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OBJECT1 VES 

LINCCYs ove ra l l  ob jec t i ve  under t h i s  cont rac t  was t o  develop 

a hardware s imulat ion which could emulate the Shu t t l e ' s  Ku-Band 

Antenna Po in t ing  and Signal Acqu is i t ion  System. The desi re was 

t o  develop a s imulat ion i n  which the  antenna pat tern,  the TDRS 

search volume, the  a p r i o r i  p r o b a b i l i t y  d i s t r i b u t i o n  o f  TDRS 

s a t e l l i t e  p o s i t i o n  r e l a t i v e  t o  the Shut t le ,  and the  antenna scan 

procedure could be selected f o r  the purpose o f  pre ' 5  c t i n g  

performance f o r  various Shuttle/TDRS antenna p o i n t i n g  and 

acqu is i t i on  scenarios. 

The s imulat ion was developed under the consta ints of assuming 

a f i x e d  network operation, the system must be rea l  world imple- 

mentable, i t  must be cost effect ive, the program execution time 

must no t  be excessive, the modulation technique i s  PN/BI-+/BPSK, 

. and optimum performance i s  desi rable.  
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SUMMARY 

This document presents the r e s u l t s  pe r ta in ing  t o  the trade- 

o f f  analys is  and perfomlance o f  the Ku-Band Shu t t l e  antenna 

po in t i ng  and s ignal  a c q u i s i t i o n  system. The study was performed 

assuming the e x i  stance o f  var ious antenna scanning t r a j e c t o r i e s  

and various s ignal  a c q u i s i t i o n  algori thms. The square, hexagonal 

and s p i r a l  t r a j e c t o r i e s  were inves t iga ted  assuming the TDRS 

postu lated uncer ta in ty  region and a f l e x i b l e  s t a t i s t i c a l  model 

f o r  the l o c a t i o n  o f  the TDRS w i t h i n  the uncer ta in ty  volume. 

The scanning t r a j e c t o r i e s ,  Shuttle/TDRS s ignal  parameters and 

dynamics and three s ignal  a c q u i s i t i o n  a1 g o r i  thms were in tegra ted  

i n t o  a hardware s imu la t ion  discussed here in and documented i n  

d e t a i l  i n  Volume V. The hardwzre s imu la t ion  i s  q u i t e  f l e x i b l e  

i n  t h a t  i t  al lows one t o  evaluate s ignal  a c q u i s i t i o n  performance 

f o r  an a r b i t r a r y  (prograrnmabl e) antenna pat tern,  a l a r g e  range 

o f  C/NO1s, var ious TDRS/Shuttle a p r i o r i  uncer ta in ty  d i s t r i b u t i o n s  

and three d i s t i n c t  s igna l  search a l g o r i  thms. 

Based upon the data made ava i l ab le  dur ing  t h i s  con t rac t  

period, c e r t a i n  Ku-Band forward l i n k  s igna l  threshold cha rac te r i s t i cs  

were studied. The antenna p o i n t i n g  and a c q u i s i t i o n  threshold i s  found 

t o  be loss  than 60 dB-Hz w i t h  an a c q u i s i t i o n  t ime dependent on the 

antenna scan pt-ocedure and a c q u i s i t i o n  a1 g o r i  thm imp1 emetited. 

Various techniques are discussed i n  t h i s  repo r t  and a computer 

; El 

program i s  presented from which these can be evaluated. It 

appears t h a t  there w i l l  be no problem i n  m e t i n g  the system 

1 
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spec even i n  l i g h t  o f  the uncer ta in ty  associated w i t h  the 

p o s s i b i l i t i e s  o f  antenna sidelobe acqu is i t i on .  The d e t a i l s  a re  

provided herein. Assuming a s ing le  channel monopuise system and a 

30 MHz IF bandwidth, a monopulse t rack ing  loop bandwidth o f  one Hz, 

the nionopulse t rack ing  j i t t e r  i s  0.11 degrees a t  C/NO = 54 dB-Hz. 

The Costas loop arm f i l t e r  bandwidths can be chosen t o  be ten  

times the  data r a t e  such t h a t  no fa1 se-lock problem occurs 

dur ing  c a r r i e r  acqu is i t i on .  Assming a loop bandwidth of 

BL = 3 kHz, the loop j i t t e r  i s  10 degrees a t  C/NO = 60.4 dB-Hz. 

Acqu is i t ion  can be accomplished i n  l ess  than 10 seconds. 

For the purpose o f  antenna scanning analys is ,  a  reference 

coordinate system, whose z-axis i s  i n  l i n e  w i t h  the  center 

ax i s  o f  a spec i f i ed  uncer ta in ty  cone o f  the TDRS pos i t ion ,  i s  

chosen f o r  the r e l a t i v e  r e l a t i o n  between the  TDRS and the Shu t t l e  

antenna. The scan path o f  the Shut t le  antenna can be pro jec ted  

onto the (x,y) plane o f  the coordinate system; w h i l e  the uncer ta in ty  

cone o f  the TDRS p o s i t i o n  can be described by a c i r c l e  i n  the 

(x,y) plane. The unce r ta in t y  i n  the p o s i t i o n  o f  the TDRS i s  

modeled by a t runcated Gaussian probabi 1 i ty dens i ty  p(x,y) w i t h  

2 2 2  uncer ta in ty  parameters T>, = a = a . By changing the  value 
Y 

o f  t h i s  variance parameter, the model i s  s u f f i c i e n t l y  general 

t o  inc lude a uni form d i s t r i b u t i o n  o f  TDRS p o s i t i o n  uncer ta in ty  

==) t o  one which spec i f i es  the p o s i t i o n  w i t h  probabi l  i t y  one 

(a =O). 
P 

I n  the study o f  antenna scanning th ree  types o f  t r a j e c t o r i e s  

are proposed ard  evaluated i n  terms o f  average sc?n time and the 
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s t ruc tu re  ~f coverage over the uncer ta in ty  cone o f  the TDRS 

pos i t ion .  The analys is  technique used f o r  f i n d i n g  average 

scan t ime i s  discuss" and an i l l u s t r a t i o n  o f  the technique 

f o r  a  s p e c i f i c  type o f  scanning t r a j e c t o r i e s  and motion o f  the 

Shut t le  antenna i s  given. The r e s u l t s  show t h a t  the  s p i r a l  t r a -  

j e c t o r i e s  i s  i n  general b e t t e r  than the  o ther  two t r a j e c t o r i e s ,  

espec ia l l y  f o r  a  constant v e l o c i t y  along a  t r a j e c t o r y ,  s ince the 

path o f  a  s p i r a l  t r a j e c t o r y  ( from the center  o f  uncer ta in ty  cone 

t o  i t s  edge) can be shor te r  than the o the r  two. 

From the  Ku-band system spec i f i ca t ions ,  i t  has been 

recognized t h a t  the v a r i a t i o n  of the  received s igna l  l e v e l  a t  

the Shut t le  (due t o  TDRS E IRP path l o s s  and antenna p o i n t i n g  l oss  

va r ia t i ons )  var ies  as much as 23 dB. I f  the antenna sidelobes are 

I no t  s u f f i c i e n t l y  suppressed, a p o t e n t i a l  problem c a l l e d  sidelobe 
I 

~ a c q u i s i t i o n  may cause the degradation i n  system performance. 

Therefore i n  t h i s  t r a d e o f f  analys is  study, three d i f f e r e n t  

acnu is i  t i o n  s t ra teg ies  are proposed and evaluated. The f i r s t  

I a c q u i s i t i o n  s t ra tegy  may be used f o r  t i ;e case where the sideiobe 

a c q u i s i t i o n  does n o t  impose a  problem t o  the  system. The o ther  

two s t ra teg ies  are p r i m a r i l y  designed t o  avoid the  's idelobe 

I I a c q u i s i t i o n  (espec ia l l y  the f i r s t  s idelobe).  

I n  t h i s  study, we assume t h a t  the f i r s t  s idelobe o f  the 

Shut t le  antenna i s  17.5 dB suppression from the main lobe o f  the 

II I antenna so t h a t  we can study the e f fec t iveness  o f  the a c q u i s i t i o n  

I a lgor i thm proposed. Surely, one should note t h a t  the s.idelobe 

a c q u i s i t i o n  can be overcome by taper ing  down the sidelobes o f  

II the Shu t t l e  antema below 23 dB. However, i t  has been 
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found t h d t  with one particular acquisition algorithm studied, 

a strong sidelobe of the antenna can speed spatial  acquisition 

significantly. 

The scan schemes and acquisition algorithms are a1 1 integrated 

by a computer simulation program. This software package, discussed 

i n  Vol. V,  provides a useful tool for predicting the performance 

of the Ku-band antenna pointing system. Various options are 

available for users t o  do tradeoff studies on systern parameters 

i n  designing an acquisition system. The software package has 

been tested on UNIVAC 1100 Series computers and verified with 

analytical results.  

1 
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I .  THE TDRS POSITION AND SHUTTLE ANTENNAS 

1. Reference Coordinates 

I n  establ  i sh ing  the Ku-band communication 1 i n k  between a 

Space S h u t t l e  rece iver  and the TDRS, the S h u t t l e  rece iver  must 

perform spa t i a l  search f o r  t he  TDRS pos i t i on .  I n i t i a l l y ,  i t  

i s  assumed t h a t  the t ransmi t te r  antenna o f  the TDRS i l l um ina tes  

the  Shu t t l e  w i t h  a spread spectrum s ignal  and a l so  t h a t  thf. 

p o s i t i o n  o f  the TDRS i s  nea r l y  s ta t i ona ry  dur ing  the process 

o f  s p a t i a l  search o f  the Shu t t l e  antenna, s ince the TDRS 

dynamically i s  moving along a f i g u r e  8 t r a j e c t o r y  slowly. 

To discuss the  s p a t i a l  search o f  the Shu t t l e  a c q u i s i t i o n  

system, we s h a l l  es tab l i sh  a reference o f  coordinate systems. 

I n  t h i s  study i t  i s  assumed t h a t  the s i ze  and center  o f  the 

uncer td in ty  cone w i t h i n  which one can l oca te  +he TDRS, are' known 

a t  each Shut t le  receiver .  The geometri: d i a g ~ a m  o f  Fig. 1 

dep ic ts  i n  general the r e l a t i v e  r e l a t i o n  between the Shu t t l e  

rece iver  and the TDRS. However, f o r  the convenience o f  

references we adopt a coordinate system whose z -ax is  i s  i n  1 i n e  

w i t h  the d i r e c t i o n  o f  the center  of t he  uncer ta in ty  zone. Denote Az 

t o  be azimuth coordinate and El t o  be e levat ion.  We s h a l l  p r o j e c t  

Az and E l  onto a plane perpendicular t o  the z-axis, as shown i n  

Fig. 2, so t h a t  the uncer ta in ty  zone can be conf ined t o  a c i r c l e  

whose r a d i a l  coordinate represen ts  Elevat ion and angle 

coordinate Azimuth. Throughout t h i s  repor t ,  we sha l l  use t h i s  

p ro jec ted  plane t o  discuss the s p a t i a l  search o f  the Shu t t l e  

antenna. 
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Figure 2. REFERENCE COORDIN?. A'E SYSTEM 
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i 
UNCERTAIIJTY ZONE 
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(a) Coordinate System in line with  the center of 
the  uncertaint, zone TDRS. 
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(b) Projection o' the TDRS uncertainty region onto a circle 
of radius  e m  
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The p o s i t i o n o f  the TDRS r e l a t i v e  t o  the Shu t t l e  rece iver  I 11 
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i s  on ly  known up t o  a cone o f  angle 9.. Nothing has been 

spec i f i ed  about the s t a t i s t i c a l  d i s t r i b u t i o n o f t h e  TDRS over 

the  cone. I n  order t o  character ize i t s  d i s t r i b u t i o n ,  a 

"truncated" Gaussian func t i on  i s  assigned t o  (x-y) coordinates 

o f  the  uncer ta in ty  zone on the pro jected plane. The "truncated" 

here means no t a i l  f o r  the Gaussian funct ion,  i .e. , the probabi 1 i ty 

o f  f i n d i n g  the TDRS a t  one p o i n t  i n  x (o r  y )  d i r e c t i o n  i s  of 

Gaussian form w i t h i n  the uncer ta in ty  reg ion  and zero ou ts ide  

the uncer ta in ty  zone. The value o f  var iance o o f  the Gaussian 
P 

d i s t r i b u t i o n  r e f l e c t s  the s t a t i s t i c a l  p roper t ies  o f  f i n d i n g  

the  TDKS around the neighborhood o f  the center  o f  uncer ta in ty  

cone. The smal ler t he  value o f  a the h igher  the chance 
P ' 

o f  f i n d i n g  the TDRS near the  center  o f  the cone. For a h igher  

value o f  u i t  approaches t o  a uniform d i s t r i b u t i o n .  
P ' 

2. S t a t i s t i c a l  Model o f  the - TDRS Pos i t i on  -- 

Now the  p r o b a b i l i t y  d i s t r i b u t i o n  i s  expressed i n  terms o f  

( x y )  coordinates i n  the pro jec ted  plane o f  Fig. l b .  The 

Gaussian d i s t r i b u t i o n  func t i on  i s  

1 
2 2 

Q(X.Y) = 7 2aa exp(,T) 

P 

2 
wher- a i s  the variance. The p r o b a b i l i t y  d i s t r i b u t i o n  o f  the 

P 
TDRS a t  (x,y) i s  

2 2  2 
kr(x,y) X + Y  10, 

foe.,, = [ 
0 e l  sewhere 

where k i s  a normalized constant. One can show t h a t  
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k = 1  
(3)  

1 - ex.(- 4) 
by imposing the condi t ion m G m ~  PAGE P 

Q p -  w .  
JJf(x,y)dxdy = 1  . 

