e  t h e  occupancy of s e c t o r s  of t h e  
aerodrome sur face .  

4.6.2.2 The most widely used method of non-visual su rve i l l ance  is  a )  which, 
i n  t he  form of aerodrome sur face  su rve i l l ance  radar ,  has  been i n  ope ra t iona l  use  s ince  
the  e a r l y  1960s. Idea l ly ,  t h i s  p re sen t s  t he  c o n t r o l l e r  wi th  a  r ada r  derived p lan  of 
t he  aerodrome su r face  wi th  t h e  movement a r e a  c l e a r l y  d is t inguished  and t r a f f i c ,  whether 
moving o r  s t a t i o n a r y ,  shown as radar  b l i p s .  So equipped, t he  c o n t r o l l e r  i s  t o  a  
considerable ex ten t  compensated f o r  t h e  l o s s  of v i s u a l  contac t  wi th  t r a f f i c  and can, 
by observat ion of t h e  d isp lay ,  determine runway occupancy, taxiway movement, progress 
of vehicular  t r a f f i c ,  e t c .  

4.6.2.2.1 Later  developments of su r f ace  su rve i l l ance ,  o r  a i r p o r t  su r f ace  de t ec t ion  
equipment (ASDE), r ada r s  have overcome some of t h e  weather and a t t enua t ion  problems 
which l imi ted  t h e  e f f ec t iveness  of e a r l i e r  models, but  t h e  c h a r a c t e r i s t i c s  requi red  of 
t he  radar  e n t a i l  t he  use of frequency bands which a r e  s e n s i t i v e  t o  c e r t a i n  types of 
r a i n  and fog. The r e s u l t  is a compromise between the  need f o r  high r e so lu t ion  and t h e  
need f o r  good performance i n  p r e c i p i t a t i o n .  For va r ious  reasons  i t  is no t  p rac t i cab le  
t o  use ASDE t o  provide p rec i se  d i r e c t i o n a l  guidance o r  t o  achieve s a f e  s epa ra t ion  down 
t o  the  l i m i t s  achievable v i s u a l l y  by p i l o t s .  The experience of S t a t e s  i n d i c a t e s  
t he  r o l e  of ASDE a s  t h a t  of a  monitoring device r a t h e r  than a means of p o s i t i v e  con t ro l  
( see  Chapter 8 ) .  

4.6.2.3 In t h e  system a t  4.6.2.1 b) taxiways a r e  divided i n t o  defined l eng ths ;  
methods of d e f i n i t i o n  may include induct ive  loops and electro-magnetic beams. The 
system's l o g i c  keeps t r a c k  of which blocks a r e  occupied, and maintains i d e n t i t y  i f  t h i s  
is  in j ec t ed  a t  t he  s t a r t  of t he  movement. I f  the  t r a c k  l eng ths  o r  b locks  a r e  designated 
a l s o  by s top  ba r s  a  p o s i t i v e  con t ro l  and separa t ion  system is  poss ib l e ,  t h e  spacing 
between a i r c r a f t  being determined by t h e  s i z e  of t he  blocks.. The main problems with t h i s  
system a re :  

a )  Except f o r  a  simple taxiway layout  and l i g h t  t r a f f i c ,  
a  computer would be necessary t o  monitor t he  sequence 
of block occupancy. 

b)  Block occupancy o t h e r  than t h a t  e s t ab l i shed  through 
the  sensor (e.g., by a veh ic l e  en te r ing  t h e  block 
from the  s ide )  would not  be indica ted .  I f  such a 
veh ic l e  subsequently moved along t h e  taxiway, rou te  
sequence and i d e n t i t y  l og ic  of o ther  movement could 
be disturbed.  
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c)  There is  l i k e l y  t o  be a  heavy maintenance programme. 

d) The system is  complex and c o s t l y .  

4.6.2.4 Small a r e a  sensors  (4.6.2.1 c ) )  can be used t o  survey a  p a r t i c u l a r  a r ea  
such a s  a  runway, o r  t o  bu i ld  up a  mosaic p i c t u r e  of t h e  a i r p o r t .  Specia l ized  r ada r s  and 
o the r  techniques a r e  a v a i l a b l e  ( s ee  Chapter 8) .  The main advantages of a i r p o r t  su rve i l -  
lance  i n  t h i s  form a r e  t h a t  t h e  weather and coverage d e f i c i e n c i e s  of a  c e n t r a l l y  l oca t ed  
s i n g l e  ASDE can be avoided. The ch ie f  disadvantages a r e  those  of complexity and c o s t .  

4.7 Monitoring 

Light ing  

4.7.1.1 Surface movement guidance and c o n t r o l  r e l i e s  heav i ly  upon l i g h t s  f o r  
s a f e  opera t ions  i n  reduced v i s i b i l i t y  and a t  n i g h t ,  and i t  is of v i t a l  importance t h a t  
ATC should be aware of any d iscrepancies  between t h e  l i g h t i n g  se l ec t ed  on t h e  l i g h t i n g  
con t ro l  panel  i n  t h e  c o n t r o l  tower and the  l i g h t s  which a c t u a l l y  show on t h e  aerodrome 
sur face .  Normally i n  good v i s i b i l i t y  cond i t ions  a t  n ight  i t  is no t  d i f f i c u l t  t o  s ee  
whether t h e  switches thrown b r ing  on t h e  appropr i a t e  su r f ace  l i g h t s ,  t h e  problems a r i s e  
i n  reduced v i s i b i l i t y  when t h e  l i g h t s  a r e  not  v i s i b l e  t o  t h e  c o n t r o l l e r .  

4.7.1.2 I n  condi t ions  when d i r e c t  v i s u a l  a p p r a i s a l  o r  aerodrome su r face  l i g h t s  
is not  poss ib le ,  monitoring is usua l ly  c a r r i e d  o u t  by: 

a )  observa t ion  of "mimic" o r  " t e l l - t a l e "  l i g h t s  on t h e  
l i g h t i n g  con t ro l  panel; 

b) checking of power supply and c i r c u i t  s t a t e  i n d i c a t o r s .  

It i s  important t h a t  l i g h t i n g  d i sp l ay  panels  a r e  s o  engineered t h a t  they c o n s t i t u t e  
e f f e c t i v e  monitors of su r f ace  l i g h t i n g .  Many l i g h t i n g  con t ro l  panels  provide a  t e l l - t a l e  
i nd ica t ion  only of t h e  l i g h t i n g  se l ec t ed  and do no t  i n d i c a t e  whether t h e  l i g h t s  a r e  
a c t u a l l y  lit. A feed-back mimic may i n d i c a t e  whether a  p a r t i c u l a r  group of l i g h t s  i s  
on o r  not ,  but may not  r e f l e c t  i nd iv idua l  l i g h t  f a i l u r e s  which could b e  s i g n i f i c a n t  f o r  
movement i n  low v i s i b i l i t y .  Power supply and c i r c u i t  s t a t e  i n d i c a t i o n s  can provide 
information on percentage l i g h t  outage without showing t h e  s p e c i f i c  na tu re  of t he  
f a i l u r e s .  Problems can a r i s e  from f a i l u r e  of  lamps t o  go ou t ,  a s  we l l  a s  from f a i l u r e  
t o  l i g h t ,  on s e l e c t i o n .  Safe and e f f i c i e n t  ground movement i n  low v i s i b i l i t y  demands 
a  monitoring system so designed t h a t  t he  c o n t r o l l e r  i s  speedi ly  aware, and continuously 
reminded, of any l i g h t i n g  f a i l u r e  which could a f f e c t  s a f e t y  o r  cause t ax i ing  d i f f i c u l t i e s  
i n  t he  a rea  f o r  which he  has  r e s p o n s i b i l i t y .  

4.7.1.3 Information is a v a i l a b l e  i n  t h e  Aerodrome Design Manual, P a r t  4  
concerning the  type of e l e c t i c a l  monitor i n d i c a t i n g  system which should be i n s t a l l e d  
t o  v e r i f y  i n s t a n t l y  t h a t  a l l  l i g h t i n g  equipment is  i n  good working order .  Sample 
monitor s i g n a l s  t o  i n d i c a t e  t h e  ope ra t iona l  s t a t u s  of an  i n s t a l l a t i o n  a r e :  

a )  i n s t a l l a t i o n  ou t  of order :  t e l l - t a l e  l i g h t  o f f ,  

b) i n s t a l l a t i o n  i n  order :  t e l l - t a l e  l i g h t  on and steady,  

c )  i n s t a l l a t i o n  f a u l t y  when switched on: t e l l - t a l e  l i g h t  
b l inking .  

D i f f e ren t  b l ink ing  f requencies  can i n d i c a t e  d i f f e r e n t  degrees of f a u l t  and a  f a i l u r e  
warning i s  accompanied by a  sound alarm. 
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4.7.1.4 The ex t en t  and d e t a i l  of monitoring t h a t  can be done i n  t he  c o n t r o l  
tower w i l l  depend upon the  s i z e  and complexity of t he  l i g h t i n g  system. For an  elementary 
layout  f u l l  systems monitor ing might be accep t ab l e  i n  t h e  tower. A t  a  l a r g e  aerodrome, 
we l l  equipped f o r  low v i s i b i l i t y  ope ra t i ons ,  l i g h t i n g  c o n t r o l  and monitor ope ra t i ons  
might need t o  be concentrated i n  a  t e c h n i c a l  c o n t r o l  room. The pane l  i n  t h e  c o n t r o l  
tower would i n d i c a t e  a  f a u l t ,  t he  more s o p h i s t i c a t e d  eng inee r ' s  panel would i n d i c a t e  
t h e  p r e c i s e  na tu re  of t h e  f a u l t  and t h i s  in format ion  would be immediately re layed  t o  
t h e  app rop r i a t e  ATS u n i t .  

4.7.1.5 To ensure  t h e  i n t e g r i t y  of monitor ing systems i t  is d e s i r a b l e  t h a t  t h e i r  
power supply should be  ob ta ined  from a n  autonomous source.  (See Annex 14 ,  8 .1  f o r  
s p e c i f i c a t i o n s  regard ing  t h e  a p p l i c a t i o n  and c h a r a c t e r i s t i c s  of a  secondary power supply.)  
Maintenance is  l i k e l y  t o  be a  l i g h t  t a s k ,  bu t  one which must be  c a r r i e d  ou t  wi th  regu- 
l a r i t y .  

Non-visual Aids 

4.7.2.1 With t h e  i n t roduc t ion  of non-visual techniques t o  SMGC t h e  dependence 
of ATC upon t h e  c o r r e c t  func t ion ing  of t h e  non-visual a i d s  w i l l  be such t h a t ,  a s  wi th  
aerodrome l i g h t i n g ,  a  monitor system must be provided t o  i n d i c a t e  any malfunct ion.  
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CHAPTER 5 - P R O C E D U R E S  

5 .1  Applicat ion of Ground Movement T r a f f i c  Rules and Regulat ions 

5.1.1 Rules f o r  t h e  r egu la t ion  of a i r c r a f t  movements on t h e  ground a r e  
contained i n  ICAO Annex 2  and PANS-RAC (Doc 4444-~AC/501), bu t  equiva lent  r u l e s  f o r  use  
by ground veh ic l e s  need t o  be provided and enforced. A t  aerodromes without  an  a i r  t r a f f i c  
con t ro l  s e r v i c e  the  r u l e s  and t h e  need f o r  s t r i c t  adherence t o  r u l e s  becomes even more 
important.  

5.1.2 Except i n  very  poor v i s i b i l i t y  condi t ions ,  and then only  a t  t h e  expense 
of capac i ty ,  i t  is  not  p r a c t i c a b l e  t o  e x e r c i s e  t o t a l  con t ro l  over  a l l  t r a f f i c  on t h e  
movement a r ea .  Within t h e  f i e l d  of reasonable cons t r a in t  which v a r i e s  according t o  
condi t ions  and i s  described i n  o t h e r  p a r t s  of t h i s  C i r cu la r ,  s a f e t y  and expedi t ion  depends 
upon a i r c r a f t  and v e h i c l e s  conforming t o  s tandard ground movement r u l e s  and r egu la t ions .  
Appropriate a u t h o r i t i e s  should e s t a b l i s h  s u i t a b l e  r u l e s  r e l a t e d  t o  t h e  ope ra t ion  of 
a i r c r a f t  and ground veh ic l e s  on t h e  movement a rea .  

5.1.3 The r u l e s  and r egu la t ions  f o r  ground movement of v e h i c l e s  on the  
movement a r ea  should encompass a t  l e a s t  the  fol lowing poin ts .  

