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I. INTRODUCTION 

In June 1573 the Electronics and Space Division of the Emerson Electric Co. 

proposed its AN/APQ-153 Fire Control Radar modified to provide angle tracking 

capabirity for evaluation by the National Aeronautics and Space Administration, 

Manned Space Center, for application as a test bed rendezvous system for the Space 

Shuttle. 

This proposal was accepted and in July 1974 the Tracking and Communications 

Development Division of NASAIJohnson Space Center, Youston, received delivery of 

the Emerson Eleccric modified version of the operational ANIAPQ-153 Fire Control 

Radar system. 

In the time period from December 1974 to June 1975 hersons' system underwent 

comparative evaluation with an RCA modified Apollo Rendezvous Radar (MARR). 

activities in Rendezvous Radar tgst and evaluation were carried out by Lockheed 

Electronics Co., Inc., for the Tracking Techniques Branch, TACD of NASAIJohnson. 

These 

In November 1975 Emerson was placed under contract (NAS 9-14760) titled Radar 

Performance Improvements in order t o  provide some low cost but very desirable per- 

formance fncreases. 

tutes the final engineering report. 

the amendment to the Statement of Work, paragraph 3 . 3  on Interface Design, both 

reproduced in Appendix A. 

divided into three major sections: 11. Frequency Agile AFC Modifications, 

111. 

Design. The Mods Marked-Up drawings are included in Appendix 8 .  Finally, a Com- 

parison B-tween Non-Coherent and Coherent Radars was done as an extra task and is 

included in Section V. 

This work was completed in June 1976 and the following consti- 

Consider the Contract Statement of Work, and 

Consistent with this statement this final report is 

Range Rate Improvement Modifications, and IV. Radar to Computer Interface 

In Section I1 the Frequency Agile AFC Modifications are outlined i n  d ~ ~ t ; i i l .  

With these changes it is estimated that the range at which the probability of single 
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scan de tec t ion  is  0.8 o r  grea te r  is increased by a t  least 35%. Perhaps of more 

importance is the  pred ic t ion  t h a t  the  target-induced range tracking p a r t  of the  

e r r o r s  w i l l  be reduced by a t  least a f ac to r  of 2.5. These improvements may be 

confinned i n  the coming test program by the  a b i l i t y  t o  switch the  Frequency Ag i l i t y  

in and out. 

In  Section I11 the  Range Rate Improvement Modifications are w e l l  indicated.  
.. 

The ana lys i s  shows t h a t  the changes made r e l a t i v e  t o  the range-rate output should 

r e s u l t  i n  range-rate noise e r r o r s  o n t h e  order of+. 3 f t / s ec .  With these  modifica- 

t i ons ,  and an addi t iona l  simple s ing le  pole RC f i l t e r  (RC = 1 second) on the range- 

rate output point  t he  maximum excursion due t o  system "noise" over a 30 second 

observation period on an oscil loscope presentation w a s  5 1 foo t  per second. 

In Seccion I V  the  Radar t o  Computer In t e r f ace  Design is presented. This 

design includes a schematic, p a r t s  list, and functional descr ip t ion .  The design 

provides the  necessary conversion t o  d i g i t a l l y  in t e r f ace  with s u f f i c i e n t  i s o l a t i o n  

t o  prevent excessive loading and/or l i s t o r t i o n  and pick-up. 

Section V contains a preliminary parametric design and comparison of non- 

coherent and coherent radar systems fo r  the Shb t t l e  Rendezvous range and range- 

rate e r r o r  requirements. 

In summary, these analyses ind ica t e  tha t  the  Shu t t l e  Rendezvous range and range- 

rate requiremefits of 3 0 ~  = 1 f t  and 3 U i  = 1 f t / s e c ,  respec t ive ly ,  can be made by a 

Ku-Band Non-Coherent Pulse Radar providing t h e  range t racker  instrumentation is 

improved correspondingly. With the Frequency Agi l i ty  capab i l i t y  and the  changes 

made t o  our a l l  analog range t racker ,  and t h e  demonstrated sys t em "noise" l eve l  a t  

the  range ra te  output ind ica te  tha t  t h e  Improved AN/APQ-153 NASA radar system can 

approach these requirements. Thus, with fu r the r  development and the  range-tracker 

employing t h e  f i n a l  optimum bandwidth and using d i g i t a l  ins t rumenta t ion l i t  is an 
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easy extrapolation t o  a Ku-Band Son-Coherent Pulse radar  system which meets the  

s t r ingent  s h u t t l e  rendezvous range and range-rate accuracies. Curther, i t  appears 

that the  pulse-to-pulse frequency a g i l i t y  p rac t i ca l  on the Ku-Band Non-Coherent 
9 

Pulse system, and extremely d i f f i c u l t  with the  Coherent system, w i l l  reduce the  

target-induced range and range-rate e r r o r s  (dominating a t  near ranges less than 

1000 f t )  by a fac tor  of 2,5 o r  more. 

11. FREQUENCY AGILE AFC MODIFICATIONS 

The major advantages of introducing frequency a g i l i t y  are two: (1) the  detec- 

t i o n  ranges ( for  which s ing le  scan de tec t ion  p robab i l i t i e s  are 0.5 t o  0.9) are 

s ign i f i can t ly  increased (see Figure 11), and (2) t he  t a rge t  induced range tracking 

e r r o r s  due t o  r e f l ec t ion  energy centroid random motion back and-forth on the  t a r g e t  

( g l i n t  o r  s c i n t i l l a t i o n  phenomena) are reduced by a t  least a f ac to r  of 2.5 whether 

leading-edge tracking o r  other  tracking techniques are employed. 

range and range rate tracking problem, t h i s  f ac to r  can s ign i f i can t ly  reduce the 

I n  t h e  close-in 

e r ro r s ,  because the  e r r o r s  w i l l  primarily be these t a rge t  induced ones, not ones 

due t o  receiver noise o r  range tracking instrumentation. 

T I . l  Frequency Agili ty K i t  

The frequency a g i l i t y  k i t  was completely assembled a t  Emerson and successfully 

It w a s  demonstrated t o  NASA engineering personnel during the  l a t t e r  p a r t  of March. 

delivered t o  NASA/Houston by Jack Kubicek of Emerson E lec t r i c  during the ea r ly  p a r t  

of April.  The following list ind ica tes  the  modifications made t o  include the f re -  

quency a g i l i t y  in  t h e  NASA system. 

I. Modifications t o  NASA ReceiverITransmitter 

Affected Drawings: 656950 

1. Add wire between TB1 terminal #2 t o  A10J5 Pin 9 (+ 30 V). 

2. Replace above deck wire harness on basic  R/T w i t h  633775-1 
wire harness. 
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3. Replace basic local oscillator A3A9 with agile L.0, 633738-1. 
4. Replace basic magnetron (633133-1) with agile magnetron 

5 .  Replace post AMP/AFC assembly (633157-307) with POST AMP/AFC 

6. Replace air duct assembly (633413-1) with air duct assembly 

7. Replace bracket assembly (633301-1) with bracket assembly 

8. 

(633737-1). 

assembly (633980-1). 

(633413-5). 

(633864-1). 
Replace R/T top Cover with modified cover. 

11. Modifications to NASA Processor 

Affected Drawings: 656973 

1. To interface with the processor the AFC 82 signal must be 
disconnected from the AFC BIT monitor (AlA3). This is 
accomplished by removing R73 from the A1A3 card. 

111. System Cable and FCR Simulator/Monitor Modifications 

Affected Drawings: 656902, 656901 

1. Frequency agility On/Off command. 
a. 

b. 

Frequency agility On/Off command installation. 
a. 

b. 

The R/T will be in the frequency agile mode when the R/T 
connector J1 pin F is connected to signal ground. 
The R/T will be in the fixed frequency mode when the con- 
nector J1 pin F is open. 

2. 

Remove wire between R/T connector J1 pin F and processor 
connector 54 pin F. 
Add wire between R/T connector J1 pin F and the FCR simu- 
lator/monitor J9 pin N. 
Add a switch in the FCR simulator/monitor as shown below: 

(+ 28 VDC/14 VAC RET.) 

c .  

