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A compact imaging spectrometer (COMIS) for use in the STSAT3 microsatellite is currently 
under development. It is scheduled to be launched into a low Sun-synchronous Earth orbit (~700 
km) by the end of 2010. COMIS was inspired by the success of CHRIS, which is a small hyper- 
spectral imager developed for the ESA microsatellite PROBA. COMIS is designed to achieve nearly 
equivalent imaging capabilities of CHRIS in a smaller (65 mm diameter and 4.3 kg mass) and 
mechanically superior (in terms of alignment and robustness) package. Its main operational goal 
will be the imaging of Earth’s surface and atmosphere with ground sampling distances of ~30 m 
at the 18~62 spectral bands (4.0~1.05 μm). This imaging will be used for environmental 
monitoring, such as the in-land water quality monitoring of Paldang Lake, which is located next 
to Seoul, South Korea. The optics of COMIS consists of two parts: imaging telescope and dispersing 
relay optics. The imaging telescope, which operates at an f-ratio of 4.6, forms an image (of Earth’s 
surface or atmosphere) onto an intermediate image plane. The dispersion relay optics disperses the 
image and relay it onto a CCD plane. All COMIS lenses and mirrors are spherical and are made 
from used silica exclusively. In addition, the optics is designed such that the optical axis of the 
dispersed image is parallel to the optical axis of the telescope. Previous efforts focused on 
manufacturing ease, alignment, assembly, testing, and improved robustness in space environments.
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I. INTRODUCTION

STSAT3 is a ~150 kg microsatellite for technical 
demonstrations and scientific observations. The former 
includes investigations of multi-functional composite 
structures and hall-thrusters. The latter is to provide 

IR imaging of the Galaxy (at 1-2 μm wavelengths) and 
hyper-spectral imaging of Earth’s surface (in the visible 
and near IR bands at 0.4~1.05 μm wavelengths). The 
hyper-spectral imaging will focus on the Korean Peninsula 
[1]. A schematic diagram of the STSAT-3 operational 
considerations is shown in Figure 1. Figure 2 presents 
a deployed view of STSAT3; the COMIS hyper-spectral 
imager is a secondary payload and is indicated by the 
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FIG. 1. Operational concept of STSAT-3.

FIG. 2. Deployed STSAT3 model indicating COMIS 
with a dashed circle.

FIG. 3. One mission of COMIS is for in-land water 
quality monitoring of Paldang Lake (red-box) next to 
Seoul, South Korea. 

FIG. 4. The COMIS Strip imaging mode-one scene consists of 30 km by 30 km image of Earth at 18~62 wavebands. 

dashed circle.
COMIS was inspired by the success of CHRIS, which 

is a small hyper-spectral imager developed for the ESA 
microsatellite PROBA [2,3]. COMIS is designed to 
achieve nearly equivalent imaging capabilities of CHRIS 
in a smaller (65 mm diameter and 5 kg mass) and mechan-
ically superior (in terms of alignment and robustness) 

package. COMIS is capable of hyper-spectral imaging 
at 30 m or less ground sampling distances (GSDs) over 
a 30 km swath at an altitude of 700 km. The number 
of bands is adjustable (18-62). A major scientific appli-
cation of COMIS is environmental monitoring, such as 
in-land water quality monitoring of Paldang Lake located 
next to Seoul, South Korea(Fig. 3).

II. OPTICAL DESIGN OF COMIS

2.1 Concept
COMIS is a conventional imaging spectrometer 

consisting of imaging and dispersion relay optics. The 
imaging telescope forms an image (of Earth’s surface) 
on an intermediate image plane. The dispersion relay 
optics disperse the image and relay it to a CCD. Since 
COMIS operates in a push-broom mode; the CCD rows 
are assigned to accommodate different wavelengths, and 
the CCD columns are assigned to separately resolved 
areas of an image (Earth’s surface). Figure 4 shows the 
push-broom imaging mode used to scan Earth’s surface 
as STSAT3 moves in its orbit. The required ground 
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FIG. 5. Optical layout of COMIS comprising a catadioptric telescope and an imaging spectrometer. 

