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摘要
2014 SPIE Optics + Photonics 國際研討會由SPIE(國際光學工程學會)所主辦，研討會及課程之舉辦日期：17-21 August 2014，地點：San Diego Convention Center, San Diego, California (USA)。
由SPIE(國際光學工程學會)舉辦之Optics + Photonics會議為一大型光電國際學術研討會議，會議共分四大次會議主題：
Optical Engineering + Applications、

NanoScience + Engineering、
Organic Photonics + Electronics、
Solar Energy + Technology，
本次會議為期五天，根據大會統計約有4200位學者參與，論文數約3100篇，、34場光電專業課程、及8.19~8.21有180家光電國際大廠的展示會。本會議為光電領域每年度固定舉辦之大型國際重要會議，全世界光電科學與工程領域之專家共聚一堂進行學術交流。我們在本次會議中發表壁報論文，研究主題是在一個條紋光學投影量測系統中，利用短景深的光學特徵進行待測物體的3D形貌重建。我們在會議進行過程及壁報討論過程中，與國際學者交流，多位教授也對我們的研究課題提供寶貴的意見。這些寶貴的經驗或意見對我們後續的研究將有所幫助，透過大型國際會議交流，我們可以看到光電科技的日新月異。
關鍵詞：Fringe Projection，Profilometry，Depth of Field
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一、目的
由SPIE(國際光學工程學會)舉辦之Optics + Photonics會議為年度固定舉辦的大型國際光電學術研討會議，每年都吸引全世界光電領域學術界及研究單位高級研究人員參加。參加本次會議的目的在於參與國際學術活動，促進學術交流，認識國際頂尖學者，並發表學術文章。在會議中，我們與各國學者進行國際學術交流，我們了解現今國際上各光電領域最新研究現況與趨勢，也在自己的光資訊科學領域上也獲得許多寶貴的經驗。
二、過程
SPIE(國際光學工程學會)每年固定舉辦之Optics + Photonics會議為一大型光電國際學術研討會議， 2014 SPIE Optics + Photonics 國際研討會，舉辦日期：17-21 August 2014，地點：San Diego Convention Center, San Diego, California (USA)。每年此時，全世界與光電科技相關領域的學術界與產業界的學者專家會聚一堂進行學術交流。
本次會議有四大次會議主題：Optical Engineering + Applications、NanoScience + Engineering、Organic Photonics + Electronics、Solar Energy + Technology。根據大會統計約有4200位學者參與，論文數約3100篇，、34場光電專業課程、及8.19~8.21有180家世界性光電大廠的展示會。
本次會議本人與中山大學材料光電系蘇威宏教授一同前往。本會議為暑假旅遊旺季期間，為配合會議日期，往返美國的機票不易訂購。為因應台灣至美國時差問題及開會準備工作，我們於台灣時間8.15早上9:00搭乘日本航空公司飛機經日本東京轉機，再由日本東京機場直接飛抵會議地點美國加州之聖地牙哥。我們於美國時間8.15中午時間抵達聖地牙哥，下午入住旅館。
8.16 調整時差並在旅館中準備會議資料。
8.17至San Diego SPIE 會場之會議中心報到，我們參加的會議主題屬於Optical Engineering + Applications，由 Prof. Yin 及 Prof. Guo 所負責規劃主持的 9200 Photonic Fiber and Crystal Devices: Advances in Materials and Innovations in Device Applications VIII會議。
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攝於聖地牙哥 會議中心 會場入口
上午Session I是由Prof. Guo 及Prof. Darwish 擔任會議主持人，Invited talk 是由Univ. of Maryland 的 Prof. Singh等人所發表的Design and performance of optical materials by manipulating nano and micromorphology。上午的研究課題主要在光纖、光子晶體與液晶相位技術的應用。
下午Session II是由Prof. Singh 及Prof. Banerjee 擔任會議主持人。研究課題主要在於 高分子奈米合成薄膜、光纖雷射、發光二極體(LED)的調製技術、全像(Holography)技術、光子晶體、非線性光學晶體的研究。會議中，Prof. Yin 提出一個利用雷射在基板產生奈米結構的方式來調整LED光譜的技術相當有趣，但是難度應該也不少。
