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FOREWORD 

This r epor t  i s  t h e  r e s u l t  o f  a l o g i c  design study f o r  t h e  TIROS-N 
Operational Ver t i ca l  Sounder. The study w a s  conducted by Gulton 
I n d u s t r i e s ,  Data Systems Division, under cont rac t  t o  t h e  National 
Oceanic and Atmospheric Agency, National Environmental S a t e l l i t e  
Service.  This  study i s  one p a r t  of t h e  e f f o r t  d i r e c t e d  at t o t a l  
e l e c t r o n i c  design of t h e  instrument. 

The design t o  t h e  func t iona l  l e v e l  allows t h e  s p e c i f i c a t i o n  of  data 
and con t ro l  i n t e r f a c e s  as w e l l  as power requirements. Implementa- 
t i o n  of the  requi red  func t ions  does not push t h e  s t a t e  of the  art i n  
any sense; good design p r a c t i c e  should result i n  a con t ro l  system 
w i t h  t h e  utmost i n  r e l i a b i l i t y .  
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bec t ion  1 - Instrument Sequencing and Control 

SYSTEM T I M I N G  AND CONTROL REQUIREMENTS 

Control of t h e  instrument subsystems i s  performed by a central ized,  synchronous, 
log ic  network, denoted as t h e  System Timing and Control Uni t .  

General: Control and timing logic  i s  required t o  keep a l l  aspects of t he  
TOVS s igna l  processing i n  proper synchronism with t h e  TIROS-N Information 
Processor (TIP) ,  and TOVS scan program, and t h e  op t i ca l  chopper. 
requires  two ( 2 )  ex terna l ly  supplied cont ro l  s igna ls :  

T I P  - Master Frame Sync (16 second period) 
S/C Clock - 1248 KHZ s igna l  

using these s igna ls  as a basis, the  TOVS system timing and cont ro l  u n i t  w i l l  
develop a l l  the  necessary instrument cont ro l  s igna ls .  
s igna ls  and t h e i r  functions are iden t i f i ed  as follows: 

The TOVS 

. . 
The main cont ro l  

a)  In tegra te ,  Dump and Hold: Controls the  analog data in tegra tors .  
b )  Advance Multiplexer : Controls the  analog multiplexer.  
C >  S t a r t  Conversion: Used t o  i n i t i a t e  t h e  ADC conversion. 
d )  Scan Step Rate: Advances the  scan mirror.  
e )  Chopper Rate: Advances t h e  chopper motor. 

Description: A block diagram i l l u s t r a t i n g  the  Timing and Control u n i t  
configuration is  shown i n  Figure A on the adjacent page. 
basic  functions are performed; 

Note t h a t  three ( 3 )  

(1) 

( 2 )  

( 3 )  

Wave shapers are used t o  buffer  t he  ex terna l ly  supplied clock 
(1248KHZ) and master frame sync pulse (MFSP) 
A counting r e g i s t e r  comprised of several s tages  generates a l l  t h e  
necessary frequencies from 1248KHZ t o  1/264 HZ. 
Logic ga tes  are used t o  develop the  desired cont ro l  s igna ls  by 
decoding the  various counter chai:n states. 

The exact log ic  s t ruc tu re  of t h e  counter s tages  and associated decoding 
gates  can be synthesized several  ways. 
s igna ls  from t h e  decoding ga te ,  due t o  log ic  element propagation delays.  

Note t h a t  t h e  system timing s igna ls  have a f ixed known re l a t ionsh ip  
r e l a t i v e  t o  each other  and are synchronized t o  t h e  MFSP signal .  

Care must be exercised t o  avoid false 
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Section 1- Instrument Sequencing and Control 

DESCRIPTl.ON OF SYSTEN TIMING 

A t i m i n g  diagram i s  presented t o  c l a r i f y  the fundamental instrument control timing 
requirements . 

General: A timing diagram i l l u s t r a t i n g  the phase r e l a t ion  of*e key control 
s ignals  i s  shown i n  Figure A. 
in tegra tor  controls ,  and data  processing s ignals  a re  ident i f ied.  
every 100 m s .  
f o r  data  integrat ion,  2 )  18.75 m s  used t o  d i g i t i z e  the  16 data channels and 3)  
6.25 m s  al located f o r  dumping the  integrators .  

Scan Mirror Stev: 
scan cycle and at a 100 pps r a t e  during the  re t race  cycle. 

PRP Signal: This s ignal  i s  derived d i r ec t ly  from the  chopper mechanism 
and i s  controlled t o  maintain phase sync with the  integrator  control signal.  
Signal occurs at a 40 Hz r a t e .  

Integrator  Controls: 
function f o r  75 m s ,  hold the  integrated value fo r  a period of 18.75 m s ,  and are 
rese t  t o  zero during the next 6.25 m s  period. 
se r ted  between the  scan s tep  s ignal  and the  integrat ion period. This d a l w  
allows t o  scan mechanism t o  s e t t l e  t o  a s t a t i c  value before data processing 
occurs. 

Analog data w i l l  be processed during t h e  18.75 m s  
HOLD period. Three s ignals  control the analog d t i p l e x e r s ,  i . e . ,  10 pps 
ON LINE signal ,  500 Hz multiplexer advance s ignal ,  and the  1/256 Hz master 
sync s ignal .  

the  analog data. 
each sample; plus an 8 kHz b i t  trial clock. 

The scan mirror s tep  r a t e ,  PRP chopper s igna l ,  
Scan s teps  occur 

T h i s  i n t e rva l  i s  subdivided i n t o  three ( 3 )  segments; 1) 75 m s  used 

This s ignal  occurs at  a 10 pps rate during the  normal 

Inf'rared energy integrators  perform the integrat ion 

Atime delay of 31.25 m s  i s  in- 

Multiplexer Controls: 

ADC Controls: The ADC and multiplexer operate i n  conjunction t o  d i g i t i z e  
A start conversion s ignal  (500 Hz, gated) is developed for  
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Section 2 - Instrument Sequencing and Control 

MULTIPLEmR CONTROL REQUIREMENTS 

A log ic  configuration necessary t o  control  t h e  sequencing of the  analog m u l t i -  
plexer is defined. 
f ixed sampling sequence. 

Simple control  d i g i t a l  c i r c u i t r y  is  used t o  generate a 

Multiplexer Review: A sequent ia l ly  addressable, junction FET multiplexer 
is  required t o  commutze the  analog rad ia t ion  s igna ls  , temperature monitor 
s igna ls  and other spec ia l  analog voltages. 
multiplexer configuration i s  shown on t h e  adjacent page. Note t h a t  control  
logic  i s  required t o  provide t h e  gate  addresses fo r  both t he  prime and sub- 
multiplexers.  

an address counter t o  sequentially scan t h e  input gates .  The t w o  l e v e l  
nature of t he  multiplexer ( 4  x 4 matrix) allows a na tura l  p a r t i t i o n  of a 
four (14)  b i t  binary counter i n t o  two  sets denoted as SX-/ and SYi/l . 
These s igna ls ,  when t rans la ted  t o  compatible voltage level;  :directly 
cont ro l  t h e  prime multiplexer. 

used i n  t h e  prime multiplexer,  however, t he  twelve (12) point capacity re- 
quire  a d i f f e ren t  address counter radix.  
counter i s  needed. This counter i s  advanced one count per FOV, or more 
co r rec t ly  at a rate of 10 HZ. 
1 . 2  second period. 

counter be synchronized t o  t h e  TIP'S major frame sync s igna l  and t h e  
i n t e r n a l  TOV's system timing. This requirement means that t h e  address 
counters must be provided with a reset feature and t h a t  t h e  advance rate 
maintain a fixed phase re la t ionehip  t o  the in tegra te .  

A block diagram i l l u s t r a t i n g  the  

Prime Multiplexer Control: The s ixteen point prime multiplexer requires  

4 

Submultiplexer Control: Submultiplexer control  is  analogues t o  t h a t  

A twelve (12) state address 

A data readout cycle is  completed every 

Synchronization: It i s  e s sen t i a l  t h a t  t he  prime multiplexer address 
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bection 2 - Instrument Sequencing and Control 

DESCRIPTION OF THE MULTIPLEXER CONTROL LOGIC 

Multiplexer control  s igna ls  are developed using simple d i g i t a l  lofiic c i r cu i t ry .  