Note t ha t  the funct ion f (x,y) has the same zero mean as t ha t  o f  

@(x,y). but i t  has d i f f e r e n t  variance from u2 One can f i n d  tha t  
P ' 

' 2 
2 

u = a  - 
1 

x Y - $ -C + t ) e x p ( -  20 2 em)l (4) 

I n  practice, i t  i s  more in te res t ing  t o  know the s t a t i s t i c a l  

character ist ics along the d i rec t ion  o f  e levat ion and azimuth. 

One can express f (x,y) i n  terms o f  polar  coordinate system 

i n  the projected plane as fo l lows 

kR 
7 (- 9) O < R < e m  

f(R.0) = { (5)  

0 e l  sewhere 

where R i s  f o r  elevation and e f o r  azimuth. It i s  obvious tha t  

the p robab i l i t y  d i s t r i bu t i on  i n  the azimuth i s  uniform over (0,Za). 

Thus - exp (- 8) O c R c e m  

f(R) = [ ui ( 6 )  

0 e l  sewhere 

The mean and variance i n  the elevat ion can be shown t o  be 
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m~ = E ( R )  

= 2 k B [ q  e r f  (A) 57% em 
P ex.(- 2 f )] 
2 

E = P - + )  2 a exp (- :+)I 
P P 

artd 
2 vari,,~ce = E ( R ? )  - nR ( 7 )  

3. Mean, Variance and Mor!?cnts -- --- f o r  t he  TDRS Pos i t i on  -- 

In  order  t o  show the  r e l a t i o n  between w a n  and variance 

of the e leva t i on  d i s t r i b u t i o n  and the variance o2 a tabu la t i on  
P ' 
2 of  means and variances f o r  d i f f e r e n t  values o f  a i s  given i n  
P 

Fig. 3. In add i t ion ,  because o f  the need i n  analyzing the 

average scan time, the mornents o f  e leva t i on  and azimuth 

d i s t r i b u t i o n s  dre a lso  tabulated i n  Fig. 4 ( a l l  normalized @,.,,=I). 

4. --- Shu t t l ?  --- Receivcr - Antenna Pat tern Model ---_ 
I t  i s  assumed here tha t  the  pa t te rn  o f  the Shu t t l e  antenna 

has on ly  one s ing le  penc i l  beam w i t h  the f i t - s t  s idelobe down 17.5 

dB from the r~iain lobe. The beam wid th  s h a l l  be 

r e f e r r e d  t o  as the  3 dB contour o f  the antenna pat te rn .  The 

type o f  the antenna pa t te rn  assurrled here can be character ized 

as fo l lows:  

J1 (2a cos o )  
G ( 0 )  = --------- 

a s i n  e (8) 

where 

0 = angle o f f s e t  o f  the boresight  ax i s  o f  the Shu t t l e  

antenna fro111 the d i r e c t i o n  o f  the TDRS p o s i t i o n  

a = a parameter determined by 3 dB beamwidth o f  the 

antenna o ,  
, 

11 





Figure 4. MEAN AND MOMENTS OF ELEVATION AND AZIMUTH 
DISTRIBUTION OF TDRS POSITION. 

Elevation: 

( 1-1 )TH CENTRAL MOMENTS 

1.0000000E+00 
3.1307825E-01 Mean 
2.6646434E-02 
2.6520391 E-03 
2.2308420E-03 
6.27391 34E-04 
3.5791 496E-04 
1 .5581140E-04 
8.471 5485E-05 
4.41 32538E-05 
2.4764277E-05 
1.40-0367E-05 
8.1651 569E-06 
4.8283923E-06 
2.9042068E-06 

Azimuth: 

MEAN, AND CENTRAL MOMENTS 
MEAN= 5.0000000E-01 

3 8.3333333E-02 
4 U. 
5 1.2500000E-02 
6 0. 
7 2.2321429E-03 
8 0. 
9 4.3402778E-04 

10 0. 
11 8.8778409E-05 
12 0. 
1 3 1 .8780048E-05 
14 0. 
15 4.0690104E-06 
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I J1 (x)  = Bessel funct ion o f  f i r s t - o rde r  

Note tha t  here we assume the antenna pat tern i s  spher ical ly  

symnetric w i th  respect t o  the boresight o f  the antenna. The 

funct ion 21 Jl(x)l/x i s  p lo t ted  i n  Fig. 5. From the funct ion one 

can see t ha t  the 3 dB po in t  o f  the pat tern  i s  located a t  x = 1.61 

and tha t  the f i r s t  sidelobe peak i s  17.5 dB down from the main 

peak and occurs a t  x = 5.1. With t h i s  information one can 

design the antenna w i th  3 dB beamwidth by choosing the 

parameter a t o  s a t i s f y  the condi t ion 

1.61 a = r  0.805 
s i n  eB e~ 

where 

B = h a l f  beamwidth ( i n  rad.) 

I n  what fol lows we set  a-57.65 and t h i s  gives r i s e  t o  a beamwidth o f  1.6O. 

The antenna pat tern  used i n  t h i s  study i s  p lo t ted  i n  Fig.6 w i th  an amp l i f i -  

t i o n  factor o f  3 i n  angle and i n  Fig. 7 i n  rectangular form. Note tha t  

the f i r s t  n u l l  po in t  o f  the main lobe i s  a t  eN = 1.78' and t ha t  

the angle o f  the f i r s t  sidelobe peak i s  eS = 2 . 5 O .  

The funct ion G(e) gives the loss i n  the received signal 

power when the angle e i s  nonzero. The e, an o f f s e t  angle, i s  an 

angle o f  the boresight axis o f  the Shutt le antenna o f f  from the TDRS. 

To compute e, one should know the r e l a t i v e  geometric r e l a t i on  

between the TDRS and Shutt le receivers. Using spherical coordinate 
-* 

system, we denote A t o  be a fec tor  po in t ing toward the TDRS 
+ 

w i th  u n i t  magnitude, say ( 1 ,  aAZ, aEL) and B be a u n i t  vector 

i n  l i n e  w i th  the boresight ax is  o f  the Shutt le antenna, say 





Figure 5. Antenna Gain i n  Rectangular Coordinates. 
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(1  !BAZ,B EL). Then one can express t he  o f f s e t  ang le  e t o  be 

cos 0 
A * B  = m  

where 
3 

1x1 = l e n g t h  o f  a vec to r  X 

= s c a l a r  product  o f  two vec to rs  

I n  s c a l a r  form t he  above equat ion becomes 

cos 0 = C O S ( ~  -B ) s i n  aEL s i n  f3 EL + cos  EL 5 
AZ AZ (10)  

I f  the TDRS happens t o  be a t  t h e  cen te r  o f  u n c e r t a i n t y  reg ion,  

i .e.,  ah^ = 0 and aEL = 0, one immediately has 

cos o = cos B EL o r  0 = B EL 

Eq. (10)  w i l l  be used i n  general  t o  compute the  o f f s e t  ang le  e 

f o r  a g iven  p o s i t i o n  o f  t he  TDRS and t he  d i r e c t i o n  o f  t he  

bo res i gh t  a x i s  o f  S h u t t l e  antennas. The l a t t e r  w i l l  be 

represented as a p o i n t  i n  the  p ro j ec ted  p lane as i n d i c a t e d  i n  

F ig .  2b. 



1. Scanninq T r a j ~ c t 0 r i c . s  

I n  o rder  t o  search s p a t i a l l y  f o r  t h e  TDRS p o s i t i o n  sys tema t i ca l l y ,  

one should ass ign a  r e g u l a r  pa th  f o r  t h e  Shu t t l e  antenna t o  sweep 

across t h e  u n c e r t a i n t y  reg ion.  P r o j e c t i n o  the path, a long  

which t h e  S h u t t l e  antenna sweeps through, onto t he  p lane perpend icu la r  

t o  the  y-axis,  we have a  t r a j e c t o r y  f o r  t he  t i p  o f  bo res i gh t  o f  

t he  antenna and f o o t p r i n t s  f o r  t h e  3 dB contour  o f  t h e  antenna 

pa t t e rn .  To guarantee a  complete coverage o f  t he  u n c e r t a i n t y  

r eg ion  w i t h  a  3 dB contour  f o o t p r i n t ,  one should p r o p e r l y  design 

t he  t r a j e c t o r y .  I n  t h i s  study, t h r e e  k inds  of scan .i;rajector.ies 

a re  s tud ied,  v i z . ,  

(1  ) Square T ra jec to ry .  

(2 )  Hexagonal T r a j e c t o r y  . 
(3)  Ach~mede S p i r a l  T ra j ec to r y .  

The c h a r a c t e r i s t i c s  o f  each t r a j e c t o r y  w i l l  be d iscussed separ- 

a t e l y .  Here w e ' l l  p o i n t  o u t  t h a t  t h e  f i r s t  two t r a j e c t o r i e s  

w i l l  have un i fo rm over laps between any two 3 dB contour  o f  t h e  

antenna pa t te rn .  The whole u n c e r t a i n t y  area i s  d i v i d e d  i n t o  

c e l l s  i n s i d e  which every p o i n t  can be i l l u m i n a t e d  by a t  l e a s t  a  

3 dB contour  o f  t h e  S h u t t l e  antenna. On t h e  o t h e r  hand, t he  

t h i r d  t r a j e c t o r y  w i l l  have nonuni form over laps,  e s p e c i a l l y  

those c e l l s  near t h e  cen te r  o f  the  u n c e r t a i n t y  zone. The 

over lap  used here i s  de f ined  t o  be t h e  r a t i o  o f  t he  p o r t i o n  

o' the  over lap  o f  two c e l l s  whose cen te r s  on a  t r a j e c t o r y  a re  

a l i gned  i n  the same r a d i c a l  d i r e c t i o n ,  t o  the  3 dB beamwidth 

of t he  antenna, as shown i n  F ig .  8. 
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Here we a l s o  assume t h a t  a:l t r a j e c t o r i e s  s t a r t  a t  t h e  cen te r  

o f  the u n c e r t a i n t y  cone. 

(a)  Square T r a j e c t o r y  

As t he  nave imp l ies ,  t he  t r a j e c t o r y  i s  square-shabod and 

t he  unce r ta i n t y  area i s  d i v i d e d  i n t o  square c e l l s  w i t h  diagonals 

2eg, as shown i n  Fig.  9. The cen te r  o f  each c e l l  can be e a s i l y  

determined from the  geometry of t h e  t r a j e c t o r y .  One can see t h a t  

t h e  disadvantage of t h e  square t r a j e c t o r y  i s  t h a t  some o f  t he  

c e l l  s  a r e  ou ts ide  the s p e c i f i e d  u n c e r t a i n t y  cone. Obviously 

one can e a s i l y  determine the  number o f  terms o f  t h e  t r a j e c t o r y  

and the  number of  c 2 l l s  needed i n  o rde r  t o  cqmplete ly  ccver  the  

whole u n c e r t a i n t y  cone. 

Le t  8, be t h e  zng le  o f  h a l f  ;.he u n c e r t a i n t y  cone, 2d the  

separat ion between two sqbare c e l l s ,  2d = and N t h e  number 

o f  tu rns .  Then from observa t ion  o f  geometry, one can e a s i l y  

express 

eB + 2Nd 2 0, 

o r  

e m - e ~  - - 2 ( 2 -  1) 
2- 

1 This  i n d i c a t e s  t h a t  i t  takes abcut JT (emleg -1)  t u r n s  o f  

square t r a j e c t o r y  t o  s w e ~ p  through t h e  whole area. One may 

a l s o  est imate the number o f  c e l l  s  needed 

I Nc 

= 1 + 8 + 2x8 + ...+ 8xN 

= 1 + 4N(N+i ) ( 1  3; 

AnConz 
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Figure 9. S9CARE SCAl i l i I i i rJ  TMJECTOSY 
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For instance. d d  = 0.8". 0, = 10". then one needs 

N , 8.13 a t  least  N = 9 turns - 

and the number o f  c e l l s  

Nc = 1+ 4 x 9 x 10 = 361 c e l l s  

F ina l ly ,  one should note that  the overlap f a r  the squhre t ra jec to ry  

i s  29.3%. 

( b ) --- He xagona 1 T r aLc_c&or~- 

Hexagonal t r d  jec  to ry  I-equi res less over1 ap between c e l l  s. 