J9 Off 

N Agile On/Off . .  
I '- 1 

1 On i *\I 
The marked-up darwings are included to document the changes made. These 

drawings are listed as follows and are included in Appendix B: 

Receiver Transmitter Radar 

Power Supply Trans. and AFC Bit 
Circuit Card Assembly Power Supply Bit 

634300 
656973-1 
656973-2 
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System Wiring Schematic Radar Processor t o  

FCR In ter face  Simulator /Moni t o r  

Ci rcu i t  Card Assembly, Frequency Agi l i ty ,  AFC 

AFC Assembly, Post Amplifier Assembly 

C i r c u i t  Card Assembly, Post Amplifier 

h i t t e r  Receiver 
656901 

656902 

633922 

633980 

633156 

11.2 Frequency Agili ty Description and Performance 

The operational performance of the pulse radar  is improved by the use of t he  

frequency a g i l i t y  where the  transmitted frequency. is changed on a pulse-to-pulse 

bas i s .  The peak-to-peak frequency excursion is 100 MHz a t  an a g i l i t y  rate of 

100 Hz. Frequency a g i l i t y  is mechanized i n  the rece iver / t ransmi t te r  LRU as shown 

i n  Figure 11.2-1. The 6543 magnetron was replaced with an a g i l e  magnetron which 

has t he  same high v:ltage and RF i n t e r f ace  with the  modulator as the present 

magnetron. 

To mechanize frequency a g i l i t y  i n  a coaxial  magnetron one can d i t h e r  a timing 

plunger o r  dr ive  an expanding r ing  a t  t h e  a g i l e  rate t o  vary the  cavi ty  dimensions. 

In e i t h e r  case, a permanent magnetron (PM) resolver is attached t o  the  motor sha f t  

t o  provide a readout voltage proportional t o  the  t ransmit tLL frequency. This out- 

put is used i n  the  coarse AFC loop. 

The frequency a g i l i t y  technique requi res  t h a t  on a pulse-to-pulse bas i s  the  

t ransmi t te r  frequency be separated by an  amount g rea t e r  than t h e  receiver bandwidth 

(3 MHz). 

quency modulation and a g i l e  rate are determined t o  be 100 MHz and 100 Hz, respec- 

This requi res  the  transmitter output t o  be frequency modulated. The f re -  

t ive ly .  Since the transmitter frequency is changed on a pulse-to-pulse bns is ,  t h e  

AFC loca l  o s c i l l a t o r  (LO) must t rack  the varying t ransmi t te r  frequency. Ablcckdia-  

gramofthe frequencyagi l i tysystemisshowninFigure  11.2-2. The A F C  loop i s  required 

t o  sample the transmitted RF frequency during the transmit p u l s e  and then to  gene- 

r a t e  a loca l  o s c i l l a t o r  frequency separated from the  t ransmi t te r  frequency hy t h e  
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system IF. 

l oca l  o s c i l l a t o r  s t a b i l i z e s  LO the  t ransmit ter  frequency before the t ransmit ter  

pulse is turned of f .  

pulse period at least f o r  a length of time corresponding t o  the max imum range of 

20 m. 

As the  t ransmit ter  frequency changes from pulse-to-pulse, the  tracking 

That s t ab i l i zed  frequency must be maintained aver the in t e r -  

The input t o  the Automatic Frequency Control is from the  AFC mixer which com- 

bines the  magnetron r f  sample with the  loca l  o s c i l l .  'or  s igna l  t o  produce the 

difference frequency, o r  RFC I F  e r r o r  which is fed t o  the wide band IF amplif ier  

and l imited (see Figure 11.2-2). 

which a l s o  provides IF pulse f o r  BIT t a rge t  t o  dr ive the  high and low pass f i l t e r s  

which make up the frequency discriminator which is centered within the  IF pass 

band. 

This is followed by a 2-stage power amplif ier  

The outputs of the  high and l o w  pass f i l t e r l d e t e c t o r  combinations are summed 

in the  loop i n t e g r a t o r / f i l t e r .  

a gain of two. 

This is followed by a l eve l  changing amplif ier  with 

"he output of t h i s  amplif ier  is used t o  dr ive  the l o c a l  o s c i l l a t o r .  

A t  the  beginning of each successive transmission of the  magnetron, an e r r o r  

exists between the ac tua l  frequency of t h e  l oca l  o s c i l l a t o r ,  es tabl ished fo r  the  

previous maggie transmission, and the loca l  o s c i l l a t o r  freqyency required fo r  t h e  

present transmission. This frequency e r r o r  generates an ac tua l  e r r o r  voltage at 

the  output of the  0.. criminator which dr ives  the  loca l  o s c i l l a t o r  i n  a d i rec t ion  

tending to  bring thc e r ro r  t o  'zero. 

The ac tua l  e r r o r  voltage is not normally viewable. It can however be seen by 

means gf a 2-input d i f f e r e n t i a l  oscil loscope attached t o  the  outputs of the  high 

and low ?ass f i l t e r  outputs. 

This e r r o r  l a s t s  f o r  about 200 nanoseconds as t h e  AFC loop is correct ing 

i t s e l f .  

to  correct  w i t h  the main bang, 3180 permits i t  t o  decay rapidly a f t e r  the main band, 

and so i t  is necessary t o  sample the outr-i t  of the Integrator  immediately a f t e r  I t  

has corrected and s e t t l e d  and hold t h e  new value during the period between pulses. 

The f a s t  time constant of loop f i l t e r / i n t e p r a t o r  which permits the loop 
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The sample and hold which loaps around the f l l t e r / i n t e g r a t o r  performs t h i s  

function. The S/E is actuated by 'a  video pulse which is obtained from the wide 

band IF and limiter amplifier.  

shot which provides the  sampling pulse f o r  t h e  sample hold. 

fed out as a BIT trigger t o  turn  on the  test t a rge t  i n  the post  IF amplif ier .  

The detected video pulse issued t o  t r i g g e r  a one 

This  same pulse is 

In addi t ion t o  requir ing a new a g i l e  magnetron, the frequency a g i l i t y  modi- 

f i c a t i o n  a l s o  required a new local oscillator and the  above-described AFC, c i r c u i t s .  

The new loca l  o s c i l l a t o r  had t o  have a tuning range compatible with the  a g i l e  mag- 

netron. 

in the same location. 

tains the  AFC c i r c u i t s .  

c i r c u i t  board was required i n  the  receiver module. 

of the module was increased approximately 1 /2  inch. 

of the  neu AFC c i r c u i t s  which required pr inted c i r c u i t  boards t o  replace the ex i s t -  

A unit  with the same physical dimensions as t he  present  M) w a s  i n s t a l l e d  

The receiver  module which is shown i n  Figure 11.2-1 con- 

With the  addi t ion of frequency a g i l i t y  an addi t iona l  

To accomodate this, the  height 

This allowed the  i n s t a l l a t i o n  

ing single AFC b a r d .  

not requi re  an increase in the overall receiver-transmitter LRU envelope. 

The addi t iona l  height of the  receiver  module, however, did 

The @C fa i lure- indicat ing-circui ts  look f o r  3 things.  The f i r s t  two const i -  

t u t e  a window detec tor  t o  determine i f  the AFC output cont ro l  voltage t o  the l o c a l  

o s c i l l a t o r  is within its dynamic range. The th i rd  determines i f  the  a g i l e  motor 

is running by determining i f  the control  voltage is crossing a reference voltage 

and how of ten  it is crossing t h i s  voltage.  

one is improper, an AFC f a i l  is indicated.  

These s igna l s  a r e  OR'd so that i f  any 
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111. BAElGE BATE IHPROVEEaENT MODIFICATIONS 

The AN/APQ-153 range-tracker 'was or ig ina l ly  designed f o r  the  high closing and 

opening rates and accelerations i n  air-to-air combat, The s h u t t l e  rendezvous 

range and range rate e r r o r  requirements are 3- = 1 f t  and 3 4  = 1 f t / s e c ,  respec- 

t ive ly .  Analysis showed that the  range rate smoothing bandwidth reduction of about 

10 was required t o  obtain these magnitudes of e r rors .  Suf f ic ien t  changes were made 

in t he  analog range-tracker t o  approach these values. With these  changes including 

a simple s ing le  pole RC f i l t e r  (RC = 1 second) on- the  range rate output po in t ,  the  

sys tea  "noise" excursion over a 30 second observation on an osci l loscope did not  

exceed 2 1 f t / s ec .  

111.1 Range Tracking Modification K i t  

Range Tracker Modification K i t  boards were del ivered,  i n s t a l l e d ,  and tes ted  

by Emerson Electric engineer, Jim Gebhart, and accepted by NASA/Houston personnel 

i n  June. The following list indica tes  the  modifications made t o . t h e  Range Tracking 

boards t o  obtain the  desired range rate accuracy improvement: 

I. C i r c u i t  Card U 1 4  (NASA Board 656984) 

a. Replace AR3 (ES3204-02) with LM108A (ES5309-01) see note 1. 

b. 
C. 

d. Replace C6, w a s  (ES3182-01) now 4 (ES3399-27F) connected i n  

e. 

f .  