General: A s implif ied logic  diagram of the  multiplexer control  logic  i s  
shown i n  Figure A and cons is t s  of prime and submultiplexer address counters, 
decoding gate  and associated switch drivers.  

Prime Multiplexer Control Logic: A four ( 4 )  b i t  binary counter i s  used 
t o  furnish the  p r i m e  multiplexer address. Counter i s  advanced at a 500 HZ 
ra te  when t h e  MUX ON LINE i s  enabled. Both of these s igna ls  are developed 
i n  t h e  system timing and control  u n i t ,  and function t o  rapidly s t ep  t h e  
prime multiplexer t h ru  a l l  16 prime channels a f t e r  t h e  I R  integrat ion period. 
A reset feature is  provided t o  synchronize t h e  address counter t o  the TOV's 
system time. A s igna l  denoted as MASTER SYNC accomplishes t h i s  objective.  

Two input NAND gates  are used t o  develop a 1 of 4 decoding network. 
B i t s  2 O  and 2 l  form t e cont ro l  s igna ls  SXi/14; while b i t s  22 and z3 form 
control  s igna ls  SYi/ k,  The SXi and SYi s ignals  provide t h e  matrix dr ive  
s igna l  and when applied t o  1st and 2nd l e v e l  analog ga tes , se lec t  1 of t h e  16 
input gat  es . 
furnish the  submultiplexer address. 
suggested; i . e .  a f. 2 stage and a i 6 stage.  A var i e ty  of configuration 
is ava i lab le ;  however, t h e  binary t. 2 coupled with a + 6 s h i f t  counter 
y ie lds  an e f f i c i e n t  decoding s t ruc ture .  The t. 2 s tage supplies t h e  S0,SE 
signals  t o  control  t h e  2nd level submultiplexer switches. 
counter i s  decoded i n t o  1 of 6 ac t ive  s igna ls  denoted as SZi/,6. Six ( 6 )  
NAND gates  ( 2  inputs/gate) are used t o  synthesize t h e  decoder. 

The submultiplexer address counter i s  advanced d i r e c t l y  from t h e  prime 
multiplexer address counter a t  a 10 HZ rate.  Synchronization w i t h  t he  TOVs 
system time i s  assured v ia  the  reset act ion of the  MASTER SYNC signal .  

Submultiplexer Control Logic: A divide by twelve counter i s  used t o  
A two (2) stage configuration i s  

The f 6 s h i f t  
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Section 2- Instrument Sequencing and Control 

DESCRIPTION OF THE MULTIPLEXCR TIMING 

A timing diagram is  presented t o  c l a r i f y  the multiplexer control  s ignal  phase 
relat ionships .  

General: A timing diagram i l l u s t r a t i n g  t h e  pulse duration and relative 
phase of multiplexer control signals a r e  shown in Figures A and B. The 
MASTER SYNC s igna l ,  prime and submultiplexer address s t a t e s ,  and matrix 
switch dr iver  s igna ls  a r e  ident i f ied .  

This signal  occurb once every 256 seconds and 
provides t h e  basic  reference fo r  the  instrument. 
1 m s  pulse i s  the  time reference TO. 
counters t o  zero. 

plexer address counter a r e  ident i f ied .  
during each multiplexer ON LINE cycle.  
i s  ac t ive  for a 32 m s  period. 

The decoded counter s t a t e s  (SXi and SYi) are  shown t o  i l l u s t r a t e  t he  
r e l a t i v e  timing. Each SXi s igna l  i s  ac t ive  f o r  a 2 m s  period every 8 m s .  
Each SYi s igna l  i s  ac t ive  f o r  an 8 ms period every 100 ms (once per FOV) . 

Submultiplexer Address: 
address counter are ident i f ied .  Each s t a t e  is  ac t ive  fo r  a 100 m s  period 
and i s  cyc l ic  every 1.2 seconds. 

Signals So and Se 
correspond t o  the odd and even number of FOVs and a r e  ac t ive  f o r  a 100 m s  
period every 200 ms. 

Master Sync Signal: 
The leading edge of t h i s  

This s igna l  resets both address 

Prime Multiplexer Address: The s ixteen (16) states of t h e  prime multi- 
Each state i s  ac t ive  f o r  a 2 ms period 
This cycle occurs a t  a 10 HZ rate and 

The twelve (12) states of t h e  submultiplexer 

The decoded switch dr iver  s igna ls  a r e  a l so  shown. 

Signal SZi are ac t ive  fo r  200 ma every 1.2 second. 
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Sect ion  3 - Instrument Sequencing and Control 

The s i g n a l s  necessary t o  con t ro l  t h e  analog t o  d i g i t a l  converter are i d e n t i f i e d .  
C i rcu i t  d r ive  requirements and r e l a t i v e  %bning were considered. 

Review of t h e  ADC: A successive approximation, cur ren t  summing, type  of 
analog to d i g i t a l  converter i s  recommended for t h e  TOVs.  A block diagram 
i l l u s t r a t i n g - t h e  converter conf igura t ion  i s  shown on t h e  adjacent page. 
Note t h a t  l og ic  c i r c u i t r y  i s  required t o  con t ro l  t h e  ladder network, s t o r e  
t h e  p a r t i a l  r e s u l t s ,  output t h e  d i g i t a l  data and s t a r t / s t o p  t h e  conversion 
process. These func t ions  axe performed by t h e  con t ro l  l og ic .  

timing and con t ro l  u n i t  i s  requi red  t o  i n i t i a t e  t h e  conversion process. 
Another s i g n a l  generated within t h e  c o n t r o l  l o g i c  i s  required t o  denote 
t h a t  t h e  
Complete s i g n a l .  

t h e  b inary  weighted trail. s t eps .  
be s t a t e d  as follows: 
s equen t i a l ly  f o r  one b i t  period; second, t h e  b i t  t r a i l  signal. must be 
accepted o r  r e j e c t e d  based upon t h e  dec is ion  of t h e  comparator c i r c u i t .  

t h e  p a r t i a l  r e su l t s  obtained from each b i t  t ra i l .  This device func t ions  i n  
conjunction wi th  t h e  ladder con t ro l  l og ic  and also serves  as a one (1) word 
buf fe r  r e g i s t e r  t o  temporarily s t o r e  t h e  f i n a l  encoded value.  

S t a r t /S top  Conversion: A c o n t r o l  s i g n a l  obtained from t h e  TOVs system 

quant iza t ion  process i s  completed, and is i d e n t i f i e d  as Conversion 

Ladder Control: A twelve (12) b i t  cu r ren t  ladder is used t o  e s t a b l i s h  
Control requirements f o r  t h i s  device can 

f i rs t ,  each weighted b inary  b i t  must be applied 

Data Storage: A twelve (12) b i t  d a t a  r e g i s t e r  i s  requi red  t o  accumulate 
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Section 3 -  Tnetrument hquencing and Control 

DESCRIPTION OF TKE ADC CONTROL LOGIC 

Control of t h e  ADC i s  performed by wel l  defined, simple, d i g i t a l  l og ic  c i r cu i t ry .  

General: A simplified block diagram of the  ADC cont ro l  logic  i s  shown 
on the  adjacent page and consis ts  o f  f i v e  f'unctional elements. These functions 
must be performed, however several  types of logic  s t ruc tures  can be used t o  
implement t h e  cont ioi .  !!%e s t ruc ture  shown i s  s imilar  t o  t h a t  employed on t h e  
ITPR. Alternate configurations were invest igated,  bu t  none yielded s ign i f i can t  
advantages. 

The S ta r t  Conversion s igna l  obtained ?horn t h e  system 
T & C unit i s  used t o  set the  START/STOP f l ip-f lop.  
the  control logic  t o  the  s t a t e  needed t o  start t h e  conversion process. I n  
pa r t i cu la r  it performs two f'unctions; i . e . ,  1) resets the  ADC r e g i s t e r  and 
2 )  enables the t r i a l  counter. 
f l ip-f lop i s  r e se t  by the  l as t  t r i a l  r ing.  