A General 

Only v e h i c l e s  and/or  equipment which have a  s p e c i f i c  and necessary 
funct ion  t o  perform i n  connexion wi th  a i r c r a f t  o r  aerodrome f a c i l i t i e s  should be granted 
admission t o  t h e  movement a r ea .  

B Requirements of v e h i c l e s  and/or  equipment ope ra to r s  

1. A veh ic l e  opera tor  shall:  

a )  be conversant  wi th  these  r u l e s  and r e g u l a t i o n s  o r  
be  i n  t h e  company of  a  person who is  conversant  
wi th  them; 

b)  be capable of  r eac t ing  t o  v i s u a l  s i g n a l s ,  e.g.,  be 
a b l e  t o  d i s t i n g u i s h  between t h e  colours  of t he  
s i g n a l s ;  

c )  g ive  way t o  a i r c r a f t  a t  a l l  t imes; 

d )  o b t a i n  ATS c l ea rance  p r i o r  t o  en te r ing  t h e  manoeuvring 
a r e a  and comply wi th  t h e  terms and l i m i t a t i o n s  of t h e  
c learance;  

e )  fol low s p e c i f i e d  rou te s  and guide l i n e s  and no t  
encroach s a f e t y  l i n e s ;  

) approach a i r c r a f t  with utmost c a r e ,  e s p e c i a l l y  when t h e  
a i r c r a f t  engines a r e  running and i t s  a n t i - c o l l i s i o n  
l i g h t s  a r e  opera t ing;  

g) obey movement a r ea  speed r e s t r i c t i o n s ;  

' h)  where appropr ia te ,  be experienced i n  t h e  ope ra t ion  of 
RTF equipment and capable of c o r r e c t l y  r e a c t i n g  t o  
RTF messages; 
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i )  where appropr ia te ,  maintain a  continuous l i s t e n i n g  
watch on the  ground movement con t ro l  (GMC) channel,  
request ing ATS c learances  a s  required by aerodrome 
regu la t ions  and complying wi th  ATS i n s t r u c t i o n s ;  and 

j)  be f ami l i a r  wi th  the  aerodrome layout  and the  s i g n s  
and s i g n a l s  used on the  aerodrome. 

2. A v e h i c l e  opera tor  shaZZ not: 

a )  pos i t i on  a v e h i c l e  so t h a t  i t  i n t e r f e r e s  wi th  the  
movement of a i r c r a f t  ; 

b) pass  c l o s e  behind an a i r c r a f t  wi th  i t s  engines 
running and its a n t i - c o l l i s i o n  l i g h t s  opera t ing ,  
o r  pos i t i on  a veh ic l e  i n  a  j e t  b l a s t  o r  p rope l l e r  
s l ips t ream;  

c )  opera te  a  v e h i c l e  so  t h a t  i t  crosses  a i r c r a f t  con t ro l  
s i g n a l s ,  s top  b a r s  o r  con t ro l  l i n e s  without ATS 
author iza t ion;  

d)  ope ra t e  a  v e h i c l e  i n  r eve r se  gear ,  expect a s  
requi red  f o r  a i r c r a f t  manoeuvring o r  s e rv i c ing ;  

e )  leave  a veh ic l e  unattended; and 

f )  opera t e  a  veh ic l e  during t h e  hours of darkness o r  
per iods  of r e s t r i c t e d  v i s i b i l i t y  un le s s  i t  is 
equipped with s u i t a b l e  l i g h t i n g  (see  C, 1 c )  below). 

C Requirements of veh ic l e s  and/or equipement 

1. Vehicles and equipment shall  be: 

a )  f i t t e d  with a  s u i t a b l e  veh ic l e  obs t ruc t ion  l i g h t  
v i s i b l e  through 360 degrees,  

b) equipped a s  per  Annex 14, and 

c )  f i t t e d  with a t  l e a s t  two f r o n t  l i g h t s  (white) and 
two r e a r  l i g h t s  ( red)  i f  operated during t h e  hours 
of darkness o r  during per iods  of r e s t r i c t e d  
v i s i b i l i t y .  

2. T r a i l e r  t r a i n s  must not  exceed t h e  length  s p e c i f i e d  by t h e  aerodrome a u t h o r i t y  
and they must have se rv i ceab le  overrun and parking brake systems. They must 
ca r ry  red r e f l e c t o r s  a t  t h e  r e a r  and along t h e  s i d e s  a s  appropr i a t e  i f  used 
i n  low v i s i b i l i t y  o r  a t  n igh t .  

5.2 RTF Procedures and Phraseology 

5.2.1 General 

5.2.1.1 The importance of  c o r r e c t  use  of language and phraseology and of 
adherence to  a s soc ia t ed  procedures cannot be  overemphasized. The s a f e t y  and e f f i c i e n c y  
of ground movement depends not  only  upon t h e  c l a r i t y  of understanding between t h e  
c o n t r o l l e r  and each of t h e  p i l o t s  o r  veh ic l e  opera tors  i n  contac t  wi th  him, but  a l s o  
upon t h e  i n t e l l i g e n t  co-operation from them. Such co-operation r equ i r e s  an understanding 
of t he  over-a l l  s i t u a t i o n  which, i n  whole o r  i n  p a r t ,  i s  gained by monitoring RTF 
transmissions.  
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5.2.1.2 Annex 10 and PANS-RAC conta in  t h e  recognized RTF procedures and 
phraseology. It was accepted from t h e  beginning t h a t  these  could not  be exhaust ive,  and 
t h a t  wi th  the  passage of time new procedures and phraseologies would need t o  be recognized 
The development of SMGC systems has  produced the  need f o r  a d d i t i o n a l  phraseology. 

5.2.2.1 RTF phraseology a s soc ia t ed  with su r f ace  movement guidance and con t ro l  
systems is  contained i n  the  PANS-RAC, P a r t  9. However, i t  may be necessary t o  develop 
a d d i t i o n a l  phraseology t o  meet s p e c i f i c  requirements  no t  p re sen t ly  covered i n  t h e  
PANS-RAC . 
5.3 T r a f f i c  Sequencing Procedures ( a i r c r a f t  i n  motion) 

5.3.1 Sequencing is t h e  arrangement of t a x i i n g  a i r c r a f t  i n t o  t h e  most 
ope ra t iona l ly  e f f e c t i v e  order .  For depa r tu re s  t h i s  means t h e  order  which o f f e r s  t he  
b e s t  depar ture  r a t e  and l e a s t  over-a l l  delay.  For a r r i v a l s  i t  e n t a i l s  arranging a 
sequence which is convenient f o r  apron e n t r y  and subsequent parking, and causes minimum 
d i s rup t ion  t o  depar tures .  

5.3.2 A t  many aerodromes t h e  broad s t r a t e g y  of depa r tu re  order  is con t ro l l ed  
by ga t e  holding procedures ( see  5.4) .  Sequencing of depar t ing  a i r c r a f t  i n  motion i s  a 
means of ad jus t ing  t o  l a t e  changes i n  t h e  o rde r .  Sequencing methods w i l l  vary  according 
t o  aerodrome layout ,  type and quan t i t y  of t r a f f i c  and weather cond i t ions ,  p a r t i c u l a r l y  
v i s i b i l i t y .  Sequencing methods include:  

a )  a l l o c a t i n g  t a x i  rou te s  of d i f f e r e n t  length,  

b) a l l o c a t i n g  p r i o r i t y  a t  i n t e r s e c t i o n s  (holding en rou te ) ,  

c )  by-passing a t  t h e  holding poin t ,  

d) e n t e r i n g  the  runway f o r  take-off from an in termedia te  
point ,  

e )  e n t e r i n g  t h e  runway t o  backtrack t o  take-of f  point,  

f )  de l ay ing  e x i t  from apron. 

5.3.3 A t  most aerodromes t h e  necessary i n t e r v a l  between landings  provides 
adequate spacing between a r r i v a l s  a t  t h e  apron. When t h e r e  is a requirement t o  cont ro l  
t h e  timing o r  t h e  order  of t r a f f i c  t a x i i n g  t o  t h e  apron t h e  methods employed w i l l  be 
a s  i n  5.3.2 a )  and b) . The a p p l i c a t i o n  of  a )  may be  by ATC d i r e c t i o n  a f t e r  leaving  
t h e  runway, o r  by suggest ing t h a t  an  a i r c r a f t  t ake  a p a r t i c u l a r  turn-off poin t .  

5.3.4 Apron c o n t r o l  may be c a r r i e d  ou t  by: 

a )  an  autonomous u n i t  (aerodrome a u t h o r i t y  o r  opera t ing  
company), 

b)  t h e  ATS, 

c )  t h e  ATS and t h e  autonomous u n i t ,  e .g. ,  v e h i c l e s  and 
apron management a r e  c a r r i e d  o u t  by t h e  aerodrome 
a u t h o r i t y  whereas RTF con tac t  and a i r c r a f t - t o - a i r c r a f t  
s epa ra t ion  a r e  c a r r i e d  o u t  by the  ATS. 

I n  the  f i r s t  case  t h e  des i r ed  order  of  en t rance  t o  t h e  apron and stand a l l o c a t i o n  may 
need t o  be ind ica t ed  t o  t he  ATS. I n  the  second, t h e  ATS i t s e l f  would r e t a i n  c o n t r o l  and 
maintain awareness of t h e  apron s i t u a t i o n .  The t h i r d  case  would c a l l  f o r  CO-ordinat ion 
between the  ATS and t h e  apron au tho r i ty .  
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5.4 Gate Holding Procedures 

5.4.1 When i t  is  known t h a t  a planned depar ture  w i l l  be sub jec t  t o  s i g n i f i c a n t  
delay due t o  f a c t o r s  such a s :  

a )  en-route o r  terminal  c learance  l i m i t a t i o n s ,  o r  

b) weather condi t ions  below p i l o t ' s  opera t ing  l i m i t s ,  

there  a r e  advantages i n  delaying engine s t a r t -up  and absorbing the  de lay  on t h e  apron. 
This technique saves f u e l  and engine running time, and reduces the  p robab i l i t y  of t h e  
r e s t r i c t e d  a i r c r a f t  blocking the  rou te  of o the r  a i r c r a f t  which a r e  not  sub jec t  t o  delay. 

5.4.2 A method of dea l ing  wi th  5.4.1 a )  is f o r  t h e  ATC s e r v i c e  t o  opera te  a 
' ' request engine s t a r t "  procedure wi th  in tending  depar tures ,  and t o  maintain a c lose  
l i a i s o n  with t h e  a ir  t r a f f i c  con t ro l  c e n t r e  on the  length  of de lay  app l i cab le  on t h e  
routes  served by t h e  aerodrome. On r e c e i p t  of t he  "request  engine s t a r t "  t ransmission 
the  c o n t r o l l e r  w i l l  consider  t he  requi red  depar ture  time i n  r e l a t i o n  t o  l i k e l y  t a x i i n g  
time and de lay  a t  t he  holding poin t ,  and i s s u e  an engine s ta r t -up  time ca l cu la t ed  t o  
absorb most of t h e  r e s idua l  time wi th  engines o f f .  For example, 

Request engine s t a r t  ........................... 10.10 

Designated take-off time ....................... 10.42 

Average t ax i ing  t i m e  t o  holding poin t  .......... 8 minutes 

Estimated t ax i ing  contingency .................. 6 minutes 

Time from "engine s t a r t "  t o  "ready t o  tax i"  .... 4 minutes 

I n s t r u c t i o n  given "S ta r t  engines a t  10.24". 

5 . 4 . 3  With 5.4.1 b)  , s i n c e  a p i l o t ' s  opera t ing  l i m i t s  a r e  normally not  known 
to  the  ATC se rv i ce ,  the  onus is  placed on t h e  p i l o t  t o  d e f e r  h i s  c a l l  f o r  engine s t a r t  
u n t i l  condi t ions  a r e  w i th tn  h i s  depar ture  l i m i t s  o r ,  poss ib ly ,  one increment below 
such l i m i t s .  I n  t h i s  way, a i r c r a f t  a r r i v e  a t  t h e  holding poin t  i n  the  order  of  t h e i r  
a b i l i t y  t o  depar t .  