8.18 早上參加蘇威宏教授與孫慶成教授主持的Session III，受邀論文有兩篇。第一篇是由台灣中央大學 Dr. Yu所報告的：Digital holographic microscope equipped with volume holographic optical element。他因為生活中的需求聯想，提出一個透過全像技術來實現小型攜帶式顯微系統的架構，除了學術價值之外，未來應該也希望朝向商品化的方向來推動。第二篇是由北京清華大學 Prof. Cao 所發表的 Three-dimensional display based on volume holographic kinoform in photopolymer。Prof. Cao 很有系統性地針對全像技術中的Kinoform 做了完整的研究，並開發相關的系統。他們也同時往上游進行光學高分子聚合物應用於全像技術的研究與製作。Prof. Cao 的研究成果令人驚豔，他表示會後他將直接至麻省理工學院(MIT)進行半年的學者訪問。這個場次的其他論文大多與光子晶體相關，主要是透過理論模擬。
中午會議休息時間，遇到 加拿大Univ. Laval的Prof. Yunlong Sheng，我與蘇威宏教授向 Prof. Sheng報告了我們將發表論文內容，Prof. Sheng給了我們在3D量測技術上很多寶貴的意見，並邀請我們有機會可以到Laval大學訪問。
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與Univ. Laval的Prof. Yunlong Sheng 於SPIE會議中心合照
8.18 下午的Session IV 由Porf. Yin 與Prof. Ruffin 所主持。會議論文大部分是討論supercontinuum的議題、liquid crystal photorefractive hybrids、在光折晶體LiNbO3中之相位移全像的Bragg及non-Bragg階數的問題
8.18 傍晚壁報時間，本人與中山大學材光系蘇威宏教授共同發表了壁報論文。論文題目：A scanning approach using fringe projection techniques for 3D profile measurements。本論文延續我們在3D形貌量測上的研究，我們透過一個簡單的光學條紋投影系統，並利用深度掃描方式，透過景深的特徵來進行 3D的形貌量測。在壁報報告過程中，透過報告與交流許多學者給予我們很多寶貴的建議。
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作者攝於壁報論文前
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左起：作者、Mrs. Kukhtarev、Prof. Kukhtarev，Pro. Sun，Prof. Guo.
8.18 壁報報告結束後，Prof. Yin邀請的 北京清華大學Prof. Cao師生等與我們一起餐敘。在餐敘中，我們交流了美國、中國大陸、及台灣的高等教育現況。中國大陸對高等教育的重視與對科學教育的科研經費支持令我們十分羨慕，但其仍有一些缺點值得我們留意。
8.19 除了會議之外開始有國際光電大廠的儀器設備展示，也有SPIE會場提供的書展等。國際頂尖的光電科技大廠展示其重要的產品，令人目不暇給。優質的儀器設備都是科技與藝術的結晶，可以看到其工藝技術的巧思，及對科技品質與美學的要求。
8.20 早上離開旅館，赴San Diego機場搭機返回台灣。8.21晚上23:00返抵高雄機場。
三、心得及建議
本次參加2014 SPIE Optics + Photonics 國際研討會，在此大型國際研討會中可以與各國的學者專家進行學術交流，大家共聚一堂的面對面學術討論交流有助於及時解惑與創新想法的溝通。學者可以透過彼此的溝通，一起腦力激盪也可以增加彼此情誼，藉由學術交流有助於培養國際學術友誼。
在此會議期間，除了聽取SPIE conference 9200的口頭報告的會議外，我們主要是發表壁報報告。在壁報報告時，因為大家都集中在一個大空間中，報告者張貼自己的論文壁報，所有參加研討會的學者專家都會聚在此壁報會場，透過論文壁報的閱讀與論文壁報作者當場進行即時互動的討論。在壁報論文期間，我特別觀察到中國大陸參加的學者與學生特別多，可見中國大陸教育與科研單位對高科技領域的重視，這特別值得我們省思。
個人對參加會議的建議：
1. 台灣很少有大型光電領域的綜合性的國際研討會，可以有計畫地與國際重要的學術組織合作，在國內的大型會議中心或是國際飯店辦理國際級的研討會。鼓勵國際知名學者到台灣訪問並邀請國際重要大廠至國內參展，讓我國的師生都可以參加國際型的研討會。
2. 每年SPIE 固定辦理的 Optics + Photonics 會議的規模非常之大，從不同的會議主題可以看出光電科技的宏偉外貌，對參與者有很大的幫助，應可以鼓勵學者學生積極參與。