B i t  Trial Counter: A twelve (12)  state counter and associated decoder 
a r e  used t o  develop t h e  b i t  t r i a l  s igna ls .  
counter ( '2 and + 6 ) ,  a single  stage modulo-12 sca l e r ,  or a twelve s t a t e  r ing  
counter are su i tab le .  The r i n g  counter approach i s  t h e  most simple t o  
implement, however care  must be exercised t o  insure t h a t  one and only one 
ac t ive  state is  possible .  

r e g i s t e r .  
and a l s o  t o  se l ec t  t h e  corresponding b i t  of t h e  ADC r e g i s t e r .  

A twelve (12)  b i t  r e g i s t e r  i s  used t o  s to re  the  p a r t i a l  
results during t h e  conversion cycle.  RS, JK or D type log ic  elements can be 
used t o  construct t h e  r e g i s t e r ;  however, two bas ic  capab i l i t i e s  must be 
provided, 1) a reset t o  zero capabi l i ty ,  and 2)  a conditional s e t  based 
upon the  log ic  AND function of t h e  b i t  trial s igna l  AND the ACCEPT/REJECT 
s igna l  . 
b i t  trial s teps  and a l s o  serve as paraLlel  d i g i t a l  da t a  outputs f h m t h e  ADC. 

whether t h e  b i t  cur ren t ly  being t r i e d  i s  too l a rge  or  too small. 
comparator output i s  gated with t h e  trial clock t o  develop t h e  desired s ignal .  
The exact c i r c u i t  needed i s  dependent upon t h e  nature of t h e  ADC r e g i s t e r ,  and 
can be a simple gate  o r  at most a monostable mult ivibrator .  

ladder switches. 
input i s  f'urnished by t h e  b i t  t r i a l  s igna ls  T i /  Is, while t h e  other  i s  supplied 
by the  ADC r e g i s t e r .  
necessary t o  control  each b i t  t r i a l  ladder  switch. 

S ta r t /S top  Control: 
This signal i n i t i d i z e s  

After t h e  conversion i s  completed, t he  s t a r t / s t o p  , 

A two stage Johnston type s h i r t  

B i t  t r i a l  s igna ls  ( T i )  are appliea t o  the  ladder dr iver  gates  and ADC 
"heir purpose i s  t o  ac t iva t e  the  c p p r z p i a t e  ladder current switch 

ADC Register:  

Register outputs are applied t o  t h e  ladder dr iver  gates  t o  l a t c h  t h e  

Comparator Strobe: An ACCEPT/REJECT s igna l  i s  generated which denotes 
The analog 

Ladder Drive Gates: Logic OR gates are required t o  cont ro l  the current  
Twelve (12) gates  of t he  two i n  u t  type are needed. One 

This gat ing provides t h e  Eonditional la tch ing  feature 
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Section 3 - Instrument Sequencing and Control 

DESCRIPTION OF THE ADC T I M I N G  

A timing diagram i s  generated and discussed t o  c l a r i f y  t h e  ADC aontrol  s igna l  
t iming  re la t ionships .  

General: A timing diagram i l l u s t r a t i n g  the  pulse duration and r e l a t i v e  
yhase re la t ionship  of s ignals  used t o  control  t h e  ADC i s  shown on t h e  adjacent 
page. The trial cJock, s tmt  conversion control ,  ADC r e g i s t e r  c l ea r ,  b i t  t r i a l  
s ignals  , and conversion complete s ignals  a r e  shown. 

Operation of t h e  converter i s  i n i t i a t e d  upon rece ip t  of t h e  STAR! 
CONVERSION signal. This s igna l  occurs a t  a 2.0 m s  period. Pulse width 
cha rac t e r i s t i c s  a re  not c r i t i ca l .  and t h e  duty cycle i s  optional.  
w i l l  occur once fo r  each analog sample t o  be d ig i t ized .  

CONVERSION s igna l  and i s  a 125 ps pulse.  

(To + 1.875 t h r u  To + 2.00 m s )  i s  a l located fo r  t r ans fe r  of t h e  ADC da ta  t o  
the  formatter log ic .  Conversion process has been completed and the  data  i s  
being.held s t a t i c  and i n  p a r a l l e l  form. CONVERSION COMPLETE s igna l  i s  used 
t o  control  t h i s  transfer operation. 
pseconds and occurs during window 16 t i m e  period. 

t o  se t t le  t o  a precis ion value. The b i t  t r a i l  s ignals  s tar t  at time To + 0.25 m~ 
and are  complete by To + 1.875 ms.  The encoded r t ig i ta l  da ta  i s  avai lable  fo r  
ex terna l  use from To + 1.875 t o  To + 2.0 m s ,  a t  which time t h e  cycle repeats .  

kept at a slow rate t o  provide good accuracy at reasonable power. 
rate i s  establ ished by t h e  number of da ta  samples t o  be d ig i t i zed  during a f ixed 
t i m e  i n t e rva l .  
This cons t ra in t ,  coupled with t h e  output da t a  rate of 500 HZ/word ( m u .  ) 
y ie lds  a range of conversion rates from 400 HZ t o  500 HZ. 
conversion rates axe as follows: 

This s igna l  

The CLEAR ADC REGISTER i s  dertved f’romthe leading edge of t h e  START 

Data Transfer Period: The t i m e  period correspoiiding t o  window r,umber 16 

This s igna l  has a pulse width of 125 

A 375 p s  period i s  al located t o  permit t h e  ADC and analog multiplexer 

Conversion Time: The conversion rate for  t h e  ADC has in t en t iona l ly  been 
The basic  

For t h e  TOVS, s ix teen  (16) words must be encoded i n  40 m s .  

The recommended 

Word Conversion Rate . . . . 500 SPS (2ms/sample) 
B i t  Trial Rate . . . . 8 KHZ (125 ) & / B i t )  

3-4 
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Section 4- Instrument Sequencing and Control 

EVALUATION OF SCAN MOTOR EXCITATION METHODS 

A comparison of stepping motor exc i ta t ion  methods shows t h a t  t h e  bipolar  single- 
phase dr ive  method provides a good torque output with moderate consumption and 

Stepping motors provide d i sc re t e ,  incremental ro t a t ion  i n  response t o  a 
Pulsed input applied tc; tile motor windings. Permanent-magnet stepping motors 
can be driven i n  several  ways. The method for exci t ing  t h e  motor windings 
a f f e c t s  t he  eff ic iency,  power consumption, speed, and torque cha rac t e r i s t i ce .  
Five commonly used exc i ta t ion  techniques were evaluated : (1) unipolar , dual 
phase; ( 2 )  unipolar,  s ing le  phase; ( 3 )  bipolar ,  dual phase; (4) bipolar ,  s ing le  
phase; and ( 5 )  s e r i e s ,  all windings. Unipolar techniques (1 and 2) provide 
current  flow i n  one d i rec t ion  through t h e  s e l e c t  exc i ta t ion  winding; while bi-  
polar exc i ta t ion  provides current flow i n  both d i r ec t ions ,  Dual-phase excita- 
t i o n  impliesthat  two exc i ta t ion  phases are exci ta ted i n  p a r a l l e l ,  while the  
s ingle  phase exc i ta t ion  methods exc i t e  only one c o i l  o r  a series-connected Coil. 

SiRnificant Character is t ics  of Exci ta t ion Methods - A tabulat ion of t he  
f i v e  exc i ta t ion  methods i s  shown i n  t h e  facing t ab le .  Power d iss ipa t ion  among 
t h e  methods va r i e s  widely. 
Power consumption i s  loo%,  T O % ,  50%, 35%, and 25% fo r  Method 1 through 5 ,  
respect ively , 

of t h e  motor performance cha rac t e r i s t i c s .  
t he  r e l a t i v e  values are loo$, T O % ,  loo%, 70% and 50% fo r  Methods 1 through 5 .  

Per ampere tu rn  (P/AT) .  
Methods 1 through 5 .  
usable ampere turns ;  while  Method 5 is t h e  most e f f i c i e n t .  

methods was considered. 
where Method 2 i s  t h e  l e a s t  complex. 

develops t h e  best  motor cha rac t e r i s t i c s ,  but a t  a high cos t  i n  power consumption. 
T h i s  method has t he  poorest conversion e f f ic iency  of all the methods. 

to Method 4 )  a t  8 reasonable power l eve l .  
used; i n  f a c t ,  t h i s  method is employed on t h e  ITPR experiment. 
eff ic iency is  b e t t e r  than Method 1 but poorer than t h e  other methods. 