5.5 Low-Visibility Procedures 

5.5.1 Under l ow-v i s ib i l i t y  condi t ions  s p e c i a l  procedures such a s  t h e  fol lowing 
a r e  needed t o  ensure s a f e t y  o f  movement. 

a )  No veh ic l e s  t o  be permit ted on t h e  manoeuvring a rea  
un le s s  i n  radiotelephone contac t  wi th  t h e  ATC se rv i ce .  

b) Runway access  and e x i t s  t o  be l imi t ed  t o  -those e s s e n t i a l  
f o r  a i r c r a f t  movement. 

c )  A l l  unguarded g a t e s  and/or  en t rances  t o  t he  movement a r e a  
t o  be kept  locked and t o  be inspected a t  frequent  i n t e r v a l s .  

d)  Procedures t o  ensure t h a t  a i r l i n e s  and o t h e r  organiza t ions  
with movement a r e a  access  t o  be warned of t h e  reduced 
v i s i b i l i t y  procedures. This  i s  of p a r t i c u l a r  importance 
i n  those cases  where companies exe rc i se  con t ro l  of t h e i r  
own movement a r ea  ga tes .  
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e )  Non-essential working p a r t i e s  and/or  v e h i c l e s  t o  be 
withdrawn from the  movement a r e a .  This  requirement  
presupposes t h a t  t h e  ATC s e r v i c e  main ta ins  a  s t r i c t  
r e g i s t e r  and c o n t r o l  of v e h i c l e  movement and l o c a t i o n  
a t  a l l  t imes so t h a t  t h e r e  can be  c e r t a i n i t y  of complete 
withdrawal when weather  d e t e r i o r a t e s .  

Notes: 

i. Particular a t t e n t i o n  shouZd be given t o  areas, such as  maintenance areas, where 
there may be in tens ive  vehic le  movement tha t  could inadvertently encroach upon 
the mnoeuvring area. 

2. Contingency procedures should include r e s t r i c t e d  v i s i b i l i t y  operations. 

5.5.2 I n  d e c l i n i n g  v i s i b i l i t y  t h e  ATC procedures  and t h e  aerodrome p r o t e c t i o n  
measures a s s o c i a t e d  w i th  low v i s i b i l i t i e s ,  such a s  v i s i b i l i t y  cond i t i on  4 ,  may need t o  
be  put i n t o  ope ra t i on  a t  h ighe r  limits than  t h e  l i s t e d  th reshold  of t h e  v i s i b i l i t y  
cond i t i on ,  i n  o rde r  t o  avoid t h e  fol lowing:  

a )  t h e  lower v i s i b i l i t y  be ing  experienced wh i l e  a i r c r a f t  
and v e h i c l e s  on t h e  manoeuvring a r e a  a r e  s t i l l  be ing  
opera ted  t o  t h e  procedura l  requirements  f o r  a  h ighe r  
v i s i b i l i t y ;  and 

b)  t h e  manoeuvring a r e a  be ing  inadequate ly  p r o t e c t e d  f o r  
t h e  l e n g t h  of t ime i t  t a k e s  t o  implement t h e  p r o t e c t i o n  
measures. 

I n  o rde r  t o  f a c i l i t a t e  t h i s ,  a  measurable " t r i g g e r  po in t"  f o r  i n i t i a t i o n  of low v i s i b i l i t y  
procedures  needs t o  be e s t a b l i s h e d ,  t oge the r  w i th  a  s i m i l a r  predetermined po in t  f o r  
t e rmina t ion  of t h e  procedures .  

5.5.3 I n  most c a se s  t h e  t r i g g e r  po in t  w i l l  need t o  be  r e l a t e d  t o  t h e  reaching  
of a  s p e c i f i e d  v i s i b i l i t y  i n  d e t e r i o r a t i n g  weather.  The s e l e c t i o n  of  a n  i n i t i a t i n g  
v i s i b i l i t y  w i l l  b e  governed by t h e  expected r a t e  of weather d e t e r i o r a t i o n  and t h e  time 
i t  t akes  t o  complete manoeuvring a r e a  p r o t e c t i o n  measures, t hus  t h e  l e a d  time can be 
determined only  by l o c a l  knowledge. Experience h a s  shown t h a t  i t  i s  b e t t e r  t o  go i n t o  
f u l l  p r o t e c t i o n  a t  an  e a r l y  s t a g e  i n  worsening weather ,  and have f o r  a  t ime  a n  over- 
p ro t ec t ed  system, than  i t  i s  t o  be  l a t e  i n  a p p l i c a t i o n  and be  l e f t  f o r  a  per iod  of t ime 
wi th  an  o p e r a t i o n a l l y  i n e f f e c t i v e  aerodrome. 

5.5.4 Terminat ion of low v i s i b i l i t y  procedures  w i l l  s i m i l a r l y  be governed by 
t he  reaching  of a  given v i s i b i l i t y ,  bu t  now i n  an  improving weather s i t u a t i o n .  A s  an 
example, one major aerodrome i n i t i a t e s  low v i s i b i l i t y  procedures  a t  600 m Runway Visua l  
Range (RVR) i n  reducing v i s i b i l i t y  and t e rmina t e s  them when 800 m RVR is  reached on a 
f i r m  t rend  o f  improvement. 

5.6 Appl ica t ion  of I n t e r s e c t i o n a l  and Longi tud ina l  Separa t ion  Measures 

5 .6 .1  General 

5.6.1.1 A s  t h e r e  i s  no technique of ATC app l i ed  s e p a r a t i o n  between t a x i i n g  
a i r c r a f t  which approaches t h e  e f f i c i e n c y  of t h a t  which can be app l i ed  by p i l o t s  i n  
good v i s i b i l i t y  i t  fo l lows  t h a t ,  a l lowing  f o r  ATC a c t i o n  on p r i o r i t i e s  and such o t h e r  
a s s i s t a n c e  and c o n t r o l  t h a t  c i rcumstances may d i c t a t e ,  t h e  i n t e r e s t s  of both ATC and 
p i l o t s  a r e  b e s t  s e r v e d  by l eav ing  r e s p o n s i b i l i t y  f o r  c o l l i s i o n  avoidance wi th  t h e  p i l o t  
while  cond i t i ons  a r e  such t h a t  he can s a f e l y  f u l f i l  t h e  func t i on .  A t  most major aerodromes 
t h i s  w i l l  be  f o r  more than  95 per  cen t  of t h e  time. 
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5.6.1.2 A s  is  recognized i n  the  v i s i b i l i t y  ca t egor i za t ions  i n  t h i s  C i r cu la r ,  
see-and-be-seen separa t ion  can continue a f t e r  t he  c o n t r o l l e r  has l o s t  s i g h t  of the  
manoeuvring a rea ,  and can continue f o r  in- l ine  following t r a f f i c  a t  lower v i s i b i l i t i e s  
than fo r  t r a f f i c  on jo in ing  o r  c ross ing  rou te s .  No one mode of su r f ace  movement con t ro l  
i s  appl icable  t o  a l l  weather condi t ions ,  and the  f a c t o r  which d i c t a t e s  the  choice should 
be taxiway v i s i b i l i t y ,  but  taxiways a r e  not  instrumented f o r  v i s i b i l i t y  measurement, and 
RVRs a r e  normally used a s  a  guide to  what i s  l i k e l y  to  be experienced en rou te  t o  and 
from the  runway. Over the  su r f ace  of an aerodrome the re  can be considerable v a r i a t i o n  
i n  v i s i b i l i t y  condi t ions .  Thus r e p o r t s  from p i l o t s  and l o c a l  knowledge of weather 
p e c u l i a r i t i e s  can be of va lue  in  supplementing t h e  RVR readings.  

5.6.1.3 The modes of con t ro l  inc lude  t h e  following: 

a )  see-and-be-seen wi th  "give-way" i n t e r s e c t i o n  con t ro l ;  
a c t i o n  from ATC as and when necessary;  

b) see-and-be-seen wi th  v i s u a l  ATC d i r e c t e d  p r i o r i t y  a t  
i n t e r s e c t i o n s ;  

c )  s t o p  bar  i n t e r s e c t i o n a l  con t ro l ,  see-and-be-seen 
elsewhere; 

d)  s top  bar  i n t e r s e c t i o n a l  con t ro l  and ATC a s s i s t a n c e  
i n  l ong i tud ina l  separa t ion .  

In  d e t e r i o r a t i n g  v i s i b i l i t y  ( see  5.5) p o s i t i v e  sepa ra t ion  measures may need t o  be taken 
i n  advance of t h e  spec i f i ed  v i s i b i l i t y  c r i t e r i a  i n  order  t o  ensure t h a t  a i r c r a f t  a r e  not  
l e f t  a t  v i s u a l  spacing s tandards  i n  v i s i b i l i t y  condi t ions  below t h a t  a t  which see-and-be- 
seen can s a f e l y  be maintained. 

5.6.2 Separat ion a t  I n t e r s e c t i o n s  

5.6.2.1 "Give-way" i n t e r s e c t i o n  con t ro l  and "v isua l  ATC d i r e c t e d  p r i o r i t y "  a r e  
commonly used methods which do not  neces sa r i l y  demand markings o r  l i g h t s  a t  t he  i n t e r -  
sec t ions .  Control of t r a f f i c  a t  i n t e r s e c t i o n s  i n  t h e  condi t ions  pos tu la ted  by v i s i b i l i t y  
condi t ion  3 o r  lower demands t h a t :  

a )  su r f ace  t r a f f i c  is a b l e  t o  recognize t h e  i n t e r s e c t i o n  
and s top ,  when s igna l l ed  t o  do so, al lowing adequate 
c learance  f o r  c ross ing  movement, 

b) ATC is a b l e  t o  maintain a sequen t i a l  record of t r a f f i c  
movement, and c l e a r  o r  hold a i r c r a f t  and veh ic l e s  t o  
maintain t h e  maximum expedi t ion  cons i s t en t  with sa fe ty .  

5.6.2.2 It fol lows t h a t  markings and/or l i g h t s  must p ro t ec t  each approach t o  
an i n t e r s e c t i o n  used i n  these  condi t ions ,  and t h a t :  

a )  p i l o t s  and d r i v e r s  must ob ta in  cross ing  c learance  a t  
every i n t e r s e c t i o n ,  o r  

b) t he  system, under t h e  con t ro l  of ATC, must i n d i c a t e  
without ambiguity which movement i s  t o  hold and which 
t o  c ross .  

The r e s t r i c t i o n  and ATC workload per  movement implied by a )  conf ines  the  method t o  
aerodromes wi th  l i g h t  t r a f f i c  and/or few i n t e r s e c t i o n s .  I f  medium o r  heavy demand is  
to  be ca tered  f o r  a t  aerodrome of l ayou t s  b o r  c. More complex con t ro l  such a s  
con t ro l l ed  cen t r e  l i n e  l i g h t i n g  l inked t o  s top  ba r s  w i l l  be needed. When a route  i s  set-up 
on such a system, c ross ing  rou te s  a r e  au tomat ica l ly  bar red;  t h i s  is  of g rea t  va lue  where 
the re  a r e  complex junct ions .  
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5.6.3 Longi tud ina l  Separa t ion  (Evalua t ion  by t h e  United Kingdom) 

5.6.3.1 The minimum s a f e  s e p a r a t i o n  l i m i t  between fo l lowing  a i r c r a f t  is a  
func t i on  of t h e i r  d i f f e r e n t i a l  speeds,  w i th  t he  worst  case  being t h a t  of a  fol lowing 
a i r c r a f t  c l o s i n g  on a  s t a t i o n a r y  one. Research c a r r i e d  ou t  by t h e  United Kingdom* i n t o  
low v i s i b i l i t y  movement on aerodromes i n d i c a t e s  t h a t  f o r  an a i r c r a f t  moving a t  10 t o  
15 kno t s  a  v i s i b i l i t y  equa t ing  t o  150 met res  RVR is the  lowest  a t  which i t  i s  reasonable  
t o  expect  a  p i l o t  t o  be a b l e  t o  s ee  a  s t a t i o n a r y  a i r c r a f t  ahead of him, and t o  brake  t o  
a s t o p  wi th  reasonable  s e p a r a t i o n  from t h a t  a i r c r a f t .  This  a l l ows  f o r  t h e  presen t  
b r igh tnes s  of a i r c r a f t  t a i l  l i g h t s ,  t h e  f a c t  t h a t  t h e  p o s i t i o n  of t he  l i g h t  may n o t  be  
known t o  t he  fo l lowing  p i l o t ,  and t h a t  h i s  eyes  a r e  l i k e l y  t o  b e  focused near  t h e  
taxiway c e n t r e  l i n e  ( s e e  Figure 5-1). 

