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1 � Introduction

� � With the rapid technology development , space

optical remote sensor ( SORS) appears to be playing

more and more important role in earth environment

protection, nat ional economic development and de�
fense. Basically, it is a mult idisciplinary high�tech
product integrating w ith opt ics, mechanics, elec�
t ronics, material technology , and computer techn�
ology. As the cradle of opt ics research in China,

Changchun Institute of Optics, Fine M echanics

and Physics, Chinese academy of sciences ( CI�
OMP) has been doing research and development in

all those fields for decades. Strong ly government

funded nat ional aerospace engineering projects have

been carried out in recent years. 10 years of efforts

have made our institute the state of the art SORS

research center in China.

2 � Optical material

� � T he SORS requires large size and high quality
optical glass, w hich typically has clear ape- rture

of 500~ 700 mm in diameter w ith nearly ideal opt i�

cal uniform ity and residual st rain. To meet the

requirement, ultra�precision annealing furnaces

with ext reme stability , temperature control accu�
racy and long annealing cycle, and corresponding

test ing equipment have to be used. Therefore, we

modif ied the old furnace system and setup in the

test ing lab.

For the furnace system, a buffered isolat ion

layer has been added to avoid ambient thermal

shock, a new type of heat insulat ion material has

been used, and more monitor points have been add�
ed to improve the temperature stability. The up�
g raded furnace system has a chamber w ith size of

� 1300 mm � 360 mm. The chamber can be heated
up to 700  with less than 0. 2  radial tempera�
ture gradient . T he heat ing up and cooling down

rate are less than 30  �h and 0. 02~ 5  �h, re�
spect ively. F ig . 1 show s the schemat ic diag ram of

the precision annealing furnace system and the con�
t rol equipment . Using this modif ied system, we

have been able to make superior grade optical g lass,

which has refractive index uniformity of 1. 5 �

10
- 6
over size of 700 mm in diameter.
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( a) The furnace schematic diagr am

( b) The control equipment

Fig . 1 � The precision g lass�annealing furnace fo r larg e

size and high quality optical glass

T he larg e size opt ical g lass�test ing lab shown
in Fig . 2 covers 103 m

2
area. Half of the area is

dedicated to the temperature�stabilizing room w ith
a variation of less than ! 0. 5  . It is constant ly
vent ilated to keep the air purified, to maintain con�
stant temperature and humidity, and to exhaust

toxic gases. There is a large air�bearing vibrat ion
isolat ing table w ith a dimension of 5 m � 1 m � 1. 2
m. On the table there is an opt ical test ing setup,

w hich contains the sample test ing w ork bench w ith

w orking distance of 600 mm , knife�edge inter�
ferometer and image processing system w ith mea�
surement accuracy of bet ter than ��10 P�V, a pair
of contact glass plates used for uniform ity testing

w ith effect ive size of 300 mm in diameter and sur�
face accuracy of better than ��10P�V, and stan�
dard spherical ref lectance mirror w ith size of 400

mm in diameter, curvature radius of 4 m, and sur�
face accuracy of bet ter than ��10 P�V.

F ig. 2 � The optical glass specification testing lab

Current ly this lab can be used to test the opt i�
cal g lass uniformity over an area of up to 800mm in

diameter. Up to date, precision annealing and uni�
form ity test ing have been done for more than 40

pieces of large optical glass w hich are in various si�
zes of �720 � 130 mm, � 800 � 140 mm, and � 590

� 60 mm, etc. Furthermore, to verify the consis�
tency, over 20 pieces of high st reng th and radiant

resistant w indow glass w ith a size of � 565 � 70 mm
bought from Russia have also been tested. The re�
sults coincide w ith those f rom Russia. It needs to

be ment ioned is that the refract ive index uniformity

of all glass fabricated here can reach to 1. 5 � 10
- 6
.