Method 1 a t  half t h e  power. Power conversion eff ic iency i s  b e t t e r  than  t h a t  
of Methods 1 and 2 ,  but poorer than t h a t  of t h e  other methods. 
c i r c u i t  i s  more complex than either Methods 1, 2, or  4. 

as Method 2 a t  half  t h e  power. 
of all but Method 5 .  
unipolar c i r c u i t s ;  but not excessively complex. 

t h e  bes t  power conversion eff ic iency,  ye t  y i e lds  t h e  poorest motor performance 
cha rac t e r i s t i c s .  
exc 1 t a t  ion sequence, 

Assuming Method 1-as a 100% reference,  the relative 

Comparison of t he  ampere turns  developed by each method affords  a measure 
Ass*aing Method 1 as a 100% reference,  

An eff ic iency fac tor  i s  defined t o  r e l a t e  t h e  amount of power required 
The r e l a t i v e  values are 1.4, 1.0, 0 .7 ,  0.5 and 0.35 f o r  

Method 1 i s  t h e  least e f f i c i e n t  for c o n v e r i x  power i n t o  

Complexity of t h e  dr ive  c i r c u i t r y  required t o  synthesize t h e  exc i ta t ion  
The order i s  as  follows; Method 2, 1, 4, 3 and 5 ,  

Advantages and Disadvantages of Each Method - Method 1 (Unipolar, dual phase) 

Method 2 (Unipolarr, s ing le  phase) develops good motor cha rac t e r i s t i c s  ( s i m i l a r  
A very simple d r ive  c i r c u i t  can be 

Power conversion 

Method 3 (Bipolar,  dual phase) develops t h e  same motor cha rac t e r i s t i c s  a8 

"he dr ive  

Method 4 (Bipolar ,  s ing le  phase) develops t h e  same motor cha rac t e r i s t i c s  
Power conversion eff ic iency i s  bet ter  than t h a t  

Drive c i r c u i t  complexity i s  greater  than e i the r  of t h e  

Method 5 (all windings) d i s s ipa t e s  t he  least c i r c u i t  of power and provides 

A very complex dr ive  c i r c u i t  i s  required t o  produce t h e  
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Section 4 - Instrument Sequencing and Control 

The reconmended b ipolar  single-phase d r ive  method was used i n  the  scanner breadboard 
and provided the  torque needed t o  meet the  r e t r a c e  and 50 m s  requirements w i t h  an  
acceptab le  power consumption. 

Exc i t a t ion  Method 4 (Bipolar ,  s i n g l e  phase) i s  recommended f o r  dr iv ing  t h e  
BSU scan motor. 
s i g n a l s  (A, B ,  C and D) i s  presented i n  Figure A. A s impl i f i ed  equivalent  switch- 
ing c i r c u i t  i s  shown i n  Figure B. Note t h a t  t he  sequent ia l  c losu re  (ground) of 
switches B ,  D, A ,  and C causes cur ren t  flow through c o i l s  AB, CD, BA, and DC,  
r e spec t ive ly .  
i . e . ,  BDAC f o r  one d i r e c t i o n ,  and CADB f o r  t h e  r eve r se  d i r e c t i o n .  

Motor Response - Data obtained f o r  an a c t u a l  scan motor using Method 4 exci -  
Lation v e r i f i e s  t h e  l o w  power consumption; however, t he  speed response was s l i g h t l y  
l e s s  t h a n  a n t i c i p a t e d ,  This c h a r a c t e r i s t i c  i s  due pr imar i ly  t o  t h e  f a c t  t h a t  t he  
motor winding time cons tan t  i s  doubled i n  t h i s  configurat ion.  
t h i s  c h a r a c t e r i s t i c  a r e  obtained by applying power f o r  a longer dura t ion .  

the  motor e x c i t a t i o n  pulse  width w i l l  be maintained a t  10 ms  and the  s tepping r a t e  
w i l l  be 100 pps. The breadboard scan mechanism was t e s t e d  using t h i s  d r i v e  method 
t o  speeds of 115 pps. 

Exci ta t ion  Signals  f o r  Drive Cycle - Ducing the  da ta  scan,  t he  motor must 
s t e p  and s e t t l e  wi th in  50 m s r  and the  s t e p  r a t e  must be 10 pps. Various e x c i t a t i o n  
pulse  widths and sequences were used t o  d r ive  the  scan mechanism i n  order  t o  ob ta in  
an optimum value ,  
a 20-ms on per iod provided good speed, damping, and power performance c h a r a c t e r i s t i c s .  

A timing diagram i l l u s t r a t i n g  the  phasing of the  four  d r i v e  

Motor r o t a t i o n  d i r e c t i o n  i s  con t ro l l ed  by theorder  of t he  sequence; 

Improvements i n  

Exci ta t ion  f o r  Retrace Cycle - During the  r e t r a c e  por t ion  of t he  da ta  scan,  

An e x c i t a t i o n  time of 10 ms followed by a 20-ms o f f  per iod and 
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Sect ion 4 - Instrument Sequencing and Control  

DESCRIPTION OF SCAN LOGIC CIRCUIT 

The log ic  requi red  t o  generate  the  scan and r e t r a c e  r equ i r e s  a pos i t i on  counter 
a two-bit up/down counter  t o  s e l e c t  the  motor phase, and a scan-retrace rate 
s e l e c t i o n  lon ic .  

Scan Logic - A s impl i f ied  block diagram of the  scan log ic  is shown i n  the  
f i g u r e .  Logic c o n s i s t s  of f i v e  bas ic  elements: (1) - 10 s t e p - r a t e  s c a l e r ,  
(2) s t ep - ra t e  s e l e c t o r  switch,  (3) - 72 pos i t i on  scaler, (4) up/down phase 
counter ,  and (5) d i r e c t i o n  con t ro l  f l i p  f lop .  

used t o  pos i t i on  the scan mechanism a t  t h e  blackbody o r  space pos i t ion .  These 
func t ions  a r e  omitted f o r  c l a r i t y  purposes; however, t h e i r  implementation i s  a 
simple d i g i t a l  log ic  network. 

Forward scan a c t i o n  is accomplished i n  72 s t eps  a t  a 100-ms s t e p  r a t e .  
Retrace i s  performed i n  a similar manner a t  a 10-ms s t e p  r a t e .  
i s  con t ro l l ed  by the  fou r - s t a t e ,  up/down counter which genera tes  t he  scan motor 
d r ive  signa 1, 

Pos i t ion  Counter - A 72-posi t ion counter is used t o  keep t r a c k  of the  FOV. 
A scan motor pos i t i on  encoder p lus  the  TIP  frame sync s i g n a l  a r e  used t o  
i n i t a l i z e  the - 7 2  s c a l e r  t o  the  f i r s t  FOV and set t h e  scan mode f l i p  f l o p  t o  
t h e  forward d i r e c t i o n .  

During the  forward 
scan c y c l e ,  an advance r a t e  of 10 pps is maintained u n t i l  t h e  pos i t i oh  counter  
recyc les  from a count of 7 2  back t o  0. This a c t i o n  s e t s  the  scan mode f l i p  
f l o p  to  the  r e t r a c e  pos i t i on ,  and the  advance r a t e  is switched t o  100 pps. 

Scan Motor Drive Counter - A fou r - s t a t e ,  up/down counter genera tes  t he  
scan motor e x c i t a t i o n  s i g n a l s  A ,  B, C, and D. The d i r e c t i o n  of scan motor 
r o t a t i o n  is determined by the  order  i n  which the  e x c i t a t i o n  s i g n a l s  are appl ied ;  
i . e . ,  forward scan r equ i r e s  the  sequence BDAC, and r e t r a c e  r equ i r e s  the  sequence 
CADB. 

corresponds t o  t h e  forward scan and the  DOWN mode corresponds t o  t h e  r e t r a c e .  
The UP/DOWN mode is con t ro l l ed  d i r e c t l y  from the  ForwardlRetrace f l i p  f lop .  

Outputs from the  UP/DOWN counter are ga ted  with the  pos i t i on  counter 
advance s i g n a l s  t o  develop the des i red  scan motor e x c i t a t i o n  pulse  width. During 
t h e  forward scan,  a 30-ms p u l s e  width is used, whereas a 1O-ms pulse  width is 
rcqui red  during r e t r a c e .  

which i s  used t o  s e l e c t  the scan rate of 100 pps o r  10 pps. 
f l o p  (Forward/Retrace) a c t s  as: the  con t ro l  s igna l .  A presca le r  ( 5  10) is employed 
t o  develop the  10 pps scan r a t e  frequency d i r e c t l y  from t h e  100 pps. 
nique ensures  t h a t  the  proper phased s i g n a l  i s  always a v a i l a b l e .  