5.6.3.2 I n  t h e  absence of non-visual t a x i  guidance,  t h e  lower l i m i t  of s u r f a c e  
ope ra t i on  must be t h e  v i s i b i l i t y  below which t h e  p i l o t  is  unable t o  t a x i  on v i s u a l  
r e f e r ence .  C lea r ly ,  t h i s  w i l l  depend upon a  number of f a c t o r s  inc lud ing  s u r f a c e  markings, 
type  and spacing of taxiway l i g h t s  and lamp technology gene ra l l y .  Some a i r c r a f t  f l i g h t  
decks o f f e r  a  b e t t e r  ang l e  of v i s i o n  f o r  t a x i i n g  than  o t h e r s  and a  p i l o t  who is  f a m i l i a r  
wi th  an  aerodrome layout  i s  l i k e l y  t o  be  capable  of t a x i i n g  t h e r e  a t  lower v i s i b i l i t i e s  
than one who is n o t  a  r e g u l a r  user .  I n  t h e  United Kingdom t h e  c e n t r e  l i n e  and s t o p  b a r  
system has  been used by a i r  t r a n s p o r t  a i r c r a f t  down t o  75 metres  RVR equ iva l en t ,  bu t  
cons ider ing  t h a t  a t  l e a s t  t h r e e  lamps need t o  be  seen  t o  d e f i n e  a  pa th ,  and t h a t  s t o p  
b a r s  need t o  be recognized i n  t ime t o  b r i n g  t h e  a i r c r a f t  t o  a  h a l t  be fo re  c ro s s ing  them, 
t he  p r a c t i c a l i t i e s  would imply t h a t  t h i s  is  nea r  t h e  lower l i m i t  of v i s u a l  guidance. 

5.6.3.3 Allowing f o r  t h e  i n t r o d u c t i o n  of l o n g i t u d i n a l  s epa ra t i on  measures i n  
advance of t h e  a c t u a l  need ( s ee  5.5.1),  and some degree of spread  about  t h e  limits of 
ope ra t i on ,  then  a p p l i c a t i o n  of l o n g i t u d i n a l  s epa ra t i on  may need t o  t a k e  p l ace  i n  v i s i -  
b i l i t y  o f ,  f o r  i n s t ance ,  l e s s  than  300 metres .  Aerodrome a u t h o r i t i e s  w i l l  need t o  
cons ider  t h e  occur rence  and p e r s i s t e n c e  of  v i s i b i l i t i e s  i n  t h i s  lower range,  t h e  l i k e l y  
t r a f f i c  demand i n  t h e s e  cond i t i ons ,  and t h e  c o s t  of p rov i s ion  f o r  such movement a s  a g a i n s t  
t h e  b e n e f i t s  ob ta ined .  

5.6.3.4 The va lue  and l i m i t a t i o n s  of ASDE f o r  t h e  purpose of l o n g i t u d i n a l  
s epa ra t i on  is  d i s cus sed  i n  4.6.2 and Chapter 8. Cost and complexity v i r t u a l l y  r u l e  ou t  
l i n e a r  o r  small  a r e a  s u r v e i l l a n c e  systems f o r  a  complete aerodrome (al though the se  may 
f i n d  a p p l i c a t i o n - t o  l i m i t e d  a r e a s  having s p e c i a l  problems, e .g . ,  a  taxiway shaded from 
the  c o n t r o l  tower by a  b u i l d i n g ) ,  t h u s  i f  t h e  demand t o  be c a t e r e d  f o r  is i n  excess  of 
t h e  l i m i t e d  c o n t r o l  c a p a c i t y  of ASDE, then  v i s u a l  c o n t r o l  p rov i s ion  is  requi red .  A 
p r a c t i c a b l e  system of  v i s u a l  guidance and c o n t r o l  o f f e r e d  by c u r r e n t  technology is  t h e  
switched taxiway c e n t r e  l i n e  l i g h t  system wi th  i n t e g r a t e d  s t o p  b a r s .  

5.6.3.5 A s  d i s cus sed  i n  4.6.1.4 t h e  c a p a c i t y  of a  s t o p  ba r  def ined  block c o n t r o l  
system is  r e l a t e d  t o  t h e  number of b locks  i n t o  which a  given r o u t e  can be d iv ided ,  bu t  
t h e  exper ience  of t h e  United Kingdom sugges t s  t h a t  t h e  ATC workload involved i n  
swi tch ing  l i g h t s ,  RTF communication and problems of main ta in ing  i d e n t i f y  a l s o  can a c t  
a s  a  c o n s t r a i n t  on t h e  amount of t r a f f i c  which can s a f e l y  be  con t ro l l ed .  The a b i l i t y  
of a  p i l o t  t o  i d e n t i f y  h i s  p o s i t i o n  by r e f e r e n c e  t o  i l l umina t ed  l o c a t i o n  boards is a 
he lp ,  and ASDE is e s s e n t i a l  t o  t h e  achievement of  maximum f e a s i b l e  capac i t y ,  bu t  un l e s s  
maintained i d e n t i f i c a t i o n  and automated b lock  c o n t r o l  is  a l s o  provided,  t h e  capac i t y  of 
a  b lock  c o n t r o l  system cannot  be  expected t o  approach t h a t  of normal good v i s i b i l i t y  
ope ra t i ons  ( s ee  Chapter 8) .  S t u d i e s  i n t o  t h e  p rov i s ion  of p o s i t i o n  and i d e n t i t y  i n fo r -  
mation have been c a r r i e d  ou t  i n  s e v e r a l  S t a t e s ,  bu t  f i n a n c i a l  cons ide ra t i ons  and complexity 
have so  f a r  discouraged developments. 

* Report i n  Royal A i r c m f t  Establishment TechnicaZ Reports 72225 and 73028. 
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Reseatrh by the United Kingdom into problems associated with the surface movement 
of aircraft in low visibility resulted, inter alia, in this graph which represents the lowst  
visibility (as RVR) versus speed in which a pilot can be expected to see the tail, or tail 
light, of a preceding stationary aimaft, and be able to stop at 0. lg, to avoid collision, 
with up to one second recognition/reaction time. 

Figure 5-1. Rela t ionsh ip  Between Safe  Taxiing Speed and V i s i b i l i t y  (RVR) 

(From Royal Aircraft  EstQbZishment Technical Report 73028)  
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5.6.3.6 The long i tud ina l  s epa ra t ion  provided by ATC w i l l  need t o  be r e l a t e d  t o  
t he  con t ro l  f a c i l i t i e s  provided and, t he re fo re ,  w i l l  be s p e c i f i c  t o  each aerodrome. The 
sepa ra t ion  provided by ATC must be such a s  t o  ensure t h a t :  

a )  a  following a i r c r a f t  does not  c o n f l i c t  with i t s  leading  
a i r c r a f t ,  

b) a  fol lowing a i r c r a f t  does not a f f e c t  t h e  manoeuvring 
requirements  of i t s  leading  a i r c r a f t ,  

c )  a  following a i r c r a f t  i s  not  a f f e c t e d  by t h e  
manoeuvring o r  power a p p l i c a t i o n s  of i t s  leading  
a i r c r a f t  . 

5.6.3.7 Where an aerodrome i s  equipped wi th  c o n t r o l l a b l e  taxiway c e n t r e  l i n e  
l i g h t s  and i n t e g r a t e d  s t o p  b a r s ,  a s  recommended i n  Annex 14, s epa ra t ion  can be achieved 
by providing t a x i i n g  a i r c r a f t  with a  continuous c e n t r e  l i n e  of l i g h t s  t o  i t s  c learance  
l i m i t  which should be def ined  by a  red s t o p  bar .  The c learance  l i m i t ,  i n  every in s t ance ,  
w i l l  be based upon the  known pos i t i on  of t h e  previously c leared  a i r c r a f t  and w i l l  comply 
with t h e  requirements of 5.6.3.6 a ) ,  b) and c )  . A "known pos i t ion"  may' be a  p o s i t i v e  
loca t ion  i d e n t i f i c a t i o n  by a  p i l o t ,  a  r ada r  derived pos i t i on  check o r ,  preferably ,  an 
a i r c r a f t  pos i t i on  r e p o r t  confirmed by r ada r .  Onward c learance  must be sequen t i a l ,  and 
c o n s i s t  of  RTF c l ea rance  t o  t h e  next  (defined) po in t ,  confirmed by t h e  suppression of 
t he  s t o p  ba r  and i l l umina t ion  of  c e n t r e  l i n e  l i g h t s  t o  the  next  s top  bar .  The system 
demands a  s epa ra t ion  minimum of one block between a i r c r a f t  o r  v e h i c l e s  under con t ro l .  

5.7 Emergency Procedures 

5.7.1 Aerodromes w i l l  have e s t ab l i shed  aerodrome emergency pxans i n  which ATC 
w i l l  be involved. An aerodrome emergency p lan  is  intended t o  ensure proper and immediate 
co-ordination of aerodrome s e r v i c e s  wi th  o t h e r  app ropr i a t e  agencies  t h a t  could be of 
a s s i s t a n c e  i n  responding t o  emergencies occurr ing  on o r  i n  t h e  v i c i n i t y  of an aerodrome. 
Emergency s i t u a t i o n s  envisaged include:  

a )  a i r c r a f t  emergencies, 

b) a c t s  of  unlawful i n t e r f e r e n c e  wi th  c i v i l  a v i a t i o n ,  

c )  occurrences involving dangerous goods, 

d)  s t r u c t u r a l  bui ld ing  f i r e s .  

ATC would of n e c e s s i t y  need t o  be involved i n  t h e i r  capaci ty  a s  c o n t r o l l e r s  of su r f ace  
movement, i n  any such plan,  together  wi th  many o t h e r  departments, s e r v i c e s  and agencies.  

5.7.2 I n  the  event of an emergency s i t u a t i o n  on the  movement a r e a  occurring 
i n  good v i s i b i l i t y  cond i t ions  i t  may be assumed t h a t  t he  ATC ground movement c o n t r o l l e r  
w i l l  e i t h e r  observe t h e  inc iden t ,  o r  be among t h e  f i r s t  t o  know of i t ,  and t h a t  he w i l l  
i n i t i a t e  emergency ac t ion .  I f  an a i r c r a f t  is involved the  ATC s e r v i c e  w i l l  supply the  
rescue and f i r e - f i g h t i n g  s e r v i c e s  wi th  t h e  loca t ion  and type,  t ake  a c t i o n  t o  safeguard 
o the r  t r a f f i c  on t h e  movement a r e a ,  r e s t r i c t  f u r t h e r  en t ry  i n t o  t h e  a rea  and maintain 
contac t  with t h e  emergency command post .  

5 .7 .3  I f  an emergency occurs on the  movement a r ea  i n  poor v i s i b i l i t y  and a t  
v i s i b i l i t i e s  below t h e  l i m i t  of ATC v i s u a l  su rve i l l ance ,  the  p a t t e r n  of events  i s  
l i k e l y  t o  be : '  

a )  r e a l i z a t i o n  t h a t  an inc iden t  has  occurred, 

b)  "freezing" of t r a f f i c  on the  movement a rea ,  



3 2 ICAO C i rcu la r  148-A~f97 

c)  i n i t i a t i o n  of emergency ac t ion ,  

d) discovery of t h e  loca t ion  of t h e  inc ident  o r  acc ident ,  

e) safeguarding of t r a f f i c  on t h e  movement a rea ,  

f )  r e s t r i c t i o n  of e n t r y  of o the r  t r a f f i c ,  

g) a s s i s t a n c e  t o  rescue and f i r e - f igh t ing  vehic les ,  

h)  l i a i s o n  with emergency command post .  

5.7.4 The recogni t ion  by t h e  ATC se rv i ce  of an emergency s i t u a t i o n  may 
r e s u l t  from: 

a )  RTF message from a i r c r a f t  involved, 

b) RTF message from o t h e r  a i r c r a f t ,  

c )  information from veh ic l e s ,  s e c u r i t y  guards o r  
o the r  persons, 

d) v i s u a l  i nd ica t ions  (e.g. , a glow through t h e  fog),  

e )  a u r a l  i nd ica t ions ,  

f )  f a i l u r e  of a i r c r a f t  t o  respond t o  RTF t ransmissions,  

g) aerodrome su r face  su rve i l l ance  r ada r  i nd ica t ions .  

With the  exception of f ) ,  determination of l o c a t i o n  may be determined by any one, o r  a  
combination o f ,  t h e  means l i s t e d  i n  a )  t o  g) .  