3. 應積極鼓勵國內學者參加大型的國際會議，特別是年輕學者，可以儘量培養與建立國際學術交流的良好關係，有助於擴展學術視野。

4. 鼓勵學生參加國際會議，可以培養學生的國際視野與國際情誼。除了學術研討之外，可以鼓勵學生至商展會場參觀國際大廠的儀器設備展示，請學生以了解儀器設計製造的角度進行觀察，培養科學與工程的整合性知識，這將有助於學生日後的就業，也將對我國產業發展有所助益。
四、會議議程

議程全文請參考網址：http://spie.org/Documents/ConferencesExhibitions/OP14-final-L.pdf
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Optical model of reflection grating in collinear holographic storage system,
Yeh-Wei Yu, Ching-Cherng Sun, National Central Univ.

(Taiwan) [9200-22]

Three-

imensional display based on volume holographic kinoform in
photopolymer (Invited Paper), Zheng Wang, Chengmingyue Li, Liangcai Gao, Hao
Zhang, Qingsheng He, Guofan Jin, Tsinghua Univ. (China) ............ [9200-23]

Effective design of fiber optic polarimetric sensors and its application for
structural health monitoring, Muneesh Maheshwari, Swee Chuan Tjin, Anand K.
Asundi, Nanyang Technological Univ. (Singapore) . .................. [9200-24]

Photonic crystal based nano-displacement sensor, Ravindra K. Sinha, Preeti
Rani, Yogita Kalra, Venus Dillu, Delhi Technological Univ. (India). . ... ... [9200-25]

Fiber Bragg grating based humidity sensor with wide linear dynamic range,
Munendhar Pathi, Sunil K. Khijwania lIl, Indian Institute of Technology Guwahati

Indid). ..o [9200-26]
LunchBreak ........... ... ......... ... ... Mon 12:00 pm to 1:30 pm
SESSION4.......ioiiiiinians MON 1:30 PM TO 4:50 PM

Innovations in Devices and Applications II

Session Chairs: Paul B. Ruffin, U.S. Army Research, Development and
Engineering Command (USA); Shizhuo Yin, The Pennsylvania State Univ.
(USA)

2-10 pm supercontinuum broadening using a highly nonlinear chalcogenide
microfiber for mid-IR applications (invited Paper), Amira Baili, SUP'COM
(Tunisia); Than Singh Saini, Delhi Technological Univ. (India); Rim Cherif, Mourad
Zghal, SUP’COM (Tunisia); Ajeet Kumar, Ravindra K. Sinha, Delhi Technological
Unive ndia)i con s s mn s s s s SRR ST [9200-27]

Mid-infrared supercontinuum generation in chalcogenide step-index fibers
pumped at 2.9 and 4.5pm, Imis Kubat, Technical Univ. of Denmark (Denmark); Uffe
Maller, DTU Fotonik (Denmark); Angela B. Seddon, Zhuogi Tang, Slawomir Sujecki,
Trevor M. Benson, The Univ. of Nottingham (United Kingdom); Samir Lamrini,
Karsten Scholle, Peter Fuhrberg, LISA Laser Products (Germany); Bruce Napier,
Vivid Components Ltd. (Germany); Mark Farries, Gooch & Housego (Torquay) Ltd.
{United Kingdom); Jon D. Ward, Gooch & Housego plc (United Kingdom); Peter M.
Moselund, NKT Photonics A/S (Denmark); Ole Bang, DTU Fotonik

