
Active ~ x ~ e r i m e n t  Working Group 

Meeting 

September 23, 1980 

Atmospheric Emission Photometric Imaging 

on Spacelab 

(AEPI) 

Presented by 

S.  B .  Mende 

Lockheed Palo Alto Research Laboratory 
3251 Hanover Street 

Palo Alto, California 94304 



ATMOSPlIERIC EMISSIONS T'IIOTOMETRTC I M A G I N G  ON SPACELAB 

D r .  S. B. Mende, P r i n c i p a l  I n v e s t i g a t o r  (415) 493-4411, Ext .  5786 
D r .  W. G. Sandie ,  Co-Invest igator  Ext .  5638 
Lockheed P a l o  Alto Research Laboratory 
Pa lo  Al to ,  CA 94304 (415) 493-4411 

D r .  R. H. E a t h e r ,  Co-Invest igator  
Physics  Department, Boston College 
Chestnut H i l l ,  Massachusetts 02167 (617) 969-0100, Ext.  3595 

D r .  G. R. Swenson, Co-Invest igator  (205) 453-3040 
K. S. C l i f t o n ,  Co-Invest igator  (205) 453-2305 
Space Sc ience  Laboratory 
George C. Marsha l l  Space F l igh t  Center  
H u n t s v i l l e ,  Alabama 35812 

D r .  P. M. Banks, Co-Investigator 
Physics  Department 
S t a t e  U n i v e r s i t y  of Utah 
Logan, Utah 84322 

D r .  M. Mendil lo  
Department of Astronomy 
Boston Un ive r s i t y  
Boston, Massachuset ts  02215 

D r .  R. O r v i l l e  
Department of Atmospheric Science 
Ea r th  Sc ience  Bui ld ing  - ES 214 
The Un ive r s i t y  a t  Albany 
Albany, New York 12222 

D r .  John Meaburn 
Department of  Astronomy 
Unive r s i t y  of Manchester 
Ml39PL England 



A E P I  Experiment 



AEPI Detector Assembly 



AEPI  DETECTOR ASSEMBLY 



AEPI TV 0 p t i . c ~  

6 DEG 
20 DEG 

I 

FOCI 

SEC TUBE 



AEPl LLL-TV 

GATE 
[GATED TA POWER 

Y 0 PTlCS 
I 

TARGET 
COUPLING 

PLATE FIBER W 40-25 LA{ SEC TUBE 
OPTICS IMAGE INTENSIFIER 

QUARTZ COUPLING 
WINDOW 

- 
H.V. SET I 
FIELD PULSES n n n n n n n n n 

GATE ON I 
4 

INTEGRATION 
I 

m- 

I BEAM ON L 
v 

VIDEO u U U U 
L 

w - 
GOOD 
PICTURE 
1ST FIELD 



E I ' I  Pho:or~ Coun t ing  A r r a y  

DEG 

QUADRANT PHOTOMETER 10 x 10 IMAGIMG ARRAY 



AEPl PHOTON COUNTING ARRAY 



1 MIN 
LATER 

4-- \ / ENGINE \ 
\ 4 

4- 

10 s 

EARTH 

IONOSPHERIC AIRGLOW MODlFlCATl ONS 



I Joint, experiments with the electron beam accelerator. 
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The exper iment  aimed a t  t h e  o b s e r v a t i o n  -.. 
of t h e  on-board VLF t r a n s m i t t e r - i n d u c e d  p r e c i p i t a t i o n .  
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DESCRIPTION OF THE INSTWmJT - 
The AEPI system is i l l u s t r a t e d  i n  F i g .  6 . There a r e  two p a r a l l e l  

d e t e c t o r  systems. l'lle top  system i s  a TV s y s t e m  us ing  the  image i n t e n s i f i e d  
S.E.C. tube a s  t h e  d e t e c t o r .  The bottom system, t h c  photon councing a r r a y  
(P.C.A.), u se s  a  microchannel p l a t e  i n t e n s i f i e d  anode a r r a y  tube  and i s  equiva- 
l e n t  t o  a  100 channel pho tomul t ip l i e r .  For t h e  t e l e v i s i o n ,  t h e  f i l t e r s  a r e  
s e l e c t e d  by means of a  f i l t e r -whee l  s e t  ( 1 ) .  For t h e  se l ec t ed  waveband, an 
a p p r o p r i a t e  focus i s  chosen b y f o c u s i n g  system ( 2 ) .  The f i e l d  of view of t h e  
TV system i s  in te rchangeable  between 20 and 6 deg rees ,  by  means of a  moveable 
pr i sm ( 3 ) .  The qua r t z  window u-channel p l a t e  i n t e n s i f i e r  (4)  i s  f i b e r  o p t i c a l l y  
coupled t o  a  40-25 demagnifying tube (5) which i s  i n  turnocoupled t o  t h e  S.E.C. 
tube  ( 6 ) .  The PCA channel has  a  f i xed  f i e l d  of view of 4 . The waveband 
s e l e c t i o n  is achieved by  means of t h e  f i l t e r  wheel ( 7 ) .  The PCA h a s  a remote 
c o n t r o l  in te rchangeable  photometr ic  conve r t e r  o p t i c s  (8) which c o n v e r t s  t h e  
imaging a r r a y  i n t o  a mul t ichannel  photometer. The p-channel p l a t e  a r r a y  t u b e  
(9) a m p l i f i e s  t h e  photons i n t o  d e t e c t a b l e  counts  f o r  t he  PCA e l e c t r o n i c s  ( 1 0 ) .  
The e n t i r e  system i s  poin ted  by a  two-axis gimbal,  t he  (MAST) mount (12) .  The 
load  i s o l a t o r  (11) is  a decoupling device  f o r  Launch t o  save t h e  mount from 
excess ive  launch  loads .  The mount e l e c t r o n i c s  package (13) w i l l  provide t h e  
a p p r o p r i a t e  s i g n a l  cond i t i on ing  between t h e  mount s e rvos  t h e  d e d i c a ~ e d  expe r i -  
ment processor  (DEP) ( 1 7 )  and the  mount manual c o n t r o l  (MMC) (14) .  The v ideo  
d a t a  encoder (15) anno ta t e s  t h e  video wi th  housekeeping informat ion ,  b o t h  i n  
r e a d a b l e  alphanumeric c h a r a c t e r s  and i n  decodable s i g n a l  bars .  The v ideo  f i e l d  
memory (16) i s  a s i n g l e  frame d i g i t a l  s t o r e  which f r e e z e s  t h e  p i c t u r e  f o r  inspec-  
t i o n .  The VDE and VFM e l e c t r o n i c s  inc lude  an a d j u s t a b l e  cursor  which i s  d i s -  
played on t h e  v ideo  frame i n  t h e  TV. This  can be used by the  payload o r  miss ion  
s p e c i a l i s t  f o r  manually c o n t r o l l i n g  t h e  p o i n t i n g  mount. The d a t a  ou tpu t  i s  f e d  
t o  t h e  Spacelab furn ished  v ideo  monitor,  t h e  h igh - ra t e  mu l t ip l exe r  HRM, and t h e  
remote a c q u i s i t i o n  u n i t  RAU of t h e  Spacelab computer. The p r o p e r t i e s  of t h e  
AEPI d e t e c t o r  system is  t a b u l a t e d  i n  Table 1-1. 

