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THE HIGH VISIBLE RESOLUTION (HVR) INSTRUMENT OF 
THE SPOT GROUND OBSERVATION SATELLITE 

G. Otrio, Mssrs. Deshayes, Vermande, Bodin, Midan, Maudhuyt, 
Conde , Giraudbit and Reulet 

National Space Studies Center - Toulouse - France 

A brief overview of the mission of the SPOT satellite is pre- 
sented and the performance of the HVR instrument is described. Fin- 

ally, the resu1.t~ obtained to date are presented. 
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Introduction - 
1. SPOT'S Mission 

The objective of the SPOT system is to constitute, store and 
make available a data base for high resolution teledetection from 
space over a large part of the globe, which will make it possible to 
develop experiments relating to soil use, the exploration of earth's 
resources and space cartography. 

The second objective is to evaluate the potential of lateral 
optical sighting to improve the local repetivity of observations and 
the discrimination of plant species. 

The third aspect of the mission is to obtain, on an experimental 
basis, stereoscopic coverage of regions of known interest, and to 
test its use. 



Finally, the last goal is to certify a multi-mission platform 
and verify its operation in flight, over part of its field of 
polyvalence . 

To complete this initial mission, the photographic instruments 
are two identical high resolution cameras. The installation of the 
two instruments on board makes it possible to obtain a track width 
of 116 km in an almost vertical line of sight, from the two 60 km 
images of each instrument. The two images overlap by 4 km. Figure 
1 shows the coverage of the HVR instruments for the objective of the 
systematic coverage of the globe. 

To achieve the accessibility objective, a change of sight mirror 
makes it possible to change the direction of sight of each instrument 
independently around an axis parallel to the speed vector, by - + 45 
steps of 0.6' each, or a total of - + 27' around the vertical. 

As for the objective of acquiring stereoscopic views, the chosen 
solution is to obtain stereoscopic pairs with a lateral sight rather 
than front and rear sight. By an astute choice of orbits, the 
chief disadvantage of lateral stereoscopy, the long lapse of time 
separating the two views of the stereo pair, can be minimized. 

Figure 2 defines the access time for a given zone. We see, 
for example, that the same scene can be recorded a day apart (Jo and 

Jo+l ), the angles of sight being respectively 0 and 25.2 degrees. 

2. General Specifications of the HVR Instrument 

To carry out SPOT'S mission, the HVR instrument must have the 
following qualities: 

- radiometric resolution (high capacity for discriminating slight 
variations of luminous intensity in various spectral bands), 

- spatial resolution, therefore, detection of objects of small size, 



- geometry: for cartographical needs, it is necessary to have, if 
not a measurement chamber, at least an instrument of very low dis- 
tortion and not deformable, 

- rapid access: the sight changing device must, while preserving the 
quality of the image, permit rapid movement without disturbing the 
attitude of the satellite and thus reducing the precision of the 
direction of sight. 

To carry out the mission, a certain number of so-called radio- 
metric characteristics, summed up in Figure 3, must therefore be 
respected. 

To accomplish the objectives of the SPOT mission for accessi- 
bility and repetivity, the specifications for the HVR instrument are 
completed by others, labelled "geometric". These are summarized in 
Figure 4. 

3. Present Development Status of the HVR Instrument 

3.1 Detectors ' 

The underlying concept is based on the use of standard 
detectors, sold commercially; the choice therefore fell on the 121 
H CCD strips made by FAIRSCHILD; the HVR instrument was built around 
their characteristics, 

Since that time a new detector, the 122 DC, from the same 
manufacturer, has made its appearance; its performances, measured 
at the National Space Studies Center, on a specially designed test 
bench, lead to very satisfactory results (see Figure 5). The follow- 
ing important points should be noted: 

- improved spectral response (little r%pple) and V/W sensitivity 
twice to three times as high as for the 121 H, 



- sa tura t ion  l igh t ing  lower than f o r  the  121 H,  

- reduced noise (NEE), 

A p re -ce r t i f i ca t ion  s e r i e s  of t e s t s  on a hundred standard 
components, taken however, from t h e  same manufacturer's l o t s ,  has 

jus t  begun. The r e s u l t s  of the  i n i t i a l  measurements show a remark- 

able grouping of performances. 