(Denmark) . . [9200-28]

Mid-IR supercontinuum generation and applications: a review, Shizhuo Yin,
The Pennsylvania State Univ. (USA); Paul B. Ruffin, Christina L. Brantley, Eugene
Edwards, U.S. Army Research, Development and Engineering Command (USA);
Claire Luo, General Opto Solutions, LLG(USA) ..................... [9200-29]

Enhanced gain in guest-host liquid crystal photorefractive hybrids, Carl M.
Liebig, Air Force Research Lab. (USA); Nelson V. Tabiryan, BEAM Engineering for
Advanced Measurements Co. (USA); Sergey A. Basun, Air Force Research Lab.
(USA) and Azimuth Corp. (USA); Ighodalo U. Idehenre, Air Force Research Lab.
{USA) and Univ. of Dayton (USA); Victor Y. Reshetnyak, National Taras Shevchenko
Univ. of Kyiv (Ukraine); Dean R. Evans, Air Force Research Lab. (USA). . . [9200-30]

The calculation of the coherence time of spectral supercontinuum at the

output of the fused silica with different parameters of the initial pulse, Maxim
Melnik, Anton Tsypkin, National Research Univ. of Information Technologies,
Mechanics and Optics (Russian Federation). . . . [9200-31]

Field induced dynamic optical waveguide switches, Yun-Ching Chang, Shizhuo
Yin, The Pennsylvania State Univ. (USA); Robert C. Hoffman, Andrew G. Mott, U.S.
Army ResearchLab. USA) .. ... i [9200-32]

Crystalline deposition of bi-alkali photocathode through molecular beam
epitaxy for fast-timing photodetectors, Jungi Xie, Argonne National Lab.
USA)Y e oo e [9200-33]

Phase-s| g holography using Bragg and non-Bragg orders in
photorefractive lithium niobate, Ujitha A. Abeywickrema, Partha P. Banerjee,
Univ. of Dayton (USA) . ... ... ... [9200-34]

POSTERS-MONDAY................. MON 5:30 PM TO 7:30 PM

Conference attendees are invited to attend the poster session on Monday
evening. Come view the posters, enjoy light refreshments, ask questions, and
network with colleagues in your field. Authors of poster papers will be present
to answer questions concerning their papers. Attendees are required to wear

their conference registration badges to the poster sessions. Poster authors,
view poster presentation guidelines at http://spie.org/x30293 xml.

Recent advance in application of acousto-optic tunable filters, Ruslan A.
Khansuvarov, Oleg V. Shakin, Sergey V. Kulakov, Vadim N. Prokashev, Maxim

|. Koloskov, Arseny Y. Zhdanov, St. Petersburg State Univ. of Aerospace
Instrumentation (Russian Federation) . ............................ [9200-14]

Self-tuning acousto-optic deflectors with acoustic line made of NaBi{MoO4)2
crystal, Ruslan A. Khansuvarov, Oleg V. Shakin, Sergey V. Kulakov, Arseny Y.
Zhdanov, St. Petersburg State Univ. of Aerospace Instrumentation (Russian
Federation) . ... ... ... . . [9200-35]

Enhanced stability of Bi-doped GesSbsTes amorphous films, Natalia Korobova,
National Research Univ. of Electronic Technology (Russian Federation); Sanjar
Dusembayev, Oleg Y. Prikhodko, Al-Farabi Kazakh National Univ. (Kazakhstan);
Sergey P. Timoshenkov, National Research Univ. of Electronic Technology (Russian
Federation); Konstantin D. Tsendin, loffe Physico-Technical Institute (Russian
Federation) . . T o . [9200-36]

Error angle determination of the star sensor with cooling, Natalia
Korobova, Pavel Razzhivalov, Viktor V. Kalugin, Sergey P. Timoshenkov, Eugeney
Artemov, National Research Univ. of Electronic Technology (Russian

Federation) . ... ... .. .. [9200-37]