Replace R35, w a s  14.7K 1%, now 32.4K 1%. 
Replace R22, was 29.4K 1%, now 2.32K 1%. 

para l l e l .  

Replace R2, was 681 I%, now 20.5K 1%. 

Replace R18, was 24.3K 1%, now 294K 1%. 

11. Circui t  Card AlA13 (NASA Board 656983) 

a. Replace A R l  (ES3203-04) with LMlO8H (ES5309-01) see note 1. 
b. Replace AR2 (ES3203-04) w i t h  LMlO8H (ES5309-01) see note 1. 

c.  Replace R89, was 7.87K 12, now 49.9K 1%. 
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I I Basic NASA Mod 
1 

111. Processor Wire L i s t  Changes (656960, Sheet 2) 

Open Loop Transfer Function 

a. Bemove w i r e  from AlXAl3-8 t o  AlxAL4-45. 

b. Add wire from AlXAl4-33 to  -4-45. 

(-111) ( 1+ H2 209s ) (8.88) f +i$g6s: I 

Nore: Ml08 op-amps are pin-for-pin replacements f o r  741's. However, 
each LM108 needs a 100 pF (M39014/01-1379) between p in  8 and 
ground f o r  frequency compensation. 

The basic  performance of the AN/APQ-153 range rate c i r c u i t r y  w a s  o r ig ina l ly  
.. 

optimized f o r  v e l o c i t i e s  of 3,000 f t / s e c  closing and 1,000 ft/sec opening. 

the  rendezvous parameters are much closer t o  300-dt/sec opening t o  100 f t / s e c  clos- 

lug.  The scale f a c t o r  of the  range rate output was increased a f a c t o r  of -10 

changing the  5 m i l l i v o l t s  per f t / s e c  to -50 m i l l i v o l t s  per  f t / s ec .  

was correspondingly reduced by changing the  transfer function to the  range rate 

output, and reducing the  e f f ec t ive  noise bandwidth In the  process. 

However, 

The noise  level 

Referring to  Figure 111.1-1 the  basic  AN/APQ-153 t racking loop, the  range 

tracker funct ional  diagram, and the  NASA modifications i n  italic type, are both 

' show,. 

Simplified block diagrams of both the  bas ic  and NASA mod range t racker  are 

indicated i n  Figure 111.1-2. 

out  become: 

The loop transfek funct ions aud smoothed range rates 

5 50 I -  (1+ .064S) ' 1 (1+ .496S)(l+ .064S) ' I Smoothed Range Rate Out I 
Thus, the accelerat ion constant is reduced from 111 t o  8.88 and another pole 

smoothing is introduced i n t o  the range-rate output along with a sca l e  fac tor  of 50 

instead of -5 (a f ac to r  of -10). 



. 



1 4  

FIGURE 111.1-2 

W E  TRACKER SIMPLIFIED B U C K  DIAGRAMS 

A. BASIC - 

-% + 
- 1.0 - 1 E1 ;* + 1.2588 

+ 

- 0.49 

I 
@PEA LOOP &) SMOOTHED RANGE 1+1496S ' SMOOTHED RANGE = 50 

RATE OUT RATE OUT (1 + .496S) ( 1  + .064S) = -8.88 s2 TRANSFER 

C. NASA MOD. (Redrawn to be Analogous to BASIC) 
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With AL Cunningham present ,  Jim Gebhart demonstrated the  actual range-rate 

uoise level at  the range-rate output point  of the Range Tracker. 

cursion was 5 3 f e e t  per second over a 30 second observation period on an o r c i l l o -  

scope presentation. Adding a simple RC filter as shown below, the  output noise  

swing was reduced t o  5 1 foot  per second over a 30 second observation period. 

The maximum ex- 

This f i n a l  bandwidth may be c lose  t o  that of the in t e r f ace  A/D converter.  

R = 30K 

1 e- l 
EO 

=0 - E  
io 1 + RCS l + s  

RC = 1.0 seconds v 
The marked-up drawings are included t o  document the  changes made. These 

drawings are l i s t e d  as follows and are included i n  Appendix B: 

1st and 2nd In tegra tors  

Pulse Gen, TRR, Gate Pos i t ion  

Radar Processor (Wiring) 

656984 

656983 

656960 (Sheet 2) 
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111.2 Rang e Rata Improvement Analysis 

The block diagram of the 

Figures 111.1-landIII.1-2 is 

basic ANIAPQ-153 range tracking loop shown in 

put i n t o  a general IC parameter form below: 

I----- - -- 1 
I I 

FIGURE 111.2-1 

The transfer functions in terms of the above parameters with (1  + T i  S)-' 5 (1  + .005S)'l 

- 1 becomes: 

(S2 +",", + b) 

loop gain 

(3) 

loop gain to tap for ip(t) J 
The noise bandwidth (Bn) (not to be confused with the usual servo bandwidth) is 

defined in terms of the transfer function H(S) as follows: 

If H(w) f H(S)(smJw and Itlm(w)l I s  the maximum amplitude of H(W) 
then the noise bandwidth becomes: 
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and for the AN/APQ-153 general  parameters previously defined, the  spec i f i c  

becomes : 

H(w) 2 

The range equivalent thermal noise error U N ' - ~ ~ S  been derived from extensions 

of Barton's treatment* for the  split gate t racker  as in the  AN/APQ-153. 

r l T g l C  
(8 I 

where it is assumed that: 

Tg T and T*& >/ 1 
where 

'tg = Total s p l i t  gate width 2 x  pulse  width (.85 us) 
't = Pulse length (0.425 ~ 8 )  

f& = Receiver bandwidth (3 MHz) 

f = Pulse r epe t i t i on  frequency (2500 per second) 

S - - Signal-to-noise power ratio a t  end of IF N 
C * Velocity of l i g h t  ( feedsecond)  

IJa = The noise bandwfdth as defined earlier 
S 
N Using the  basic AN/APQ-153 nominal parameters t h e  - ra t io  i n  db a t  4 nm is 31.46. 

For Q t o  be l / 3  f t  a t  t h i s  signal-to-noise r a t i o ,  the  noise bandwidth fin as deter-  

mined from the above must be 0.5 Hz. 

Inser t ing  t h e  basic  AN/APQ-153 parameters equations (6) and (7) tecome: 

*Barton, D.K. "Radar System Analysis" Chapter 11, Prentice-Hall, New Jersey, 1964.  
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r 
b 

a 

JL = tan- 
X 

X 

Y 

BASIC 

111 75 50 25 10 5 3 1 15 .25 

2.26 2.22 2.21 2 .0  1.7 1 .3  1.1 -70 -50 934 

83.7' 82' 80' 78' 74" 73" 71" 69* 69' 69' 

1.13 1.13 lL13 1.0 a85 .65 e 5 5  - 3 5  e25 017 

10.29 8.36 6.70 b.89 3.04 2.13 1.64 .936 .661 -470 

ThesetwoareplottedversuswinFlguresIII.2-2andIII.2-3. Thenumerical in tegra t ion  

as required i n  ( 5 )  to obtain Bn w a s  done on the  DEC 10 computer. The corresponding 

u was obtaiaed using (8) with S/N = 31.46. Thus the  basic  AN/APQ-153 has: 

For &, = 4.36 Hz and u& = 3.85 f t  

For & en' f 5.68 Hz and U& = 4.4  ft/sec 

Thus, the  NASA Mod system needs t o  have a noise  bandwidth of 0.5 Hz as compared t o  

the basic  noise  bandwidths of 4.36 and 5.68 Hz, a fac to r  of about 10 i n  noise- 

bandwidth reduction. 

Now, there  are many combinations of a and b t o  ob ta in  S, = 0.5 Hz. For complex 

conjugate poles of H(w) (x 5 i y )  the  family of a and b f o r  &, becomes: 

For combinations of a and b which y ie ld  H(w) w i t h  negative real poles,  the  following 

t ab le  gives the corresponding noise  bandwidth h. 
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- values of en for I H  (w) 12 

A Function of Real'Negative Poles 

b 

111 

50 
10 - 8.88 
2 

1 
1 
1 
1 

a . -  
23 

14.33 
6.333 
- 4.44 

3 
2.01 

2.05 
2.12 
2.5 

Bn 
~~ 

4.66 
3.58 
1.58 - 1.35 
.75 
.50 

51 
.53 
.625 

Comparing the Range Tracker Simplified Block Diagrams In the Range Tracker Mod. 