Final ly ,  we should note t h a t  the  SPOT project  i s  studying 

the  p o s s i b i l i t y  of f inding a second source of supply f o r  CCD's. 

In  t h a t  case, the  addi t ion of an antiblooming device 
might be possible  ( there i s  none on the 122 DC). 

3.2 Optical Character is t ics  

The conditions of t h e  minimum detectable  f i e l d  of v is ion  
s ignal  and the  s i z e  of the  detectors  (13 microns) led t o  a telescope 

of 1082 nm focal  length,  open t o  f / 3 ,  with an angular f i e l d  of + - 2.3'. 

The telescopes under consideration f a l l  i n t o  two categories:  

d iop t r i c  or catadioptr ic .  

The d iopt r ic  telescope comprises a t  l e a s t  7 lenses ,  of 

reduced secondary spectrum glass  ( f luorine based). 

The problems of mechanical and thermal tolerances and the 

d i f f i c u l t i e s  of supply (these lenses a re  very expensive) f i n a l l y  led 
t o  the  choice of a ea tadiopt r ic  telescope; the  l a t t e r  i s  of the 

Schmidt type, with a spherical  f ront  corrector  lense.  For reasons 

of s impl ic i ty  i n  manufacturing, a telescope with spherical  corrector 
lens was the  one f i n a l l y  selected (see f igure 6 ) .  

Image qual i ty ,  calculated by computer, leads t o  the  r e s u l t s  

described i n  Figure 7 .  



The t r ans fe r  function i s  given f o r  maximum usable f r e -  

quencies i n  the  spec t ra l  (20.8 kc/rd) and panchromatic (41.6 kc/rd) 
bands. 

To ver i fy  by experiment t h e  theore t i ca l  r e s u l t s ,  the HVR 

project  team b u i l t  a functioning op t i ca l  model (FOM) representinj; 

t he  complete telescope, the spec t ra l  separator system and the  CCD 

detector .  The model has now been completed and a s e r i e s  of system- 

a t i c  t e s t s  i s  beginning a t  the National Space Studies Center a t  

Toulouse; we can mention t h a t  the  r e s u l t s  of the  bu i lde r ' s  acceptance 
t e s t s  agree w i t h  the calculat ions and t h a t  the measured diameter of 
the  diffusion spot does not exceed 1 2  t o  15 microns i n  panchromatic 

l i g h t  and f o r  a l l  points i n  the  plane f i e l d  (image formed on a photo- 

panchromatic p la t e ) .  

A model of the  s ight  change mirror (SCM) i s  a l so  being 
made; t h i s  mirror,  lightened by 60%, poses problems of polishing and 
f ixa t ion  (by means of 3 jointed blades) and of steadiness under 

vibrat ion;  p a r t i a l  v ibra t ion  t e s t s  on samples showed t h a t  the  sup- 
por ts  were well dimensioned; an overa l l  t e s t  of the  SCM w i l l  be 
carr ied out on a mechanical and thermal model (MTHM) representing 

the  complete s t ruc tu re ,  the op t i ca l  equipment, the  thermal controls  
and a st imulation of d iss ipa t ion  of power of the  e lec t ronic  equip- 

ment, motors, e t c .  

This model i s  current ly  being b u i l t .  We should, f i n a l l y ,  
mention the  l a s t  de l i ca te  technological point ,  represented by the 

f ron t  tube; t h i s  tube posi t ions the  two corrector  lenses (diameter: 
330 mm, thickness, approximately 43 rnrn); a model was made and sub- 
jected t o  v ibra t ion;  no displacement was observed, but a s l i g h t  

deformation, not pre judic ia l  t o  qua l i ty ,  appeared, due t o  the  hammer- 
ing out of the  elastomer placed between the  lens and the  tube. 