5.7.5 ATC a c t i o n  following recogni t ion  of an inc ident  o r  acc ident  and de ter -  
mination of t h e  loca t ion  w i l l  depend upon t h e  na tu re  and s e v e r i t y  of t h e  occurrence. 
Respons ib i l i t i e s  may include:  

a )  switching of taxiway l i g h t s  t o  provide guidance f o r  
emergency vehic les ,  

b) u s e  of su r f ace  su rve i l l ance  radar  t o  a s s i s t  emergency 
vehic les ,  

c )  t h e  re-routing of o the r  t r a f f i c  c l e a r  of t h e  occurrence 
area ,  

d) re-arrangement of rou te  system t o  permit cont inuat ion  of 
aerodrome operat ions,  

e )  assessment, and ind ica t ion  t o  those  concerned, of t h e  
sur face  movement capaci ty  i n  t h e  new condi t ions ,  

f )  f a c i l i t a t i o n  of t r a f f i c  movement concerned with t h e  
removal of damaged a i r c r a f t  o r  veh ic l e s ,  

g) arrangement f o r  t he  inspect ion  of t h e  occurrence a rea  
and assessment of damage t o  aerodrome su r face ,  l i g h t s  
and o ther  f a c i l i t i e s .  
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C H A P T E R  6 - M A I N T E N A N C E  OF SMGC S Y S T E M S  

6 .1  Routine In spec t i on  

6 .1 .1  The va r ious  components of t h e  SMGC system comprising r o u t e  guidance a r e  
l i s t e d  i n  4.4.1. A l l  t h e s e  components w i l l  r e q u i r e  r o u t i n e  i n s p e c t i o n ,  c l ean ing ,  
s e r v i c i n g  and maintenance i n  common w i t h  o t h e r  e lements  of t h e  a v i a t i o n  ground l i g h t i n g .  
Guidance on t h e  prevent ive  maintenance of i l l umina t ed  v i s u a l  a i d s  i s  conta ined  i n  
Annex 14,  Chapter 9 ,  and i n  t h e  Aerodrome Design Manual, (Doc 9157-AN/901), P a r t  4 - 
Visual Aids, Chapter 1. 

6.1.2 The i n t e g r i t y  and r e l i a b i l i t y  of t h e  SMGC system should match t h e  o t h e r  
v i s u a l  and non-visual nav iga t i ona l  a i d s .  Routine r e -  pa in t i ng  programmes w i l l  s u f f i c e  
t o  ensure  t h a t  t hose  components of t h e  system comprising runway and taxiway markings, 
t a x i  ho ld ing  p o s i t i o n  markings and s i g n s  a r e  adequate  f o r  t h e  c o n d i t i o n s  of v i s i b i l i t y  
f o r  which they a r e  in tended .  The i n t e g r i t y  of t h e  SMGC l i g h t i n g  components w i l l  depend 
upon t h e  des ign  of both t h e  i n t e r n a l  aerodrome c i r c u i t s  and t h e  e x t e r n a l  power supply. 

The r e l i a b i l i t y  of t h e  system w i l l  depend upon t h e  degree of i n s p e c t i o n  c a r r i e d  ou t  and 
t h e  programme of p r even t ive  maintenance employed. The a c c e p t a b i l i t y  of unserv iceable  
elements  w i th in  t h e  v i s u a l  guidance c o n t r o l  system w i l l  depend upon t h e  spacing of t h e  
taxiway c e n t r e  l i n e  and s t o p  ba r  l i g h t s ,  and t h e  v i s i b i l i t y  limits w i t h i n  which t h e  
system is  designed t o  provide  guidance. 

S p e c i a l  Checks 

Where v i s u a l  a i d s  a r e  provided f o r  ope ra t i ons  below v i s i b i l i t y  
cond i t i on  2 ,  s p e c i a l  i n s p e c t i o n s  should be c a r r i e d  o u t  whenever p o s s i b l e  be fo re  t h e  
low v i s i b i l i t y  o p e r a t i o n s  a r e  i n i t i a t e d .  These i n s p e c t i o n s  should ensure t h a t  s e rv i ce -  
a b i l i t y  is  s u f f i c i e n t  t o  provide  cont inuous guidance and t h a t  no two consecut ive  taxiway 
c e n t r e  l i n e  l i g h t s  o r  more than  one s t o p  b a r  lamp on each s i d e  of t h e  taxiway c e n t r e  
l i n e  have f a i l e d .  

Dai ly  Checks 

In spec t i ons  w i th in  t h e  movement a r e a  should be c a r r i e d  ou t  a s  f r equen t ly  
a s  pos s ib l e  and wi th  a minimum frequency a s  fol lows:  

Runways - d a i l y  a t  f i r s t  l i g h t  and a t  dusk i f  n i g h t  f l y i n g  
is  t o  t a k e  p l a c e  

Taxiways - d a i l y  f o r  t hose  i n  normal r e g u l a r  use  

Aprons - d a i l y  a t  f i r s t  l i g h t .  

Checks should i nc lude  i n s p e c t i o n  of t h e  fol lowing a i d s :  

a )  S igns  ( rou t e )  

b) Runway c e n t r e  l i n e  marking 

c )  Taxiway c e n t r e  l i n e  marking 

d) Holding p o s i t i o n  marking 

e )  Runway edge l i g h t s  

f )  Runway c e n t r e  l i n e  l i g h t s  
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g)  Taxiway edge l i g h t s  

h )  Taxiway c e n t r e  l i n e  l i g h t s  

i )  Runway p ro t ec t i on  l i g h t s  

j )  Clearance b a r s  

k) Stop b a r s  

1 )  CAT 111111 holding s i g n s  

m) Information s i g n s  (Annex 14,  Chapter 5) 

n )  Obs t ruc t ion  l i g h t s  w i th in  t h e  manoeuvring a r e a .  

At ten t ion  should p a r t i c u l a r l y  be  d i r e c t e d  t o  s e r v i c e a b i l i t y  of mandatory and information 
s igns ,  consp i cu i t y  of taxiway markings, s tand  i d e n t i f i c a t i o n  numbers and parking guidance 
markings. 

Weekly Checks 

Weekly checks should be c a r r i e d  o u t  on t h e  fol lowing:  

a )  SMGC r o u t e  c o n t r o l  equipment 

b)  Docking guidance systems 

c )  Vehicle  a n t i - c o l l i s i o n  l i g h t s  

d )  SMGC monitor system. 

6.1.6 General 

6.1.6.1 Longer term p e r i o d i c a l  checks should be c a r r i e d  ou t  i n  accordance wi th  
t he  guidance provided i n  t h e  Aerodrome Design Manual, (Doc 9157-A~/901), P a r t  4 - Visual 
Aids. 

6.1.6.2 Where h igh  i n t e n s i t y  taxiway c e n t r e  l i n e  and s t o p  ba r  l i g h t i n g  is 
provided f o r  ope ra t i ons  below v i s i b i l i t y  cond i t i on  2, p a r t i c u l a r  a t t e n t i o n  shou1.d be paid 
t o  c l e a n l i n e s s  of taxiway c e n t r e  l i n e  and s t o p  ba r  l i g h t s ,  and i n  t h e  consp i cu i t y  of 
taxiway c e n t r e  l i n e  and apron guidancemarkings .  

6.1.7 In spec t i ons  Af t e r  Unse rv i ceab i l i t y  

Spec i a l  i n spec t i ons  should be c a r r i e d  ou t  a f t e r  major maintenance o r  
snow c l ea r ance  ope ra t i ons  and be fo re  t h e  s e c t i o n  of a f f e c t e d  taxiway i s  r e tu rned  t o  
ope ra t i ona l  use. 

6.2 Routine Maintenance 

6.2.1 The ex t en t  t o  which r o u t i n e  maintenance can be combined wi th  r o u t i n e  
inspec t ion  w i l l  depend upon l o c a l  arrangements.  Where personnel  c a r ry ing  out  r o u t i n e  
inspec t ion  and l i g h t  c lean ing  a r e  s k i l l e d  e l e c t r i c i a n s ,  maintenance a s  necessary  should 
be included i n  t h e  d a i l y  checks. I f  t he  i n spec t i ons  a r e  c a r r i e d  out  by o p e r a t i o n a l  
s t a f f  who a r e  no t  q u a l i f i e d  i n  maintenance, c l o s e  l i a i s o n  w i l l  be necessary  w i th  t h e  
app rop r i a t e  aerodrome maintenance personnel  t o  ensure  t h a t  follow-up a c t i o n  i s  taken 
a s  necessary.  
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6.2.2 Daily maintenance a t  busy aerodromes with high sus t a ined  movement r a t e s  
is  d i f f i c u l t  t o  a r r ange  and work wi th in  t h e  movement a r ea  may have t o  be c a r r i e d  out  
a t  n i g h t .  Work schedules should be prepared f o r  replacement of burn t  ou t  lamps o r  
r e c t i f i c a t i o n  of c i r c u i t  f a u l t s ,  a s  revea led  by t h e  d a i l y  checks. A t  aerodromes wi th  a  
l a r g e  and complex taxiway system, i t  may be necessary  t o  have more than one maintenance 
team ope ra t ing  on f a u l t  r e c t i f i c a t i o n  wi th in  t h e  movement a r ea  dur ing  per iods  when t h e  
t r a f f i c  p a t t e r n  is  low. 

6.3 Spec ia l  Fau l t  R e c t i f i c a t i o n  

6.3.1 I n  a d d i t i o n  t o  t h e  r o u t i n e  maintenance, i t  w i l l  b e  necessary  a t  busy 
and complex aerodromes t o  have personnel  a v a i l a b l e  f o r  s p e c i a l  f a u l t  r e c t i f i c a t i o n  when 
f a i l u r e s  occur which a f f e c t  t h e  a b i l i t y  of t h e  system t o  meet t h e  ope ra t iona l  requirement. 
This  w i l l  be e s s e n t i a l  where a  c e n t r a l i z e d  c o n t r o l  system has  been provided and ope ra t ions  
a r e  being c a r r i e d  ou t  i n  r e s t r i c t e d  v i s i b i l i t i e s .  

6.3.2 Spec ia l  f a u l t  r e c t i f i c a t i o n  w i l l  b e  necessary where consecutive lamp 
f a i l u r e s  have occurred wi th in  t h e  taxiway c e n t r e  l i n e  l i g h t s  o r  s t o p  b a r s ,  where runway 
p ro t ec t ion  l i g h t s  have f a i l e d  o r  where lamp f a i l u r e  has  occurred a f f e c t i n g  mandatory 
s igns .  

6 .3.3 When ope ra t ions  a r e  occurr ing  i n  r e s t r i c t e d  v i s i b i l i t y  cond i t i ons  and 
f a u l t s  occur ,  i t  w i l l  be necessary  t o  cons ider  whether t h e  system can cont inue  t o  g ive  
s a f e  guidance and c o n t r o l  without  immediate f a u l t  r e c t i f i c a t i o n ,  o r  whether ope ra t ions  
have t o  be r e s t r i c t e d  while  t h e  f a u l t  is r e c t i f i e d .  Aerodrome ope ra to r s  w i l l  t ake  
account of t h e  need t o  ensure t h a t  when low v i s i b i l i t y  ope ra t ions  a r e  being conducted, 
on ly  i n  t h e  most excep t iona l  circumstances should ground v e h i c l e s  be permit ted t o  e n t e r  
t h e  manoeuvring a r e a  f o r  t h i s  purpose, and when they  do so ,  s a f e  s epa ra t ion  between 
v e h i c l e s  and a i r c r a f t  must be  ensured. 

6.3.4 Where SMGC systems u t i l i z i n g  block sepa ra t ion  have been provided, t h e  
equipment maintenance w i l l  depend upon t h e  c o n t r o l  computer system i n  use. A t y p i c a l  
e x i s t i n g  system employs a  dua l  c o n t r o l  computer providing a  f u l l y  updated standby 
which is a v a i l a b l e  t o  t ake  over from t h e  main equipment i n  t h e  event  of f a i l u r e  and 
is a b l e  t o  communicate wi th  one of s e v e r a l  a s soc i a t ed  c o n t r o l  l i n e  s i g n a l l i n g  u n i t s .  
The taxiways and runways a r e  d iv ided  i n t o  t r a f f i c  blocks,  each provided wi th  green 
c e n t r e  l i n e  l i g h t i n g  and te rmina t ing  i n  a  t r a f f i c  bar .  A l l  taxiway l i g h t s  a r e  remotely 
con t ro l l ed  by a  system providing ove r r ide  safeguards  t o  ensure t h a t  c o n f l i c t i n g  rou te s  
a r e  recognized a s  i n v a l i d .  For example, an ove r r ide  i s  provided s o  t h a t  a  taxiway rou te  
could no t  be s e t  up a c r o s s  a  runway without  being accepted by t h e  ATC aerodrome c o n t r o l l e r .  
I n  order  t o  provide adequate c o n t r o l  and t o  ensure  s a f e t y  is  maintained i n  a  h igh  t r a f f i c  
d e n s i t y  environment, adequate on-cal l  maintenance has  t o  be  provided t o  ensure t h a t  
r e c t i f i c a t i o n  of f a u l t s  i s  c a r r i e d  o u t  by a  f i r s t  l i n e  s e rv i c ing  team on a 24-hour b a s i s .  