Kit section, Figure 111.1-2, with the parametric form in this section,FigureIII.2-1 

the K parameters become: 

Basic 

37 

10 
2.09 

0.3 
23.2 

111 

370 
4.66 Hz 
1.5 

.064 seconds 

- NASA Mod. 

37 
0.8 
0.4 
0.3 
4.44 

8.88 
29.6 

1.35 Hz 
15 

.SO0 seconds . 
1.12withRooutput 

RC filter 
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IV. RADAR TO COMPUTER INTERFACE DESIGN 

Emerson agreed t o  assist i n  developing an in t e r f ace  design compatible with 

the AN/APQ-153. 

matic diagram and a p a r t s  list. 

face f o r  AN/APQ-153 Radar is included: 

The following describes the  in t e r f ace  design and includes a sche- 

The NASA "Technical Description of Dig i ta l  Inter-  

The AN/APQ-153 Digi ta l  Interface uses a modular da ta  acquis i t ion system (DAS) 

(Date1 Systems Inc. P/N DAS-l6-M12BlC3B)*. This module only requires  power and 

hput /output  s igna l  conditioning as shown on schematic diagram ESK l!?C2*. ErieflY 

the major parameters of the  DAS system are: 

1. 

2. 

3. 

4. 
5. 

6. 

Eight (8) J i f f e r e n t i a l  input channels. 

- + 5V bipolar  input range. 

Offset  binary coding, i.e., - 5.000V = o c t a l  0000 &d 
+ 4.9925V = o c t a l  7777. 
12 b i t  output resolut ion including sign. 

Simple RESET, CONVERT, and BUSY control  l i n e s  with automatic 
channel sequencing. 

- + .025% of F.S. system accuracy. 
* 

Schematic ESK 1002 shows the  s igna l  conditioning c i r c u i t s  of each channel between 

the  input connector J1 and the DAS J1 connection. Each channel is described below: 

Channel 1 

Channel 2 has the  dual veloci ty  s igna l  conditioning c i r c u i t s .  Switch S2A and 

S2B select low (+ - 250 f t / s e c )  o r  high e 1,000 f t / s ec )  ranges of veloci ty .  

assumes that 5 1,000 f t / s e c  is equivalent t o  f 5V input s igna l .  

and o f f s e t  adjustments are provided f o r  the invert ing amplifier A l .  A 1 Hz 3-pole 

low pass f i l t e r  (A3) is provided between the amplif ier  and the DAS Channel 1 input 

to f i l t e r  3 and 6 Hz con scan noise. Channel 1, as w e l l  a s  a l l  o ther  channels, are 

provided with input s igna l  overvoltage protect ion consis t ing of CR1,  CR2,  CR3, CR4,  

R32, and R9. 

the channel inver t s  the s igna l  and the d i g i t a l  output is negative log ic .  I t  is 

This 

Individual gain 

FD-300 low leakage diodes are used i n  these l i m i t e r  c i r c u i t s .  Since 

*See Appendix B. 



23 

intended that the interface cable or computer interface invert or complement the 

velocity data as required. All other channels also use inverted signal inputs so 

that all output data words will be consistently negative logic for reinversion as 

required. 

Channel 2 

Channel 2 has the dual range signal conditioning circuits. Switch S3A and 

S38 select low range (6,000 ft) or high range (60,000 ft). 

60,000 ft is equivalent to 0 to 60 VDC input signal. 

adjustments are providea for the inverting amplifier A2. 

offsets the amplifier A2 to + 5.0 VDC for a 0 ft (OV) input signal. 

range either low or hLgh the amplifier output is -5 VDC. 

digitized using the full 12 bits of resolution. 

This assumes that 0 to 

Individual gain and offset 

The offset adjustment 

At maximum 

Thus che range signal is 

Channels 3 thru 7 

Channels 3 thru 7 are assigned as follows: 

Channel 3 Az 
Channel 4 Az Rate 
Channel 5 El 
Channel 6 El Rate 
Channel 7 Logic Signal 

These channel inputs are direct except for input protection circuitry. As per 

telecon with NASA personnel, direct inputs of these parameter voltages within 5 5 

VDC is acceptable. It is assumed that computer software will calculbte parameter 

values from the input voltage V.S. parameter value calibrated values. 

Channel 8 

This channel has not been connected and the output word is al'don't care'value. 

The channel sequency will be as indicated above unless otherwise desired. 11 

different sequence can be easily incorporated. Channels may be sequenced at 3 rate 

to SO KHz, if necessary, for signal averaging. 
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An laternal power supply option has been provided ( for  400 HE operation) i f  

desired. Power switching and fusing has been provided. 

Output and input d r ive r s  and receivers  are dual ra i l  log ic  of the  National 

These -830 and DE6882OA types. 

a d  the  12 b i t s  of the  DAS give the 14 b i t  desired da t a  word. 

Two'least s ign i f i can t  b i t s  are wired to  zero. 

Interconnecting cables are not included in the  P/L although mating connectors 

for t e s t ing  are included. 
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IV.l Technical Description of Digital Interface 

1.0 SCOPE 

This description is for an add-on A/D converter and Digital Interface for the 

AN/APQ-153 modified by Emerson Electric for NASA-JEC under contract NAS-9-13675 

a d  PUS-9.14760. 

2.0 PERFORMANCE CHARACTERISTICS 

2.1 Parameter Output Format 
a. 

b. 
Natural binary with MSB -3 Polarity. 
13 bits plus sign per word. 

C. 1 word per parameter. 
d. 8 parameters per sequence. 

2.2 Parameter Designation 
a. Range. 

b. Range rate. 
c. Azimuth angle. 
d. Azimuth angle rate. 
e. Elevation angle. 

f. Elevation angle rate. 

g. Lock-on indicator. 

h. Blank word. 

2.3 Computer Handshake Details 
a. Request signal: 

Positive Polarity 
2.4 - 5.0 V level 

b. End of conversion signal: 

Positive logic 
2.4 5.0 V E.0.C. 

c. Computer will supply master reset signal, then strobe in 

d. Standard 8820 and 8830 line transmitters and receivers 
sequence for 8 parameters. 

will be used. 

2.4 Output Signal Levels 
Positive logic, TTL compatible. 
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2.5 Data Line Drive Requirements 

a. 50 f t  maximum, twisted shielded pairs .  

2.6 Data Rate 

a. Less than 5 request per second. 

2.7 Parameter Sca l ina  

Selectable,  0 - 6,000 f t ,  or 0 - 60,000 f t .  

Selectable,  0 - ?50 ft/sec o r  0 - 1,000 f t / s e c ,  bi-polar. 

a. Range, f u l l  s c a l e  

b. Range rate, f u l l  scale 

c. Angle, 2 45 f u l l  scale. 

d. Angle rate, 5 20 /see f u l l  scale. 

3.0 POWER 

Power f o r  un i t  shall be e i t h e r  supplied from radar  or from 400 Hz supply. 

4.0 PHYSICAL CHARACTERISTICS 

4.1 Size 

19 inch rackmount, 5-1/4" high, 18 inch maximum, depth. 

4.2 Panel Color 

Light gray. 

4.3 Ident i f ica t ion  

a. Nameplate on back, name on f ront .  

4.4 cooling 

a. Ambient a i r  without fan i n  air conditioned laboratory.  

4.5 Switches and Adjustments 

a. Located on back of unit .  

4.6 In te r face  Connectors Requirements 

a. Located on back of un i t .  

b. MS-3116, MS3126, Bendix PTO6 or  JT06 o r  equivalents.  

e. Input, output on separate connectors. 