C i r c u i t r y  used t o  synchronize the  scan log ic  i s  not shown; nor i s  the  l o g i c  

Direc t ion  of scan 

The pos i t i on  counter is advanced one count per s t ep .  

The up/down counter genera tes  p rec i se ly  these  sequences: where the  Up mode 

Scan-Retrace Se lec tor  Logic - Selec t ioq  log ic  is simply the  AND/OR func t ion ,  
The scan mode f l i p  

This tech- 
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Sec t ion  4 - Instrument Sequencing and Control 

DESCRIPTION OF BREADBOARD DRIVE CIRCUlT 

The d r ive  c i r c u i t  used f o r  t h e  scanner breadboard was a bridge c i r c u i t  cons i s t ing  - of two complementary switches i n  a s ing le-pole ,  double-throw confiRuration, 

Drive C i r c u i t  - A d r i v e  c i r c u i t  is  requi red  t o  f n t e r f a c e  between the  scan 
Requirements placed upon t h e  scan motor d r i v e  motor and the  scap m t o r  logic .  

c i r c u i t  are a s  follows: 

0 

0 Operate from a supply vol tage  (Vcc) of +28 Vdc. 
0 

0 Compatible with low-power log ic  components. 

Sink and supply 700 mA of cur ren t  t o  an induct ive  load. 

D i s s ipa t e  low power during standby a c t i v e  periods.  

The se l ec t ed  c i r c u i t  which meets all t hese  requirements i s  shown i n  the  f igu re .  
Note t h a t  the  c i r c u i t  i s  complementary i n  na ture  and a c t s  a s  a s ing le-pole ,  
double-throw switch,  connecting e i t h e r  t h e  28-Vdc power o r  t he  ground bus t o  
the output .  

C i r c u i t  Descr ipt ion - The scan motor d r ive  c i r c u i t  uses a Darl ington con- 
nect ion (Q1 ti Q3) t o  achieve the  high cur ren t  ga in  requi red  t o  bu f fe r  the  low- 
power l og ic  d r ive  s igna l  t o  the  high cu r ren t  required by the  load. A d i s c r e t e  
t r a n s i s t o r  i nve r to r  s tage  (not shown) i s  used as a vol tage  ga in  to  s h i f t  from 
logic l e v e l s  ( 5  Vdc mix.) t o  the  28-Vdc d r i v e  s i g n a l  level. Output power 
t r a n s i s t o r  43 is protec ted  from induct ive overshoot by diode CR1. Associated 
b ias ing  r e s i s t o r  values  were se l ec t ed  f o r  a worst-cast  ana lys i s .  Note t h a t  t h e  
normal ON condi t ion  (output a t  28V) i s  achieved, s ince  the  input  a t  terminal  (1) 
is normally near ground. 

The lower sec t ion  of the  d r ive  c i r c u i t  uses an emit ter-fol lower c i r c u i t  
(42) t o  d r ive  t h e  output power t r a n s i s t o r  (Q4) into sa tu ra t ion .  Diode CR4 pro- 
v ides  p ro tec t ion  aga ins t  t h e  induct ive overshoot.  
break-before-make condi t ion exis ts  during t u r n  ON. 
from the low-power log ic .  

A s u m r y  of t h e  s t a t i c  t r a n s i s t o r  parameters 
c a p a b i l i t i e s  : 

2N2222A 0.3 100 150 
2 N  290 7A 0 . 4  100 150 

Capacitor C 1  ensures  t h a t  a 
Input  d r ive  s i g n a l  is obtained 

i l lus t ra te  the  c i r c u i t  capa 

'D 'CEO 

0 .5  50 
0 . 4  60 

2N5 154 0.2 100 700 11.5 80 

The basic  power handling t r a n s i s t o r  is the  2N5154. This device is constructed 
u s i n g  the  double-diffused planar e p i t a x i a l  process ,  and is  wel l  s u i t e d  f o r  t h i s  
type of app l i ca t ion .  

a s ing le -po le ,  single-throw switch used t o  apply -26 Vdc o r  open c i r c u i t  t o  the  
outpul .  
Lm-tdling devices ,  
c h a r a c t e r i s t i c s .  

Comparison W i t l i  ITPR C i rcu i t  - The dr ive  c i r c u i t  used on ITPR was e s s e n t i a l l y  

Component redundancy ( s e r i e s  and p a r a l l e l )  was employed f o r  a l l  cu r ren t  
The t a b l e  opposi te  compares t h e  BSU breadboard and STPR 
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COMPARISON OF BSU BREADBOARD W I T H  ITPR 

I T P R  BSU Breadboard - 
Drive Met hod 
Switch Type 
b a d  CLrkent 
Componen t Redundancy 
Max. Rep. Kate (retrace)  
Power ON/step period 
Duty Cycle 
Peak Power 
Power/Scan Step (average) 
Opera t ing Vo 1 t age 
No. of Drivers Required 

Unipolar, S ingle  Phase 
SPST 
-870 mA 
Yes 

40 ms/400 ms 
0.1 
22.5 W 
2.25 W 
-26 Vdc 
4 

100 pps 

Bipolar,  S ingle  Phase 
SPDT 
9 0 0  mA, peak 
No 

30 ms/100 ms 
0.3 
19.6 W 
5.88 W 
3-28 Vdc 
4 

100 pps 

STMPLIFIED SCHEMATIC 
SCAN MOTOR DRIVE CIRCUIT 
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Sect io,, 4- Instrument Sequencing and Control 

REDUNDANT DESIGN OF SCAN DRIVE C I R C U I T  

Of the  methods inves t iga t ed  t o  achieve component redundancy i n  the  scan d r i v e  
c i r c u i t ,  t h e  s e r i e s / p a r a l l e l  was se l ec t ed  because i t  works whether t h e r e  is  a 
shor t  or an open component. 

Component red::xi.iancy can be  used t o  enhance the  r e l i a b i l i t y  of the  d r i v e  
c i r c u i t ,  Four types of component redundancy were considered: 

Method A: Independent Dual Drive C i r c u i t s  - A space c r a f t  colmaand 
would be used to  select the  des i r ed  d r ive r .  
Method B: Se r i e s  Redundant Drive C i r c u i t s  - This c i r c u i t  w i l l  operate  
proper ly  f o r  s ing le-poin t  f a i l u r e s  which r e s u l t  i n  sho r t  c i r c u i t s  
between c o l l e c t o r  and emi t te r .  
Method C: P a r a l l e l  Kedundant Drive C i r c u i t  - This c i r c u i t  w i l l  opera te  
properly f o r  s ingle-point  f a i l u r e s  which r e s u l t  i n  open c i r c u i t s  be- 
tween c o l l e c t o r  and emi t t e r .  
Method D: S e r i e s / P a r a l l e l  Redundant Drive C i rcu i t  - This c i r c u i t  w i l l  
opera te  properly f o r  s ing le-poin t  f a i l u r e s  of e i t h e r  an open o r  sho r t  
c h a r a c t e r i s t i c .  

Figure A is a s impl i f ied  switching diagram i l l u s t r a t i n g  Methods A ,  B, and 
C. Method D i s  shown in Figure D. A ranking of c i r c u i t  complexity is a s  fol lows:  

(1) Least Complex: Method B & C 
(2 )  More Complex: Method A 
(3) Most Complex: Method D 

Component redundancy Method D is recommended f o r  t he  BSU scan d r ive  circult .  
implementation of Method D (or B) is shown i n  Figure C. 

An 

1110-102-2' 

+28 1 

OUTPUT 

METHOD A: 

INDEPENDENT Dual 
DRIVE CIRCUIT 

GND I 
METHOD E: METHOD C: 

SERXES REDUNDANT PARAUEI, REDUNDANT 

L .  COMPONENT REDUNDANCY METHODS. 
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Sect ion 4 - Instrument Sequencing and Control  

ANALYSIS OF SCAN POWER REQUIREMENTS 

The average power requi red  by the  scanner ,s 7.67 W ,  which because of power supply 
and dr ive  c i r c u i t  l o s ses  becomeg 9.8W a t  the  spacecraf t  bus. 
during s t e p  and r e t r a c e  because of i t s  s i z e  and low frequency con ten t r  cannot be 
f i l t e r e d  e f f e c t i v e l y  and w i l l  be r e f l e c t e d  t o  t h e  spacecraf t .  