The intersections w i th  a l l  neighborhood c e l l s  a r e  the s i x  vert ices 

o f  hexagons which form a honey canb. The separation 2d between 

tw hcxagonals i s  .,3tg. as shown i n  Fig. 10. Obviously, the 

centers o f  the c e l l s  can also be deterrliined easi ly .  Here we 

can also estiiltate the number o f  turns required t o  sweep the 

uncertainty area t o  be as 

one cao solve f o r  N 

ORIGINAL PAGE IS 
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I The number o f  c e l l s  can also be computed 

Comparing eq. (13) w i th  (15;. one can see that  the number o f  
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c e l l s  required fo r  the hexagonal t r a j e c t o r y  i s  l e s s  than those 

f o r  the square t ra jec tory .  say oB ; 0.8* and em = 10". the 

t r a j e c t o r y  needs 

N - L 7.1 :-17 ~t l e a s t  N = 8 turns 

and 

NC 
= 216 c e l l s  

which i s  smaller than t h a t  f o r  the  square t ra jec to ry .  

(c)  Archimedc Sp i ra l  Tra jectory 

When t h e  boresight ax i s  o f  the Shut t le  astenna sweeps along 

a t ra jec to ry ,  the foot p r i n t s  o f  a 3 dB contours o f  the antenna 

cover a unifornl  s t r i p  of area along the path. I n  order  t o  

u t i l i z e  t h i s  fac t ,  the Archiniede s p i r a l  i s  most su i tab le  because 

o f  i t s  equal separation between t r t j e c t o r i e s .  The Archioede 

s p i r a l  can bc charactet ized as 

where . 

2d = separation between t r a j e c t o r y  

Note t h a t  the var iab le  ap ( o r  Az) i n  the  expression should no t  

be l i m i t e d  t o  a range o f  2n. According t o  the de f in i t . i on  o f  

overlap eq. (11 ), the  se(.aration d should be determined once 

the overlap o f  c e l l s  i s  speci f ied.  

Unl ike other  two t ra jec to r ies ,  the  s p i r a l  t r ~ j e c i o r y  lacks 

geornetricai symnetr ic i ty .  So how t o  choose the center  o f  c e l l s  

t o  ensure a complete coverage of the  scanned area becomes a 

n o n t r i v i a l  problem. 

To exp la in  the scheme o f  f i n d i n g  centers o f  c e l l s  along the 



t ' 
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sp i ra l ,  we sha l l  s t a r t  the f i r s t  re11 o f  the scan a t  E l  = 0 and 

Az = 0 and proceed along the spira I. We should ittipose a 

corlditfon tha t  the c i r c l e  o f  the second c e l l  passes through 

the in tersect ion o f  the c i r c l e  o f  the f i r s t  c e l l  and an 

aux i l i a r y  sp i r a l .  This aux i l i a r y  sp i ra l  fa1 1s i n  the Archimede 

sp i ra l  t ra jec to ry  and can be characterized as below 

p. = 
I 

t d  ';; a2 (17) 

as ~i lown i n  Fig. 8. 

Let A be the in tersect ion po in t  o f  the f i r s t  c e l l  and 

the aux i l i a r y  sp i ra l ,  (Elm1 ,Azml), and B the center o f  the 

second c e l l  (ElZ.Az2). Using eqs. (16) and (17). one can solve 

f o r  Elm1. Azml and EL2.Az2 i n  seqeence, 

El,, = eB and Azml = -5 (oB - d )  (18) 

and 

The re l a t i on  (19a) i s  derived from the f a c t  tha t  the distance from 

po in t  A t o  B i s  eg. Combining two equations (19). one can 

i t e r a t i v e l y  solve f o r  Az2. then E l p  Repeating t h i s  procedure. 

one can f i n d  the centers o f  a l l  c e l l s  t o  cover completely the 

scanned area. Here we sha l l  formulate the general method. 

t h  Let the center o f  the k-- c e l l  be known (Elk.Azk). To 

t h f i n d  the center o f  the next c e l l  ( ' (k+l) - - )  one should f i n d  the 

t h  in tersect ion of the c i r c l e  o f  :he k-- c e l l  and th r  aux i l i a r y  

sp i r a l  curve f i r s t .  Denote the in tersect ion t o  be (Elmk,kmk). 



Then one can have the re la t ion  

t o  solve f o r  Azmk Using eq. (17) one can compute E l  
mk' 

After 

obtaining the values o f  Azmk and Elmk, one can solve f o r  k 
(k+l) '  

i terat ive ly ,  by the re la t ion  

Similarly, one can obtain E l  by eq. (17). 

From the above discussion o f  finding centers o f  a l l  ce l l s  

one can real ize that i t i s  rather complicated t o  analy t ica l ly  

evaluate the number o f  ce l l s  required o r  number o f  turns needed 

t o  cover whole area o f  uncertainty cone. However, a computer 

program implementing the above scheme has been developed and can 

provide those answers f o r  a specif ied uncertainty cone. 

(2) MDtion o f  the Shuttle Receiver Antenna 

Once a trajectory o f  spat ial  search i s  chosen f o r  Shuttle 

receiver antennas, one needs t o  determine what type o f  motion 

should be used i n  order t o  meet aspects o f  the t o t a l  search time. 

Here, i t  i s  assumed that  the receiver antenna can be moved 

e i ther  i n  a constant angular veloci ty o r  constant speed i n  any 

trajectcry or a combination o f  them. The constant angular 

veloci ty can be characterized as 

- - - constant d t  
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and the constant speed along a t r a j t x t o r y  i s  defined t o  be 

= constant 
along t ra jec to ry  

where s i s  the arc length along a t ra jec tory .  

How should we choose the type o f  motion f o r  the receiver antenna 

depends oti the f l e x i b i l i t y  o f  gimbol systems, :;hich d r i ve  the 

antenna t o  sweep, on the adoption o f  scanning t ra jec to r ies  and 

on the consideration o f  dwell time f o r  each search c e l l .  One 

important parameter i n  the design o f  acqu is i t ion system i s  the 

tota: scan time. Here we sha l l  discuss the e f f e c t  o f  types o f  

motion on the scan time. We sha l l  neglect the time required 

f o r  signal detect ion since i t  i s  normally much shorter than 

the time f o r  mechanical motion. 

Suppose tha t  the beanuidth o f  the Shutt le antenna i s  1.6'. 

the scan times t o  sweep over an uncerta inty cone o f  20" are 

p lo t ted  i n  Fig.11 . f o r  constant angular ve loc i t y  o f  Shutt le 

antennas wi th  the sp i ra l  t ra jec tory .  For instance, ;or a constant 

ro ta t ion  speed o f  10bO/sec, i t  v i l l  take 32 seconds t o  sweep the 

whole uncertainty area i f  tho overlap o f  the s p i r a l  t ra jec to ry  

i s  30%. To meet the required scan time, 55 sec, i t  i s  necessary 

f o r  the Shutt le antenna t o  ro ta te  a t  l eas t  50°/sec, for  15% o f  

overlap sp i ra l  t ra jec tory .  This i s  equivalent t o  0.131 cycle/ 

sec. The scan times f o r  other two types o f  t ra jec to r ies  are 

also shown i n  Fig. 11. 

On the other hand, th9 curves given i n  Fig. 12 show the 

scac time f o r  constant speed along the t ra jec tory .  Note 

tha t  the u n i t  o f  speed i s  the same as the u n i t  i n  e levat ion 



Figure  11 .  Scan Ti111e f o r  Constar~t  Angular Y ~ l o c i t y .  

0.3 0.4 0.5 

f, ( i n  ryclelsec) 



per sec. The u r ~ c e r t a i n t y  cone i s  a l so  assumed t o  be 20'. The curves 

show t h a t  the Shu t t l e  antenna requi res t c  move 4.9"lsec along 

the s p i r a l  t r a j e c t o r y  o f  15s overlap t o  sweep over the whole 

uncer ta in ty  cone f o r  55' sec. 

From Figs. 11 and 12, one can see t h a t  the  scan t ime f o r  

s p i r a l  t r a j e c t o r y  can be b e t t e r  than the o ther  two t r a j e c t o r i e s .  

As pointed ou t  prev iously ,  the  square t r a j e c t o r i e s  spend much 

more i t s  scan beyond the uncer ta in ty  region. S im i l a r l y ,  

the hexagonal t r a j e c t o r i e s  may a lso  spend some o f  i t s  scan 

beyond the uncer ta in ty  reg ion  i n  order t o  ensure a complete 

coverage o f  the  region. I n  general the path o f  t r a j e c t o r i e s  

s t a r t i n g  from the  center  o f  uncer ta in ty  zone t o  i t s  edge i s  

shor te r  f o r  s p i r a l  types ':ban f o r  square and hexagonal types. 

Therefore, the s p i r a l  t r a j e c t o r i e s  are recoinmended f o r  Shut t le  

antenna scanning. 

Note t h a t  the  constant speed along a t r a j e c t o r y  y i e l d s  a 

nonuniform angular ve loc i t y .  I n  order t o  reveal  t h e .  r e l a t i o n  

b e t ~ e e n  the  angular v e l o c i t y  and the constant speed along a 

t ra jec to ry ,  we p l o t  t he  instantaneous angular v e l o c i t y  f o r  a 

constant speed a long a s p i r a l  t r a jec to ry ,  say 5O/sec, i n  Fig. 13 . 
Clear ly  i t  shows t h a t  i n  the neishborhood o f  the  center  o f  the 

ucner ta in ty  cone, the Shu t t l e  antenna i s  requ i red  t o  r o t a t e  

more than 4 cycles/sec, which may appear too  h igh  f o r  the Ku-band 

rece iver  antenna. To prevent t h i s  s i t ua t i on ,  the combination 

o f  the constant angular v e l o c i t y  around the  center  o f  the 

uncer ta in ty  zone and the constant speed along a t r a j e r t o r y  f o r  
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outside area is proposed as the third a1 ternative for the study. 

For the third alternatiue, an additional parameter, called 

switch point es, defining the point to change the motion of the 

Shuttle antenna from the constant angular speed to the constant 

speed along a trajectory, should be determined by the consideration 

of optinla1 dwell time for search cells. Here 'optimal ' dwell time 

means to provide maximal available dwell time for signal detectioc. 

Thus, we shall discuss this problem in the next section. 

. ( 3 )  Dwell Time - Mechanical and Electrical 
There are two kinds of dwell time involved in the acquisition 

system of spatial search--mechanical and electrical dwell times. 

The mechanical dwell time 1"i'"defined to be the time interval for 

Shuttle antenna to sweep along a trajectory from one search cell 

to an adjacent cell; while the electrical dwell time is the time 

interval for a signal energy detector to integrate the received signal energy 

and making a decision. Surely the electrical dwell time governed by 

the mechanical dwell time. In this study, we assume that the 

electrical dwell time is much smaller than the mechanical dwell 

time and that the electrical dwell time will be set uniformly for 

all search cells. The relation between these two dwell times is 

given as follows: 

TD = kg min (TDM) (24 1 
where 

TDM = mechanical dwell time O R r G ~ ~ ~  PAOE IS OF 
QU- TD = electrical dwell time. 

For a constant speed along trajectories, the mechanics: dwell 

time is uniform. Eq. (16) becomes 

a e&nCnt 
33 

--- --- 



For a constant angular ve loc i t y ,  t he  mechanical dwel l  t ime var ies  

depending on t l . 2  l o c a t i o n  o f  c e l l s .  When the t r a j e c t o r y  i s  near 

the  center o f  the uncer ta in ty  zone, the number o f  c e l l s  swept by 

the  Shut t le  antenna per  cyc le  i s  l ess  and the  mechatl~cal dwell 

t ime i s  longer. *I herefore, the  shor test  mechanical dwe? 1 t ime 

ava i l ab le  occurs a t  t ' le  outward area o f  t he  uncer ta in ty  cone. One 

may est imate the shor test  mechanical dwel l  t ime by 

where 

= rad ius  of uncer ta in ty  cone 

2eg = beamwidth o f  antenna I 
f = revolut ion/sec 

b/2eg = over lap 
Next we discuss the case where the Shu t t l e  antenna moves w i t h  constant angula 

v e l o c i t y  around the center o f  the uncer ta in ty  area then changes t o  i 
a constant speed along a t r a j e c t o r y  a t  a swi tch ing p o i n t  eS. We 

have p l o t t e d  curves, as shown i n  Fig. 14, for kg = 0.1, and f i x e d  

t o t a l  scan time TScan = 55 sec. When the swi tch ing p o i n t  a t  es= 6 O ,  

the i n te rsec t i on  o f  curves A and B y i e l d s  the  opt imal e l e c t r i c a l  

dwel l  t i m r  avai lab le,  ID = 22.5 ms i f  one chose f ,  = 0.26 cycle/sec 

f o r  r o t a t i o n a l  speed w i t h i n  the swi tch ing p o i n t  el. The curve A 

represents the minimum dwel l  t ime f o r  c e l l s  w i t h i n  the  constant 

r o t a t i o n  zone, wh i l e  curve B i s  the  dwell t ime o f  c e l l s  outs ide 

the constant r o t a t i o n  zone, Based on these sets o f  curves, a 



. .. . * - q *  
" * ,  . i.-*: i.. r.."' ' ' -1 'T'. . " . 

a *  . . . a- 2 A .  : - . . . . A  ! . .  . . A  , . . . 8. - . . ,-d- 

' F igure  14. O p t i n ~ i z a t i o n  of E l e c t r i c a l  Ow211 ; ime. 
I 

- --- . 
1 - ' . , - . .  I ' 

. , I -  ' i 

0 .!I 0.2 0 . 3  0.4 . 0 . 5  0.6 
. I  

fc Constant Angular Velocity (cyclcs/scc 1 

ORIGINAL PAGE IS 
OF POOR QUALITY 



I sjstem designer my determine the optimal electr ical  dwell time 

and also proper rotation speed. The constant speed fa r  the outside 

switch point can be set to be the same speed as that when the 

Shuttle antenna reaches t'le switch point, that i s  
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I I I. AVERAGE SCAN TIME (MECHANICAL) 

Scan t ime i s  one o f  the important parameters i n  the design 

o f  tntenna acquis i t ion systems. It i s  functions o f  the 

mechanical charac te r i s t t i cs  o f  the Shutt le antenna, the schene 

o f  signal energy detect ion and the s t a t i s t i c a l  pos i t i on  o f  

TDRS r e l a t i v e  t o  Shutt le users. The analysis o f  the scan 

time i s  ra ther  complicated. In  t h i s  study, we sha l l  resor t  t o  

computer simulat ion t o  obtain the scao time. However, we sha l l  

- discuss the scan time o f  the Shutt le antenna without taking i n t o  

account the e f fec ts  o f  false-alarm and miss detection. This 

means the scan time w i l l  be determined f o r  a chosen antenna 

t ra jec tory ,  type o f  motion o f  gimbol systems and truncated 

Gaussian d i s t r i b u t i o n  f o r  the TDRS posi t ion.  