3 � Optical fabrication and coating

� � The SORS requires the opt ical reflectance mir�
ror to be lightw eight . In the early stage, we modi�
f ied the numerically controlled drill machine and set

up the machinery center. Finally w e developed a

universal opt ical mill, which can process quartz

glass, crystallite glass and opt ical glass up to 600

mm in diameter. The blind aperture can be in cir�
cular, rectangular, trapezoid, hexagonal, or other

irregular shapes. The inner circle diameter ranges

from 12 mm to 60 mm. Both the aperture size and

posit ion accuracies reach to ! 0. 02 mm. The
thickness betw een adjacent apertures can be as

small as only about 3 mm, so that the w eight can

be greatly reduced by over 50% w ithout sacrif icing

the surface accuracy. The measured accuracy is

bet ter than ��10 P�V.
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Fig. 3 � � 2 m universal optical mill for g rinding

For the process of coarse grinding , finish

g rinding and polishing , � 800 mm vert ical universal

optical mill shown in Fig. 3, �800 mm single ax ial

precision polishing machine and corresponding

spherical concentricity checking equipment have

been used. They are able to shape, polish the pla�
nar and spherical opt ics of 800 mm in diameter

w ith concentricity checking accuracy of 2∀. T he

surface accuracy for spherical opt ics of 700 mm in

diameter achieved ��10 P�V. The fabricat ion pro�
cess for larg e size and high precision planar optics is

handled by 1. 5 m and 3 m planar circular polishing

machines. The max imum size can be 1. 5 m in di�
ameter. T he surface accuracy can reach and close to

��10 P�V for �560 mm and �790 mm, respec�
t ively.

Fig . 4 � FSGJ�1 � 800 mm aspher ic numer ically controlled

machine

Aspheric opt ics are very important in SORS,

w hich can simplify and minimize the opt ical sys�
tem , reduce the w eight and improve the image

quality. Particularly the off�axis aspheric opt ics has
the advantage of realizing large f ield of view w ith�

out center obscurat ion. T herefore, we developed

FSGJ�1 �800 mm aspheric numerically controlled
machine show n in Fig. 4 and CNC � 2 m numeri�
cally controlled machine show n in Fig. 5. T he f irst

one can process both co�axis and off�axis mirrors in
a max imum size of �800 mm with ��40 RM S sur�
face accuracy and 3 nm RMS surface roughness.

Fig . 5 � � 2 m CNC numer ically controlled opt ical fabrica�

t ion center

Optical coat ing is also an important technique

in SORS. For high reflectance and ant i�ref lect ion
coat ings, the reflectance should be above 97% and

below 0. 4% in the 0. 5~ 0. 9  m wavelength re�
g ion, respect ively . For t ransparent and elect ric

conduct ing coat ing, visible light and infrared re�
f lectance should be less than 10% and above 90%,

respectively, and meanwhile elect rically conduct�
ing . For infrared cut�off coating, visible light
transmittance has to be close to 100%, while for

beam split ter coat ing , t ransmittance and reflec�
tance need to be nearly equal w ithout polarizat ion

effect .

Apart from the above requirements, the coat�
ing layer has to be very stable to w ithstand the

space environment. We modif ied the e beam evapo�
rator to become an ion�assisted one shown in Fig.
6, w hich g reat ly improved the layer density and

stickness. The vacuum chamber size is � 1100 �

1250 mm. The base pressure and e�beam gun

working pressure are less than 4 � 10- 4 Pa and 1 �

10
- 4
Pa, respect ively. It takes about 25 minutes to

pump down the chamber. The substrate holder can

support sample size of � 800 mm and w eight of 150
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kg. During evaporat ion, the substrate temperature

is only tens of centigrade, w hich has litt le ef fect on

the surface profile. Fig. 6 ( b) show s the w orking

principle for the ion�assisted e�beam evaporator. To
further improve the layer quality and performance,

a vacuum�annealing furnace has been added. T his
furnace has effect ive w orking space of � 1300 mm

� 900 mm ; the maximum temperature is 900  .

