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A Study on Performance and Sensitivity Improvement of an Off-axis TMA
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In this paper we have studied an optical system according to the aperture position of an off-axis TMA telescope for satellites. An off-axis TMA
telescope should have high resolution and wide field of view (FOV). In addition, the optical system should have a wide tolerance range, because it is
structurally located off-axis and is difficult to assemble. However, there are differences in performance and sensitivity according to the aperture-stop
position, so it is important to select a suitable aperture-stop position. Therefore, in this paper we have designed each off-axis TMA telescope according
to the aperture-stop position, and have analyzed the performance and sensitivity to suggest a suitable aperture-stop position.
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Fig. 1. Schematic of off-axis TMA telescope.

Table 1. Optical specification of other off-axis TMA telescopes

Centre National ~ National University of

d'Etudes Spatiales  Defense Technology
Altitude 633 km 500 km
Aperture-stop M1 M2
Focal length 1,080 mm 1,750 mm
FOV 8.4°x1.4° 6.0°x1.0°
f-number 6 9
Pixel size 6.5 um 7 um
MTE >0.2 >0.37

(at 77 cycles/mm) (at 71.4 cycles/mm)
Telescope mass 40 kg <60 kg
Swath distance 92 km 51 km
GSD 3.8m 2.0m
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Fig. 2. Influence of stop shift.
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Table 4. Optical specification of off-axis TMA telescope

5 mm from stop to lens 30 mm from stop to lens Off-axis TMA telescope
Spot radius 1,255 pm 567 pm Detector Detector size 230 mmx50 mm
Pixel size 7 um
Observation GSD 43m
Table 3. Zernike coeffici ¢ each optical Altitude 800 km
able 3. Zernike coefficients of each optical system Optical system  Spectral range 400 nm-900 nm
5 mm from stop tolens 30 mm from stop to lens Focal length 1,300 mm
f-number 8.5
Z5 -7.772 0.538 Entrance pupil diameter 152.9 mm
76 -6.139 0.425 FOV 10.0°x2.0°
77 -6.362 0.833 Permitted volume size <500 mm (W)x
78 3.082 -0.403 800 mm (D)x
Z11 1.309 1.348 600 mm (H)
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Fig. 3. Layout of M2 stop optical system.
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Table 5. Mirror parameters for M2 stop optical system

M1 M2 M3
Radius -2,185.92 -739.43 -1,099.73
Conic -1.91 -0.82 0.94
4™ aspheric coefficients ~ -3.39 E-12 - 820 E-11
6" aspheric coefficients  -3.66 E-18 - 1.04 E-16
8™ aspheric coefficients 9.18 E-24 - 1.13E-22
10" aspheric coefficients - - 6.02 E-28
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Fig. 4. Optical performance of M2 stop optical system.
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Table 6. Optical performance comparison of each optical system
Off-axis TMA telescope
Entrance stop M1 stop M2 stop M3 stop
optical system optical system optical system optical system
Permitted volume size (mm)  500(W)x798(D)x505(H)  480(W)x791(D)x525(H) 490(W)x779(D)x533(H) 1,080(W)x799(D)x781(H)
MTE >0.4 (at 71.4 cycles/mm) >0.4 (at 71.4 cycles/mm)  >0.4 (at 71.4 cycless/mm)  >0.4 (at 71.4 cycles/mm)
Wavefront error <0.04 2 <0.051 <0.02 A <0.02 4
Spot radius >13.6 um >13.6 um <13.6 um <13.6 um
Distortion <1% <1% <1% <1%
75 0.005 0.034 0.004 -0.004
76 -0.01 0.01 0.001 0.009
77 0.01 0.03 -0.009 -0.001
78 0.011 0.014 0.004 -0.001
Z11 -0.001 -0.006 -0.00007 -0.00004
Table 7. Tolerance range of each optical system
Entrance stop M1 stop M2 stop M3 stop
optical system optical system optical system optical system
Zernike irregularity [fringe] Entrance - - - -
M1 0.01 0.005 0.01 0.01
M2 0.01 0.005 0.01 0.01
M3 0.01 0.01 0.015 0.015
Thickness [mm)] Entrance 0.15 - - -
M1 0.15 0.15 0.2 0.15
M2 0.15 0.15 0.2 0.15
M3 0.15 0.15 0.2 0.15
Decenter [mm] Entrance - - - -
M1 0.1 0.05 0.2 0.15
M2 0.1 0.1 0.18 0.15
M3 0.15 0.1 0.2 0.15
Tilt [] Entrance - -
M1 1 0.5 1.5 1.5
M2 1 1 1.5 1.5
M3 1 1 1.5 1
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