To der ive the average scan tinie f o r  the Shutt le antenna t o  

po in t  to the  TDRS posi t ion,  we sha l l  use Gauss quadrature rules, 

f o r  which a general expression o f  scan time T conditiuncd on a 3 2  "B 
known TDRS posi t ions i s  required. 

For the three proposed scanning t ra jec to r ies  the scan time 32 
A & 

T w i l l  be expressed i n  terms o f  e i t he r  a rectangular coordinate 

system f o r  sp i ra l  t ra jec to r ies  o r  i n  a rectangular coordinate 

system f ~ r  two other t r a  jectories-square and hexagonal. 
h 

Denote the TDRS pos i t i on  t o  be a t  o where orEL 
i s  i n  e levat ion component ( rad ica l  d i rec t ion  i n  the projected 

A 

plane) and aAZ i s  i n  azimuth component (angular d i rec t ion ) .  Let  

x ( t )  and y ( t  ) be the rectangular coordinates o f  the t ra jec to ry  

o f  the Shutt le antenna motion on a projected plane a t  time 

ins tant  t. One can re l a te  i t  t o  the polar  coordinates (a1 ,a2) 
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J'- a,(t) = x (t) + y ( r )  in  Elevation Di rec t ion 
(27) 

o,(t) = tan'' $f i n  Azimuth Direct ion (28) 
L 

I n  the analysis, i t  i~ assumed that, t o  s t a r t  the spat ia l  

search o f  the TDRS posi t ion,  the Shut t le  antenna points t c  the 

designated center o f  the uncertainty region o f  TDRS, say 

a ( t )  = (0.0) as shown i n  Fig. 15. Then the time required for  

the Shutt le antenna t o  scan up t o  the TDRS pos i t ion,  along 

the assigned scannsrg t ra jec to ry  can be expressed as follows: I 

A 
L a 

a = a o d t 

T(;) = la;O dt = 
( 6 ) d ~  along t ra jec to ry  P 

j 
(29 

where P. i s  the assigned t ra jec to ry  o f  the Shut t le  antenna motion, 
J 

d s as seen i n  Fig. 15. The var iable (dT) i s  the ve l cc i t y  of the 

antenna motion along the t ra jec to ry  a t  any ins tan t  t. More often, 

i t  i s  ra ther  convenient t o  decompose the speed o f  antenna motion 

i n t o  two orthogonal components, e i t he r  i n  polar form o r  i n  

rectangular form. From geometric considerations one can simply 

d s express i n  tne fo l lowing forms: 

ds = i n  polar  Form (30) 

o r  

= (a) i n  ~ e c t a n ~ u l a r  Form (31 ) 

Therefore the condl t i ona l  scanning time T(;) on the known TDRS 

1 

*38 doit G l  
A 
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posi t i o n  become 

A 

f 

~ ( 6 )  = f o r  Polar Form 

(32a 
along Pj 

ds f o r  Rectangular Form 

along P 
j (32b) 

One can evaluate the scan time using the above formulation 

i f  the t ra jec to ry  i s  f i xed  and the TORS pos i t i on  i s  known. 

Unfortunately, i n  pract ice  the TDRS pos i t i on  i s  on ly  known w i t h i n  

a ce r ta in  region. To characterize t h i s  unknown, a truncated 

Gaussian d i s t r i bu t i on  funct ion p(al,a2) i s  assumed f o r  the TDRS 

posit ion. That means o i s  r random var iable w i th  p robab i l i t y  

d i s t r i bu t i on  p (al ,a2). With t h i s  uncerta inty o f  the TDRS 

posit ion, the average scan t i n e  can be evaluated through 

Gauss quadrature formulas. By de f in i t i on ,  the average scan 

time i s  

Here we sha l l  assume that  the variables al  and a2 are s t a t i s t i c a l l y  

independent o f  each other, as i s  the case i n  pract ice, i .e.  
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Then one has I 

where 

= the rad ius  o f  the ut tcer ta inty  reg ion  o f  TDRS p o s i t i o n  

The above double i ~ t t e g r a l  can be eval uatcd approxinlately 

through Gauss quadrature formulas as below: 

The sets o f  parameters ( ~ ~ ~ . a ~ ~ )  and ( ~ ~ ~ , a ~ ~  ) can be obtained 

from moments o f  random var iables.  A se t  o f  these paraweters 

f o r  the assumed p r o b a b i l i t y  d i s t r i b u t i o n  func t i on  (as shown i n  

previous sect ions t h a t  the random va r iab le  al i s  t runcated R ic ian  

d i s t r i b u t i o n  and a2 uni form d i s t r i b u t i o n )  i s  g iven i n  Table 1 

f o r  N1 = ti2 = 5 w i t h  requ i red  moments o f  random var iables.  

Through t h i s  scheme, the average scan t ime w i t h  two d i f f e r e n t  I 
types o f  the antenna motion along s p i r a l  t r a j e c t o r y  o f  302 over lap i s  I 
computed vs o the standard dev ia t ion  o f  the Gaussian d i s t r i b u t i o n  func t i on  

P ' I 
The Shut t le  aqtenna w i l l  take 31.5 sec t o  sweep over the whole I 
uncer ta in ty  area i f  i t  i s  ro ta ted  w i t h  a constant angular I 
v e l o c i t y  of 0.3 cycle/sec. The average scan t ime f o r  t h i s  

constant angular v e l o c i t y  i s  p l o t t e d  i n  Fig. 16. For a mixed I 
type o f  motion--sweeping w i t h  a constant angular v e l o c i t y  fc I 
then constant speed along the t r a j e c t o r y  vc a t  a sw i tch ing  angle e 



Table 1. Moments and Parameters (uiP,ail) of Gauss Quadrature 
Formulas. 

(1)  Truncated Rician Var iable ( 6 ,  = 1.0' ,a, = 0.25') 

( I - 1 )TH  Central  Moments Gauss Quadrature Formula 

1 1 .0000000E+00 '1 a "9 a. 

2 3.1307825E-01 (Mean) 0 -2.41 94992E-01 1.2466771 E-01 

11 2.4764277E-05 

( 2 )  Uniform Random Var iable (em = 1 . O )  

(1-1 )TH Central  Moment Gauss Quadrature Formula 



Figure 16. AVERAGE SCAN T!KE FOR COtiSTAtIT A:iGllLAR 'rFLOCITY 

1 
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the Shuttle antenna w i l l  take 61.6 sec to complete the scan over 

the uncertainty area i f  fc = 0 . 3  cycle/sec, vc = 5 044 degreeslsec. 

I t s  average scan time i s  also plotted i n  Fig. 17. K ~ t e  that  the 

u n i t  of vc i s  the same as that  i n  elevation unit/sec. 
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Figure 17. AVERAGE SCAN TIME FOR A MIXED MOTION 
L;*1 c.*,,t 

*Maximum Scan 61.4 SeC . 

=Spiral Trajectory With 30% Overlap 

. B S  = 5.s0 

*fc = 0.3 cycles/sec 

. v  = 5.044 degree/sec 
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I V .  KU-BAND RECEIVER--SIGNAL --- ENERGY DETECTOR 

(1) Receiver Model 

I n  t h i s  study tne  rece iver  f o r  s p a t i a l  search i s  assumed 

t o  be a  noncoherent s ignal  energy detector ,  as shown i n  Fig. 19. 

The s ignal  energy from a  square-law detec tor  i s  used f o r  detect-  

i n g  whether the Shut t le  antenna i s  p o i n t i n g  toward the TDRS. 

During the  spa t i a l  search, the Shu t t l e  antenna i s  sweeping 

across the uncer ta in ty  region o f  the TORS along the  assigned 

t ra jec to ry .  A t  the same t ime the Shu t t l e  receives s igna ls  

t ransmit ted from the TDRS. The s ignal  power received by the  

Shut t le  depends upon the o f f s e t  angle tff between the boresight  

ax is  o f  the Shut t le  antenna and the  d i r e c t i o n  o f  the  TDRS i n  

the view o f  the Shut t le  receiver .  By comparing the  received 

s ignal  power w i t h  a  threshold, one can determine t h a t  the 

boresight ax i s  o f  the Shut t le  antenna i s  p o i n t i n g  t o  the TDRS, 

therefore, stops the scanning o f  the Shu t t l e  antenna. Denote 

the received s ignal  t o  be S(t,e) p lus the  channel Gaussian 

2 
noise w i t h  zero mean and variance on. I q e  received s ignal  may 

be expressed as fo l lows:  

where 

s(t,e) = )@' G(o) s q ( t ) d ( t )  cos m(t)  
I 

P = Maximum received s ignal  power when the boresight  o f  the 
Shut t le  antenna i s  po in t i ng  a t  the TDRS p o s i t i o n  

Sq(t )  = PN code waveform 

d ( t )  = Data waveform 
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= I n i t i a l  phase angle 

G(0) = Loss func t ion  o f  receibed s ignal  due t o  o f f s e t  

o f  the boresight  o f  the Shut t le  antenna from the TDRS 
pos i t i on  ds def ined i n  eq. (8) 

n ( t )  = A Gaussian randon process w i t h  zero mean and 
2 variance on 

= n, cos ~ ( t )  - ns s i n  ~ ( t )  

nc \ = Basebani Gaussian random, orocesses w i  t h  zero 
2 's means and variances on 

I The variance c i z  o f  the channel noise i s  determined by the I 
bandwidth o f  the  I F  f i  1  t e r  BIF and system noise temperature 

(noise spectra l  dens i ty  No). Since the received s ignal  i: 

wide spread i n  frequency, the I F  f i l t e r  must be designed t o  be 

wide snough t o  pass the s igna l .  Therefore, the rec2ived s ignal  

I power consis ts  o f  no t  on ly  t he  t ransmit ted s ignal  energy but  I 
I a lso  channel noise energy. When the  ava i l ab le  s igna l  power I 

a t  the Shut t le  rece iver  i s  weak, the decis ion making based on 

the output o f  energy de tec t ion  w i l l  be e f fec ted  by the channel 

noise power; however, one can se t  proper threshold against  the 

channel nc ise so t h a t  the p r o b a b i l i t y  o f  de tec t i ng  aetf = 0 

i s  reasonably high. Yet, when the ava i l ab le  s igna l  power i s  

strong, the c r i t e r i o n  o f  s e t t i n g  threshold l e v e l  against  the 

channel noise w i l l  cause f a l s e  a c q u i s i t i o n  due t o  sidelabe 

o f  the Shut t le  antenna, s ince the sidelobe o f  the Shu t t l e  antenna 

i s  on ly  17 dB weaker than the s t rength  o f  the main lobe o f  the 

antenna. I n  orc!er t o  prevent t h i s  sidelobe acqu is i t i on ,  specia l  



schemes must be imp1 cmented. Some recommended techniques for 

avoidance o f  sidelobe a c q u i s i t i o n  w i l l  be discussed separately. 