3.3 Structure and Thermal Control 

The constraints  taken i n t o  consideration i n  the design of 



the structure of the HVR instrument were the following: 

- good stability of the optical components among themselves (toler- 
ances), 

- geometric stability of the entire instrument (localization criteria), 

- lateral frequency above or equal to 45 Hz, 

- longitudinal frequency above or equal to 80 Hz, 

- radiative coupling of the detector assembly with space to guarantee 
a correct temperature for the detectors, 

- the installation on the platform is predetermined (installation 
plan, position of the center of gravity, etc.), 

- however, no severe constraints of mass, 

- good accessibility to the optical components and the detector 
assembly for adjustment and integration. 

Finally, the structural design must permit: 

- the carrying out of realistic thermal, static, dynamic and thermo- 
elastic deformation analysis forecasts, 

- the separation of the primary and secondary structures. 

The design selected after studying two configurations (of 

the lattice and hull types) led to the selection of the lattice 

structure; the link between the relay plate and the detector assembly 
should ensure great transverse rigidity, good dimensional stability 

and good accessibility to the various elements; the lattice struc- 
ture seems to meet these constraints and the final choiae is described 

in-:Figure 8 which shows the primary structure of the HVR instrument. 



For reasons of rigidity and low expansion, this lattice 
(internal dodecapod and external octopod) is made of plastic, 
reinforced by carbon fibers (PRCF). 

We should briefly mention the support device of the CSM 
instrument: the support tube of the CSM is in compartmented sheet 
metal for reasons of dynamic behavior (mode of torsion of the unit 
as a whole). 

The thermal control is studies so that the temperatures 
of the HVR instrument are close to ambient temperature (20' + - 5'~); 
with small thermal gradients (5OC) and especially at the level of 
the CSM; similarly, fluctuations during photography (2'~) and with 
the seasons (T < 5'~) must remain slight. 

The means of thermal control are the following: 

- heavy insulation, 
- heaters, 
- black paint. 

A model of the HVR makes it possible to calculate the ex- 
ternal fluxes (sun, earth's albedo) by means of an external geometric 
model (138 facets per HVR instrument). The thermal model constructed 
for the HVR comprises 141 nodes: calculations for different cases 
have been made on the basis of this model for various orbits, with 
particular outer coverings, and given dissipated power (two consump- 
tion gauges) and for a given platform interface. The results obtained 
show that: 

- the desired temperature level is obtained in the different cases 
for the structural and optical parts as a whole; only the equipment 
and their support deck can reach 40°c, 

- the thermal gradients are low (intermediate plate), or moderate 



(HVR framework) if the thermal power of the equipment is well 
distributed (4 X 20 W), but higher in the oppsoite case, 

- the temperature fluctuations during one orbit, at the level of 
the CSM, are mainly due to variations of the albedo flux and are 
moderate ( <loOc). Temperature variations at the level of the 
intermediate plate are low, and very low at the level of the plane 
mirror and detector assembly ( < 1'~). 

A detailed analysis also makes it possible to study rhe 
seasonal fluctuations and the influence of various parameters (ex- 

ternal fluxes, aging of coverings, interface temperatures, photo- 
taking times, etc.) 

In order to validate these results and perfect the thermal 
model, there are plans for a series of mechanical tests on the mHM 
model: mechanical (vibration, acoustical noise) and thermal (vacuum 
radiation). These tests will make it possible, also, to verify the 
mechanical and thermal tolerances by an examination of image quality 
and fidelity to alignment. 

3.4 Detector Assembly 

This extremely important part represents the heart of the 
HVR inetrument; it is composed of the following parts: 

- spectral splitter ensuring the separation of the flux into 3 
spectr a1 bands with 65 to 70% transmission per band on average, and 
a non-superimposed panchromatic band; separation is ensured by 
dichroic filters and transmission-blocking filters. 

