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	摘要(中)	本論文計畫設計登陸小行星太空船上的科學酬載，用來進行地表

觀測的相機系統。此相機系統，包含全景深(Scheimpflug) 的前置鏡頭，太空規格的WatecT065影像感測器以及抗輻射的高速影像擷取系統，其中全景深的前置鏡頭將應用於太空船著陸後，進行小行星地表從近到遠的清晰拍攝。高速影像擷取系統使用SmartFusion2 SOM M2S025FG484I做為核心進行影像資料擷取以及處理，並且以SD 卡的UHSI模式儲存到Micro SD 卡中。本論文根據Scheimpflug 的光學設計，使用H1214FICS3 成像鏡頭進行科學雛形實驗，驗證Scheimpflug 原理。證明即使使用一般成像鏡頭，也能達到全景深，距離為119.53mm 到363.71mm 之間；MTF(Modulation Transfer Function) 在此鏡頭中心的全頻空間頻率55cycles/mm 以內仍能達到30% 的對比。若採用光學設計優化的鏡頭，鏡頭中心理論上的MTF 可以達100cycles/mm。另外研究上開發WatecT065影像感測器的高速影像擷取系統，採用Micro SD 卡進行資料的儲存。為克服Micro SD 卡資料儲存速度太慢的問題，研究上使用UHSI模式，將原本SPI 的資料寫入速度提升數百倍，規格上的時脈速度可從100kHz∼ 400kHz 提升到208MHz。實驗驗證了SPI 模式可以進行讀寫，SD 模式也可以只靠硬體設計來初始化，希望改善立方衛星使用Micro SD 卡進行資料的儲存而速度過慢的問題。影像資料使用了邏輯分析儀驗證SmartFusion2 SOM M2S025FG484I的過濾資料功能，證實了此高速影像擷取系統可行性。實驗後續以LabVIEW 改善了自動化的量測速度，協助量測此鏡頭的MTF，以及WatecT065

的響應度。本論文設計全景深的相機系統的科學酬形體，希望能應用於對地球或人造衛星產生危害的小行星—99942 Apophis，預計2029 年會靠近地球，距離地球表面31,000 公里。當小行星太空船成功登陸小行星表面並能成功拍攝影像之後，本論文設計全景深觀測小行星表面結構的相機系統也可用於未來的月球探測艇上。
	摘要(英)	The primary purpose of this thesis is to design a scientific prototype of a camera system for the observations of the asteroid surface and the preparation for landing on the asteroid. Our designed camera system consists of the Scheimpflug front lens system, space-qualified WATEC—T065 CCD, and radiation-hardened high-speed image capture system. After landing on the asteroid, the Scheimpflug front lens system is designed to be tilted with respect to the image plane and to take panoramic photography from near to the far edge of the asteroid surface. The high-speed image capture system processes the image data and stores into the Micro SD card by UHS-I mode. According to the design rule of Scheimpflug principle, we utilize the commercial lens system (Computar H1214FICS3) to verifying the Scheimpflug principle in the experiment. We concluded that the H1214FICS3 could also achieve the performance of deep focus in the near region (from 119.53mm to 363.71mm). The MTF of the center of the H1214FICS3 can be 30\% contrast within 55cycles/mm. Using Code V with optimization, the MTF at the center of our designed lens system can be 30\% contrast within 100cycles/mm. We also improve the WATEC—T065 high-speed image capture system by choosing the UHS—I mode of Micro SD card to enhance the storage rate in comparison with typical SPI mode of Micro SD card. In the experiment, we verified SPI mode for reading and writing data, and SD mode for initialization only with FPGA design. The image data are verified by Logical Analyzer. Theoretically, the UHS—I mode can run 100 times as fast as the SPI mode. Ours adopted UHS—I mode increases the Micro SD card data storage rate, especially for the application of current CubeSat. Besides, we improved the measurement speed of the measurement of MTF and the responsivity of lenses by coding LabVIEW applications. Our designed camera system for asteroid lander is planned to observe the potentially hazardous asteroids - 99942 Apophis, which will approach Earth in 2029, and is also applied for observing the lunar surface for future Moon Lander.
	關鍵字(中)	
      	  ★ Scheimpflug鏡頭
★ SD卡UHS-I模式
★ 印刷電路板布局
★ FPGA
★ 景深
★ 光學傳遞函數
★ 調制傳遞函數	關鍵字(英)	
      	  ★ Scheimpflug Lens
★ SD card UHS-I mode
★ PCB layout
★ FPGA
★ Depth of field
★ Optical transfer function
★ Modulation transfer function
	論文目次	摘要ix