The s ignal  detection for  the Ku--band rece i ve r  can be 

formulated as f o l l  ows: 

Denote the output o f  i ne  square law detec tor  t o  be 

y(t ,e) = r2 ( t ,e )  (36)  

depending on the o f f s e t  angle between the  boresight  ax i s  o f  the 

Shut t le  antenna and the d i r e c t i o n  of the  TDRS. The output of the 

The detector  i s  t o  detsibmine one o f  two hypotheses: 

where ea= al lowable o f f s e t  angle o f  the Shu t t l e  antenna. The i n t e g r a t i o n  

of Z ( e )  w i l l  be approximated by the sum <,f N samples taken a t  

a Nyquist r a t e  TS, which i s  equal t o  B;;. 

ehere M = i n tege r  p a r t  o f  BIFTg The s t a t i s t i c a l  cha rac te r i s t i cs  

o f  the var iab le  Z ( a )  can be determined from t h a t  o f  a s ing le  

sample r (kTs e ) ,  t o  be discussed i n  the next  sect ion.  ' Here we 

s h a l l  f u r t h e r  make w e  assun~ption tha t  e a  % 0. So the hypotheses 

should be modi f ied as 



Ho: Z(e) f o r  l e i  > 0 

HI: Z(B) f o r  e = 0 

The fo l lowing analysis can be modified f o r  small values of ad.  

(2) S ta t i s t i ca l  Characterist ics o f  Decision Variable 

By the assumption t ha t  nc and n, are two lowpass Gaussian 

random variables o f  zero means and variance o:, the p robab i l i t y  

density function o f t n e  envelope R and phase $ o f  the sigcal  r ( t , e )  

we1 1 known 

P(R,$le,Sq,d) 

I where 

~ Z P G ~ ( ~ )  + R2 - 2JZPG(e)S 

-20; 

f o r  R > 0 - 
f o r  R < 0 

ORIGINAL PAGE IS 
OF POOR QUAISrY 

I Define 

p 2 b )  = = input  signal-to-noise r a t i o  (SNR) 2 
On 

Then 

exp (- ( - ~ & J - ~ ~ ( e ) + ~ r ( a  1 (, !%) s q i t ) d ( t )  cos $) 

= i 2 ~ T U  

P(R,qle,Sq,d) for  R > 0 - 
0 . 9 < 0  

Averaging P(R,$/e) w i t h  respect t o  $, one has 



exp(-  (,.z")Z - p2(t?i) i 0  jr:" sq(t)d(t)p(dI)  -2 
0 n 

p i R l o . ~ ~ , d  = ( R z O  

(43) 
0 R < O  

Assu~ning that 

Sg(f )  = 1:: I wilhequrl probabilities 

and 

d ( t )  = 
( + '  

with equal probabilities 
-1 I 

then one has 

-r+(exp (- ;6;)' - p2(o)) lo ((;2i)D(q)) f o r  rt  - 0 

..&I.) = { On 

o for r, < o (44 1 

where 
, ,\;lc;\s ..\I, PAGE IS = sample of R at t = oTs ,r lbi w )I: Q U X \ I S ~  

Naw we can derive the pt-obahility density function o f  Z ( 0 )  from 

Plr, l o )  tt~rough ttic ct1aracte1.i s t i c  fu~lction approactl, which can 

be found in 1 1 3 .  h ~ i t t i ~ l g  the detailed derivation, we express 

the r'esul t as 

h1 

0 z < o  (45 

I 

51 



I where 

IM-1 ( * )  = Modified Bessel f u ~ c t i o n  of the f ~ r s t  kind and 

o f  order (M-1 ) . 

(3) Probabi l i ty  o f  Detection and False Alarm 

When 9 = 0, the p robab i l i t y  o f  detect ing the presence o f  

TDRS can be computed as 

where Th i s  a threshold leve l  o f  the detection. Defining Z, ; 
2 MZIPo,, one has , 

I where 

aP 

exp(-Z-x) 1M- i  ( 2 R ) d z  QM(x,y) = J ( i )  

Y 

The function Q (x,y) i s  known as generalized Marcum's Q-function. M 
When the o f f s e t  angle e i s  nonzero ( eg), the p robab i l i t y  - 

I o f  fa lse alarm can be expressed as 

aD ORIGINAL PAGE IS 
~ ~ ( e f o )  = P(Z le#0)d~  OF POOR QU- 

Th 



which i s  a f u n c t i o n  o f  t h e  o f f s e t  angle 0.  The c t - i  t e r i o n  f o r  

choosing Th i s  the prevention o f  f a l se  d e t e c t i o n  caused by 

t h e  second s idc lobc  u f  tne  Shuttle antenna. I n  p rac t i ce ,  f o r  

a  g iven f a l s e  a l a r n ~  pt-obabil i ty,onc needs t o  es tab l  i s h  t he  

t t r reshold levcl Th. tiowevct-, s o l v i n g  f o r  Th f r o n ~  cq. ( 48) 

f o r  a g iven v i l u e  o f  Pfd(o) appears t o  be t ~ o n t r i v i ~ l  unless s ~ r  

2 approximat ion i s  made. Thus one nuy assume t h a t  0 (ojO) :> 0. 

- 
- Ki- J‘'' z"-I mp ( - z )dz  

Mih 

f o r  M - s 1 ( 4 9 )  

Using i tera t i vc?  schenle one cdn so lve  f o r  Ttl f o r  a g iven  va lue  

Pfa("O). 111 f a c t  t he  above express ion can be r e w r i t t m  as 

P,(r+O) = i - I kqTh2-) , I-I) (10)  
2 un 

where 

I (u,s) = i r l con~p lc tc  garrlnla f u n c t i o n  

* 
The f u r l c t i on  I ( u , s )  has bccn tabu la ted  Thus one rnny 
--- -. ---..--- * - 
*Pear.sori, K., . Tablcs -- ...-.-.-.---..-- o f  Inco~ry lc tc .  r r ~ r n c t i o n ,  . Cariibt.ii1gc U n i v e r s i t y  
Press, 1933. 
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where 

m 

1.; - 

P 

. 

Il 
I; 

i 

f 

- 
r i I 

I I 1 . I : i I j f i b l r ,  t I i 
1 - .  L :  i i j . j ,  j .-,  

convenient ly solve f o r  the threshold Th. Note t h a t  the approxi-  

2 
nlation p (0f0)  % 0 i s  v a l i d  when the noise variance a: i s  o f  the  

order of the f i r s t  s idelobe magni tcde (about SNR < 17 dB). Other- 

wise, a l t e r n a t i v e  approximation may be taken. When s igna l - to -  

noise r a t i o  SNR i s  h igh and the  value o f  M i s  la rge ,  we sha l l  use 

an equivalent  Gaussian d i s t r i b u t i o n  f o r  ~ ( ~ 1 0 ) .  

1 (z-mz(e)) 
P ( Z l e )  = m%- e x p (  --~4-) (51) 

w k r e  

nz(e)  = ~ ( 1  + p2(o)) ( 52a 

2 
oZ(o) = M ( l  + 2p2(8)) (52b) 

7hen the p r o b a b i l i t y  o f  f a l s e  alarm can be simply expressed as 

- mz(0) 

1 
~ ~ ~ o + ~ ~ = ~ e r ~ c ( ~ ~ ; - )  h (53) 

2 
e r f c ( x )  = 6 J- exp(- t  ) d t  

X 

Thus the  threshold Th beconies 

2 
Th = { J ~ c J ~ ( ~ ) Q ' ~ ( P ~ )  + mZ(e)) *20n/M ( 54 )  

To evaluate Th, we s u b s t i t u t e  o by 8 the o f f s e t  angle a t  
SP ' 

which the f i r s t  s idelobe o f  the antenna i s  located. The func t i on  

i s  tne inverse func t i on  o f  e r f c ( - )  funct ion.  . 

( 4 )  Threshold Lev~;s o f  S i g n ~ 1  E m y  Detector 

The choice o f  threshold l e v e l  i n  s ignal  energy de tec t ion  

I . - .  
54 , - -r - . -- -- .- - -- 

J b , z 6 N ~  
- - I  . - --.- -. -- - 



depend> upon the spcci f i c a t i o n  of  fa lse alarnl pvobabi l  i t y  and 

probabi l  i t y  o f  detection and ca r r i e r - t o -no i se  (CNR) r a t i o .  One 

may s t a r t  t o  choose i n i t i a l l y  a t t i reshold Till t 9  meet the p r o h d b i l i t y  

o f  f a l se  alarm Pfa due t o  channel noise. When CNR becom~c la rger ,  

as ind ica ted  prev iously ,  one has t o  v e r i f y  the ctlance o f  being 

acqu i r ing  the TDRS w i t h  the  sidelobes a f  Shut t le  antenna. If 

i t  i s  higher than Pfa, one needs t o  ad jus t  the  threshold l e v e l  

h igher  so th;t the p r o b a b i l i t y  PfaS of de tec t i t ig  the TDRS w i t h  

sidclobe o f  antenna i s  less  than specs. 

However, i n  p r a c t i c e  the CNR i s  no t  known a t  a Shu t t l e  

receiver,  i t  i s  b e t t e r  f o r  hardware in ip le~ncntat ior~ t h a t  a 

u n i f o m  threshold l e v e l  f o r  a l l  operat ing range o f  CNR i s  s e t  

up. For a Ku-band cornmunicntion l i n k ,  t hc  operat ing range o f  

CNR can be as low as 60i1B - ! I =  and as i i ig t i  as S O d ~ + t z .  With t h i s  wide 

range o f  CNR, (60 dD Hz - 60 dB Hz ) one \.ill f i t i d  i t  ir~ipossi b l c  

t o  se t  a u n i f o m  threshold l e v e l  wi thout  having f a l s e  a c q u i s i t i o n  

due t o  sidelobe o f  the Shu t t l e  antenna. This can be c l e a r l y  

seen when the  s igna l  energy a t  thc output o f  de tec tor  i s  p l o t t e d  

f o r  the n u i n  lobe against the sidelobe o f  Shu t t l e  antenna, as 

shcr~n i n  Fia. 19. Note tha t  the s igna l  crlergy received by a 

sidelobc o f  Shut t le  antennas a t  CNR = 80 dB-Hz, can be 

stronger than the sigr ial  cnergy received by the main lobe o f  

the antentla a t  CKR = 60 dR-Hz. Therefore, the threshold se t  

up f o r  CNR - 60 do-Hz w i l l  be crossed by the s igna l  energv o f  

the  sidelohe a t  CNR = SO dB-Hz. 

I n  order t o  ;,void the f a l s e  a c q u i s i t i o n  due t o  thc sidelobc 

o f  the Shu t t l c  antenna, a sccond threshold should be used t o  
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d i s t i n g u i s h  the main lobe a c q t ~ i s i t i o r l  fl-0111 a f i r s t  s idelobe 

acqu is i t ion .  Here i t  i s  proposed t o  use the second threshold 

l e v e l  a t  CNR = 80 dB-Wz t o  guarantee the specs o f  the p r o b a b i l i t y  

o f  f a l s e  alarm due t o  t h e  sidelobe f o r  h igh  SNR. 

One a lso  should note t h a t  f o r  a wide opera t ing  range o f  

CNR (60 dB-Hz t o  80 dB-Hz), the p o s s i b i l i t y  of  having a second 

sidelobe a c q u i s i t i o n  occurs i f  the second sidelobe o f  antenna 

pa t te rn  i s  no t  lower than the nu in  lobe by about the  range 

o f  CNR. 



V.  ACQUISITION SYSTEM OF KU-BAND RECEIVER 

1. Three Acqu is i t ion  Strategies Studied 

The a c q u i s i t i o n  system proposed f o r  Ku-band receivers 

consists  o f  two major parts--coarse s p a t i a l  acqu is i t i on  and 

autotrack ;cquisi t i on .  Here, we sha l l  conf ine ourselves t o  

the study o f  coarse s p a t i a l  acqu is i t i on  system. From the 

system p o i n t  o f  view, i t  i s  e ~ ~ e c t e d  t h a t  a t  the end o f  coarse 

acqu is i t ion ,  the boresight ax i s  o f  the  Shut t le  antenna must 

be a t  l e a s t  a l igned w i t h  the d i r e c t i o n  o f  the TDRS p o s i t i o n  t o  

w i t h i n  the p u l l - i n  range o f  the autotrack systei~i. Three 

acqu is i t i on  algori thms studied here can a l l  acquire the TDRS 

w i t h i n  the main lobe o f  the Shut t le  antenna when the  received CNR 

a t  the  receiver  i s  no t  too h igh (<  - 75 dB-Hz). However, w i t h  a wide 

dynamic range o f  CNR, one can i d e n t i f y  the a c q u i s i t i o n  ranges of 

these three schemes t o  be w i t h i n  sidelobes o f  the Shut t le  antenna, 

w i t h i n  the n u l l s  o f  the main lobe and near 3 dB beamwidth o f  the  

0 I: 
antenna, respect ive ly .  

The acqu is i t i on  schemes used f o r  the coarse s p a t i a l  search 

can be described as below: 

(1 ) Normal scan - The boresight  ax i s  of the Shut t le  antentla 

i s  o f f s e t  a t  most from the d i r e c t i o n  o f  the TDRS p o s i t i o n  

by an angle equal t o  the range of the f i r s t  sidelobes 

o f  antennas. I n  t h i s  case the h i t  declared by the 

acqu is i t i on  system may be due t o  e i t h e r  the main lobe o r  

the f i r s t  sidelobe o f  the antenna and t h i s  i s  dependent 

on the s ignal  - to-noise r a t i o .  Thus the autotrack 

system should be i n i t i a t e d  t o  search f o r  the TDRS p o s i t i o n  
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by the niairl lobe of the Shu t t l e  actenna. 