- line synthesizer (DIVOLI), a glass cube making it possible to form 
a continuous straight line of 6000 CCD points, by means of 4 strips 
linked optically by a 45' mirror. 

- an assembly structure which makes it possible to position the 4 



DIVOLIe, the spectral splitter, the electr ~ i c  cards, and the 
"radiative parts" which make it pbssible to evacuate into space 
the power dissipated by the detectors and electronic equipment, 

- Analogue electronic equipment which makes it possible to "trans- 
port" the video signals to the preamplifiers located outside the 
detector box at a distance of about 30 cm. 

A general schematic diagram is given in Figure 9 (func- 
tional schematic diagram). 

3.5 Electronic - Equipment 

The theoretical schematic diagram is given in Figure 10: 
note that the CCD ntrips are read almost at the same speed for 
spectral and panchromatic bands : for the spectral (channels--? 
illegible--Translator) data are read in series on two CCD strips, 
then numbered; in the panchromatic channel data are read in parallel 
and as it is not designed to transmit more than 6000 points in 
approximately 1.5 msec (the panchromatic line in fact contains about 
4 times 1750 element4 it is necessary to use 4 buffer memories of 
2 kb each which read and transma.t in a ratio approaching 1500/1750. 

It may also be noted that the points of the spectral 
channel are grouped 2 by 2 at the level of the CCD register itself; 
a change in gain is thus necessary to adapt the dynamics of the 
signals to those of the coder. 

Finally, on the panchromatic channel it is possible to 
transmit coded numerical signals in 6 bits or compressed by CPCM 6/8 
bits. 

3.6 Calibration 

It is planned to place aboard the HVR instrument a calibra- 
tion unit making it possible ;a illuminate uniformly, in each of the 



To evaluate the lamp's evolutions over time, a s i ~ h t  on 
the sun is planned, using optical fibers. 

j 
A theoretical simulation and an experimental bench are 

i ,  under construction at CNES (see Figure 11). 

I 

The results should make it possible to know the degree of 
precision with which it is possible to restore a continuous level of 

. ,  
light for any spectral distribution and level of illumination. 

. , 

Pre-certification of lamps (aging and space environment) 
and of -.optical fibers is presently being carried out; the results 
of the characterization of the optical fibers (numeric aper ture, 
distribution of illumination, etc.) make it possible to determine 
the most probable performances of the calibration unit; similarly 
measurements simulating the unit, placed before the HVR instrument, 
have made it possible to measure its performances and constraints 
(disipated power, encumbrance, type of lamp, positioning tolerances) 

4. Development of the Instrument in Phase B - Conclusion 

The study of Phase B culminates in the detailed design of the 
HVR instrument. In order to verify and guarantee the validity of 
the specifications, the project was led to make several principal 
models : 

- the Functional Optical Model, making possible the measurement of 
nearly all radiometric specifications. 

- the Mechanical and Thermal Model which must demonstrate that per- 
formances as regard s image quality, distortion and localization do 
not deteriorate during and after space environment testing. 

- model of the detector assembly which must prove that it is possible 



t o  ensure the  correc t  posit ioning of the  detectors  and t h a t  i t  i s  
maintained i n  the  space environment (thermal and v ibra t ions) .  

- an analog and d i g i t a l  video alectmonic model making possible  the 
ve r i f i ca t ion  of a  ce r t a in  number of radiometric spec i f ica t ions ,  and 
the  spec i f ica t ion  of the  HVR instrument' e lec t ronic  equipment fo r  
the next phase. 