6.3.5 Computer system f a u l t s  r e q u i r e  a t t e n t i o n  by s p e c i a l i s t  s t a f f .  Since 
t h e  system is dup l i ca t ed ,  normally f u l l  t e s t s  can b e  de fe r r ed  t o  pe r iods  of l i g h t  t r a f f i c  
movement, cau t ion  being necessary  t o  avoid s e l e c t i o n  of r o u t e s  without  agreement of t h e  
l i g h t i n g  c o n t r o l  ope ra to r .  F a u l t s  can be t r aced  through t h e  r o u t e  s e l e c t i o n  r e l a y s  and 
cab le  te rmina t ions  t o  f i e l d  c i r c u i t s .  F i r s t  l i n e  s e rv i c ing  of c o n t r o l  equipment by 
p r in t ed  c i r c u i t  b ~ a r d  exchange can be diagnosed and r epa i r ed  a s  necessary.  Maintenance 
personnel  should be  a v a i l a b l e  t o  c l e a r  system f a u l t s  and i n t e r m i t t e n t  problems of a  
random na tu re  a s  they  occur. 

6.3.6 A t y p i c a l  s t a f f  requirement f o r  SMGC equipment maintenance has  been 
found t o  be an in spec to r ,  an  engineer ,  a  t e chn ic i an  and a s p e c i a l  tradesman (craf tsman).  
Computer system8 maintenance is c a r r i e d  out  by c o n t r a c t  wi th  a  s p e c i a l i s t  computer 
maintenance o rgan iza t ion .  
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CkIAPTER 7 - R E V I E W  OF SYSTEM A N D  IMPROVEMENT 

7.1 Regular reviews of t h e  SMGC system should be c a r r i e d  out  t o  ensure t h a t  
the  system is f u l f i l l i n g  i t s  intended t a s k ,  and t o  a s s i s t  the  aerodrome a u t h o r i t y  i n  
planning ahead f o r  the  o rde r ly  in t roduct ion  of a more advanced system and the  necessary 
support ing f a c i l i t i e s ,  a s  and when warranted. Idea l ly ,  a master plan w i l l  have been 
prepared f o r  the  aerodrome i n  t h e  e a r l y  s tages  of i t s  development, i n  which case  a review 
of t he  system a t  r egu la r  i n t e r v a l s  w i l l  se rve  t o  monitor the  development of t he  aerodrome 
i n  r e l a t i o n  t o  t he  time frame employed i n  the  master plan.  

7.2 I n  a l l  ca ses ,  t he  SMGC system w i l l  need t o  be reviewed under one o r  
more of t h e  following circumstances: 

a )  t he  volume of t r a f f i c  i nc reases  s i g n i f i c a n t l y ,  

b) t h e  category of opera t ions  served by one o r  more 
runways is improved, 

c )  the  aerodrome layout  is  changed, i . e . ,  new runways, 
taxiways, o r  aprons a r e  brought i n t o  opera t ion .  

It is  a l s o  conceivable t h a t  ATS r e s t r u c t u r i n g  of t h e  a i r space  surrounding t h e  aerodrome, 
o r  o the r  ex t e rna l  circumstances, may a f f e c t  t he  flow of t r a f f i c  t o  and from t h e  aerodrome, 
and consequently the  p a t t e r n  of movements on the  runways, thereby inf luencing  t h e  SMGC 
system requirements. 

7 . 3  Apart from t r a f f i c  movement counts ,  t h e  ex tent  t o  which increased 
t r a f f i c  volume is causing d e t e r i o r a t i o n  of t h e  e f f ec t iveness  of t he  SMGC system may be 
determined by t h e  appearance of t he  following symptoms: 

a )  a marked need f o r  increased v i g i l a n c e  i n  t he  v i s u a l  
su rve i l l ance  of su r f ace  t r a f f i c  movements, generated 
by t h e  number of movements occurring simultaneously 
throughout t h e  aerodrome complex, 

b)  a marked increase  i n  t h e  loading on t h e  communications 
channels used f o r  SMGC, 

c )  an  increase  i n  t h e  number of problems occurring a t  
c ross ing  po in t s  and runway/taxiway i n t e r s e c t i o n s ,  
requi r ing  in t e rven t ion  by t h e  c o n t r o l l e r  and thereby 
con t r ibu t ing  t o  t h e  increase  i n  r ad io  communications, 

d)  t h e  occurrence of bot t lenecks ,  congest ion,  and de lays  
i n  su r f ace  t r a f f i c  movements. 

7.4 Recognizing t h a t  over-control  of su r f ace  movement t r a f f i c  tends t o  
r e t a rd  t h e  t r a f f i c  flow, t h e  aim should be t o  ensure a s  f a r  a s  poss ib l e  t h a t  a i r c r a f t  
re leased  from t h e  apron t o  the  runway f o r  take-off ,  o r  d i r ec t ed  from the  a c t i v e  runway 
t o  the  apron a f t e r  landing,  a r e  provided with adequate r o u t e  guidance, and t h a t  t he  
rou te  i t s e l f  is  protected up t o  the  c learance  l i m i t  given t o  the  a i r c r a f t  concerned. 
SMGC systems based on t h i s  concept w i l l  have the  following advantages: 

a )  The loading on conrmunications channels  w i l l  be s i g n i f i -  
c a n t l y  reduced, and w i l l  be l imi t ed  almost e n t i r e l y  t o  
t he  t ransmission of b r i e f  t a x i  c learances .  
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b) Visual survei l lance  requirements of the movement area 
w i l l  be eased, and confined mainly t o  the monitoring 
of t r a f f i c  a t  s i g n i f i c a n t  crossing points  which would 
a l s o  be clearance limits. 

c )  P i l o t  confidence i n  such a system would f u r t h e r  
f a c i l i t a t e  the  control  task  by encouraging the  absorption 
of ATC delays on the  apron, or  i n  holding bays, u n t i l  
shor t ly  before departure clearance is received,  thus 
serving t o  reduce the  over-al l  volume of t r a f f i c  involved. 

7.5 Thus, an update of the  SMGC system t o  accommodate an increased volume of 
surface t r a f f i c  movements i n  low v i s i b i l i t y  w i l l  e n t a i l  a  gradual conversion from a 
system based on "see and avoid" t o  a system employtng more formal con t ro l  methods, 
comparable t o  the d i f f e r e n t  methods employed by the  a i r  t r a f f i c  se rv ices  i n  handling 
VFR and IFR t r a f f i c  i n  the  a i rspace .  For example, a s  the  system develops: 

a )  taxiway centre  l i n e  l i g h t i n g  w i l l  be needed t o  augment 
cen t re  l i n e  marking f o r  route  guidance, 

b) con t ro l l ab le  cen t re  l i n e  l i g h t i n g  may be needed t o  
augment route  ind ica to r  s igns ,  

c )  t r a f f i c  s i g n a l s  and/or s top ba r s  o r  o ther  s u i t a b l e  
s i g n a l s  may be required t o  def ine  clearance l i m i t s ,  
i n t e r sec t ions ,  e t c . ,  

d)  a uniform and complete system of taxiway designators 
w i l l  be needed i n  order t o  permit c l e a r  and concise 
d e f i n i t i o n  of t h e  rou te  t o  b e  followed, 

e)  add i t iona l  ground con t ro l  communication frequencies 
may be needed i n  order t o  segregate t r a f f i c  flows 
(e.g., departures,  a r r i v a l s ,  ground service  vehic les ,  
e t c . ) ,  

f )  aerodrome surface  survei l lance  radar  may be needed. 

7.6 When SMGC system improvements a r e  associated with an upgrading i n  the  
low v i s i b i l i t y  usage of runways, the  emphasis w i l l  be on the  add i t iona l  measures necessary 
t o  accommodate surface  t r a f f i c  movements i n  reduced v i s i b i l i t y .  

7 .7  Primary consideration w i l l  need t o  be given t o  ensuring protect ion of 
the runways themselves from unauthorized or  inadvertent  ent ry ,  e i t h e r  by a i r c r a f t  o r  
vehicular  t r a f f i c .  This can be achieved e f f e c t i v e l y  through the  use of s top bars  o r  
o ther  equivalent  t r a f f i c  con t ro l  s i g n a l s  a t  each and every access rou te  t o  the runway. 
Such a system a l s o  provides add i t iona l  s a f e t y  f o r  f l i g h t  operations under any condit ions,  
pa r t i cu la r ly  a t  n ight  and a t  busy a i r p o r t s  with mul t ip le  runway operations and an 
associated high volume of surface  t r a f f i c .  

7.8 Depending upon the v i s i b i l i t y  category of operations t o  be served by 
the runway, i t  w i l l  be necessary t o  augment the  route  guidance system, probably by means 
of centre  l i n e  l i g h t i n g  and/or high i n t e n s i t y  l igh t ing .  A means of con t ro l  by s e l e c t i v e  
switching of the l i g h t i n g  w i l l  be a des i rab le  a s s e t  a s  a means of f a c i l i t a t i n g  the  
ground t r a f f i c  con t ro l  function. Provision must a l s o  be made f o r  the  control  of t r a f f i c  
(both a i r c r a f t  and ground vehic les)  a t  in te r sec t ions .  Location i d e n t i f i e r s  t h a t  a r e  
e f f e c t i v e  i n  the  reduced v i s i b i l i t i e s  t o  be ca tered f o r  w i l l  a l s o  be required.  
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7.9 Again, depending upon t h e  v i s i b i l i t y  cond i t i ons ,  i t  may be necessary  
t o  extend t he  l i g h t e d  r o u t e  guidance system on t o  t he  apron (with s u i t a b l e  i d e n t i f i c a t i o n  
of t h e  taxiwaylapron i n t e r s e c t i o n ) ,  so  t h a t  con t inua l  guidance is provided up t o  t he  
po in t  where t h e  apron parking o r  docking guidance system is v i s i b l e  t o  t he  p i l o t .  

7.10 I n  conc lus ion ,  f o r  ope ra t i ons  i n  reduced v i s i b i l i t i e s ,  i t  w i l l  be 
necessary  t o  provide  t h e  ground movement c o n t r o l l e r s  wi th  an e f f e c t i v e  r ada r  s u r v e i l l a n c e  
system capable of scanning t h e  e n t i r e  movement a r e a .  Such a system should be intended 
p r imar i l y  f o r  s u r v e i l l a n c e  and t h e  t a c t i c a l  r e s o l u t i o n  of t r a f f i c  c o n f l i c t s ,  with t h e  
primary guidance and c o n t r o l  of t r a f f i c  being accomplished by t h e  procedural  methods 
prev ious ly  descr ibed .  
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CHAPTER 8 - P O S S I B L E  FUTURE DEVELOPMENTS 

8.1 Limitat ions of Present  Systems 

General 

8.1.1.1 The bas ic  requirement of a SMGC system is tha t  i t  should provide f o r  the  
sa fe  surface  movement of a i r c r a f t  and necessary vehic les  down t o  t h e  minima a t  which 
a i r c r a f t  a r e  permitted t o  land o r  take-off a t  an aerodrome, and possess a capacity f o r  
guidance and con t ro l  which is  equal t o  the  l i k e l y  t r a f f i c  demand i n  any opera t ional  
condition. I n  general ,  and allowing t h a t  the re  is room f o r  improvement a t  a l l  l e v e l s ,  
the main s h o r t f a l l  i n  SMGC sa fe ty  margins and capacity occurs i n  low v i s i b i l i t y ,  and 
i t  is i n  t h i s  a rea  t h a t  the  main e f f o r t  of research and development is l i k e l y  t o  be 
concentrated. 

8.1.1.2 Rarely is the  provision of SMGC f a c i l i t i e s  a t  an aerodrome geared t o  a 
s p e c i f i c  t r a f f i c  demand and v i s i b i l i t y  condition. The normal condit ion is  an inher i tance  
of piecemeal development and l o c a l  i n i t i a t i v e  which, coupled with the  var ious  opera tors '  
methods and a i r c r a f t  type cons t ra in t s ,  produces f o r  the  p i l o t  a v a r i e t y  of SMGC a i d s  and 
procedures, and f o r  the  c o n t r o l l e r  a wide range of a i r c r a f t  movement c a p a b i l i t i e s .  
Prominent i n  any list of l imi ta t ions  of present  systems must be t h e  uncer ta in ty  caused 
by lack of standardization.  