(2; No)-n1a1 scdn p lus  the avoidance o f  the sidelobe acqc is i  t i o n -  

The scan w i l l  pu t  the boresight  ax i s  

o f  the Shu t t l e  antenna w i t h i n  n l ~ l l  angle c f  the 

main-lobe o f  the antenria from the TDRS pos i t i on .  
! 

For t h i s  case, the a c q u i s i t i o n  procedure i s  ended 

a t  the a c q u i s i t i o n  of the TDRS p o s i t i o n  w i t h  the  i~ 

mainlobe o f  the  antenna. Thus the range o f  the 1 
autotrack operat ion w i l l  be much smal ler than the 

previous case. b 
b 
k 

(3) Normal scan p lus  f ine-search - A t  the  end o f  the  
i' t- 

acqu is i t i on ,  the boresight  a x i s  of the Shu t t l e  la 
i; 

antenna w i l l  be w i t h i n  3 dB beamwidth o f  the  antenna :*+ 
. .-- 

from the TDRS pos i t i on .  This scheme s h a l l  no t  on l y  , - 
, . 
: ; 

avoid the sidelobe a c q u i s i t i o n  but  a l so  g i ve  a  f i n e r  + ,  i . 
t .  

range f o r  the autot rack acqu is i t i on .  Surely the  i .: 
a c q u i s i t i o n  s t ra tegy  fo r  t h i s  case i s  much more complicated than 1 the  previous cases. j : 

2. Acqu is i t i on  Stra teqies 

The a c q u i s i t i o n  s t ra teg ies  f o r  t he  th ree  a c q u i s i t i o n  schemes 1 i I ; 
are  depicted by flow d iag ram i n  Figs. 20 ,21 and 22 , respect ive ly .  f 
For the normal scan, there are  on l y  two stages w i t h i n  the I : 

; '5 

acqu is i t i on - - r cu t i ne  scan and v e r i f i c a t i o n .  While the Shut t le  1 l 
antenna sweeps through the whole uncer ta in ty  area along a  1 ;  .; 
designated t ra jec to ry ,  the received s ignal  energy a t  the I i a 
output o f  the s igna l  de tec tor  i s  conipat-ed against a  preset  i . L: " 

8 $ 

threshold TH1. If the threshold i s  no t  exceeded, the  search 

n continues u n t i l  the end o f  the whole area. I f  t h i s  i s  the 

case, the search f a i l s  t o  acqui re and the search should r e s t a r t .  

,- 

[I J -~;tlc,,l 
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I Figure 20. Acquisit ion Strategy wi th  Normal Scan. 
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Figure 2 i .  ,Acqui<ition Stra tegy  w i t h  Normal Scan Plus  
Side lobe  Scan. 

FROM CENTER OF 

DESIGNATED TRAJECTORY 

OF CELL A WITE 

SIDELOGE TRAJECTORY 

CENTERED AT CELL A 



Figure 22. A c q u i s i t i o n  S t ra tegy  w' th Normal Scan Plus 
Mini-Scans (Adjacent  and Side lobe Scans) 



-. 

On the 0 t h -  hand, i f  t he  t h resho ld  i s  exce~ded,  a  h i t  i s  

c'laimed and v e r i f i c a t i o n  stage i s  entered. Once a  second h i t  i s  

obtained, t he  a c q u i s i t i o n  o f  the TDRS i s  d e c l l r e d  and t he  procedure 

o f  t h e  s p a t i a l  search s  stopped; o therw, i re ,  t he  sebrch con t inuer .  1 
i 

The second acqui  s i  t i o r  scheme i s  designed t o  exc lude t h e  i 
I 

s i d e l <  \s a c q u i s i t i o n  which occur r  f o r  l a r g e  values o f  CNI;. Two 
, . 

t h resho ld  l e v e l s  a re  s e t  up t,o d i s t i n g u i s h  t h e  s ide lobe  a c q u i s i t i o n s  
i . 

f rom t h e  mainlobe ones. The f o l l o w i n g  r u l e s  f o r  t v ; ~  t h resho ld  

l e v e l s  a re :  
i : 

(1)  Fc r  a s p e c i f i e d  p r o b a b i l i t y  o f  fa l se -a la rm,  Pfa and 

an ope ra t i ng  range o f  C!iR, a  t h resho ld  TH1 i s  

computed a t  t he  lowes t  va lue o f  CNR. 1, 

(2) A t  t he  l a r g e s t  va lue o f  CNR, t h e  second t h resho ld  TH2 

aga ins t  t h e  d e t e c t i o n  due t o  t h e  s ide lobe  i antennas 

i s  computed f o r  the  s p e c i f i e d  Pfa. 

(3 )  The t h r e s h o l d  l e v e l  TH1 s t ~ o u l d  be used i n i t i a l l y  i n  t he  

stage o f  a c q u i s i t i o n .  Once a  h i t  i s  i nd i ca ted ,  t h resho ld  

TH2 i s  used f o r  a  m i n i  scan t o  v e r i f y  any s ide lobe  
I 

a c q u i s i t i o n .  
I I 

The s ta tus  o f  t he  second a c q u i s i t i o n  can be b r i e f l y  

c l a s s i f i e d  i n t o  t h r e e  s tages- - rou t ine  scan, m i n i  -scan an; 
I 

v e r i f i c a t i o n .  The procedure o f  t he  a c q u i s i t i o n  i s  s i m i l a r  t o  i 
t h e  normal scan, except t h a t  ;!hen a  h i t  i s  i nd i ca ted ,  the  

I 

a c q u i s i t i o n  en te rs  a  min i -scan stage. The purpose o f  t he  m i n i -  

scan i s  t o  v e r i f y  whether t h e  h i t  H  i n  t h e  r o u t i n e  scan i s  caused 

by t h e  niain ;obe c f  t h e  alrtenna o r  by ~ t s  s ide lobe.  The 

t r a j e c t o r y  o f  the  min i -scan i s  a  c i r c l e  cen te red  a t  t he  7 o s i t i o n  

o f  the  h i t  H w i t h  r a d i u s  R = 2.5' ( f o r  o g  = 0.8 degree of  antenna), 

6 3  



I 

which i s  the separation distance between the f i r s t  sidelobe and 
i 

the mainlobe, see Fig. 23. Regardless o f  h i t  o r  not  a f t e r  exhausting 

the mini-scan t ra jec tory ,  the acqu is i t ion  enters a v e r i f i c a t i o n  

stage, as indicated i n  Fig. 21. 

There are two d i f f e r e n t  cases f o r  ve r i f i ca t i on .  F i r s t ,  the 

v e r i f i c a t i o n  o f  a h i t  during vini-scan searcn requires nc change 

i n  threshold leve l .  If a second h i t  i s  observed during t h i s  

v e r i f  i ~ a t i o n  stage, the search i s  terminated and the system 

enters autotrack mode f o r  r e f i n e  acquis i t ion;  otherwise, i t  
I 

returns t o  mini-scan. For t!:e second case, i n  which no h i t  was 

observed i n  mini-scan, the antenna i s  moved back t o  the pos i t i on  

o f  h i t  H i n  the rout in2 scan f o r  a ve r i f i ca t ion .  This case w i l l  

lower the threshold leve l  t o  TH1. If a h i t  s t i l l  i s  observed, 

the acqu is i t ion  procedure terminates and enters the autotrack 

mode; otherwise, the rout ine scan i s  resumed. 

I n  2ddi t ion t o  the' strategy used i n  the second scheme, 

the th i rc i  scheme w i l l  scan the c e l l s  adjacent t o  the h i t  H i n  

rout ine scan t o  acquire the TDRS pos i t i on  w i t h i n  the beamwidth 

i f  the b i t  was caused by small o f f se t  from the TDRS pos i t i on  ( i t  

happens when the CNR i s  around 80 dB Hz). The signal energies 

received i n  the adjacent c e l l s  are compared and the c e l l  w i t h  

the strongest signal energy w i l l  be chosen as the r i g h t  h i t .  

If there i s  no h i t  i n  the adajcen: ce l l s ,  the system w i l l  

proceed the mini-scan as proposed f o r  the s e c ~  j scheme. The 

f low diagram o f  th.3 th i ; - r  ,. r,eme i s  shown i n  Fig. 22. 

(3) Per fomnce  of -- Acquis i t ion -- Systems -- 

The perforniance of the acqu is i t ion  systems wi:  1 be measured 
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by the average acquis i t ion time i n  acquir ing the TDRS posi t ion.  The 

mathematical analysis o f  the acquis i t ion performance i s  

rather complicated because o f  the fol lowing reasons: 

( I )  Nonuniform p robab i l i t y  d i s t r i bu t i on  o f  the TDRS 

posi t ion.  

(2) Nonuniforn! mechanical dwell t ime f o r  each c e l l .  

(3) Complicated acquis i t ion stretegies, such as mini - 
scan and f i n e  scan. 

However, a computer simulat ion program was developed f o r  the 

study o f  the performance o f  acquis i t ions for  various system 

condit ions such as the probabil  i t y  d i s t r i bu t i on  3 f  the TDRS 

posi t ion,  t ra jec to r ies  o f  Shutt le antennas, motion along the 

t ra jec tory ,  CNR, p robab i l i t y  o f  fa l se  alarm, p robab i l i t y  o f  

detect ion and d i f f e r e n t  acqu is i t ion schemes. Figs. 24-26 

give the performance o f  typ ica l  acqu is i t ion systems obtained using 

the simulat ion program. The simulat ion program and i t s  capab i l i t i es  

are documented i n  Volume I 1  of t h i s  report.  

The scan time required t o  acquire the TDRS pos i t i on  was 

obtained through Monte Carlo approach. There are 500 simulated 

TDRS posi t ions f o r  each run. The analy t ic  resu l t s  given i n  

Figs. 20 and 21 have been c lose ly  v e r i f i e d  through the simulat ion 

program f o r  CNR = 60 dB-Hz and normal scan acquis i t ion algorithm. 

I n  addit ion, the t h i r d  acquis i t ion a l g ~ i  thm w i th  combination of 

constant angular ve loc i t y  and ths  constant speed along a sp i ra l  

t ra jec to ry  was also tested. Their resu l t s  are p lo t ted  i n  Fig. 26 

(also i n  Table 11) f o r  CNR = 60 dB-Hz and CNR = 89 dB-Hz. I n  

these cases, we assume tha t  the t r ans i t i on  from a normal scan 
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Figure 24. Average Spat ia l  Acquis i t ion Time f o r  Oorlstant 
Angular Velocity. 
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- Figure 26. AVERAGE SPATIAL htQ~1ISITI@X TIFE FOR THIRD 
ACQUI S IT IOr :  STRATtGY AllD A MI XED I:OTION ALONG 
SPIRAL TRAJECTORY OF 30% OVERLAP. 

v = 5.044 degree/sec 
c .  

@ . = lo0 and 6 = O.SO 
B 

Transition Time O.O/sec 

x For CNR = 60 dB-Hz 
o For CNR = 80 dB-Hz 

o (degree) 
P 

Parameter u i n  Truncated Gaussian Distr ibut ion 
D 



t o  adjacent scan, o r  t o  sidelobe scan and vice versa, takes O.O/sec 

and that  motions along both the adjacent scan and the sidelobe scan 

are the constant angular ve loc i t y  w i th  t.espect t o  t h e i r  scan center. 

It shows tha t  a t  high CNk, the spat ia l  acqu is i t ion i s  much shorter  

than tha t  a t  a lower CNR, since the sidelobe scan and adjacent scan 

help shorten the scan time. Therefore, the t h i r d  acquis i t ion 

algori thm should be recommended for  the consideration o f  the Ku-band 

acquis i t ion system if the operating range o f  the CNR i s  wide, 

. such as tha t  used f o r  t h i s  study, and i f  the side-lobe acquis i t ion 

imposes a potent ia l  problem t o  the system performance. 
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Table 11. Acquisit ion Time f o r  Th i rd  a c q u i s i t i o n  Algorithm 
wi th  Mixed blotion Along a Spiral  Trajectory o f  
30%. 

60 dB-HZ 
a 

P 
Average Scan Time 

1.5 11.48 

2.5 15.4 

3.5 23.1 

4.5 22.75 

80 dB-HZ 
Average Scan Time 

I . - 
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V I  . COMPUTER SIMULATION OF KU-BAN9 ANTENNA POINTING 
AC?UISITION SYSTEM 

(1) In t roduc t ion  

The Ku-band antenna p o i n t i n g  a c q u i s i t i o n  systems based on 

the noncoherent s ignal  energy de tec t ion  and s c a n n i r j  scheme 

discussed prev ious ly  have been s iniulated by d i g i t a l  computers 

f o r  t he  tr-?:off study i n  the design o f  the  S h u t t l e  antenna 

acqu is i t ion .  Several a c q u i s i t i o n  algori thms implemented a re  

given t o  provide f l e x i b i  1  i t y  i n  accommodating the d i f f e r e n t  

operat ing ranges o f  autot rack systems. The a c q u i s i t i o n  s t ra teg ies  

are p r i m a r i l y  o r ien ted  toward the  avoidance o f  the  f i r s t  s ide 

lobe acqu is i t i on  i n  the s p a t i a l  search. I n  add i t ion ,  the 

s imulat ion a lso provides various opt ions on the scan t r a j e c t o r i e s ,  

scan ra tes  and a wide range o f  CNR. It e s s e n t i a l l y  in tegra tes  

the e f f e c t  o f  i n t e r a c t i o n  o f  s p a t i a l  search a c q u i s i t i o n  schemes 

and the  noncoherent s igna l  energy detect ion.  So the  s imu la t ion  

program i s  adle t o  support the design o f  hardware development. 