Additional technical  notes are i n  Appendix B along with the e n t i r e  i n t e r f ace  

schematic ESK 1002. 
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0. COWARISOR BElWEEN NON-COHERENT AND COHERENT RADARS 

The Ku-Band Shuttle Missions yield radar requirements for the terminal phase, 

(c8nm) as follows: 

Minimum Range 100 ft 

Search Angle 90 x 90 111, 10 x 10 I and I1 

Range Accuracy 
(30) 

1% (100 ft to 5 nm) 
390 ft (5  to 30 nm) 
open (30 to 300 nm) 
+ 1 ftlsec random 
Range less than 30 NM 

Range Rate Accuracy - 
(30)  

Angle Rate 

Angle Rate Accuracy 
( 3 d  

4 mrlsec acquisition 
5 degreeslsec track 

0.14 mr/sec R < 3 0 n m  

Angle Accuracy 10- R < 3 0 n m  
(30) 60 mr bias 

The radar operational requirements: 

Above within 10 seconds following AV = 10 ftlsec 
Range Acceleration = 0.5 ft/sec2 

Recovery after break lock within 2 seconds 

B < 10 nm 

R > 10 nm 

Closing 100 ft/sec 
Opening 50 ft/sec 
Closing and Opening 300 ft/sec Velocity limits 

The non-coherent pulse radar design can be sketched to meet the requirements 

in range and range rate. The parameters ate listed in the following Table V.l: 

TABLE V.l 

Ku-Band Non-Coherent Rendezvous Radar Parameters 

Power : 80 KW Peak; 80 watts average: ,001 duty cycle 
Range : 7 Nautical Miles 
Antenna Gain: 35.4 dB; Noise FigureP5 dB; Lossesa5 dB 
Pulse Width: 120 nanoseconds; IT Bandwidth = 20 MHz 
Pulse Repetition Rage: 8000 Hz; Tracking Noise Bandwidth 2 1 Hz 

Single Pulse Signal /Noise Ratio t 10.2 
Nan-Coherent Integration Gain * 23.5 dB 
Range Error (lo) 0.4 feet 
Range Rate Error ( I n )  2 0.26 feet/second (differentiated range) 
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The pulse width is chosen as 0.120 us. Frequency a g i l e  magnetrons (Varian 

associates) exist with t h i s  order 'of  pulse width. The corresponding round t r i p  

time at  the  minimum range of 100 f t  (.491757 feethanosecond) is 203.35 ns. Thus, 

the  receiver  has 83.35 n s  t o  recover a f t e r  transmission. A F e r r i t e  diode limiter 

combined with a PRE TR tube can enable s u f f i c i e n t  receiver  protect ion and recovery 

to  obtain a very high signal-to-noise r a t i o  f o r  t h e  TR = - f t  and the  $& = - f t / s ec .  

The duty cycle  of .001 is typica l  so :hat a PRF of 8000 is consis tent .  

1 1 
3 3 

The maximum 

unambiguous range f e r  the  PRF is 61,469 f e e t  or 10.11 nm. An 80 watt average pn-r 

magnetron would then have an 80 KW peak pulse power. The Ku-banci ntenna gain ( for  

the  same dimensions as our present X-band AN/APQ-153 non-coherent pulse  radar system) 

is about 35.4 dB. The predicted noise f igu re  and 'osses are both 5 dB. The effec- 

tive range tracking servo bandwidth can be on the  order  of 1 Hz. 

The next s t ep  is t o  recall the  basic  de f in i t i ons  and determination of the  

s ing le  pulse (no in tegra t ion  of pulses) signal-to-noise ratio (S/N). 

(Skolnik*, page 20) 

S = Signal power a t  receiver  ( w a t t s )  

P t  = Transmitted power (watts) 

G = Antenna gain 

& = Antenna e f f ec t ive  aperture  (meters21 

u = Radar c ross  sec t ion  (meters21 

N = k T o & F N  (Skolnik*, page 24) 

N = Noise power i n  receiver  output of I F  ( w a t t s )  

To = 290 K IRE standard 

& = IF receiver bandwidth (cps) 

Fn Noise f igure  

k = Boltzman's constant = 1.38054 x 10' 23 joules 
"K 

Effective 
A, Aperture 4 n  
- A2 G (meters2) (Skolnik*, page 263) 

A =  

G =  

rl 
*Introduction t o  

Wavelength (meters) 

Antenna gain 

Radar System$, Merr i l l  I. Skolnik, McCraw-Hill, 1962. 
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L = toss  factor (4 1 
Dividing (1) by (2) and substituting (3) and (4) the IF signal-to-noise power ratio 

becomes (5) (on a single pulse; no integration of pulses). 

( 5 )  
S Pt G2 A 2  u 
N ( 4 ~ ) 3 ( R 4 )  (k TO Bn Fn) (L) 

- =  

The other parameters which are needed are these: 

R =  

u =  
To = 

k =  
A =  

BR' 

=8 = 

f =  

Bel' 

s 
N 

r =  

- 3  

Begin tracking range = 7 nm = 12,964 meters 

Rendezvous vehicl'e effective radar cross section = 1 meter2 
290 K 
1.38054 x 10-23 joules/OK 
.021763 meters (at 13.775 GHz) 
Bandwidth of receiver IF (20 M k )  

Total split gate width J 2 x pulse width (-24 us) 
Pulse width (.120 us) 

PRF (8000 Hz) 
The noise bandwidth (1Hz) 

* . -  

Signal-to-noise power ratio after integration gain 

Recalling a prior equation r(8) in Range Improvement Analysis section] 

The results of exercising the above equations is the loker set of values in Table V.l 

In which the error u is nearly at design goals. The target induced errors are 

caused by glint or scintillation effects are considered separately in later 

paragraphs. 

h e  constraint determining the lower limit on the range-rate bandwidth (or 

the upper limit on the non-coherent integration time) is the rate of change of 

range-rate due to target cg acceleration. During thrusting (or AV time) this may 

be on the order of 0.5 to 1 foot/second*. However, this need not be a design goal. 
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In the remaining time, it may be on the order of 0.1 feet/seconda. The range rate 

measurement error is given a one sigma value of 0.333 feedsec. Thus, the maximum 

integration time can be about 3-1/3 seconds. Consider target rotation: 

w = .01 rad/sec 
r - 9 meters 

hl 
FIGURE V . l  

v, = v cos e = rw cos(wt) vnmaximum - rw = .29527 f eetlsec 

G?R = -2 = 0.0029527 ft/sec2 
dt maximu.ul 

Thus, the range measurement error u = 0.333 ft at 100 ft limits range integration 

time to about 1 second. As a conservative design goai, 1 second integration time 

for the range-rate measurement and 0.3 seconds for the range measurement shall be 

. used. 

The mechanization of the noa-coherent pulse radar is grossly outlined in 

Figure V.2. The range tracking implementatioa may be as shown, but there are a 

few alternative schemes. 

Ranqe and Range Rate Tracking Instrumentation Alternatives 

I. Digital 1nst.rumentation General Constraints : 

A. 

B. 

20 to 50 nanoseconds early and late gating and/or sampling on the differ- 
entiated leading edge. 
5 nanosecond basic clock period using ECL technology. 

11. All Digital Tracking Loop: 

A. Alpha-Beta tracker algorithm and digital implementation: 

1. Type 2 servo; double intogration in forward transfer. 
2. Zero errors for constant position and velocity type inputs. 
Vernier solution to positioning split-gates or sampling down to 0.1 
nanoseconds. 

B. 
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111. Parallel Analog VCO Gating Loop and 
Digital-Time-Interval Measurement 

A. Split gate range discriminator. 
B. Integrator and compensation transfer. 
C. 

D. 
E. Averaging Digital Time Intervals (multiple of 5 ns) for improved 

Voltage controlled oscillator with split gate outputs. 

Synchronizer gating of 200 MHz clock counting. 

(fi factor) time and range accuracies. 

The pulse doppler coherent radar design can also be designed to meet'the range 

and range rate requirements. The parameters are listed in the following table: 

TABLE V.2 

Pulse Doppler Coherent Radar Parameters 

Power: 400 watts peak; 8 watts average; duty cycle = .02 

Range : 7 nautical miles 
Antenna Gain: 
Pulse Width: 2500 nanoseconds; IF bandwidth = 1 MHz 
Pulse Repetition Rate: 8000Hz; Tracking Bandwidth 8 Hz Coherent 

35.4 dB; noise figure = 5 dB; losses - 5 dB 
2 1 Hz Non-Coherent 

Single pulse signal/noise ratio 1.05 

Coherent integration gain 3 30 dB + 9 dB non-coherent in doppler 
tracking. 
Range rate error (lo) 0.1 feet/second (at 7 nm) (excluding 
target motion induced errors) 

Range error (la) = 23.2 feet (at 7 nm) (if implemented like non- 
coherent; excluding target motion induced errors) 

The pulse width must be chosen for the high duty cycle of the transmitter of 

0.02. The average power is 8 watts wirh the peak then of 400 watts (this is extra- 

polated from our coherent pulse doppler development EC153). Then with a PRF of 

8000Hz, the pulse width comes out to be 2.5 us, and the corresponding IF bandwidth 

is about 1 MHz. 