T he ult imate vacuum pressure is 3 � 10- 4 Pa.

Heat ing up rate is 0. 5~ 10  �min.

( a) The evaporator

( b) The working pr inciple

Fig . 6 � � 100 mm optical ion�assisted e�beam evaporator

4 � Optical testing

� � T he opt ical elements for the space opt ical sys�
tem have large size and various surface prof iles.

� � �

The fabricat ion needs ext remely high accuracy.

The testing cannot be done by regular method.

Therefore, w e developed a series of test ing equip�
ment .

T he knife�edge interferometer is used to mea�
sure the prof ile of the large curvature concave

spherical surface. Small part of the surface is cho�
sen as a reference to test the w hole surface. As the

reference and test light share the same opt ical

path, it is insensit ive to the vibration and air tur�
bulence. T his is part icularly good for the surface

measurement of large curvature and large size

spherical mirrors. For instance, for the concave

spherical mirror of 700 mm in diameter and 26 m

in curvature radius, the surface prof ile accuracy can

reach to ��10 P�V. This interferometer also has
image processing funct ionality to process the inter�
ferogram It can quant itatively give the P�V, RMS
value, surface contour map and 3�D graph.

T he plane and convex spherical surface laser

interferometers are used to characterize the profile

of the large size plane and convex spherical surfac�
es. The size can be as large as 500 mm in diame�
ter. Curvature radius can be 6 m. M easurement

accuracy is ��10 P�V. Fig . 7 show s the opt ical sys�
tem diag ram and its photo for the interferometer.

( a) The !500 mm inter ferometer
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( b) T he optical system diagram

Fig . 7� � 500 mm plane and convex spher ical surface la�

ser interferometer

T he aspheric interferometer is used to test

both primary and secondary m irrors of the aspheric

optical system. As both m irrors are hyperboloid,

aberrat ion�free point auto�collimating interference
optical path is chosen. Fig. 8 shows the basic

w orking principle and its photo of the interferome�
ter. Need to be ment ioned is that the accuracy is

improved to ��10 P�V because the light w ill be re�
f lected tw ice on the test ing surface while only once

on the reference surface. While this is for the final

test ing, Offner compensator and Zygo interferome�
ter are used for in�situ accuracy measurement dur�
ing the fabrication of aspheric opt ics. The result is

consistent in comparison w ith the previous one. To

make further verif icat ion, w e measured the aspher�
ic m irror bought from Russia, w hich was orig inally

measured w ith zone plate compensator. The result

is also compromise w ith ours. Therefore we believe

the aspheric m irror achieved ��40 RM S accuracy.

( a) Interferometer principle for aspheric primary mirror

( b) Interferometer pr inciple for aspher ic secondar y mirror

( c) The interferometer

Fig . 8 � T he aspheric interferometer

T he long curvature radius measurement appa�
ratus is used for large size opt ics. It consists of 6. 5

m�long precision rail, vibrat ion isolation table, and
double frequency laser interferometer. It is capable

of measuring mirrors having size of 200~ 600 mm

in diameter and curvature radius of 500~ 6500 mm

with 0. 01% relat ive accuracy . Fig. 9 show s the

measuring equipment.

( a) T he schematic diagram of the measurement apparatus
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( b) The double frequency laser interferometer

( c) The aiming appar atus for measuement

Fig. 9� T he long curvatur e radius measur ing equipment

5 � Optical system assembly and test�
ing

� � The final system assembly for the SORS

requires t ight cent ricity of all the elements. There�
fore, w e developed a large size opt ical system�cen�
tering inst rument show n in Fig. 10. The stage is

900 mm in diameter. The traveling distance for the

vertical rail is 1. 8 m. The centricity can be mea�
sured by naked eye, CCD TV and laser interferom�
eter w ith less than 1∀ accuracy. The major ax ial

jit ter is less than 0. 5∀ and radial sw ing is less than
0. 5  m. The target ing accuracy can achieve 0. 15∀

in the centricity interference measurement.