The s imu la t ion  program was w r i t t e n  i n  For t ran  I V  f o r  t h e  

Univac 1100 ser ies  computer. Or ig inp ' ly ,  i t  was developed f o r  

time-shared operation, which i s  ava i  1 able a t  LINCOM Corporation. 

However, the program can a l so  be used f o r  batch processing w i t h  

some modi f i ca t ion .  The program cons is ts  o f  19 i n t e r n a l  subrout ine 

references and two external  subroutines MERFIC (from IMSLS package) 

and BSSL (from MATHPACK) which a re  normal ly a v a i l a b l e  fo r  

computer systems. 

The computing t ime t o  run the s imu la t ion  program depends on 

the number o f  t es t s  on the TORS p o s i t i o n  and the number of  

72 
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samples taken for channel noises. These two variables are  also 

provided as options for  a user. The higher the values of these 

two variables, the higher the accuracy in predicting the acquisition 

performance and the longer the CPU time. The CPU time for a 

typical case i s  well within 10 sec i f  the number of noise sainples 

i s  one and the number of simulated TDRS position i s  less  than 500. 

The simulation prosram provides various options for users 

to  t e s t  system performance for  a wide range of system parameters. 

The following options included are: 

(1) The size of uncertainty cone of the TDRS position and 

i t s  s t a t i s t i ca l  distribution function over the cone. 

( 2 )  The antenna pattern of the Shutt le  receiver ( 3  d6 

beamwidth). 

( 3 )  The types of antenna scan trajectories--square, hexa- 

gonal or spiral  with different overlap. 

(4) The scan rates--constant angular velocity, constant 

speed along a trajectory or combination of both previous 

cases (also a switching angle 8,). 

(5) The probability of false-alarm and the operating range 

of carrier-to-noise rat io  ( C N R ) .  

(6) The receiver parameters--dwell time of the signal energy 

detector, IF f i l t e r  bandwidth, insertion loss and other 

c i  rcui t 1 osses. 

( 7 )  The number of TDRS positions used i n  the Monte Carlo 

simulation. 

(0) The number of samples taken for  channel noises. 

(9)  The types of acquisition algorithms. OF POOR QU 



(10) The choices o f  a d e t a i l e d  p r i n t o u t  o r  f i n a l  r e s u l t s  

i n  the s imulat ion.  

The s imulat ion program was s t ruc tured as func t i ona l  modules 

so t h a t  each subrout ine can be e a s i l y  replaced t o  adopt t o  

any requi red funct ion.  For instance, t h e  antenna pa t te rn  used 

i n  the s imulat ion can be simply replaced by o ther  types o f  

antenna pat tern.  To do so, one should remove the  subroul 

ANTNNA and s u b s t i t u t e  an equivalent  subrout ine ANTNNA. 

The s imulat ion r e s u l t s  are presented i n  two versions--one 

f o r  a time-shared mode and the o ther  f o r  a batch process mode. 

For the time-shared mode, the computer asks f o r  i n p u t  data 

through i n t e r a c t i o n  w i t h  users. A t y p i c a l  output  generated by the 

s imulat ion program consis ts  o f  the f o l l o w i n g  important parameters: 

(1) The threshold TH1 and TH2 used f o r  the  s ignal  energy 

detector  i n  a normal scan and i n  min i  scans (such as 

adjacent and sidelobe scans), respect ive ly .  

(2) Total  number o f  c e l l s  t o  cover the whole uncer ta in ty  

region. 

( 3 )  Maximum scanning time (= t ime spent t o  reach the l a s t  

c e l l  through normal path on ly ) .  

( 4 )  Average scanning t ime and corresponding standard 

deviat ion.  

(5) "P robab i l i t i es "  o f  detect ion,  miss and f a l s e  alarm. 

A sample p r i n t o u t  i s  given i n  Fig. 27. 

(2) Functional Diagram o f  Sfmula t i o n  Program 

To c l a r i f y  the main funct ions performed i n  the simulat ion, 

a f low diagram o f  the s imu la t ion  program i s  depicted i n  Fig. 28. 



R A N U S  OF UNCERTAIIJTY R E G I O N :  10.0000 DEG3EES 
BEAKWICTH: 1.6000 CEGREES 
SPIRAL TRAJECTO3Y: OVERLAP = 3C.  0000 I 
CONSTACT ROTATICNAL SPEED: 106.0000 DEGREES/S 
PROBABILITY OF FALSE A L A R M :  .1000-02 
CNR E X P E C T E D  R A N G E :  60.0000 D B  - 60.0000 CB 
I N ' L L C R A T l O N  TIME: 5.0000 MS 
I F  F ILTER E A N 2 V I D T H :  6.0003 KHZ 
IRSERTICN LOSS: 1.5000 D B  
OTIIER LOSSES: ,0000 D R  

THE PROBABILITY OF FALSE A L A R M  \;AS RAISEC TO 0.1 TO AVOID SIDELOB . . . E C E T E C T I O N  
W H E N  CNR = 80.00 C B / H t  

THRESHOLDS: TH1 = 1.056f?141 TH2 = 1.2276665 

N U M B E R  OF CELLS: 302 ORIGINAL PAGE IS 
M A X I M U M  SCANNING TIME = .3217689+02 SECOt jDS OF POOR QUALITY 

N U M B E R  OF SATELLITE POSITIONS G E N E R A T E D :  500 
STANCARD DEVIATION: .1000003+01 

CARRIER-TO-NOISE RATIO: .0000000+02 DB 
ACQUISITiON A V E R A G E  TIME: .30?3562+01 S  
STANDARD DEVIATTON: .2362385+01 S 
P R O B A B I L I T Y  OF D E T E C T I O N :  ,1000000+01 
PROBABILITY O F  DETECTION (SL. V A R ,  : . O O O O O O O  
PROBABILI'~'I 3 F  KISS: .OOOOOOO 
PROBABILITY O F  FALSL: A L A R M  (IN THE SIKULATION): .0000000 

Figure 27a. A Sample o f  Input and Output Data .  

75 
- den G,n 

. .~ . I ' , ..̂  - .*. 
I i ! 

i l l . ,  1 1  ~ i i !  

i 
I i I "'I-' 7 ' ( i , ' !  " 



F igure  27b. A S A M ~ L E  OF INPUT DATA -- FOR BATCH PROCESSES .- 

> 2  
>Cbk2,u c l s  
13 PAGES SYFKED EY H U A I I G .  
>Cf in 

BUSID: HUANG A t C T :  0 5 4 c A A  



Figure 28. Functional Flow Diagram of  the Simulation Progranl. 

, - 
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The TDRS pos i t ion i s  s iml~iated by a random ge-erator w i th  a 

specif ied d i s t r i bu t i on  function. To rneasrjre the spat ia l  

i rcquis i t i f in  time o f  the TDRS posit ion, a set  o f  simulated TDRS 

posit ions i s  tested f o r  a speci f ied t ra jec to ry  and scan rates 

(speed f o r  constant angular ve loc i t y  and/or constant ve loc i t y  

along a t ra jectory) .  The sinulated data reported here are a l l  

obtained by 500 simulated TCRS posit ions. 

I n  the simulat ion prograa, the acquis i t ion monitor i s  not  

a separate un i t ,  bu i  imbedded i n  the subroutine ACQ. This i s  

implemented j u s t  f o r  the cocvenience i n  programing. The 

detai led structure o f  the progrdm i s  re fer red t o  Volume V. 

(3) a s b i l  i t i e s  o f  'nftware -- Package 

The program deve ~ ~ + e d  f o r  the Ku-band antenna po in t ing syctem 

provides various options i n  the : i z e  o f  uncer.tainty cone for  the 

TDRS positions, the type o f  scanning and t ra jec tor ies ,  and spat ia l  

acquis i t ion algorithms. Here are the capab i l i t i es  o f  the software 

p; c k a g ~  : 

(1) Conical angle o f  the TDRS pos i t i on  can be 4', 8' o r  10'. 

2 (2) The variance a o f  a p r i o r i  p robab i l i t y  d i s t r i b u t i o n  
P 

funct ion o f  the TDRS pos i t ion can vary from 0.1' t o  10". 

(3) Aitenna pat tern c a l  have beamwidth > 10'. 

(4) Three scan t ra jec to r ies  and hide range o f  scan rates 

(but  l im i t ed  by e l ec t r i ca l  dwell t ime) are avai lable. 

(5) The noncoherent s ignal detector can be operated over 

a wide rmge o f  CNR and BIFT product greater than 1000. 

(6) Spatial x q u i s i  t i u n  algorithms ui:h/wi thout avoidance 

o f  sideiobe acquis i t ion are selectable. 



- 7  
(7) Probat ) i l i t y  o f  f,\lsc alat-la c,\n be ft-ori! 0 . 5  down t o  10 . 
(8) TIic nir::!ber of TDAS posi t ions i n  kkjntt. Cat-lo si- lula t ion 

can bc s ~ l ~ i t t l d  hy users. F u t  i t  i s  l i ~ i ~ i t e d  hy tht? Ct'U 

title i n  extlcutinq thc sirtulatiorr ilroyt-dnl. 

In  a ~ l d i t i o n ,  the softwat-e pnckaqc a l s o  provides a uspfu l  

fcdtu1.c f o r  systtwt dcsi~rrwrs t o  i t l t r r -act  w i t h  a co4:;y:ttct- i f  ttic 

tinlc-shared f a c i l i t y  i s  av,~ i lable.  Upon user 's  choices,  3 dt.t,tileci 

s p s t  i a l  acquisi  t ion pro~~cdut-e C,III be p r - i t :  trd out for' a clostbd 

exdmirla t iorl on the bchaviut- o f  'iuqu i s i t ion  syst clrls. Tirial ly  

one shoirld d l s o  natt? t l ~ ~ l t  t!ic app l ica t icw o f  tilt? sof-tw,~rc 

pdckdg? should not hr l i r ~ i i t e d  t o  thc  hv-b.~t~cl ?;yst?:i! p,~~'aniCtC~'s 

cvcn thouyh i t  i s  ot.it.nttxt t,~w,\rd the st.utly o f  Ku ;lntt>::t\a y o i t l t  inu 

sys ten~s. 

(4)  Co~ l~wt t ) r  ... I P r ~ q ~ - , ~ r : l  . .,.. . [It . . i 1 ._.  i ?,>t . . i i ln  - .  

The s i r iu lat  ion [:r.o$r.,~!a w . 1 ~  ..;si?r~~.d f o r  trva I:IL),!L\S c r f  USCI~L*-- 

ba tch pr-oc~~s s dr~,i t ii:ic-sh;ired nt\~iit\s . S i rtce t hc co::;l,u! t!r' ~ j t - ~ i j r . ' ~ i t ~  

was ot- igi t ial  l y  dt.vt.?opr\d ttit-ouqh t iint?-sl~,~rtliI r:lodc, i t pr'oviifcs t l l ~  

nlrchani sr;! o f  i n  t c r ~  t i o r ~ s  t ~ c  twt!c.n cor::pu tt3r.s ,ltid user-s. Howcvct', ttii s 

set  o f  i n t c r a c t i o ~ i s  s!ic:~ld be supprcsscd f o r  the t u t C h  ~ ~ O C C S Z  ill!]. 

111 or-der t o  rurl t t l i? pr'oYlt-,ts~ i!i bd tzh, onc s t~ou ld  (lr.ovi~jc t ht' s,lrml S t 3 t  

o f  i l lput  :Idtd i ls ~ r l e  t>'pt> i r t  i t lpirt diita i n  the ti~:i~-sh,tr-txti r~:c7iic. 

cxccpt for- thc f i r s t  irrput d a t a .  To il 1ust1-.~tr thc d t l t ~ ; l s  o f  the 

input  d.1 t ,I requ i t.;bLj. scvct.,~l r\,l~nplt:s 11t-c q i v ~ r ~  i t i  Figs .  :7 'III~I 2.) 

to  show t bt* opt i t ~ t l s  aka i ?,I btc $11  the' s ir:tulC~ t ion ~ r r d  t !;t3 (.O~')'I\S~)L)I)~~ ; I ) ! I  

sc ts  of irlput d , ~ t a  f o r  tt.2 h L ~ t c t i  I)I.OCPSS ,I~.c i111;o l i ~ t t 4 .  I:, b 
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( R E A L )  OVERLAP 
>30.  