(a) 3D model of COMIS (b) Cross-sectional view of COMIS

FIG. 6. 3D model of COMIS structure

sampling distance of COMIS was 30 m or less. For the 
case of 30 m GSD, one scene is defined as 1024 GSDs 
×1024 GSDs, i.e. 30 km×30 km.

The spectral waveband covered by the instrument is 
limited to the 400-1050 nm band, which can be achieved 
using a single CCD detector. The CCD image size is 
13.3×13.3 mm2 at a 1024×1024 image format.

2.2 Design of the Imaging Telescope 
The optical design is presented in Figure 5; its 

details are tabulated in Table 1. COMIS comprises a 
catadioptric telescope and an imaging spectrometer. 
Figure 6 shows the 3D model of COMIS.

The catadioptric telescope images a 27.3 m×28 km 
area of Earth’s surface onto a slit of dimensions 11.8 
μm×12.1 mm. This corresponds to a ground sampling 
distance of 27.3 m and a swath width of 28 km for nadir 
looking posture at an altitude of 700 km. The telescope 
has an entrance pupil diameter of 65 mm, operating at 
a focal length of 300 mm (f/4.6). The telescope is a 
conventional two-mirror telescope with four weak lenses. 
The two front meniscuses compensate for spherical 
aberrations and the two latter lenses (near to the slit 
plane) compensate for minor residual aberrations. The 
imaging telescope gives nearly diffraction-limited perfor-
mance for all wavelengths and fields as shown in the 

spot diagram in Figure 7 and the modulation transfer 
function (MTF) plot in Figure 8.

Our telescope design adopts a single-material ather-
malization approach. Thus, the lenses, mirrors, and 
structures are all made of the same fused-silica material, 
which is both radiation hardened and relatively non- 
susceptible to thermal expansion. Details of the mechan-
ical designs will be fully dealt in a separate paper [4]. 

2.3 Design of the Imaging Spectrometer
The imaging spectrometer disperses light from the slit 

and reimages it onto a CCD. It is essentially a modified 
Offner relay with two dispersing prisms (patented by 
Sira Electro-Optics Ltd) [5]. Our modifications make 
the optical axis of the entrance and exit beams parallel 
to that of the imaging telescope (Fig. 4). This eases align-
ment difficulties and makes the optics less sensitive to 
thermal contraction and expansion of the mechanical 
housing. Further modifications include magnification of 
the relay, which was increased from 1 to 1.1 in order 
to optimize optical performance in line with all spherical 
surfaces.

The main functions of the imaging spectrometer are 
relay and dispersion. Relay is handled by the Offner 
configuration (convex-concave-convex mirrors), whilst 
dispersion is handled by two curved prisms, which are 
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TABLE 1. Optical Data of COMIS in the ZEMAX format (unit: distance in mm, angle in deg.).

Surf Type Radius Thickness Glass Decenter Y Tilt X

OBJ STANDARD Infinity Infinity

1 STANDARD Infinity 70.00

STO STANDARD 247.00 7.34 SILICA

3 STANDARD 395.00 1.64

4 STANDARD Infinity 4.05

5 STANDARD -162.00 6.17 SILICA

6 STANDARD -215.00 96.70

7 STANDARD -300.00 -96.70 MIRROR

8 STANDARD -215.00 79.57 MIRROR

9 STANDARD -75.00 9.00 SILICA

10 STANDARD -120.00 4.79

11 STANDARD 42.70 7.50 SILICA

12 STANDARD 39.50 0.82

13 STANDARD Infinity 7.00

14 STANDARD Infinity 65.00

15 STANDARD -60.00 22.00 SILICA 8.10

16 STANDARD -80.00 75.08 -20.00

17 STANDARD -161.30 -85.31 MIRROR -18.92 1.20

18 STANDARD -74.90 71.90 MIRROR -35.65 12.45

19 STANDARD -153.50 -59.00 MIRROR -87.80 23.60

20 STANDARD -85.50 -20.00 SILICA -76.08

21 STANDARD -65.12 -59.63 26.30

IMA STANDARD Infinity

FIG. 7. Spot diagram of the COMIS imaging telescope 
showing all spots formed by the imaging optics within 
a single CCD pixel.