The f l i g h t  equipment which w i l l  be  acqui red  dur ing  t h i s  program c o n s i s t  
of t h e  gyro-package and t h e  I n t e r a c t i v e  f l i g h t  c o n t r o l  u n i t  panel .  The gyro  
package is  necessary  because of t h e  inadequate  a t t i t u d e  r e fe rence  supp l i ed  by 
t h e  c u r r e n t  Spacelab systems.  The i n t e r a c t i v e  f l i g h t  con t ro l  u n i t  pane l  e n a b l e s  . 

t h e  payload/mission s p e c i a l i s t  t o  i s s u e  d i r e c t  commands t o  the  experiment 
DEP t o  manually s e t  up camera parameters.  The ins t rument  a s  i t  is  c u r r e n t l y  
flown on Spacelab relies v e r y  h ighly  on pre-programming of t h e  DEP w i t h  v e r y  
l i m i t e d  f l e x i b i l i t y  on t h e  p a r t  of t h e  mission/payload s p e c i a l i s t  t o  make 
changes t o  t he  ope ra t ing  programs. Much of  t h e  experimental  o b j e c t i v e s  
r e q u i r e  t h e  man. in  t h e  loop t o  update  t h e  system ope ra t ion  a f t e r  each  d e t e c t i o n  
t r i a l .  

TABLE 1-1. THE PROPERTIES OF THE AEPI DETECTOR SYSTEM. 
- TV SYSTEMS ,' \ .  , . . . .  . 

TV Standard: 525 TV l i n e s  maximum 
F ie ld  of View: 6' ZOO 

F /~umber  2.5 2.  O0 
Resolut ion (300 l i n e s )  .02'(3.5 x .07 (1.16 x r a d )  

Range 150 Km 5.2 m 170 m 
300 Krn 105 m 340 m 
500 Krn 175 m 580 m 

Minimum S e n s i t i v i t y  (1 s e c  exposure) 
60 R 40 Rayleigh 

24 



FIGURE 6 
AEPI SYSTEMS CONFIGUKA'I'T Q N  

1 .  IV FltTER WHEEL 7. FILTER WHEEL (PCA) 13. MAST ELECTRONICS 
2. DY NAMlC CHROMATIC CORRECTOR 8, PHOTOMETER CONVERTER 14. MOUNT MANUAL CONTROL 
3. FIELD-OF-VIEW CHANGE PRISM 9. PHOTON COUNTING 15. VIDEO DATA ENCODER 
4, P-CHANNELPLATE Ib4TENSlFIER ARRAY (PCA) 16. VIDEO FlELD MEMORY 
5. DE-MAGNIFYING TUBE 10. ELECTRONICS PCA 17. DEDICATED EXPERIMENT 
6. S.E.C. TUBE 1 1 .  LOAD ISOLATION P R O C E S S O R  

12. MAST TWO-AXIS GIMBAL 
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PHOTON COUNTING ARRAY 

Mode 1 0  x 1 0  Image a r r a y  Quad r a n t  Photometer 
F i e l d  of V i e w :  4.25' x 4.25' 6O diameter  c i r c u l a r  
F Number 2.5 

2&5 Resolu t ion  .42' (0.073 rad)  6 (0 .1  r ad )  diam.eter 
c i r c u l a r  

Range 150 Km 1.1 Km 1 5  Km 
300 Km 2.2 Km 30 Km 
500 Krn 3 .6  Km 50 Km 

S e n s i t i v i t y  12 .0  coun t s  pe r  Bayle igh  320 coun t s  per  Rayleigh 
p e r  second p e r  second per  quadran t  

5 Maximum coun t s  rare (2 x 1 0  p e r  s e c  p e r  anode) 
2.4 M Rayleighs 2.4 M Rayleighs 
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