A gross mechanization scheme is shown in bloi . diagram form in Figure V.3. As 

shown, there is needed a specific range tracking loop for determination of range, the 

range rate being determined by the doppler phase-locked loop. 
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The basic  equations (1) thru  ( 6 )  hold for  the  coherent system with a d i f f e r e n t  

set of parameter values: 

BR = 1MHz 
' 8  3 5.0 VS 

r = 2.5 us 
Coherent Integrat ion Gain - 30dB 

Incoherent Integrat ion Gain = 9 dB 

P t  = 400 yatfs 

Bp 1 H z  

Others are as i n  the  non-coherent system. h e  r e s u l t s  of exercis ing the equa- 

t i ons  l s  the  lwer s e t  of values i n  Table V . 2  i n  which the  error a's are b e t t e r  

than design. The t a r g e t  induced e r r o r s  t ha t  are caused by g l i n t  and s c i n t i l l a t i o n  

and vehic le  ro t a t ion  are considered i n  the following paragraphs. 

m s e - I n  Range Problem with Targett 
Generated Range Errors 

Rendezvous Target Minimum Representation: Two point r e f l e c t o r s  
of equal amplitude 18 meters apar t  and ro t a t ing  a t  0.01 
radians per second. 

of unequal amplitude extending 18 meters and ro t a t ing  a t  0.01 
radians per second. 

Rendezvous Target Maximum Representation: Complex r e f l ec t ions  

. 
For the  20 nanosecond leading edge tracking non-coherent system with frequency 

d ive r s i ty ,  there  are no in-front-of vehicle  induced t a rge t  motion e r ro r s .  

For the  1000 nanosecond centroid ve loc i ty  t racking coherent system (without 

frequency d ive r s i ty )  the  NRL Cross and Evans "Target-Generated Range Errors" paper* 

i l l u s t r a t e s  how bad the  e r r o r s  can become i f  the  pulse width is long compared t o  

target length. Experimentally the  range e r ro r  RMS can be about one-fourth length 

or up t o  15 f e e t .  Using the  extremely d i f f i c u l t  frequency d ive r s i ty  w i t h  the cohe- 

ren t  system, t h i s  could possible  be reduced by a fac tor  up t o  four t o  y ie ld  possibly 

4 f e e t  RMS range e r ror .  With a 1 second veloci ty  smoothing t h e  veloci ty  RMS e r ro r  

would be on the order or  4 feetfsecond. 

*"Target-Generated Range Errors" by D. C. Cross and J.  E. Evans in IEEE 1975 Inter- 
nat ional  Radar Conference Record, pages 385 - 390. 
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- l o c i t v  c- - 
Loop Tracking with Frequency Diversity 

PURE I To F i r s t  Mixer 
f t  - f l -  Af TRANSPORT -1 DELAY 

Transmitted 
Frequency 

f t  - f l -  df 

Delay T h e  From 
Range Tracking Loop 

Af is programmed frequency d ivers i ty .  For example, the Af can be varied from 

one pulse to the  next,  but holding the  transmitted frequency constant during each 

PRF period. However, t o  maintain phase coherence i n  changing frequency while enab- 

l i n g  the  coherent phase-locked loop t o  remain locked-on, the  transmitted frequency 

must be delayed by the round-trip time (obtained from the range tracking loop) before 

used i n  the  f i r s t  mixer. This is a very d i f f i c u l t  instrumentation problem t o  realize 

adequately, and i n  any case requi res  extremely good range tracking t o  make it 

prac t ica l .  

on be t  ween Non - Cohere& 
and Coherent Rendezvous Radars 

Power 

BT 

Non-Coherent 

80 KW: 80 w a t t s :  .001 
1 Hz 

*g 23.5 dB 

T 

o a ( a t  7 nm) 0.4 f t  
< 0.1 f t  

ok(a t  7 nm) 0.26 f t l s e c  

( a t  100 f t )  

OR c .4 f t  
OR ~0.3 f t l s e c  

Target 
Induced 
Errors 

Coherent 

0.4 KW: 8 watts: .02 

8 Hz Coherent 
1 Hz Non-Ccherent 

30 dB Coherent 
+9 dB Non-Coherent 

2500 ns  
1000 ns  

23.2 f t  ( i f  range implemented no 
'0.1 f t  g l i n t  considered) 

0.1 f t / s ec  (If no g l i n t  considered) 

- > 4 f t  
- > 4 f t / s e *  
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APPENDIX A 

STATEMENT OF WORK 

FOR - 
RADAR PERFORMANCE IMPROVEMENT 
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1.0 PURPOSE 

1.1 Objective 

The objec t ive  of t h i s  Statement of Work (SOW) is t o  descr ibe the e f f o r t  

required t o  provide three modification lists f o r  evalrlation on the AN/APQ-153 

F i r e  Control Radar. 

aging cons t ra in ts  of the system. 

1.2 _End Product 

The k i t s  are t o  be designed t o  f i t  wi thin the  ex i s t ing  pack- 

The end products of t h i s  cont rac tua l  e f f o r t  s h a l l  be 6 frequency a g i l i t y  k i t  

t o  permit JSC t o  evaliiuie system performatie with and without a g i l i t y ,  f i v e  modi- 

f i ed  c i r c u i t  boaitds and bandwidth reduction t o  improve the  range rR.te accuracy. 

2.0 SCOPE 

2.1 General 

The Contractor shall provide the necessaiy resources t o  perform the  fabrica-  

t i o n  and del ivery of the frequancy a g i l i t y  k i t  and t o  perform the analyses and modi- 

f i ca t ions  of the c i r c u i t  boards as specif ied i n  Section 3.0 of thjs SOW. 

3.0 TECHNICAL REQUIREMENTS 

3.1 Frequency Agi l i ty  

3.1.1 General 

Addition of t he  frequency a g i l i t y  option s h a l l  improve s ignal- to-clut ter  ra t io ,  

provide ECCM, increase detect ion range, reduce STAE (Second Time Around Echo) and 

reduce t a rge t  fade and g l i n t .  

envelope; the only LRU impacted s h a l l  be the receiver-transmitter.  

A l l  t h i s  s h a l l  be accomplished with the present LRU/ 

The weight of 

the  LRU s h a l l  Increase by a maximum of approximately 3 lbs. 

3.1.2 System Operation and Performance 

The operat ional  performance of t h i s  p u l s e  radar shal l  be improved by t h e  use 

of frequency a g i l i t y  where the  transmitted frequency is changed on a pulse-to-pulse 



basis. Varying the transmit frequency to separate pulse frequencies for a series 

of pulses during the time the radar beam scans a target shall reduce the correla- 

tion between various undesired radar returns such as clutter. Targets shall appear 

more uniform to the pilot. The probability of detection shall also increase as 

shown in Figure 3.1 for a two square meter target. Frequency agility skii improve 

angle tracking performauce for the angle track option as the accuracy of a tracking 

system to determine the deviation of the target axis from the antenna axis is 

affected by target glint and fading, refraction errors in radomes and variations 

in the propagation media. These sources of angular resolution errcr shall be 

aweraged down by rapid variation of the transmission frequency. The peak-to-peak 

frequency excursion shall be 100 MEIZ at an agility rate of 85 Bz. 

3.1.3 Bardware Description 

Frequency agllity shall be mechanized in the receiver-transmitter LRU as 

shown in Figure 3.2. 

magnetron which has the same high vc’fage and RF (Radio Frequency) interface with 

The present 6543 magnetron shall be replaced with an agile 

the modulator as the present magnetron. 

Two techniques sha-1 be considered for this application. The first technique 

is to dither a tuning application. 

ring at the agile rate to vary the ca-ity dimensions. 

nent magnet) resolver shall be attached to the motor shaft to provide a readout 

The second technique is to drive an expanding 

In either case, a PM (perma- 

voltage proportional to the transmitter frequency. This output shall be used in 

the coarse AFC loop. The frequency agility technique requires that on a pulse-to- 

pulse basis the transmitter frequency be separated by an amount greater than the 

receiver bandwidth (3 MHz). This requires the transmitter output to be frequency 

modulated. The frequency modulation and agile rate are determined to be 100 MHz and 

85 Hz, respectively. 

basis, the AFC (Automatic Frequency Control) local oscillator (LO) must track the 

Since the transmitter frequency is changed on a pulse-to-pulse 
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varying transmitter frequency. 

shown in Figure 3-3. 

quency during the transmit pulse and then to generate a local oscillator frequency 

separated from the transmitter frequency by the system IF (Intermediate Frequency). 

As the transmitter frequency changes from pulse-to-pulse, the tracking local osci- 

llator stabilizes to the transmitter frequency before the transmitter pulse is 

turned off. 

at least for a length of time corresponding to tge maximum range of 20 NM. 

consists of a coarse and a fine tuning loop. 

magnetron tuning drive resolver output, which is proportional to frequency, as the 

feedback for the coarse hop. 

the resolver pickoff as the feedback to tune the LO each time the system sync pulse 

occurs. Since the system sync pulse occurs approximately 8 microseconds before the 

transmitted pulse, the coarse AFC loop has 8 microseconds to settle to within the 

coarse pickoff frequency. 

fine loop then samples the transmit frequency and closes the fine loop around the 

local oscillator t- maintain the local oscillator within the IF separation. This 

frequency of the local oscillator is then held for a time corresponding to 20 NM 

range. 