FIG. 8. MTF Plot of the COMIS imaging telescope 
showing the MTFs for all wavelengths and fields are 
nearly diffraction limited.
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FIG. 9. Images of the entrance slit on the CCD plane 
while each line is a monochromatic image of the entrance 
slit.

FIG. 10. Construction of a curved prism with two lenses 
and a prism

FIG. 11. The e2V CCD 47-20 detector [6].

FIG. 12. Quantum efficiency of the detector used (e2V 
CCD 47-20) [6]

(a) Dispersion of 50 nm spaced spectrum

(b) Position of spectrum in the CCD plane in the unit 
of pixels

FIG. 13. Dispersion of a 50 nm spaced and its position 
on the CCD plane.

FIG. 14. Spectral resolutions over a single CCD pixel.placed in the paths between both the entrance slit and 
first mirror as well as third mirror and detector. The 
optics relays and disperses the slit image onto the detector 
thereby producing a monochrome image of the entrance 
slit formed on each row of detector elements. The spec-
trum of each point in the row is imaged along a detector 

column (Fig. 9).
The dispersing prism has spherical surfaces in order 

to allow for correction of optical aberrations in diverging 
and converging beams. A single curved prism is con-
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(a) FEA model (b) Gravity deformation (c) Thermal deformation

FIG. 15. FEA Model of COMIS and some results [4].

TABLE 2. Manufacturing tolerances for the COMIS 
optics.

Item Tolerances

Height -10 ~ -30 microns

Thickness/Distance ±20 microns

Centering ± 1 arcmin

Spherical & Astigmatism 0.1 fringe

Radius of curvature ± 2 fringe

TABLE 3. System MTF budgets for COMIS optics.

Item MTF@ 38.5 lpm Note

Design MTF 0.63 Diffraction + Aberration + Obstruction

Manufacturing 
Imaging Telescope 0.98 

Manufacturing + Assembly + Integration + Testing
Imaging Spectrometer 0.98 

Instability in space
Imaging Telescope 0.90 

Gravity Release + Thermal Expansion/Contraction
Imaging Spectrometer 0.85 

Detector Integration 0.64 1 pixel (38.5lpm)

Linear motion 0.98 0.1 pixel movement over a pixel CCD integration time

Jitter 0.99 0.014 pixel random vibration over CCD integration

Resultant System MTF 0.29 　

structed from two lenses and a prism in order to ease 
manufacturing difficulties (Fig. 10).

2.4 Detector
The dispersed slit images are imaged onto the planar 

CCD detector, which is an e2V CCD type (CCD47-20) 
frame transfer device with 1024 rows and 1024 columns. 
A single pixel has the dimensions 13 μm×13 μm. 
Figure 12 illustrates the quantum efficiency of the 
CCD. The CCD (with broadband coating) offers high 
quantum efficiency over the visible and near IR allowing 
radiometric measurements in the spectral range 400- 
1050 nm.

III. PERFORMANCE ANALYSIS

3.1 Spectral Resolution
Since we use prismatic dispersion power to disperse 

the spectral band, the spectral resolution varies depend-
ing on the refractive index of the prism. The spectral 
dispersion is non-linear due to dispersion of the refrac-
tive index of the prism as shown in Figure 13. The 
400~1050 nm spectrum covers 1.4 mm of a CCD row 
i.e. ~110 pixels (Fig. 13). The corresponding spectral 
resolution over a single CCD pixel varies from 2 nm 
to 15 nm across the spectrum (Fig. 14). 