( a) T he photo of the center ing instrument

( b) The centering instrument schemat ic diagram

( c) The centering interferometer
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( d) The center ing interferometer w orking principle

Fig . 10 � The center ing instrument for final system as�

sembly

T he general performance testing of the whole

system is conducted in the testing lab, w hich is

clean, and temperature constant over area of 100

m
2
. T here is a 15. 5 m long air� bearing isolat ion

table, on w hich a New tonian collimator and a mov�
ing subject simulator are supported. The collimator

has a focal length of 13 m and diameter of 650

mm. The w ave f ront dif ference is less than ��5 P�
V. Fig. 11 is the general performance�test ing lab.

T he collimator can be used for star�point test,
v isual resolut ion test , static and dynamic photo�
g raphic resolut ion test of camera, and the camera

modulat ion transfer funct ion ( M TF ) measure�
ment . T o measure the dynamic photog raphic reso�
lut ion, the moving subject simulator has been de�
veloped. F ig . 11( c) show s its schematic diagram.

T he moving subject has a space frequency of 3. 65

~ 50 lp�mm, spect ral range of 500 ~ 900nm and
contrast of 100 to 1. The speed�height rat io ( V�H)
can be adjusted in the range of 0. 01~ 0. 08rad�s
w ith relative error of less than 0. 1% measured at

V�H of 0. 026rad�s. T he focus can be adjusted in
the range of ! 80mm w ith 0. 01mm accuracy.

Yaw range and posit ioning accuracy are ! 30#and

! 5∃, respectively.

( a) 13 m collimator

( b) 15. 5 m air�bear ing vibr at ion isolated table

( c) T he moving subject simulator

F ig. 11 � The gener al performance�testing lab

MTF is an ext remely sensit ive measure of im�
age quality. The MTF measurement system for

long focal leng th optical system has been devel�
oped. This system is capable of testing lens hav ing

max imum focal length of 4 m and max imum size of

650 mm in diameter, in the space f requency range

of 0~ 200 lp�mm, spect ral range of 400~ 900nm
with 5% accuracy. It can also measure the MTF of

the sensor which include both of camera lens and

CCD.
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( a) The device

( b) T he schematic diagram

Fig . 12 � The stray light coefficient�measur ing device

A stray light coeff icient measuring device for

the SORS shown in Fig. 12 is capable of measuring

lenses with max imum size of 500 mm in diameter

and maximum focal leng th of 2. 7 m in the spect ral

range of 0. 5~ 0. 8  m. The measurement repet i�
t ion accuracy can reach 0. 005.

Apart from those above ment ioned, corre�
sponding equipment has been developed for long�fo�
cus large�size lens transmission measurement , dis�
tortion measurement , precision focal point testing,

shut ter speed and image exposure measurement,

and auto�collimation interference w ave front differ�
ence measurement, etc.

Dynamic interferometer w as developed to con�
t rol the quality of the camera assembling ; it can

measure the film unevenness dynamically, while

the f ilm is at tracted by vacuum on the film stage.

T he film area is 127 mm � 127 mm , film uneven�
ness measuring accuracy is 1  m, and shut ter speed

is 1�60~ 1�1000 s. The sampling rate is 20 fps.

( a) The interferometer configuration

( b) The working pr inciple

Fig . 13 � T he film unevenness dynamic measur ing inter�

ferometer

CCD jointing machine show n in Fig. 14 is used

to assemble CCD elements. T he stage has t raveling

distance of 200 mm and 100 mm along X and Y di�
rect ion w ith less than 2∀ accuracy. The m icroscope

object ive has magnificat ion of 20 � , focal length of

36. 055 mm, numerical aperture of 0. 35, and ob�
ject w orking distance of 43. 17 mm . The object and

image plane are 0. 3 mm and 6 mm in diameter,

respectively. The total magnif icat ion can reach

1000 � when received by T V camera and moni�
tored on screen. The jointing accuracy of the linear

array CCDs is bet ter than 0. 002 mm along the

CCD array direct ion and its width direct ion, and

the jointing unevenness is bet ter than 0. 004 mm

by using this CCD joint ing machine.
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Fig . 14� The CCD jointing machine

F ig. 15 � T he CCD performance measuring instrument

Fig . 15 shows the configuration of the CCD

performance�measuring instrument developed in

our institute. The CCD performance includes the

geometrical, optoelect ronic parameters and M TF.