- - 
- a model of the s ight  change mirror and i t s  driving mechanisz: t h i s  

m d e l  permits ve r i f i ca t ion  of the behavior of the mirror i n  condi- 
t ions  of v ibra t ion ,  c e r t i f i c a t i o n  of the bearings,  re-certif ica t ion  
of the e n t i r e  mechanism and measurement of i t s  performance i n  aligning 
the  op t i ca l  ax i s  before and a f t e r  v ibra t ion  t e s t s  (re? -7ducibi l i ty  a f  
the  change of ax i s  of s igh t  r u l e ) .  This model, which has already 
been constructed, i s  undergoing t r i a l s  a t  the National Space Studies 
Center. 

- Model and simulation bench of the ca l ib ra t ion  ur , i t ,  making i t  pos- 
s i b l e  t o  ver i fy  or define the in ter faces  with the HVR and t o  measure 
r e l a t i v e  ca l ib ra t ion  performances; the  f i r s t  r e s u l t s  obtained a re  
qui te  encouraging (see Figure 11) and i t  is  hoped t o  correc t  non- 
uniformities of the  detectors  end of the op t i ca l  chain to  b e t t e r  
than + - 1%. 

- Thermal model which allowed us t o  specify the ternperatwee, gradi- 
ents  and t rans i tory  stages a t  d i f f e ren t  points  on the instrument. 

We should a lso  mention other  models intended fo r  the study of 
i so la ted ,  c l ea r ly  defined features  (tube, bearings,   motor!^, d i v o l i s ,  
ant i - ref lect ion '  treatments, adap'cd preamp-CCD l ink ,  e t c . )  This 
would transcend the boundaries of t h i s  presentation. 

The i n i t i a l  r e s u l t s  r e l a t e  bas ica l ly  t o  functional performance 
and a r e  q u i t e  encouraging. 

A systematic s e r i e s  of measurements is  beginning i n  the National 



i 
I Space Studies Center laboraries and is to lead to a precise defini- 
I 
I tion of the specifications for the HVR instrument. 

The mechanical and thermal model, currently being built, is to 
demonstrate the stability of these performances under space condi- 

tions, and validate the theoretical models. 

The technological tests will ensure the certification of the 

components considered to be the most critical. 

The diversity of the actions presented above should make possi- 

ble the assurance of the validity of the specifications of the HVR 
instrument and a Phase C development without any serious hitches. 
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Key: 1) Track of orbit 
2) HVR 1 
3)  HVR 2 

Figure 1: Field of each instrument for systzmatic coverage 



Key: 1) Angles at 45' latitude 

Figure 2: Accessibility with SPOT 



FIGURE 3: CHARACTERISTICS OF THE PAYLOAD 
TWO INSTRUMENTS (IiVR) 
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FIGURE 4: GEOMETRIC CHARACTERISTICS OF EACH HVR INSTRUMENT 
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FIGURE 6:H.V.R. OPTICAL DESIGN 



Image quality - telescope alone 
Maximum transfer function at 20.8 kc/rd 

m i m u m  transfer function at 41.6 kc/rd 
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Figure 7: Telescope performance 
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Key: 1) Sight change tube 6 )  Dodecapod 
2)  Pyramid 7)  Octopod 
3) Front corrector 8) Platform interface framework 
4) Relay plate 9)  Equipment support deck 
5) Concave mirror tube 10) Rear block - tube 

Figure 8: Basic H . V . R .  Structure 



Figure 9: Detection assembly 



Key: 1)  Channel 1 7 )  Channel ( i l l e g i b l e )  
2) Detector assembly 8) Channel ( i l l e g i b l e )  
3) Output ( i l l eg ib le )  9)  Panchromatic channel ( i l l eg ib le )  
4) Output ( i l l eg ib le )  10) Detector assembly 
5)  Series output 11) Output ( i l l e g i b l e )  
6 )  I l l eg ib le )  12) Output ( i l l eg ib le )  

13) Series output 

Figure 10: Schematic diagram of  video electronics 



Key: 1) Detector number 

Figure 11: Relative calibration within one band - Results 
of simulation 