8.1.1.3 Chapter 4 lists the  f a c i l i t i e s  and se rv ices  assessed a s  capable of 
meeting the  d i f f e r e n t  l e v e l s  of t r a f f i c  demand and aerodrome complexity i n  a range of 
v i s i b i l i t y  condit ions reaching down t o  the  lowest a t  which v i s u a l  guidance i s  feas ib le .  
The development of the systems i n  Table 4-1 is designed so tha t  each new element overcomes 
a deficiency i n  the  previous provision,  but no f a c i l i t y  o r  procedure w i l l  be adequate f o r  
a l l  condit ions l i k e l y  t o  be encountered. The degree of disadvantage, and thus  t h e  
stimulus f o r  improvement, w i l l  vary from aerodrome t o  aerodrome. For example: 

Painted surface  marks: may be obscured by snow o r  sand. 

Signall ing lamp: 

VHF radiotelephony communications: 

Taxiway cen t re  l i n e  l i g h t s :  

Taxiway edge l i g h t s :  

Centre l i n e  l i g h t  con t ro l  (manual): 

has l i t t l e  o r  no value i n  concen- 
t r a t e d  t r a f f i c ,  medium/large 
a i r p o r t s  o r  low v i s i b i l i t y .  

l i a b l e  t o  mis interpre ta t ion,  and 
i n  low v i s i b i l i t y ,  t o  sa tu ra t ion  
a t  lower t r a f f i c  l e v e l s  than normal 
due t o  its g rea te r  use. 

may be obscured by snow o r  sand. 

l imi ted  guidance value i n  low 
v i s i b i l i t y .  

workload involved i n  switching and 
se lec t ing  can a c t  a s  cons t ra in t  on 
capacity . 

Stop ba r s ,  clearance bars: may be obscured by snow o r  sand. 

Aerodrome surface  survei l lance  radar:  s e n s i t i v e  t o  c e r t a i n  weather condit ions 
and o f f e r s  problems of maintenance of 
iden t i ty .  
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Low v i s i b i l i t y  movement a r e a  
p ro t ec t i on  measures: 

o f t e n  d i f f i c u l t  t o  organize  r e l i a b l y ,  
p a r t i c u l a r l y  i f  t h e r e  a r e  long 
i n t e r v a l s  between pe r iods  of a p p l i -  
c a t i on .  

The frequency of occurrence and p e r s i s t e n c e  of adverse  cond i t i ons ,  and t h e i r  e f f e c t  upon 
aerodrome ope ra t i ons  w i l l  be a  f a c t o r  con t r i bu t i ng  t o  s e l e c t i o n  of f a c i l i t i e s ,  s p e c i a l i z e d  
modi f ica t ion  and procedural  methods, but  except  a t  aerodromes l i a b l e  t o  extreme c l i m a t i c  
condi t ions ,  SMGC development i s  l i k e l y  t o  b e  mainly concerned wi th  ensur ing  t h a t  t h i s  
s e r v i c e  does no t  become t h e  cons t r a in ing  element i n  low v i s i b i l i t y  condi t ions .  

8.1.1.4 Given t h a t  an  aerodrome is  adequately equipped w i th  v i s u a l  a i d s ,  t h e  
provis ion  of an  aerodrome s u r f a c e  s u r v e i l l a n c e  r a d a r  can make a  most va luab l e  c o n t r i b u t i o n  
t o  t h e  s a f e t y  and e f f i c i e n c y  of ground movement c o n t r o l  i n  reduced v i s i b i l i t y  and a t  
n igh t ;  optimum capac i t y  f o r  t h e  cond i t i ons  i s  u n l i k e l y  t o  be achieved without  it. 
Aerodrome s u r f a c e  s u r v e i l l a n c e  r ada r  permi ts  a  cont inuous check on runway occupancy and 
taxiway usage, i t  a l lows  r ap id  app rec i a t i on  of l i g h t i n g  c o n t r o l  requirements  and f a c i l -  
i t a t e s  c l ea r ances  f o r  a i r c r a f t  and veh i c l e s .  I n  emergencies i t  can p lay  a  p a r t  i n  t h e  
expedi t ious  movement of emergency v e h i c l e s  and t h e  s a f e  d i s p o s i t i o n  of o t h e r  t r a f f i c ;  
but  i t  too  has  i t s  l i m i t a t i o n s .  

8.1.1.5 The accuracy of manoeuvre requi red  on taxiways,  and which can s a t i s f a c -  
t o r i l y  be def ined  by l i g h t s  and l i n e s ,  is  f a r  more p r e c i s e  than  could be provided by 
aerodrome s u r f a c e  s u r v e i l l a n c e  r ada r  d i r e c t i o n .  S imi l a r l y ,  a l though s u r f a c e  s u r v e i l l a n c e  
r ada r  can provide p r e c i s e  p o s i t i o n a l  information t o  t h e  c o n t r o l l e r ,  i t  is a ve ry  d i f f i c u l t  
t a s k  f o r  t h e  c o n t r o l l e r  t o  p o s i t i o n  an a i r c r a f t  p r e c i s e l y  us ing  such r ada r .  It i s  
necessary  f o r  t h e  p i l o t  t o  be a b l e  t o  comply wi th  t h e  s u r f a c e  movement c o n t r o l  i n s t r u c t i o n s  
given by t h e  c o n t r o l l e r  without  t h e  r a d a r  being used t o  provide  d i r e c t i o n a l  guidance,  o r  
t o  a f f o r d  any u l t i m a t e  prescr ibed  s epa ra t i on .  

8.1.1.6 At a  major aerodrome a l a r g e  p a r t  of t h e  manoeuvring a r e a  can be 
obscured from the  c o n t r o l  tower whi le  v i s i b i l i t y  is  s t i l l  w i th in  t h e  l i m i t s  a t  which 
t r a f f i c  can be expected t o  ope ra t e  a t  t h e  normal l e v e l  of demand, i . e . ,  i n  v i s i b i l i t y  
cond i t i on  2. I n  t he se  cond i t i ons ,  whi le  t h e  u se fu lnes s  of aerodrome s u r f a c e  s u r v e i l l a n c e  
r ada r  could s c a r c e l y  be exaggerated,  t h e  f e a s i b i l i t y  of monitor ing i n  d e t a i l  a l l  t r a f f i c  
l i k e l y  t o  be presen t  on t h e  manoeuvring a r e a  is n i l .  There a r e  two main problems. 

a )  The workload and concent ra t ion  involved i n  d e t a i l e d  
monitor ing i s  very  h igh  and r e s t r i c t s  c o n t r o l  capac i ty .  

b) There is  a l i m i t  t o  t h e  amount of t r a f f i c  which a  
c o n t r o l l e r  can, on an su r f ace  s u r v e i l l a n c e  r a d a r  
d i s p l a y ,  i d e n t i f y  and mental ly  main ta in  t h e  i d e n t i -  
f i c a t i o n  f o r  an extended period.  

I n  summary, aerodrome su r f ace  s u r v e i l l a n c e  r ada r  ha s  a  va luab l e  c o n t r i b u t i o n  t o  make 
t o  t he  s a f e t y  and e f f i c i e n c y  of s u r f a c e  movement c o n t r o l  i n  reduced v i s i b i l i t y  and a t  
n i g h t ,  bu t  i t  is  an ad junc t  and no t  an a l t e r n a t i v e  t o  adequate  provis ion  of v i s u a l  
guidance and c o n t r o l  f a c i l i t i e s  and manoeuvring a r e a  p r o t e c t i o n  measures. 

8.1.2 Capacity 

8.1.2.1 There is c u r r e n t l y  no f a c i l i t y ,  o r  combination of f a c i l i t i e s ,  which 
compensates f u l l y  f o r  a  c o n t r o l l e r ' s  l o s s  of v i s u a l  con t ac t  with t h e  aerodrome s u r f a c e  and 
t h e  t r a f f i c  on it .  Information der ived  by o t h e r  methods such a s  RTF cormnunication of 
aerodrome s u r f a c e  s u r v e i l l a n c e  r ada r  is  r a r e l y  a s  comprehensive o r  in format ive ,  and i s  
f a r  l e s s  economic i n  terms of t h e  workload expended i n  i t s  a c q u i s i t i o n .  I n  a  manual 
system t h e  ATC workload per movement i nc r ea se s  a s  v i s i b i l i t y  decreases  and t h e  t r a f f i c  
handl ing capac i t y  of t he  aerodrome c o n t r o l  s e r v i c e  dec l i ne s .  On o t h e r  than simple r o u t e  
systems the  capac i ty  curve can f a l l  sharp ly  i n  v i s i b i l i t y  r o n d i t i a n  3 when s epa ra t i on  3t 
intersections becomes t he  responsib i l  i t y  o f  tile o i l !  rol !..I-. 
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8.1.3 Guidance and Control 

8.1.3.1 High i n t e n s i t y  cen t re  l i n e  l i g h t s ,  spaced a t  appropriate i n t e r v a l s  a s  
speci f ied  i n  Annex 14, a r e  capable of providing guidance down t o  and including v i s i b i l i t y  
condition 4 ,  the  lowest v i s i b i l i t y  condit ion a t  which v i sua l  t ax i ing  movement is  pract i -  
cable.  Used i n  conjunction with s top ba r s ,  both guidance and control  t o  the  lowest 
v i sua l  limits is  feas ib le .  I n  essence, guidance and control  is accomplished by providing 
a ribbon of l i g h t s  t o  the  clearance l i m i t  which i s  denoted by a s top  bar ;  a sect ion of 
l i g h t s  beyond the  s top bar  dl1 extinguish when t h e  bar is l i t .  With onward clearance 
the s top bar is switched off  and the  cen t re  l i n e  of l i g h t s  i l luminated t o  the  next 
clearance l i m i t .  I n  low v i s i b i l i t y  a non-visual survei l lance  system can provide t h e  
information necessary f o r  determination of route ,  p r i o r i t y  and clearance l i m i t .  

8.1.3.2 Such a system can reduce the  usage of RTF and o f f e r  benef i t s  i n  o ther  
than low v i s i b i l i t y  condit ions,  but a s  a manually operated f a c i l i t y  it s u f f e r s  from two 
major drawbacks. 

a )  A t  a l a r g e  and busy aerodrome the  workload involved i n  
t h e  manual switching of surface  l i g h t s  l i m i t s  the  
capaci ty  of the  system and t h i s  may not meet the  demand. 

b) The i d e n t i t y  of each a i r c r a f t  needs t o  be maintained 
throughout its pa t t e rn  of movement: the  cen t re  l i n e  and 
s top bar  system, i n  i t s e l f ,  does not meet t h i s  requirement. 

8.1.3.3 Present SMGC systems r e l y  heavily upon RTF. RTF i s  an extremely 
f l e x i b l e  t o o l  of control ,  but s u f f e r s  from the  disadvantages of:  

a )  being e a s i l y  jammed by one f a u l t y  t ransmit ter ,  

b) messages being l i a b l e  t o  mis interpre ta t ion,  

c )  having a f i n i t e  verbal  capacity,  which e n t a i l s  a 
reduction i n  control led  movement capacity a s  RTF 
per a i r c r a f t  increases  ( a s  i t  does i n  de te r io ra t ing  
weather or  abnormal opera t ional  condit ions) . 

8.2 Automated Non-Visual Concepts 

8.2.1 Guidance and Control 

8.2.1.1 A p re requ i s i t e  for automation of a SMGC system i s  a r e l i a b l e  method of 
ident i fy ing and tracking a l l  movements on the  manoeuvring area.  This w i l l  involve in te r -  
face with terminal  a rea  automation systems. A s  operational  weather minima a r e  reduced 
the need f o r  non-visual survei l lance  techniques becomes more important, and with 
increasing movement r a t e s  i n  these  lower v i s i b i l i t i e s  the  requirements of these  techniques 
becomes more demanding. A t  a l a r g e  and complex aerodrome automation may o f f e r  advantages 
even i n  c l e a r  weather condit ions.  

8.2.1.2 Non-visual survei l lance  can be ca r r i ed  out using a v a r i e t y  of bas ic  
pr inciples .    he pr inc ip le  employed depends fundamentally on whether the a i r c r a f t  w i l l  
co-operate o r  whether it must be regarded a s  passive. When maintenance of i d e n t i t y  is  
a requirement a degree of co-operation is  necessary i f  i d e n t i t y  is t o  be pos i t ive ly  
presented, and not merely predicted by sequent ia l  movement pa t t e rns  following and i n i t i a l  
input. The techniques of survei l lance  can be fu r the r  subdivided into:  

a )  centra l ized systems 

b) per iphera l  systems 
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c )  mu l t i p l e  small  a r ea  systems 

d) block s i g n a l l i n g  systems. 