A block diagram of the frequency agility system is 

The AFC loop is requirec! to sample the transmitted RF fre- 

That stabilized frequency must be maintained over the interpulse period 

The AFC 

The outer or coarse loop utilizes the 

The local oscillator frequency is controlled using 

Upon the occurrence of the transmitted pulse, the AFC 

As the frequency agilitymodication requires a new LO, a unit with the same 

physical dimensions as the present LO and a tuning range compatible with the required 

new agile magnetron shall be installed in the same location. The receiver module 

which is shown in Fl,ure 3.2 shall contain the AFC circuits. With the addition of 

frequency agility, an additional circuit board is required in the receiver module. 

To accommodate this, the height of the module shall increase approximately 1/2 inch. 

This allows the installation of the new AFC circuits which required two printed cir- 

cuit boards to replace the existing single AFC board. The additional height of the 



receiver  module shall not require  an increase i n  t: 

LBU envelope. 

3.2 Modification of Ci rcu i t  Boards 

3.2.1 General 

ove ra l l  receiver-transmitter 

The basic  ANJAPQ-153 is required t o  t r ack  t a r g e t s  with v e l o c i t i e s  of 3,000 

feedsecond closing a 1,000 feet/second opening. 

quirements for the  rendezvoug mission are not as large.  

tracker t o  operating veloci ty  l i m i t s  of 300 feet/second opening and 100 feedsecond 

closing w i l l  decrease the  tracker noise bandwidth. This i n  conjunction with ex- 

panded analog scale f ac to r s  w i l l  provide an improved t racking capabi l i ty  that is 

c loser  to  the  requirements of the  rendezvous radar.  

The operating ve loc i ty  l i m i t  re- 

Modification t o  the  range 



ARTICLE IT-DELIVERY is amer?ded to read: 

I 
I A. ParagraDh 3.3, is added to the Stetenent o f  Work a s  .follows: 

A n  items and/or documentstio?l required to be furnished under this contract shz l l  
be delivered By July 31, 1976. 

* .' ' 

I 

3.3 -Interfsre &si.? 
The contracto- s h a l l  assist i n  dweloping an inter:hce 5esign cc,qatt-.Sle 
with the Radar Systzm. The design shal l  be arrived at +,hroGn EnginceL-iF- 
discussions. A final design concept and drawinGs w i l l  be sugplieci =IS ;er= 
ofthe  end product of th is  contract, 

-> 

These changes are effected a t  no cost t o  the Govcrment. 

li 



APPENDIX B 

MARKED-UP DRAWINGS AND OTHER 
RELEVANT TECHNICAL DETAILS 
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"lnfdhnatibn contained in this document is private to 
Emerson Electrk Co. Electronics and Sp- Oi-, st 
Louis. It is provide to you for evaluation of the Divkian's 
capatlli.ies, ideas and p l o p o ~ l ~  The i n f k a t i o n  ma)r not 
be publahed. r e m u c e d ,  disclossd or otharwka d i -  

n Of the DivUo;i?r inated without the c x p r s s s , ~  

I .  

-. 
, '  ! 

i.'.. 

-. '3 , "r 
I! : 

5 
A .  
3 
:; 

I 

t 

* .  
% 

'7. 



. 

. 
Z"b un u 





i 

I .  I U  I t J  I U  I 

I 



-.-a ----- 
-A 



. 
\ 



. -  

! 

! 
:bj  
1 . :  ! I  
--; I I 

- * c i  

i 



-. - -  
1. I 
c-  

' :  
. C  
I. I 

a :  ._ 

L L  
SI f 

T 



I 
I 

I 

/-' 

r 

I 

I 
1 I 

i 
i 

a' Q, c 
N! N c1 

i 
! 

I 

i 
I 

I I I I I  I i ;  

-r 

. 

i 
& 

I 

I 
I 

m e - -  
ml  .? m 

I 
I 

1 



1 . 1  
1 Q m 

ln 
I 

(u cu 
U 
h l  
N 
e 
m 

I 

.n 
v 
A 
0 
k 

.- 
I 
ul , 
m .. 
c 

t 

n 
Y 



l- 

d 
w 

I 

I 

d 

i 
I 
! 1 
I 
I 
I 

i 

I ! 
I i l  

i I /  
I 
I 

I 



I 

&-A* ___.__- 

FEATURES . 
. bSm;rIl Size . . . . . . . 1.S'x 4.5" x S.8 

bComplete . Simply Apply D.C. Pomr 
blwoModes 

Ot Operation . . Random or Sesuacrtirl 
b High Input Impedance . . . lOGM ohm 
b Low Power 

Consumption . . . . . Less than 7 Warn 
b fast Throughput Rate Up to 100 K H t  
b High Resolution Up to 12 Binary EiPl 
b Variety of 

Output Formats . . . . . Einmy 01 ECC 

TYPICAL APPLICATIONS 
0 Air Pollution Data Gathering and 

0 Automatic Testing of Components 

0 Meteorological Data Gathering 

a Biomedaal Dara Gathering and 

0 Geophysical Testing 

0 Chemic+ Process Analysis and Con- 

0 Telemetry Oata Reduction 

G Oceanographic Data L w n g  

Analysis . 

Monitoring 

WGb 

NEW CATALOG 
AID - DIA CONVERTERS 

A comprehensive 70 page catalog de 
scribes in detail Datel's complete line 
of ultraminiature A/D and D/A con- 
veners and accessories. 
Write or call for immediate receipt of 
this catalog. 

--. 1 S'' ,/ * 
- .. . i 

_ I  

GENERAL DESCRIPTION 
Datei Svstmr' klodel DAS-16 is a new approach to the Data Acquisition 
System. a "Cornpiere Ssta kcguisction module", ocuriying only 31: crrbic inches 
ana wueiclhing lesi :ban 18 a:. Through the USQ af MOS and Monolithic circuits 
and unique packag+r.g tecnniquei. Oerel has signikanily reduced the size 
over competitive systems. at the same time reuuang am. 
Ststem O S -  16 was designed primarily to interface directly with most 
mini-compu;err avatkble on the market tocay. For reai time difa 1c;lginp. 
System DAS - 16 can be interfaced to printers, paper tape punches, solid state or 
core memory and magnetic tape recorders. 
OAS - 16 contains an eight or sixteen c h r n ~ l  Multiplexer, %mpie 61 Hold 
amalifier. Analog IO Oigltal converter, Swtem Securncer which includes all 
necessary control and. tr:.wface ic~:c  and a solid state readout, displaying 
muttiptexa address and the analog to digits1 output value. 
Random a r d  Sequential sodressing ,s emplsrcd t s  enhrnct svstem flexibility. 
Mode selection is determined by external control signals. Individual channels 
may be sampled at rates consistent wiyh their particular brndwidth. 
DAS-16 is rvailable with inwt renoas of Oto+SV. 0 to +1W. f 5V. or f 1OV rt 
an rnptit imptdanc: of 1CO megonms. Overall accuracy is f 0.05% with I 
temperature coetitcient of f 4G pomi'C. DAS - 16 will operate over an operating 
temperature range ot 0" to +70'C. Gain and otfset adjustments (ire provided. 
however Ions Term Stability i s  excellent, so it wdl seldom be necessary to 
reid!ust the exftrr;3l gain and offset trlms o r e  tkr inttial adjustments are made. 
Output coding w n  he Binary or BCD with word I?nc:hs of 8. 10, 12 Siqary bits 
or 3 dqit 2CD. System throup5put rater are ava4!;kie up to 100 KHz (8 Binary 
bits). 60 KHz (10 Binary bits). and 50 ICHt (12 Binary bits). 

WHO WILL USE CAS - 16 
kpplicmonr inclues measuring. studym, ;ne comcuimg data vn analog form. 
This includes variabks like pressure, temperature. tora, position. velocity, and 
volt2yc thai are continuous. 

An rngineer wants io utilize DAS-16 for converting analog date to digital axles 
for t h r n  reasons: 

He want! to do some conouter analvsis. ar.d cor?putcrr require 
ntmc*ac:i form such as b,n;:i, 6ip:aI cor2cs for input. 
He wants to do some telemrtertng or trammission of the data. 