( R E A L )  L h C t i i A S  V!:LCaC I T Y  (CtC%L:ES'S) 
( R L A L !  YtLCiiTY : l i C i h C  7kA.j!.C:C-Y tDEG?L>Z, 'F)  
(EUkL) SI!Tit!I:.i, hhCLE (CtG::CtS> 

>loF.,S.osC,5.5 

(Rt k L )  ?SCL-AFILI?.Y OF FALSL AL,l?V 
(REAL) EXr'Z8:ft  !? ?!!!:iV31' i A ! - C - I  7 ?.:.?.'I0 (CR) 
( E E A L )  t X ? i C T t T  !:itS!I'U?1 CkER!t'P-TC-KC:St kh?IC (CP)  

> I . c - ? , 6 O . , P D .  

(IEITC) I!i?'Ei:K5.f l ATE EESSLT?,: t iC (3 )  YES( 1 ) 
> 1 

(JNTC) HOK K A f Y  !+i-SGLTS CO . ': )!AH7 TO S t h  I b  P L T A I L S ?  
>30 

F i r e  29. (Cont'd) 
-1 11 81 
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(5)  Functional --- ---.--- Descript ions o f  Sub,-ontines -- 

The funct ions o f  each subrout ine used i n  the  computer prosram 

f o r  UNIVAC 1100 ser ies  are  b r i e f l y  described one-by-one here. 

The i r  f low char ts  and d e t a i l e d  docur~cntat ions a r e  g iven i n  

Volume I I separately. The desc r ip t i on  o f  subrout ines i s  

given i n  a lphabet ica l  order  t o  be consis tant  w i t h  the computct- 

p r i n t o u t s  from ilN1VAC 1109 time-shared ntode. The program i s ,  

i n  f a c t  s ta r ted  from N4Iii then SIMULA. The subrout ine SItIULA, 

the core o f  the simulat ion. c e l l s  and monitors t h e  operat ions 

o f  the Monte Carlo s imulat ion.  

Subroutine -. ACQ 

This simulates the a c q u i s i t i o n  a1 g o r i  thn~s d i  scusscd 

prev iously .  The var iab le  NULL, used t o  se lec t  the type o f  

the acqu is i t i on  d lgo r i t hn~s  f o r  the s in~u la t i on ,  i s  def ined as  

fo l lows:  

NULL = 0 f o r  normal scan 

1 f o r  normal scan p::~s s idc lobe scan 

2 f o r  normal scan, adjacent scan and 
s idelobc :can 

I n  the  process o l  the s p a t i a l  acqu is i t i on ,  the t ime spent i n  

any scav, inc lud ing  the t r a n s i t i o n  from one scan t o  another 

artd v e r i f i c a t i o n  time, i s  accunlulated as one o f  the  outputs o f  

the subroutine. The o ther  important output parameters o f  the 

subroutine are: 

(1)  The s ta tus  of the s p a t i a l  scarch--success o r  f a i l u r e  

(IPW!SS and IPDET) .  

( 2 )  I1oi-t tr, acqrr irc-- the detect ion was declared by a nornlsl 

scan o r  plu5 sidelobc scans ( IPDSL) .  

---- - 
8 3 



(3) The acquired l o c a t i o r ~  o f  the TDRS (KHIT ( IHIT)) .  

Subrout l n e  ANTNNA 

The antenna pa t te rn  o f  the simulated Shu t t l e  rece ivers  i s  

assumed t o  have a f i r s t  s idelobe o f  -175 dB from the  peak o f  the 

main lobe. The antenna gain i s  computed from the o f f s e t  angle 

between the simdlated TDRS p o s i t i o n  and the boresight  a x i s  o f  

the Shutt le.  Hence, the  o f f s e t  angle (TH) i s  an i n p u t  va r i ab le  

i n  add i t i on  t o  the  parameters charac ter iz ing  the  antenna (TH6, 

PATTC). A con t ro l  va r i ab le  K  i s  used f o r  computing the  

antenna parameters as shown here 

K = -2 f o r  computing the  angle o f  f i r s t  n u l l  

-1 f o r  computing the  angle o f  the  peak o f  
o f  t he  second sidelobe 

0 f o r  computing the  angle o f  the  peak of the 
f i r s t  s idelobe 

+1 f o r  -3 dB beamwidth 

2 f o r  normal . .. j e  i n  computing the  gain 
o f  the an t rd r~a a t  o f f s e t  TH. 

Subroutine CELL 

For a spec i f ied  t r a j e c t o r y  ( K S C A N )  , the subrout ine computes 

the  loca t ions  of search c e l l  s (XCTR,YCTR) along the  t r a j e c t o r y  

and the scan t ime t o  reach each search c e l l  from the  designated 

center  o f  the uncer ta in ty  zone o f  the TDRS p o s i t i o n .  The scan 

time i s  computed by c a l l i n g  the  subrout ine TCENTR. Hence, i t  

requi res the fo l l ow ing  i npu t  var iab les  

KSCAN = 1 f o r  square t r a j e c t o r y  

2 f o r  hexagonal t r a j e c t o r y  
ORIGINAL PAGE IS 
OF POOF? QUALM'y 3 for  s p i r a l  t r a j e c t o r y  



MOTION = 1 f o r  constant  r o t a t i o n a l  speed 

2 f o r  constant  speed a long  t r a j ec to t - y  

3 f o r  constant  r o t a t i o n a l  speed f i r s t  
then constant  speed alcr;g t r a j e c t o r y  

VANG = angular  v e l o c i t y  f o r  constant  r o t a t i o n a l  

specd ( i n  radian/sec) 

V L I N  = cons tan t  speed a long t r a j e c t o r y  ( i n  t-adianlsec) 

To ensure the  e l e c t r i c a l  dwe l l  t ime t o  be sma l l e r  than Kg t imes 

o f  the  rnininlal mechanical dwel l  t ime, a warning i s  p r i n t e d  o u t  

i f  tne antenna scan i s  t oo  f a s t .  I n  t he  subrau t ine  KD i s  se t  

Subrout i n e  GAUSS 

This  i s  a Gauss random gerterator whose mean and standdrd 

d e v i a t i o n  a r e  s p e c i f i e d  by AVR and SIGMA, respec t i ve l y .  The 

Gaussian sa~~ ip l es  a r e  ob ta ined  i n  p a i r  by t he  f o l l ow ing  simple 

re1 a t i o n s  

"1 = o( -2 . ln  x1 11/' cos 2nx2 + p 

"2 = o ( -2 . ln  x1)''* s i n  2nx2 + p 

where xl and x2 a r e  a p a i r  o f  independent random va r i ab les  u r i i fonn ly  

2 d i s t r i b u t e d  between 0 and 1, and ~1 and 0 a r e  i t s  rnean and var iance, 

r espec t i ve l y .  ,The a l g o r i t h m  has been t es ted  f o r  i t s  rncan, var iat ice 

and skew c o e f f i c i e n t .  The r e s u l t s  show t h a t  the  a l ao r i t hn i  g ives 

. h igh  conf idel)  -. i n  i t s  s t a t i s t i c a l  nature. 

Subrout ine HII --..-- *- 

The s i gna l  energy d c t c c t o r  i s  s i t ! lu latcd by t h i s  subrout ine.  

The received s i gna l  en?rgy (sum o f  s i gna l  goner and ne isc  powrr) 



i s  compar~d w i t h  a preset threshold {TH). I f  the threshold i s  

crossed, a h i t  i s  declared (tIIT=.TRUE. ); otherwise, no h i t  i s  given. 

The i n p u t  var iables are the p o s i t i o ~ i  o f  the TDRS and the l o c a t i o r ~  

o f  the boresight  ax is  o f  the Shut t le  antenna. The o f f s e t  angle 

IETA i s  computed, then the  antenna gain by c a l l i n g  subroutine 

ANTNNA, the s ignal  power and noise power. 

Subroutine HPOSTN 

This subrout ine computes the ce ,~ te rs  o f  hexagonal c e l l s  along 

the hexagonal traj2ctor-y. The computation i s  proceeded from 

t h  t 11 K- c e l l  t o  ( K t :  )-- c e l l .  

Subroutine ITR 

This subrout ine implements the i t e r a t i v e  6 lgo r i t hm needed 

i n  so lv ing  f o r  eqs. (20) and (21). Thc con t ro l  va r i ab le  K 

i s  used t o  i nd i ca te  the app l i ca t i on  o f  the  a lgo r i t hm t o  eq. (20)  

o r  eq. (21). 

MAIN - 
The func t i on  o f  the MAIN def ines the dimension o f  var iables 

used i n  the simulat ion. The program has been se t  t o  deal w i t h  

the maximal cumber o f  search c e l l s  t o  he 500. I f  the ri:lmber 

o f  the  search c e l l s  goes beyond 530, one should expand dimensions 

o f  a l l  var iables i n  the f i r s t  dimension statement. 

MAIN/MAP 

This i s  a set-up f o r  executing the s imu la t ion  program. Two 

system subroutine packages--MATHPACK and IMSL--are c a l l e d  t o  

s a t i s f y  tho external  references. 

Subroutine NOISE -- 

ORIGINAL PAGE 1s 
OF POOR QU- 

I 
The simulated channel noise power s t  the output. o f  the i n t e g r a t o r  I 



is computed here. The number of samples for equivalent Gaussian 

noises i s  se t  by the variable KNOISE. 

Subroutine QPOSTN ---- 
I t  computes the center of (K+l )tb search cel l  from the known 

t h center of the K- search cell  along the square trajectory. 

Subroutine SIMULA ------ 

This i s  the core of the siniulation program. I t  reads in the 

data, prints the outputs and also monitors the operation of the 

program. The detailed operation of the subroutine i s  referred to 

i n  Volume V. 

Subroutine SLCELC 

The search ce l l s  alons a sidelobe trajectory and adjacent 

ce l l s  to a h i t  cell  are computed here. The adjacent ce l l s  arc 

structured as those for hexagonal cel ls .  Hence, the number of 

the adjacent ce i l s  to be scanned i s  fixed as six. Hwever, 

the number af ce l l s  for  the sidelobe trajectory varies depending 

upon the type of trajectory used for  normal scan. 

Subroutine SPOSTN ----- 
s t  I t  computes the center of (K+1)--- cell  along a spiral 

t h  trajectory from the knvwn center of the K- ce l l .  

Subroutine TCENTR 

I t  computes the scan time required foi- the Shuttle antenna 

to  sweep along a trajectory to  reach a spatial point in the 

uncertairity zone of the TDRS position. I t  requires to input 

tl~r type of motion, scan rate (constant rotation snd/or constant 

speed along a trajectory) a n d  the coordinates of the point. 



Subroutine TDRS 
---.- ----- 

The subroutine lericrates a simulated TDRS position according 

to a spec'fied Gauss:an distribirti'on. If a Gaussian safi~ple f a l l s  

outside the uncertainty zone of the TDRS position, i t  i s  discarded 

and another sample i s  taken. i t s  input varjables dre SIGMA, 

THI12, and i t s  output variables XTDRS and YTDRS. 

Subrout.ine THlTtl2 

The setup of thresho;d levels used for spatial acquisition 

i s  done in this  subroutine. The threshold TH1 i s  f i r s t  computed 

for the  given probability of false-alarm under the channel noise 

condition. Then  i t  checks the probability of detection P f a S  

due to  the second sidelobe of the Shuttle antenna a t  the 

maximal value of C N R  in the specified operating range. If PfZi 

i s  larger than the  given probability of false  alarm, the threshold 

i s  adjusted t o  yield a t  least  0.1 probability of false  alarm 

due to second sidclobe a t  the strongest CNR.  This implies that 

the probability of false-alarn a t  lowest CNR i s  much smaller 

t h d n  the specified one. 

The threshold TH2 i s  computed based on the assurance of 

having the speci 'ed probability of false  alarm due  to the f i r s t  

sidelobe a t  strongest CNR.  

Subrout'ne U N I F O R  --- -- 
This i s  a uniform random generator over ( 0 , l ) .  A pair 

of output samples are generated for each ce l l .  



V I  I. SUtlMARY AND RECOMMENDATIONS - ---.-- --- 

The Ku-band antenna p o i n t i n g  system has been discussed and 

simulated by d i g i t a l  computers. Through the  a n a l y t i c a l  and 

exper imental  r e s u l t s  presented i n  t h i s  r e p o r t ,  one may lead  t o  

t h e  conc lus ion t h a t  the  s p i r a l  t r a j e c t o r i e s  w i t h  var ious scan 

r a t e s  (mixed mot ion)  should p rov ide  the  f l e x i b i l i t y  f o r  t he  Ku- 

balld antenna s p a t i a l  scan over  the TDRS unce r ta i n t y  reg ion  and t h a t  

t he  t n i r d  a c q u i s i t i o n  a l g o r i  thrn proposed s h o ~ l l d  n o t  o n l y  avo id  

t he  s ide- lobe a c q u i s i t i o n  problem, but. a l s o  y i e l d s  a  sho r te r  

a c q u i s i t i o n  t i n e  e s p e c i a l l y  when the rece ived  s i gna l  a t  t h e  

S h u t t l e  i s  strong. 

With t h e  var ious  o p t i o -  :;;ii(,ble i n  t he  software package 

developed f o r  t h i s  stud:,. .!itt - '  o u l d  be ab le  t o  perform, w i t h  ease, 

t r a d t u f f  s tudy on the  system pararn2tet-s t o  y i e i d  an "opt imal " 

system per  For nance. 
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