The t r a n s i e n t  load 

Power Requirements - Power i s  d i s s i p a t e d  i n  t h r e e  (3) func t iona l  elements; 
i . e .  1) scan motor windings, 2) motor e x c i t a t i o n  d r i v e  circuits,  and 3) scan 
mechanism con t ro l  l og ic ,  

as  a worst case value from VL/2R; where V = 28 V and R = 20 
of back emf and inductance a r e  neglected i n  order  t o  ob ta in  a l imi t ing  value.  
Peak power d i s s i p a t e d  wi th in  the  motor c o i l  is 19.6  wat t s .  

Power lo s ses  wi th in  the  motor e x c i t a t i o n  d r i v e  c i r c u i t  amounts t o  1.7 W, 
maximum, peak instantaneous.  
cur ren t  flowing through the  output d r i v e r  t r a n s i s t o r s ,  

s t a n t  power d r a i n  requi red  t o  keep t h e  scan motor l og ic  a c t i v e  a t  a l l  times. 

average power requi red  per s t e p ;  s ince  scan motor power i s  appl ied  f o r  on ly  30 
msec/step during the  scan mode and 10 ms/step during the  retrace mode. 

number was obtained from t h i s  r a t i o :  

Power requi red  t o  drive,Compute Devices motor, Model 15P03 can be computed . Secondary e f f e c t s  

This loss i s  due pr imar i ly  t o  the  motor e x c i t a t i o n  

Scan motor con t ro l  l og ic  d i s s i p a t e s  approximately 0.20 W. 

Power Diss ipa t ion  per Cycle - A duty cycle  f a c t o r  is appl ied  t o  compute the  

This is a con- 

The duty cycle  f a c t o r  f o r  t h e  combined scan l r e t r ace  cycle  i s  0.36. This 

T1/T2 where : 

TI 
T2 - scan/ re t race  period (8.00 sec)  

= t o t a l  time power is appl ied  t o  motor (2.88 sec) 

The average power d i s s ipa t ed  per scan/ re t race  cyc le  is 7.67 W. A p l o t  of t h e  
average power versus  time is shown in the  v i s u a l  plan a s  Figure A. 

The power p r o f i l e  requi red  t o  complete t h e  e n t i r e  scan cyc le  (data p lus  
c a l i b r a t i o n )  i s  shown i n  Figure B. Thirty-one (31) scan r e t r a c e  cyc le s ,  p l u s  
one c a l i b r a t i o n  cyc les  a r e  completed on a 256 second period. 
f o r  scan and r e t r a c e  i s  7.67 lJ, while t h e  average d i s s i p a t i o n  during the  c a l i -  
b ra t ion  i n t e r v a l  is 8.53 W. Combining these va lues  y i e l d  a s  a t o t a l  of 7.70 W 
average f o r  t he  e n t i r e  scan mechanism and d r ive  c i r c u i t .  

a c t u a l  input power requi red  t o  d r i v e  the  scan mechanism. 
be d i r e c t l y  r e f l e c t e d  a s  cu r ren t  demands from the  primary spacecraf t  power system. 
Assunling a power conversion e f f i c i e n c y  of 78% including d r i v e  c i r c u i t  l o s ses  
y i e l d s  an input  power of 9.87--W, average, 
a s  long as 1.24 sec.  during the  scan r e t u r n  from housing c a l i b r a t i o n .  

f i l t e r s  do not a f f o r d  s u f f i c i e n t  energy s torage .  
requirement i s  r e f l e c t e d  d i r e c t l y  upon the  s / c  b a t t e r y ,  

Average power 

TOVS BSU Power Supply Effec t s  - TOVS power supply e f f i c i e n c y  w i l l  e f f e c t  t h e  
Peak power loads w i l l  

The peak requirements i s  27.3 W f o r  

Very l i t t l e  power smoothing (averaging) w i l l  occur s ince  the  power supply 
Hence, t he  t o t a l  load power 
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Section 5 - Instrument Sequencing and Control 

CHOPPER MOTOR AND EXCITATION METHOD 

An A/C synchronous motor driven from a constraint frequency excitation source 
i s  recommended as the opt ical  ckopper power source. 

General: An A/C synchronous motor operates at a constant speed which 
i s  independent of the  load, but d i rec t ly  proportional t o  the  excitation 
frequency. This motor CBTI be driven w i t h  either a sinusodial or square 
wave excitation wave form. 

signals can be e i ther  AC or DC, but they must be 90° out of phase and provide 
Excitation Methods: A two (2) phase exci ta t ion s ignal  i s  required. The 

current flow i n  
considered: 

Method 
Method 
Method 
Method 

Methods 1 
sinusoidal type 

both directions thru  the  windings. Four (4 )  method8 were 

1: AC, s ingle  phase 
2 : AC , dual phase 
3: DC, s ingle phase 
4: DC, dual phase 
and 2 diss ipate  the least power within the motor, but requires 
drive signals and l i nea r  power drive amplifiers. Power savings 

i n  the motor-ase cancelled by the  l i nea r  power amplifier diss ipat ion and 
complexity of the s ine wave generating c i rcu i t ry .  

uses a single exci ta t ion dr ive and provides a 900 passive phase s h i f t  network 
t o  develop the other phase. 

Method 4 i s  the drive technique used on 
I T P R  and i s  t h e  recommended approach for  the TOV's. 
based on the simple dr ive o i r cu i t  employed, r e l a t ive ly  low power consumption, 
and demonstrated operational performance. 

of the four drive signals (a, 42, K, $) plus a simplified equivalent 
switching c i rcu i t  i s  shown i n  the  Figure on the  adjacent page. 
signals Q1 and 
I n  l i k e  manner, @2 and V!? control the  Phase 2 winding. 
and 

chopper motor coils.  
(100 mA) t o  an inductive load. 

mended. 

1) chopper motor windings, 2) exci ta t ion drive c i r c u i t ,  and 3)  control logic.  
The power consumption i s  as follows: 

Methods 3 and 4 use square wave signals for  the motor control. Method 3 

Recommended Excitation Method: 
This recommendation i s  

Drive SiKnal Description: A timin diagram i l l u s t r a t i n g  the phasing 

Note that 

Also note that (b1 
are 1800 out of phase, causing bidirect ional  current flow. . 

are 90° out of phase. 
Chopper Motor Drive Circuit :  A power switch i s  required t o  dr ive the 

Circuit must be capable of supplying and sinking current 

The bridge type dr iver  c i r cu i t  used on the  scan motor driver i s  recom- 

Power Requirements: Power i s  dissipated i n  three ( 3 )  areas;  i.e. , 

Mot or  Windings : 2.75 watts 
Drive Circuit :  0 . 35 watts 
Control Logic: 0.15 w a t t s  - 

Total : 3.25 watts, maximum 

The power p ro f i l e  i s  essent ia l ly  constant, except fo r  a t ransient  which 
occurs at the  driving frequency. 
10 t o  20 us, and occurs when the excitation s ignal  changes s ta tes .  

The power t ransient  i s  of short  duration, 
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PHASE CONTROL OF THE CHOPPER MOTOR 

A d i g i t a l  phase locked loop i s  recommended as the  means for  controll ing the 
chopper motor phase. 

Requirement: Due t o  the  l imited number of chopper cycles occurring 
during the dwell period, it i s  essent ia l  that  the  chopper motor be phase 
locked t o  the  infrared energy integrator control. 
t h a t  t h e  integration i s  synchronized and phased with the basic TOVS system 
t iming ,  thus ty ing  together the s tep scan, integration, sampling and 
d ig i t iza t ion  processes. 

loop i s  shown i n  Figure A on the  adjacent page. 
comprise the  c i r cu i t .  