He wa:::s to store r r i J l t i d v i n ? I  data for i long pwid  wirhnut 
dewadlno it. an!) thC outpiif ot I IAS . l b  car, w stored in arcs.  t ~ p  
tr~enio.ius or m o t  other rlsriqe media. 

1.) 

2.) 
3.) 

9/75 



ODES OF OPERATION 

an8Iog signals mw bo multiplexed for digititin9 in a s e q u ~ t i a l  or random manner. Mock selection is  d a m i d  
rionJs d bv hard - mn jumpers hquential m o 6  for chnnel short sycle). 

8 th. "Sequontid Mode", uulog multiplexing is controlled 
& an internal binary counter. When the "Busv" rim1 of 

I 
..tlr analog to digital converter goes false the seqwntial 1 3Unt)r is Idvanad. to the next channel. A 5 ptcc delay is 
3i- bafore converting. this al lom for Multiplexer and 
SIlnplalHold settling time. The last channel to be se- 
' u e n d  is determined by hard wiring, the short cycle I %puts to the sequencer counter outputs. If the full 16 

' dmnels we to be utilize" the short cycle feature need not 
hs Used. 

*^ 

* .  j4andomMode 
In the "Random Mode" any of the 16 channels may be 
-ddressed in any order. 

i Uhen the "Device Select" signal i s  true and a "Strobe" is 
-+ated with the appropriate binary code on the channel . 
I d d m t  inputs, a channel will be selected. As in the case in 
i aquentiai mode, a delay of 5 pscc is necessary before I 
',iving a "Convert" command. This is to allow for settling 
time of the Multiptexer and Sample/Hold. When the Busy 
ionJ goes to False a new channel may be selected. ; 

souact 

I I 
I 
I 
I 
I 
I 

DATA ACOUlSlTlON SYSTEM 
MODEL DAS-16-LI262DSB 

TYPICAL SYSTEM CONFIGURATION 



BLOCK DfAGRAM 
r------- 1 

I z. I MULTIPLEXER 
It contains 16 MOSFET swtches with associated driver circuits, 
eech having a current limriw ~ull-up FET to provide minimum 
propqation dclav. also, included is all the n r a u r y  decoding look 
for channel selection. 
SAMPLE AND HOLO 
Basic elemcots are a high input imoedance non-iwrting amptifin. a 
sernde and hold FET switchholding upKitm and 4 high win 
output amplifir. 
ANALOG TO DI iTAL CONVERTER 
The AID contains a orogrimmnloutput rrgistn. a precision DIA 
Conwrter, highawed voltage commrotor and an operational thrr 
Ptrature compensared voltage reference source. A modified sum,  
siw approximation technique is mployed which &lows foc e 
ing speeds of 750 nsechit. 
SYSTEM PROGRAMMER 
It contains a sequential and random addressable register w countw, 
interface logic for strobing random or sequrnti8l operation, and JI 
necessary logic to be addressed by the outmt of a minicomputer. 
DISPLAY 
Both input channels and AID output v8lUr m displayed by sixteen 
gallium phosphide red light-emitting dialrr. 

1 I I I I I I I I 
NUHDEIl OI 

LNALOG INPUTS I l l 6  opt I 6lILoo1 I OIl6oot I (116 001 I 8l1600l I 

A V A i L U U  4 v  .lOV 
INCVT VOLTAGE zsv. f l O *  Ill 

RANGES ill $an* on AI hb$*lr 

STOR4CE 

HI.*L.E 
T t V P l R 4 t U R E  -55'C t o * l S * C  - F * C  10 *t5'C 55°C 10 . 0 5 Y  -55'C to 4Is.c -54.C I.? .Id< 



f MECHANICAL DlhlENSlONS (INCHES) 
5 -  FOR e ts.16 SE TRIUIOTS ON 

I 0 . 0 0 0 0  

OUTPUT CODING 
FOR 

DAS. 16 SERIES 

A n a h  tnwt 1 // I 
~ k -  Ottwt’Bmwy 2 s  Compkmrn: 

(f 1OV. FSI 
4 9.995 111111111111 011111111111 

Analog Input 

(0 to *lOV. FS) 
RWpc Straight &nary 

+ 9.9975 111111111111 

o1ooooscjioo 
4 1.2560 001mOC36Y +2.- O.oo00 I 000000000000 

A d o g  Input 
Ran? 

I O  to *lOV. FS) 
9 .LJ  
0.750 

+ 7.5M 
+ 5.m 

2.500 
+ 1.250 

O.OO0 

ORDERING INFORMATION 

PRICES AND SPECIFICATIONS SUOJECT TO CHANGE WITHOUl  NOTICE 



OESCRlPtl ON 
The Ana!ogis MP230 i s  a lowoass three-pole active fi l ter that i s  espscially 
designed for high-precision signal-filtering applkations where exceptional 
low-frequency passband performance.miniaturization. arid low cost are im. 
portant system requirements. It includes a dual FET front end, an op amp 
output, and associated passive components; al l  packaged in a compact low. 
profilefullv.shielded mouule. See Figures 1 and 2. By excluding the active 
components from i t s  dc path, the MP230 accurately processes sensifivc! in- 
put signals where extremely low offset voltages and low output noise are 
critical. 

PERFORMANCE 
By incorporating the throe poles of the filter in a Sutterworth configuration, 
the MP230 yields maximally flat pzssband characteristics and rapid dttenu. 
rtion of 60dB per decade above the 3-dB cutoff frequency. See Figure 3. 
Seven user-selectable cutoff frequencies from 0.5 to 1OOhz are avajlable. 
Characterized by lo,.voffset voltage (2pV) and i3woutprt noise ( 1 . 4 ~ V  pep), 
the MP230 processes an input voltage range of T 10 volts with a gcin of nearly 
unity at dc. The input impedance of the filter is  equal to  the series rssis- 
tance of the MP230 (dependant upon selectedf3dB) and the load impedance. 
For optimum filtering, high impedance loads are recommended. A shield 
terminal separates the connection between the filter output terminal and 
the load input terminzl. thereby eliminating board leakage eff. cts on the 
dc gain. The MP230, Dowered by zl5 volts dc, operates over the tempera- 
ture range of 0 to +7OSC. 
IMPLEhlENTATl ON 
Although intended primarily for use with the Analogic MP221 Cho3per 
Amplifier (see Figured!, the MP230 Fikar wilt tunstion idealfy in any user's 
integrating AID conversion system cr OEM building-b!ock application that 
requires lowpass signal filtering in the presence of low offsets and low 
noise. These applications include low level buffers, measurement preampti. 
fiers, load ce!ls, thermocouples. and strain qxjes. Packaqed in a 2.0 bv 1 .O 
by 0.39 inch ModupacT~'1 case for maximum ccmponent density and rneth- 
rnical protection, the MP230 i s  usually soldered to  a user's PC card. Gold- 
plated pins enhance solderability and conductivity. An advanced shielding 
technique assures MP230 operation in hostile electrical environments and 
allows optimal physical positic i n g  withgut dan5.r of mutual interference 
problems. 

FEATURES 

CJ LWJ Offset  Voltap 

<2:.v 

s Li'ide input Voltags 3ianqe 

=1G Volts 

kF i' L ! CAT IO l4 S 

Instrumsntation 

Load Ceiis 

Thormocou;!a 

Stwin Gt? :S 

e l\Jt?:?si;remclit Prcan-p;, ; . x s  

0 L0:v Leal PJffcrs 

Figurr 1. MP23O Simplified Schrmrltc Drawing 
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as follcnvt: 
f3dB (Hrl = 100 33 10 3.3 2 1 0.5 
R-film (k9) = 16 16 16 25 42 42 42 

N G k  1 4 P V P P 6  

GAIN CHARACTER lST!CS 
Gain at Dc 

- *  

E W I  RON!'AENTAL 
L FHYSICAL 

Cpratin3 Tempr?r;tcre 
h - O p n t i n g  iemperitturt 

Dimtnsiws 

2niA 
2mP 

0 :o +70°C 

2" x 1" x 0.39" ;Li;odupzcrbf (50.85 x 25.40 
x 9.91mm) 

-25Oc io +&C 

I 

-I 
Clgur. 4. Low 1 4 Amplification Md Fiiming with Guarded System in t m, Ot 

I!' rw 

simplyspccify 
bnf igmtion 

MP230 
AN230 

F a  

Jlhplc 
hd-Mounted MP 

FW Entei 

3-dB Attenuation Frequency 

1 OOHz 1 
3 3 H Z  2 
1 OHz 3 

3.3HZ 4 
2Ht 5. 
1 Hz 6 

O.5HZ 7 
'Standard filter stocked. 


