
31.
ente Biarritz, Franceon Space Optics

18-21 October
www.icso2016.com

 

ICSO 2016 

International Conference on Space Optics 

Biarritz, France 

18–21 October 2016 
 

Edited by Bruno Cugny, Nikos Karafolas and Zoran Sodnik 

 

 

 

The design and assembly of aluminum mirrors of a three-mirror-
anastigmat telescope 

Shenq-Tsong Chang 

Yu-Chuan Lin 

Kun-Huan Wu 

Chun-Chieh Lien 

et al.

International Conference on Space Optics — ICSO 2016, edited by Bruno Cugny, Nikos Karafolas, 
Zoran Sodnik, Proc. of SPIE Vol. 10562, 105624X · © 2016 ESA and CNES

CCC code: 0277-786X/17/$18 · doi: 10.1117/12.2296109

Proc. of SPIE Vol. 10562  105624X-1



ICSO  2016                                  Biarritz, France 
International Conference on Space Optics                                                                        18 - 21 October 2016 

 
THE DESIGN AND ASSEMBLY OF ALUMINUM MIRRORS OF A 

THREE-MIRROR-ANASTIGMAT TELESCOPE 
 

Shenq-Tsong Chang, Yu-Chuan Lin, Kun-Huan Wu, Chun-Chieh Lien,  
Ting-Ming Huang*, Ho-Lin Tsay, Chia-Yen Chan 

Instrument Technology Research Center, National Applied Research Laboratories,  
20 R&D Road VI, Hsinchu Science Park, Hsinchu 300, Taiwan 

stc@itrc.narl.org.tw, yclin@itrc.narl.org.tw, ritawu@itrc.narl.org.tw, rogerlien@itrc.narl.org.tw, 
*tmw@itrc.narl.org.tw, hltsay@itrc.narl.org.tw, colin0704@itrc.narl.org.tw  

 
 
I. INTRODUCTION  
Better ground sampling distance (GSD) has been a trend for earth observation satellites. A long-focal-length 
telescope is required accordingly in systematic point of view. On the other hand, there is size constraint for such 
long-focal-length telescope especially in space projects. Three-mirror-anastigmat (TMA) was proven to have 
excellent features of correcting aberrations, wide spectral range and shorter physical requirement [1-3]. As a 
result, TMA telescopes become more and more attractive and have been applied in space projects [4-8].  
Formosat-5, to be launched soon, equipped with a Remote Sensing Imager (RSI) with ground sampling distance 
(GSD) of 2 m for panchromatic band. RSI is a Cassegrain telescope with diameter of 450 mm and F-number of 
8. To scale up this telescope to a much better GSD leads to a very large telescope. Different type of optical 
design is required to meet the goal. A pathfinding project has therefore been raised to build a Korsch TMA 
telescope. The project is mainly for establish a heritage design and assembly procedure for future projects. 
According to the goal, the focal length was calculated as 7714 mm and F-number as 14. Due to schedule and 
budget constraints, diamond-turned aluminum mirrors were selected from the beginning. This paper describes 
the status of the telescope. 

 
II. DESIGN AND ANALYSIS 

 
A. Optical design  
According to the first order calculation based upon [8] and optimization by commercial software, optical design 
layout is shown in Fig. 1. Aperture stop locates at the primary mirror (M1), which has clear aperture of 550 mm. 
Light enters aperture stop, reflected by M2, M3 and folding mirror (M4) and reaches focal plane assembly 
(FPA). Symmetric central obscuration was selected in purpose to be 130 mm. Clear apertures for secondary (M2) 
and tertiary mirrors (M3) were 150 mm and 186 mm x 86 mm, separately. Effective focal length met the 
requirement of 7714 mm. Field of view (FOV) was 1.0 degree, i.e. swath width is 12.56 km when the altitude is 
720 km. Target GSD was 0.7 m. Designed modulation transfer function (MTF) was no smaller than 0.3 at 50 
lp/mm. Size of FPA was set as 120x16 mm. Distance between apexes of M2 and M3 was 1416 mm. 

 

  
Fig. 1. Optical layout for the project 

 
Tolerance analysis has been performed and requirements have been given to each optical component. It was 
found that the sensitivity for M3 was roughly one order of magnitude less than that for M2. Although the 
obscuration of primary mirror was found not symmetric (Fig. 1), it was found from ray tracing that certain 
symmetric obscuration can be obtained without sacrificing too much input radiance of the telescope. It is easier 
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