This interlock w i l l  =sure 

Configuration: A block diagram i l l u s t r a t i n g  the d i g i t a l  phase locked 

A br i e f  description of each elements is as follows: 
Five ( 5 )  f’unctional elements 

. Chopper - 

. Optical Detector - 

. Phase Compaxator - 

. 5 N Scaler - 

. Drive Logic - 

A n  optical  chopper mechanism powered by an A/C 
synchronous motor. 
A c i r cu i t  used t o  determine the  phase af t he  chopper 
wheel, v i a  a l i g h t  emitting diode and associated 
detector.  
A d i g i t a l  c i r cu i t  used t o  determine the phase difference 
between the e l e c t r i c a l  PRl? reference s ignal  and the 
actual. PRP. 
A variable length counter used t o  adjust the dr ive 
frequency by 1:lOO from the nominal v d u e .  
A d ig i t a l  network which conditions t h e  frequency F2 
t o  drive the  chopper motor. 

Operation: The loop ihnctions t o  keep the PRP signal (obtained opt ica l ly  
v i a  the mechanical chopper) i n  phase w i t h  the chopper reference clock which is  
obtained d i rec t ly  from the TOVS system clock. 
action of the  variable modulous divider and phase comperator. 

This i s  accomplished by the  
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Section 6 - Instrument Sequencing and Control 

DUAL INSTRUMENT MODE CONTROL DESCRIPTION 

A spec ia l  operating mode u t i l i z i n g  two (2) TOVs instruments was studied t o  deter- 
mine t h e  support requirements wken data i s  obtained from both instruments. 

General: Operating conditions required during t h i s  mode a r e  summarized 
below: 
a )  
b) 

c )  

d )  

e )  

A unique S/C command w i l l  be used t o  ident i fy  the  dual operating mode. 
Both TOVS instruments A and B w i l l  be powered and conditioned t o  gather 
data a t  one-half the  normal r a t e .  
Both TOVS instruments w i l l  be control led t o  obtain data from the same 
f i e l d  of view; (FOV), E (FOV)). 
TOVS data readout w i l l  be per ormed i n  the  normal manner; i . e . ,  as cam- 
manded by the  TIP control  s ignals  but a t  a reduced r a t e .  
Effective scan r a t e  of TOVS instruments A and B w i l l  be reduced t o  one- 
half  (1/2) t he  or ig ina l  scan r a t e  t o  allow the  TIP system t o  maintain 
i t s  normal data rate. 

A simplified block diagram i l l u s t r a t i n g  t h e  relat ionships  of the  maJor 
Note t h a t  a s ingle  S/C command is  applied subsystems is  shown i n  Figure A .  

t o  both (TOV),, (T0V)b and TIP t o  i n i t i a t e  t he  dual mode operation, also 
t h a t  t he  TOVS outputs a r e  dedicated t o  unique TIP channels. 

Dual instrument operating mode imposes requirements 
upon several  spacecraft subsystems including t h e  TOVS, TIP, S/C Command and 
S/C Power systems. The requirements a r e  l i s t c d  below: 
a)  TOVS System: Provide the  capab i l i t i e s  described above. 
b) TIP System: Provide the  data processing capabi l i ty  necessary t o  

a l t e rna te ly  address each TOVs instrument. 
c) S/C Command Provide an unique command t o  ident i fy  t h e  dua l  

d) Provide su f f i c i en t  power t o  sustain a dual instrument 
operation. Approximately 55watts  is  required t o  
support TOVS A and B during the dual mode. 

Support Requirements: 

System : instrument mode. 
Power System: 

Scan Mechanism Control: Two ( 2 )  major control functions performed by 

Scan r a t e  should be reduced from 100 ms/step t o  200 ms/step f o r  TOVS A 
and B .  
Scan posi t ion counters must be synchronized t o  the  E r n e  FOV. 

the  scan mechanism logic  should be provided; i . e . ,  
a) 

b) 

Note t h a t  the control  function is  en t i r e ly  d i g i t a l  i n  nature and is  a simple 
logic  se lec t ion  process controlled by the  S/C Dual Instrument Command. 

shown i n  Figure A and a timing diagram i n  Figure B. 

mode) or  200 ms/step (dual instrument mode). 
work i s  required for  t h e  r e t r ace  rates of 10 ms/step and 20 ms/step. 
a l l  t h e  instrument timing s ignals  a r e  derived d i r ec t ly  from the  S/C clock v i a  
d i g i t a l  s ca l e r s ,  t h e  stepping r a t e s  f o r  (TOV), and (TOV)b are iden t i ca l  i n  
frequency. 

One method of implementing these control  functions is  discussed below. 

Scan Rate Control: 

Scan rate i s  selected v i a  the  AND/OR log ic ,  as 100 ms/step (normal scan 
A second AND/OR se lec t ion  net- 

A simplified block diagram of t h e  scan log ic  i s  

Since 

Scan Posit ion Synchronism: A time reference marker i s  required t o  
Synchronize t h e  posit ion address counters f o r  both TOVS A and B. 
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Section 6 - Instrument Sequencing and Control 

NIIIMATTTNG UNIT' IIESCRIPTION 

I l u ~ i c  c i r c u i t r y  necessary t o  control  t h e  transfer of data  from the TOYS 
iri:;t,rumc:nt t o  t h e  S/C telemetry information processor i s  defined. This 
lop,j c i s  defined as t h e  FormattinK U n i t .  

Data Output F o z :  
l-orm, s i m i l a r  t o  NIMBUS d i g i t a l  "A". 
allow t h e  TOVS t o  use i t s  i n t e r v a l  12-bit ADC i n  l i e u  of  t h e  TIPS 8-bit 
converter. In te r face  s igna ls  between t h e  TIP and MVS a r e  assumed t o  be 
similar t o  those supplied by t h e  VIP. 

data processor w a s  considered from two viewpoints, i . e . ,  
1) What i s  t h e  most hardware e f f i c i e n t  in te r face?  and 
2 )  What i s  the  most f l e x i b l e  type of in te r face?  

A l l  c r i t i c a l  data  i s  supplied i n  s e r i a l  d i g i t a l  
This da ta  form i s  recommended t o  

Buffer Requirements: In te r fac ing  t h e  TOVS instrument with an ex terna l  

The answer i s  b a s i c a l l y ,  how much temporary buf fer  s torage i s  supplied. 
A minimum of a one (1) word buf fer  r e g i s t e r  (16 b i t s )  i s  necessary and 
represents  the  most e f f i c i e n t  hardware i n t e r f a c e ;  ye t  it provides t h e  
most s t r i g e n t  requirement on t h e  S/C data  processor. 

A comparison of t h r e e  possible  i n t e r f a c e  configurations was con- 
ducted and i s  presented i n  Table A. 

Configuration Description: A s implif ied block diagram of t h e  formatter 
u n i t  i s  shown i n  Figure B, and i l l u s t r a t e s  t h e  Method 1 configuration. 
Methods 2 and 3 are similar, except t h a t  t h e  one (1) word buffer  r e g i s t e r  
i s  expanded t o  a s ix teen  (16) word capacity.  

Logic gates  d i g i t a l l y  multiplex t h e  da ta  i n t o  t h e  s torage r e g i s t e r ,  
which a l s o  a c t s  as a p a r a l l e l  t o  s e r i a l  converter.  P a r i t y  i s  generated 
i n  a s e r i a l  manner and i n s e r t e d  i n t o  t h e  d a t a  b i t  stream v i a  t h e  output 
s e l e c t i o n  gates .  
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ITEM 

BUFFER TYPE 

CAPACITY 

FLEXIBILITY 
- ~~ - 

RESTRICTIONS 

I COMPLEXITY 

VOLUMN ESTIWE 

POWER ESTIMATE 

WEIGHT ESTIMATE 

AVAILABLE PARTS 

~ 

BETHOD 1 

In te r laced  
Load/Unload 

1 Word (16 B i t s )  

Least Flexible  

(1) Requires TOVS and 
T I P  Formats t o  be 
sync hron i zed . 
(2 )  Requires t h a t  1 4  
TIP Words (adjacent)  
be readout a t  a rate of 
1 word/2 m s  (500 HZ) . 
Readout period i s  
fixed. 

Least Complex 

1.0 (Reference ) 

1.0 (Reference) 

1.0 (Reference) 

(1) mip-f lop  r e g i s t e r  
using 5 4 ~  o r  CMOS 

I E E O D  2 

Non-Int er laced 
Load/Unioad 

16 Words (256  sits) 

More Flexible  
~~ _ _ ~  

(1) Requires t h a t  TOVS 
and TIP Formats t o  be 
syr,chroni zed. 
(2)  Requires t h a t  TOVS 
Data (16 Words) be 
readout at any t i m e  
during a f ixed  75 m s  
period. 