T he geometrical parameter includes CCD pixel

size, distance betw een pixels and flatness. Geomet�
rical measurement range is 200 mm w ith 1. 5  m

accuracy in lengthwise and 1mm w ith 1. 5  m ac�
curacy in w idthw ise. F latness measurement range

is 1 mm w ith 2  m accuracy. CCD MTF measure�
ment accuracy is 5%. CCD opto�elect ronic parame�
ter measurement includes spectral response, dy�
namic range, linearity, saturat ion exposure, equiv�
alent noise, and response uniform ity among the

pixels.

We also bought a Kodak film developing

equipment for developing the f ilm and finery test�
ing SORS photographic resolut ion.

Current ly we are fully capable of fulfilling the

final assembly and testing using the equipment

mentioned above.

6 � Space environment simulation ex�
periment

� � Before the launch of the SORS, various kinds

of simulat ion experiment have to be done on land to

make sure the normal operat ion of SORS in the

space environment.

For the force environment, we used the 9�ton
elect romagnet ic oscillation stand purchased from

UK and another home made D�600 type shown in
Fig. 16.

( a) 600 kg electromagnetic oscillation stand

( b) 9 t electr omagnetic oscillation stand

F ig. 16 � T he mechanic environment�testing lab

For thermal environment test, w e built a

thermal circulat ion setup shown in Fig. 17 ( a)

which has effect ive volume of �2 � 2. 5 m, t ight ly
sealed, f illed w ith dried nit rogen, and temperature

range of �60~ + 100  .

For thermal vacuum environment test , we built a

thermal vacuum chamber show n in Fig. 17 ( b)

which has effect ive volume of �2. 5 � 5. 5 m, tem�
perature range of - 173~ + 100  , and ult imate

vacuum pressure of 1. 3 � 10�6 Pa.
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( a) The � 2 � 2. 5 m thermal cir culat ion setup

( b) The � 2. 5 � 5. 5 m thermal vacuum chamber

( c) The � 0. 8 � 1 m thermal v acuum chamber

Fig . 17� T he thermal circulation and thermal vacuum en�

v ironment testing lab

( a) T he 20 m collimator and thermal vacuum chamber

( b) The 26. 5 m long air�bearing isolation table

Fig . 18 � The thermal�balance and thermal�optics testing

lab

For thermal opt ics environment test, w e built

a compat ible vacuum collimator w ith a focal leng th

of 13 m and 20 m , aperture size of � 650 mm and

� 1 m, w hich can be pumped down together w ith

the thermal vacuum chamber to the level of 1 �
10
- 4
Pa. The chamber and the 20 m collimator

shown in Fig. 18 ( a) are put on the same 26. 5m

long air�bearing isolation table show n in Fig. 18( b)
to ensure the thermal opt ics environment testing .

We have carried out the thermal balance and

thermal optics experiments for the w hole SORS

system using the setup above. T he focal plane loca�
t ion of the camera on satellite w as determined un�
der the simulated space environment. The MTF

under different temperature and pressure w as also

measured to make sure that the thermal control is

effect ive and the SORS image resolut ion can meet

the requirement in space environment by using

these equipments ment ioned above.

In summary, the state of the art SORS system

has been successfully done in less than a decade at

our inst itute. T he institute has become the primary

base for the SORS research and development w ith

manufacturing and experimental capability.
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