8.2.2 Cent ra l ized  Systems 

8.2.2.1 This  group of systems is  cha rac t e r i zed  by having a  s i n g l e  sensor  mounted 
i n  t h e  middle of t h e  aerodrome and surveying t he  movement a r e a  from t h a t  po in t .  Prime 
examples a r e  primary o r  secondary r ada r .  The major disadvantage of such a system is  
t h a t  t h e r e  w i l l  i n e v i t a b l y  be shadow a r e a s  i n  which movement information w i l l  be  inade- 
quate .  The major advantage is  t h a t  t h e  s i n g l e  i n s t a l l a t i o n  c l o s e  t o  t h e  c o n t r o l  tower 
minimizes complexity and c o s t .  

P e r i p h e r a l  Systems 

8.2.3.1 These form an  ex tens ion  of t h e  c e n t r a l i z e d  technique by t h e  p rov i s ion  
of, a  s e r i e s  of s enso r s  mounted round t h e  per iphery  of a n  aerodrome thus  e l im ina t i ng  a  
much h ighe r  propor t ion  of t h e  shadow a r e a s .  The d isadvantages  of t h e  system l i e  i n  t h e  
m u l t i p l e  i n s t a l l a t i o n s  requi red ,  t h e  e x t r a  communication l i n k s  and t h e  need f o r  co r r e l a -  
t i o n  of t h e  d a t a  from t h e  va r ious  sensors .  

8.2.4 Mul t ip le  Small Area Systems 

8.2.4.1 A s  t h e  name impl ies ,  smal l  a r e a  systems make use  of t echniques  t o  
survey small  a r e a s ,  e i t h e r  t o  supplement o t h e r  systems,  o r  t o  bu i l d  up a mosaic p i c t u r e  
of t h e  aerodrome. Methods a v a i l a b l e  inc lude  s p e c i a l i z e d  r a d a r s ,  magnetometers, u l t r a -  
son i c s ,  e l e c t r o s t a t i c s ,  infra-red r e c e i v e r s  and se i smic  sensors .  Although smal l  a r e a  
s u r v e i l l a n c e  has  p a r t i c u l a r  va lue  i n  s p e c i f i c  a p p l i c a t i o n ,  such a s  C o r a i l  ( a  s u r v e i l l a n c e  
system based on Doppler r ada r  designed t o  monitor t h e  runway and p a r t  of t h e  approach) ,  
t h e r e  a r e  problems i n  a r e a  boundary d e f i n i t i o n  when t h e  coverage has  t o  be  app l i ed  over  
t he  whole manoeuvring a r ea .  Disadvantages i nc lude  complexity and c o s t .  

Block S igna l l i ng  Systems 

8.2.5.1 This  technique is  used on most ra i lway  s i g n a l l i n g  systems and e n t a i l s  
counting v e h i c l e s  i n t o  and ou t  of each s e c t i o n  of t h e  t rack .  Operat ion permi ts  on ly  one 
veh i c l e  per  s e c t i o n ,  hence c o n t r o l  l o g i c  i s  simple provided t he  s enso r s  a r e  r e l i a b l e .  
An aerodrome can be opera ted  i n  t h e  same manner by d iv id ing  t h e  paved s u r f a c e  i n t o  s e c t o r s  
o r  blocks and p lac ing  l i n e  s enso r s  a c r o s s  t h e  pavement a t  each block boundary t o  d e t e c t  
any v e h i c l e  c ro s s ing  t h a t  boundary. Computer l o g i c  could then  t r a c k  a  v e h i c l e ,  main- 
t a i n i n g  i t s  i d e n t i t y  i f  i d e n t i f i c a t i o n  was introduced a t  t he  s t a r t  of i ts  rou t e .  This  
concept is a t t r a c t i v e  i n  t h a t  s enso r s  can  be r e l a t i v e l y  s imple,  and t h a t  each block can be 
monitored by only  two sensor  i n s t a l l a t i o n s .  However a  p r a c t i c a l  SMGC sensor  device  h a s  
n o t  y e t  been demonstrated and a  cons ide rab l e  e f f o r t  may be r equ i r ed  f o r  i ts  development. 
The block s i g n a l l i n g  concept a l s o  permi ts  adjustment  of p o s i t i o n a l  accuracy i n  d i f f e r e n t  
p a r t s  of t he  taxiway system t o  meet c o n t r o l  requirements ,  by vary ing  block s i z e s .  The 
concept l ends  i t s e l f  t o  automation and t o  a s s o c i a t i o n  w i th  t h e  c e n t r e  l i n e  and s t o p  ba r  
guidance and c o n t r o l  methods. 

8.2.5.2 The major disadvantages of t he  b lock  s i g n a l l i n g  system a r e :  

a )  t h e  l a r g e  number of s enso r s  l i k e l y  t o  be r equ i r ed ,  

b) t h e  dependence of t h e  system on t h e  i n t e g r i t y  of each 
d e t e c t o r  - f a i l u r e  t o  d e t e c t  o r  a  spu r ious  d e t e c t i o n  
could d i s t u r b  t h e  l o g i c  of t h e  system, 

c )  t he  degree t o  which t h e  system i s  confined t o  t he  paved 
a r ea .  I f  v e h i c l e s  were t o  j o i n  o r  l e ave  t h e  system v i a  
t h e  unpaved a r e a  without  a u t h o r i t y  and app rop r i a t e  ad ju s t -  
ment of t h e  system, t h e  l o g i c  could be completely de fea t ed ,  

d) t he  high c o s t  of i n s t a l l a t i o n  and maintenance. 
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Primary and Secondary Surveil lance Radar 

8.2.6.1 Track-while-scan primary radar techniques allow an a i r c r a f t ,  once 
iden t i f i ed  and l abe l l ed ,  t o  be automatically tracked by the  radar  with i d e n t i t y  displayed. 
These techniques were, however, developed f o r  a i r  survei l lance  where most radar  r e tu rns  
a r e  from a i r c r a f t ;  t h i s  i s  not t h e  case  with a surface  survei l lance  radar where most of 
the re tu rns  a r e  from the  ground o r  buildings.  A simple t r a n s f e r  of the airborne t a r g e t  
tracking technique t o  a ground appl ica t ion is  not possible.  Techniques f o r  the  primary 
tracking and l a b e l l i n g  of surface  survei l lance  radar  have been proposed, but considerable 
research and development would be necessary before f e a s i b i l i t y  could be determined. 

8.2.6.2 Secondary survei l lance  radar ,  re ly ing on a response from the  a i r c r a f t  
with a unique code format, provides the  i d e n t i t y  information required by the  ground 
movement c o n t r o l l e r ,  but  i ts  volumetric resolut ion was designed f o r  a i rborne  separa t ion 
standards of miles and, with standard in ter rogat ion methods, is unsuited t o  the  separa t ion 
i n  terms of metres t o  be expected on t h e  aerodrome surface.  Research has provided two 
possible answers: 

a )  a s e l e c t i v e l y  addressed secondary survei l lance  radar  
sys temldiscre te  address beacon system (ADSELIDABS) . 

components of secondary survei l lance  radar  (SSR), 

b) advanced techniques of in ter rogat ion and processing 
of transponder r e p l i e s  v i a  mul t ip le  r ece ive r s ,  t o  
overcome the  l i m i t a t i o n s  of conventional a i r c r a f t  
transponder f i t .  

The chief advantage of b) is t h a t  it uses a s igna l  source already accepted a s  a standard 
fitment on a i r c r a f t ,  while a )  c a r r i e s  a l l  the  advantages of a s e l e c t i v e  address system 
and, add i t iona l ly ,  o f f e r s  a d a t a  t r a n s f e r  capab i l i ty  which could help  with the  communi- 
ca t ion problem, but  i t  c a l l s  f o r  an  add i t iona l  a i r c r a f t  f i t  which, by a l l  precedent, would 
a f f e c t  the  time it takes  t o  become agreed and es tabl ished.  

8.3 The Comprehensive Automated SMGC System 

8.3.1 The SMGC system must be f l e x i b l e  enough t o  meet requirements through the  
range of condit ions from good v i s i b i l i t y  by day t o  the  lowest v i s i b i l i t y  i n  which a i r c r a f t  
operations w i l l  occur. The degree of con t ro l  applied must be adequate t o  the  prevai l ing 
condit ions,  but  over-control, which by implication means unnecessary r e s t r i c t i o n ,  should 
be avoided. A comprehensive system should, therefore ,  be so  designed t h a t  components 
and procedures can progressively be applied t o  counter guidance and separation problems 
caused by declining v i s i b i l i t y  o r  heavy t r a f f i c ,  the  ob jec t ive  being t o  o f f e r  optimum 
sa fe  capacity f o r  the  condit ions obtaining. Capacity a t  any time should, a s  a minimum, 
be equal t o  the  se rv ice  r a t e  l i k e l y  t o  be achieved on the  runways a t  t h a t  time. Prefer-  
ably there  should be spare capacity t o  meet any increased movement r a t e s  which may be 
possible due t o  improved techniques, and t o  cope with a i r c r a f t  and vehic les  moving on 
routes  o ther  than t o  and from the  runways, e.g., a i r c r a f t  on tow t o  and from the mainte- 
nance areas .  

8.3.2 The system must be capable of providing s a f e  v i s u a l  reference f o r  the  
p i l o t  between the  runway ex i t l access  taxiway and the  stand,  and o the r  necessary routes ,  
both a s  regards rou te  guidance and separation from other  a i r c r a f t  o r  surface  vehic les ,  
and i t  should provide the  con t ro l l e r  with pos i t ive  i d e n t i f i c a t i o n  of a l l  a i r c r a f t  on t h e  
manoeuvring area.  It should require  minimum use of voice communication between a i r c r a f t  
and con t ro l l e r ,  and place minimum re l i ance  on human memory f o r  routeing commands and 
cancel la t ion of. routes .  The workload on the  controller/system operator must not  be the  
l imi t ing  fac to r  i n  the  operation of the  system. In  the event of a f a u l t  developing i n  
the system i t  should f a i l  sa fe ,  and the  system should be compatible with the  requirements 
of the aerodrome emergency plan. 
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8.3.3 Of t he  automated concepts  considered,  t h e  block s i g n a l l i n g  concept 
i n t e r f aced  wi th  t he  te rmina l  a r e a  automation system f o r  runway c ros s ing  c o n t r o l ,  o f f e r s  
t h e  most promising approach t o  t h e  automation of guidance and c o n t r o l  l i g h t i n g ,  t h e  s enso r s  
feeding i n  t h e  p r e c i s e  p o s i t i o n a l  information necessary  f o r  t h e  computerized switching 
funct ion.  This  usage of s enso r s  t o  provide p o s i t i o n a l  information appears  p o t e n t i a l l y  
more s i g n i f i c a n t  than t h a t  of t h e i r  use f o r  s u r v e i l l a n c e ,  s i n c e  t h e r e  i s  l i t t l e  doubt 
t h a t  both s u r v e i l l a n c e  and maintenance of  i d e n t i t y  can more e f f i c i e n t l y  and r e l i a b l y  
be performed by r ada r .  

8.3.4 SSR, i f  developed t o  s u i t  ground movement c o n t r o l  requirements  a s  
i nd i ca t ed  i n  8.2.6.2, w i l l  permit t h e  i d e n t i t y  l a b e l l i n g  of transponder-equipped a i r c r a f t  
and v e h i c l e s ,  but  i t  w i l l  n o t  provide r e t u r n s  from t r a f f i c  no t  equipped wi th  t ransponders ,  
i n t r u d e r s ,  o r  from a i r c r a f t  o r  v e h i c l e s  whose t ransponder  f a i l s  t o  func t ion .  I f  t h e r e  
e x i s t s  t h e  f e a s i b i l i t y  of  i n t rud ing  t r a f f i c  on t h e  manoeuvring a r e a ,  o r  t h e r e  i s  need t o  
monitor t r a f f i c  whether o r  no t  i t  c a r i e s  a  s e r v i c e a b l e  t ransponder ,  then  primary aerodrome 
su r f ace  s u r v e i l l a n c e  r ada r  w i l l  be  r equ i r ed  i n  a d d i t i o n  t o  SSR. 

8.3.5 A comprehensive automated SMGC system, consequent ly,  may need t o  i nc lude  
a  sensor  t r i gge red ,  computer switched,  taxiway c e n t r e  l i n e  and s t o p  ba r  l i g h t i n g  system, 
and a  combined primary and secondary s u r f a c e  s u r v e i l l a n c e  r a d a r  i n s t a l l a t i o n .  More than  
one scanner  l o c a t i o n  may be necessary  i n  o rde r  t o  provide adequate  coverage. 

- END - 
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