Abstract xi

目錄xiii

圖目錄xv

表目錄xix

一、緒論...................................................1

1.1 科學目標.................................................................. 2

1.2 論文總覽.................................................................. 3

二、理論...................................................5

2.1 景深........................................................................ 5

2.2 Scheimpflug 條件........................................................ 8

2.3 光學傳遞函數............................................................ 10

三、硬體設計...................................................15

3.1 Scheimpflug 鏡頭........................................................ 16

3.1.1 鏡頭參數分析................................................... 18

3.2 WatecT065

和影像擷取板............................................. 21

3.2.1 WatecT065

規格................................................ 22

3.2.2 影像擷取板與太空輻射....................................... 23

3.3 SmartFusion2 SOM M2S025FG484I

................................. 28

3.3.1 Micro SD 卡開發................................................ 29

3.3.2 WatecT065

資料處理.......................................... 38

3.3.3 CCSDS 資料封裝規劃......................................... 40

四、實驗架構...................................................43

4.1 Scheimpflug 條件驗證.................................................. 43

4.2 點擴散函數量測......................................................... 45

4.3 SD 卡資料讀寫........................................................... 46

五、實驗結果與分析...................................................49

5.1 Scheimpflug 條件........................................................ 49

5.2 光學傳遞函數............................................................ 53

5.3 SD 卡初始化與資料讀寫............................................... 57

六、總結與未來工作...................................................61

6.1 未來工作：LabVIEW 光學校正自動化............................. 62

6.1.1 CCD 響應度的量測自動化................................... 62

6.1.2 光學傳遞函數的量測自動化................................. 62

6.1.3 單光儀............................................................ 63

6.1.4 六軸移動平台................................................... 64

6.1.5 光功率計......................................................... 65

6.1.6 準直儀............................................................ 66

6.1.7 雛型實驗：光譜量測.......................................... 67

參考文獻...................................................69
	參考文獻	[1] “The international astronomical union minor planet center.” Available at "https://

minorplanetcenter.net//mpc/summary", 2020.

[2] R. Jaumann, N. Schmitz, A. Koncz, H. Michaelis, S. E. Schroeder, S. Mottola, F. Trauthan,

H. Hoffmann, T. Roatsch, D. Jobs, J. Kachlicki, B. Pforte, R. Terzer, M. Tschentscher,

S. Weisse, U. Mueller, L. PerezPrieto,

B. Broll, A. Kruselburger, T.M.

Ho, J. Biele,

S. Ulamec, C. Krause, M. Grott, J.P.

Bibring, S. Watanabe, S. Sugita, T. Okada,

M. Yoshikawa, and H. Yabuta, “The camera of the mascot asteroid lander on board

hayabusa 2,” Space Science Reviews, vol. 208, pp. 375–400, Jul 2017.

[3] M. Brozović, L. A. Benner, J. G. McMichael, J. D. Giorgini, P. Pravec, P. Scheirich,

C. Magri, M. W. Busch, J. S. Jao, C. G. Lee, L. G. Snedeker, M. A. Silva, M. A. Slade,

B. Semenov, M. C. Nolan, P. A. Taylor, E. S. Howell, and K. J. Lawrence, “Goldstone and

arecibo radar observations of (99942) apophis in 2012–2013,” Icarus, vol. 300, pp. 115

– 128, 2018.

[4] “Center for near earth object studies neo

earth close approaches.” Available at "https:

//cneos.jpl.nasa.gov/ca/", 2020.

[5] V. Reddy, J. A. Sanchez, R. Furfaro, R. P. Binzel, T. H. Burbine, L. L. Corre, P. S. Hardersen,

W. F. Bottke, and M. Brozovic, “Surface composition of (99942) apophis,” The

Astronomical Journal, vol. 155, p. 140, mar 2018.

[6] M. Delbò, A. Cellino, and E. Tedesco, “Albedo and size determination of potentially hazardous

asteroids: (99942) apophis,” Icarus, vol. 188, no. 1, pp. 266 – 269, 2007.

[7] P. R. Goode, J. Qiu, V. Yurchyshyn, J. Hickey, M.C.

Chu, E. Kolbe, C. T. Brown, and

S. E. Koonin, “Earthshine observations of the earth’s reflectance,” Geophysical Research

Letters, vol. 28, no. 9, pp. 1671–1674, 2001.

[8] J. Conrad, “Depth of Field in Depth.” (2004, 2006).

[9] R. Kingslake, Lens design fundamentals. Amsterdam Boston: Elsevier/Academic Press,

2010.

[10] G. D. Boreman, Modulation transfer function in optical and electrooptical

systems.

Bellingham, Wash., USA: SPIE Press, 2001.

[11] J. Li, Y. Guo, J. Zhu, X. Lin, Y. Xin, K. Duan, and Q. Tang, “Large depthofview

portable

threedimensional

laser scanner and its segmental calibration for robot vision,” Optics and

Lasers in Engineering, vol. 45, no. 11, pp. 1077 – 1087, 2007.

[12] E. Hecht, Optics. Boston: Pearson Education, Inc, 2017.

[13] M. Bass, Handbook of optics. New York: McGrawHill,

1995.

[14] J. A. Díaz and V. N. Mahajan, “Imaging by a system with a hexagonal pupil,” Appl. Opt.,

vol. 52, pp. 5112–5122, Jul 2013.