3.2 System MTF
The COMIS system MTF takes into account 

contributions from optical design (diffraction, obstruction, 
and aberration), manufacturing and alignment, insta-
bilities, detector integration, satellite flight (linear motion 
and jitter), and so on. MTF values for manufacturing 
and Assembly/Integration/Test (AIT) were predicted 
by Monte Carlo analysis using commercially available 
software (ZEMAX) with the tolerances given in Table 
2. Decreases in MTF (due instabilities inherent in space 
flight, such as thermal expansion and zero gravity environ-
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ments) were also predicted by the finite element analysis 
(FEA) of the COMIS mechanical model [4]. The effects 
of detector integration, linear motion, and jitter are 
predicted by the following equations:

a. detector integration,MTFdetector=|sinc(ξx˙p)| (1)
b. linear motion, MTFlinear motion)=|sinc((ξ(ΔV) )T|

(2)
c. jitter, MTFJitter=exp{-2π2αjitter

2ξ2} (3)

where ξ is the spatial frequency on the detector plane 
in lines-per-mm,  the detector pitch, ΔV is x-component 

of the velocity vector scaled to focal plane coordinates, 
T is the integration time, and  is the observed ran-

dom vibration profile scaled to focal plane coordinates 
[7,8]. The values for linear motion and jitter supplied 
from the STSAT3 bus developer are ±0.052

o
/sec and 

±0.007
o
/sec, respectively. Table 3 summarizes the MTF 

calculation at the Nyqust frequency of the CCD detector 
(38.5 lines-per-mm). The resulting system MTF is 0.29.

IV. CONCLUSION

The paper presents the optical design of a Compact 
Imaging Spectrometer (COMIS) for use in STSAT3. 
The Optical design consists of an imaging telescope 
(f/4.6) and an imaging spectrometer (1.1 magnification 
ratio). The combined optics are able to take hyper- 
spectral images of Earth’s surfaces at ~27.3 m GSD 
over 28 km for nadir looking posture at an altitude of 
700 km. The spectral resolution of COMIS over a single 
pixel varies from 2 nm to 15 nm depending on the 
wavelength. The system MTF of COMIS is expected 
to be 0.29 considering the design, manufacturing and 
assembly errors, and operational hindrances in space 

environments. A COMIS prototype is currently being 
assembled and tested. Its investigation and modification 
will be based on the results of optical, mechanical, and 
space environment tests as applied to COMIS.

ACKNOWLEDGMENT

This work is funded by the Ministry of Education, 
Science and Technology, South Korea.

REFERENCES

[1] J. H. Lee, C. W. Lee, K. I. Kang, et. al, “A Compact 
Imaging Spectrometer (COMIS) for the Microsatellite 
STSAT3,” Proc. SPIE, vol. 6744, pp. 67551C-1-8, 
2007.

[2] M. J. Barnsley, J. J. Settle, M. A. Cutter, D. R. Lobb, 
and F. Teston, “The PROBA/CHRIS Mission: A Low- 
Cost Smallsat for Hyperspectral Multiangle Observations 
of the Earth Surface and Atmosphere,” IEEE Trans-
actions on geosciences and remote sensing, vol. 42, no. 
7, pp. 1512-1520, 2004.

[3] M. A. Cutter, D. R. Lobb, and R. A. Cockshott, “Com-
pact High Resolution Imaging Spectrometer (CHRIS),” 
Acta Astronautica, vol. 46, no. 2, pp. 262- 268, 2000.

[4] J. H. Lee, Y. M. Kim, and J. W. Kim, “Optomechanical 
Design of Compact Imaging Spectrometer (COMIS),” 
J. Opt. Soc. Korea, will be submitted.

[5] D. R. Lobb, “Imaging Spectrometer,” US patent 6,288, 
781 B1, 2001.

[6] www.2ev.com
[7] R. A. Schowengerdt, “Remote Sensing,” Elsevier, 2007
[8] Jong-hoon Lee, J. H. Lee, and Yee-Jin Cheon, “Devel-

opment of an Earth Observation Optical Payload 
Simulator,” Bull. Kor. Spac. Soc., vol. 17, no. 2, pp. 
35, 2008.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