More Complex 

1.8 

1.0 

1.1 

(1) Multiple r e g i s t e r  
per  Method 1. 
(2) CMOS RAM 
( 3 )  PMOS 
( 4 )  PMOS S h i f t  Regis ter  

METHOD 3 

Inter laced 
Load/Unload 

1 6  Words (256 B i t s )  
~ ~ ~ 

Nos t Flexible 

(1) Eequires t h a t  T O E  
Data (16 Words) be 
readout at any time 
during a 100 m s  period 

Most Complex 

2.0 

1.2 

1.2 
L 

Same as Method 2 

TABLE A: BUFFER COMPARISON TABLE 
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CONTROL 
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DATA FORMAT 

The data  word length,  s t ruc tu re  and contents are ident i f ied .  
the primary infrared enerRy measurement i s  included. 

Data which supports 

Word Format: A suggested word format diagram i s  shown i n  Figure A .  The 
TOVS word is  s ixteen (16)  b i t s .  The word i s  divided in to  two ( 2 )  f i e l d s ;  
Field A cons is t s  of b i t s  9 th ru  16 and Field B cons is t s  of b i t s  1 th ru  8.  
,F ie ld  A b i t s  would be located i n  TIP word s l o t  N and Field B b i t s  would be 
Packed i n t o  word s l o t s  N + 1. 

Par i ty  is employed. 

Recommended d i sc re t e  b i t s  a r e  tabulated i n  Figure B. 

measurement; where b i t  5 i s  t h e  LSB, b i t  1 4  i s  t h e  MSB and b i t  16 i s  t h e  
s ign.  

A word pa r i ty  b i t  i s  generated and located i n  b i t  Posi t ion 1. 

B i t  posi t ions 2, 3 and 4 are used f o r  monitor f l a g s  and pos i t ion  data. 

B i t  posi t ions 5 thru  16 are al located for the d i g i t a l  value of the 

Odd 

~ ~ ~~~ 

BITS POSITION 

1 2  3 4 5 6 7 8 9 i o  11 12  13 1 4  15 16 

~ x x x o i 2 3 4  5 6 7 8 9 1 0  s 
- 

TOVS DATA 

BITS 

ARITY 

NOTE: 1. 

2. 
3 .  

4. 

5 .  

TIP Word N, B i t s  9 t h r u  16, TOVS Word Y 
TIP Word N + 1, B i t s  1 t h r u  8,  TOVS Word Y 
16 TOVS words w i l l  be used t o  process data  from 1 FOV 
48 b i t s  of d i sc re t e  da t a  w i l l  be inser ted  i n t o  t h e  X X X 
b i t  posi t ion (See Figure B )  
B i t  posi t ion 16 is t h e  MSB and w i l l  be sh i f t ed  t o  the TIP 
as t h e  1st b i t .  
B i t  pos i t ion  1 is  t h e  pa r i ty  b i t  f o r  t h e  16 b i t  TOVS word. 

FIGURE A: TOVS WORDS FORMAT 
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MON l.'l'OH 

Shaft Angle Encoder 

FOV E l e c t r i c a l  Address 

L i n e  Number Counter 

Position Flag P1, Nadir 

Pos i t ion  Flag P2, Housing 

Pos i t i on  Flag P? ,  %ace 

Mode Flag M l ,  Earth Scan 
Mode Flag M 2 ,  IH C a l .  

Mode Flag M 3 ,  E l e c t r i c a l  Cal. 

Mode Flag M 4 ,  Dual Mode 

PHP Operating Flag 

Command Monitors 

Spares 

TOTAL 

NO, OF BITS 

1 

1 

1 
1 

1 
13 

5 
rn 

FIGURE B: RECOMMENDED DISCRETE DATA BITS 

Sampling Format: A Recommended Sampling Format is Shown i n  
Figure C Below. 

Word No. 

1 

2 

3 

4 

5 
6 
7 
8 

9 
10 

11 

12 

13  
1 4  
1 5  
16  

- 
1 

P 

P 
P 

P 

P 
P 

P 

P 

P 

P 

P 
P 

P 
P 
P 
P 

- 

- 

Bit Positions 
2 3 4 1 5  t h r u  16 

1 

I R  Channel 1 
IR Channel 2 

I R  Channel 3 
I R  Channel 4 
I R  Channel 5 
IR Channel 6 
I R  Channel 7 
I R  Channel 8 
I R  Channel 9 
IR Channel LO 
I R  Channel 11 

I R  Channel 12 

I R  Channel 13 
I R  Channel 1 4  
Temperature Sub Corn 1 
Temperature Sub Corn 2 

i I 

FIGURE C:  TOVS SAMPLING FORMAT 6--r 



S w t i o t i  6 - .I tletrument Sequencing and Control 

M 

, 
, M  

T Y P I C A L  C I R C U I T  

DESCRIPTION OF INSTRUMENT COMMANDS 

'I'OVs oper.ril,iiig inodes are d i r e c t l y  con t ro l l ed  by t h i r t e e n  (1.3) space c r a f t  
supplied commands. 

Command Subsystem: A command subsystem i s  requi red  t o  execute the  

TOVS command Subsystem i s  s i m i l a r  t o  t h a t  used on ITPR i n  t h a t  the 

Cnmmand L i s t :  

commands obtained frc,.: t h e  TIROS-N S/C command system. 

sane type of hardware implementation i s  recommended. 

t r o l  t h e  TOVS. 
ac t io r , ,  i s  shown i n  Table A .  

mended^o,s t h e  s torage  devices for a l l  radiometer commands. 
command r e l a y  is  shown i n  Figure B. 

specif '+-cation; it i s  assumed t h a t  t h e  r e l a y s  w i l l  be dr iven  by one (1) MA 
type  l i n e  and one (1) MB type l i n e .  

A t o t a l  of t h i r t e e n  (13) commands are requi red  t o  con- 
Each of these  commands, toge ther  wi th  a desc r ip t ion  of t he  

('mmand Ci rcu i t ry  Description: Magnetic l a t ch ing  r e l a y s  are recom- 
A t y p i c a l  

Al-though t h e  exact spacecraf t  i n t e r f a c e  i s  not defined i n  t h e  t e c h n i c a l  

FIGURE B: COMMAND LATCHING RELAY C I R C U I T  
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TABLE A: TOVS COMMAND LIST 

~ 

1. Chopper Motor 
ON/OFF 

2. Electronics 
ON/OFF 

3 .  Scan Drive 
ON /OFF 

4. I R  Calibrate 
ON/OFF 

5 .  Electronic Calibration 
ON/OFF 

6 .  NADIR Position 
ON /OFF 

7. Space Posit ion 
ON/OFF 

8. Housing Posit ion 
ON/OFF 

9. Detector Temperature 
Controller ON/OFF 

10. Calibration Black Body Heater 
ON/OFF 

11. Standby Heater 
ON/OFF 

12.  Restricted Scan 
ON/OFF' 

13. Dual Instrument Mode 
ON /OFF 

I COMMAND I RESPONSE 

Applies/Disconnects power t o  the  chopper 
motor dr ive  c i r c u i t .  

Applied/Disconnects power t o  a l l  TOVS 
electronics ,  causing a l l  channels t o  be- 
come inact ive.  

Applies/Disconnects power t o  t h e  scan 
motor dr ive  c i r c u i t .  

Enables/disables the  automatic in-f l ight  
ca l ibra t ion  cycle of space and housing. 

Enables/disables the  electronic  ca l ibra t ion  
of in tegra tor ,  multiplexer and ADC. 

Causes t h e  scan mirror t o  view t h e  nadir 
posit ion. 

Causes the  scan mirror t o  view the  space 
pos i t  ion. 

Causes the  scaa mirror t o  view t h e  housing 
posit ion.  

Applies/disconnects power t o  the detector  
temperature cont ro l le r .  

Applies/disconnects power t o  t h e  black body 
heater.  

Applies/disconnects power t o  the instrument 
st andby heater . 
Causes t h e  scan program t o  be r e s t r i c t e d  t o  
1 /2  t h e  normal range. 

Causes TOVS A and 3 t o  process data  a t  
1/2 noma1 rate. 

I I 1 
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