[15] CCD and CMOS sensor technology Technical white paper. Axis Communications, 2010.

[16] カメラモジュール仕様書T065. ワテック株式会社, 2016.

[17] Sony ICX424AL CCD Sensor datasheet. Sony Corporation.

[18] T. Ondoh, Science of space environment. Chiyodaku,

Tokyo Burke, Va: Ohmsha IOS

Press distributor, 2001.

[19] R. Baumann, Radiation Handbook for Electronics. Texas Instruments, 2019.

[20] SmartFusion2 and IGLOO2 Neutron Single Event Effects (SEE) TR0020 Test Report. Microsemi

Corporation, 2020.

[21] C. Paul, Introduction to electromagnetic compatibility. Hoboken, N.J: WileyInterscience,

2006.

[22] MT101:

Decoupling Techniques. Analog Devices.

[23] “Smartfusion2 soc official

website of microsemi.” Available at "https://www.

microsemi.com/product-directory/soc-fpgas/1692-smartfusion2", 2020.

[24] “M2sfg484

som resource directory official

website of emcraft.” Available at "https:

//www.emcraft.com/products/255", 2020.

[25] SD Specifications Part 1 Physical Layer Simplified Specification Version 7.10. SD Association,

2020.

[26] G. M. Ujjan, A. Malik, S. Ahmed, and M. Z. Abdullah, “Implementation of 4bit

data

transmission for accessing sd card with fpga embedded soft processor,” in Proceedings of

the 2019 4th International Conference on Intelligent Information Technology, ICIIT ’19,

(New York, NY, USA), p. 67–72, Association for Computing Machinery, 2019.

[27] Space Packet Portocol Draft

Recommended Standard. CCSDS 133.0P1.1,

2019.

[28] A. A. Khan and M. Arsalan, “Implementation of ccsds based imaging satellite packet processing

unit on fpga hardware,” in 2012 International Conference on Emerging Technologies,

pp. 1–6, Oct 2012.

[29] X. Zhang and T. Zhou, “Generic scheimpflug camera model and its calibration,” in 2015

IEEE International Conference on Robotics and Biomimetics (ROBIO), pp. 2264–2270,

Dec 2015.

[30] A. Legarda, A. Izaguirre, N. Arana, and A. Iturrospe, “A new method for scheimpflug

camera calibration,” in 2011 10th International Workshop on Electronics, Control, Measurement

and Signals, pp. 1–5, June 2011.

[31] B. Saleh, Fundamentals of photonics. New York: Wiley, 1991.

[32] D. Dsilva, J. Wang, N. Rezzak, and N. Jat, “Neutron see testing of the 65nm smartfusion2

flashbased

fpga,” in 2015 IEEE Radiation Effects Data Workshop (REDW), pp. 1–5, July

2015.

[33] N. Rezzak, D. Dsilva, J. Wang, and N. Jat, “Set and sefi characterization of the 65 nm

smartfusion2 flashbased

fpga under heavy ion irradiation,” in 2015 IEEE Radiation Effects

Data Workshop (REDW), pp. 1–4, July 2015.

[34] B. Archambeault, PCB design for realworld

EMI control. New York: Springer Science+

Business Media, LLC, 2002.

[35] HighSpeed

layout guidelines. Texas instruments, 2017.

[36] M. Mehri, S. Heidari, and N. Masoumi, “The analysis of emi effects on the performance

of electronic systems implemented on a pcb,” in 2016 IEEE 20th Workshop on Signal and

Power Integrity (SPI), pp. 1–4, May 2016.

[37] PreAligned

Arc Lamp Source LH300

datasheet. Newport.

[38] CDT12100 Collimator datasheet. Newport.

[39] Cornerstone™ 130 1/8m Monochromator

family datasheet. Newport.

[40] Model 1936R/

2936R

Series Single

and DualChannel

Optical Meters datasheet. Newport.

[41] R. Nivin, J. S. Rani, and P. Vidhya, “Design and hardware implementation of reconfigurable

nano satellite communication system using fpga based sdr for fm/fsk demodulation

and bpsk modulation,” in 2016 International Conference on Communication Systems and

Networks (ComNet), pp. 1–6, 2016.
	指導教授	
      	  郭政靈(Cheng-Ling Kuo)
      	 	審核日期	2020-7-30
	推文	
      	  [image: ]facebook   [image: ]plurk   [image: ]twitter   [image: ]funp   [image: ]google   [image: ]live   [image: ]udn   [image: ]HD   [image: ]myshare   [image: ]reddit   [image: ]netvibes   [image: ]friend   [image: ]youpush   [image: ]delicious   [image: ]baidu   
      	 
	網路書籤	
      	  [image: ]Google bookmarks   [image: ]del.icio.us   [image: ]hemidemi   [image: ]myshare   
      	 


  

  











若有論文相關問題，請聯絡國立中央大學圖書館推廣服務組 TEL:(03)422-7151轉57407，或E-mail聯絡
	       - 隱私權政策聲明



	