Theoretical for astigmatism Fourier transform-based imaging processor,
Peipei Hou, Jianfeng Sun, Ya’nan Zhi, Liren Liu, Shanghai Institute of Optics and

Fine Mechanics (China). ....... ... .. ... . i [9200-38]
Quasiperiodic Bragg reflection waveguides, Volodymyr |. Fesenko, Institute of
Radio Astronomy (Ukraine) . .. .......... ... [9200-39]

Absorption characteristic and two-center holographic recording in
LiNbOz:Ce:Ru crystals, Zhifang Chai, East China Normal Univ. (China); Ya’'nan Zhi,
Shanghai Institute of Optics and Fine Mechanics (China); Lu Cui, East China Normal

Univ. (China) ... ... [9200-40]
OPV, Ming Seng Hsu, Jen Wei Huang, Feng Lin Shyu, Chinese Military Academy
(TAWANS: s o oy de aod oo o) Ao Gons wioe Wadd Gaoy Wons o woodd sy don [9200-41]
OPV Il, Jen Wei Huang, Ming Seng Hsu, Chinese Military Academy (Taiwan); Tzu
Chin Lin, National Sun Yat-Sen Univ. (Taiwan). . .................... [9200-42]
LED, Jen Wei Huang, Ming Seng Hsu, Yu Han Hung, Hsiao Fan Hsu, Chinese
Military Academy (Taiwan). . .. ...t [9200-43]

Optimized design of Yb3*/Er¥*-codoped cross-coupled integrated microring
resonator array, Ramona M. Galatus, Technical Univ. of Cluj Napoca (Romania);
Juan A. Valles, Univ. de Zaragoza (Spain). . . ....................... [9200-44]

Characterization of long period fiber grating as load sensing, Julian Méises M.
Estudillo-Ayala, Eduardo Huerta-Mascotte, Ruth |. Mata-Chavez, Ana D. Guzman-
Chavez, Daniel Jauregui-Vazquez, Juan M. Sierra-Hernandez, Everardo Vargas-

Rodriguez, Roberto Rojas-Laguna, Univ. de Guanajuato (Mexico) ... ... [9200-45]

Resonant tunneling in 2D-photonic superlattices, Fares Kanouni, Gir. de
Développement des Téchnologies Avancées (Algeria); Abderrehmane Brezini,
LAMIN Lab. {Algeria) and Ecole Nationale Polytechnique d’Oran (Algeria); Abdnacer
Assali, Ctr. de Développement des Téchnologies Avancées (Algeria) and UROP
(Algeria); Graine Radaoune, Arab Fahima, Ctr. de Développement des Téchnologies
BuancEes (AIOBNAY . s swn ss s s s sws e s we s e we g [9200-46]

Mechanically induced long period gratings in polarization maintaining
photonic crystal fiber with a supercontinuum generation source, Eduardo
Huerta-Mascotte, Ruth |. Mata-Chavez, Julian M. Estudillo-Ayala, Ana D. Guzman-
Chavez, Martin Cano-Contreras, Ménica Trejo-Duran, Roberto Rojas-Laguna,
Everardo Vargas-Rodriguez, Igor V. Guryev, Univ. de Guanajuato (Mexico)[9200-47]

Photoconductivity of ZnO based granular structures, Armen R. Poghosyan,
Natella R. Aghamalyan, Elbak Y. Elbakyan, Institute for Physical Research
(Armenia); Ruyan Guo, The Univ. of Texas at San Antonio (USA); Ruben K.
Hovsepyan, Silva |. Petrosyan, Institute for Physical Research (Armenia) . [9200-48]

Design of the binary-encoded fringe pattern for projected fringe profilometry,
Wei-Hung Su, National Sun Yat-Sen Univ. (Taiwan). ................. [9200-49]

Projected fringe profilometry for non-diffusive objects, Wei-Hung Su, National
Sun Yat-Sen Univ. (Taiwan) [9200-50]

3D shape measurements for plano-convex lenses using fringe projection
techniques, Wei-Hung Su, National Sun Yat-Sen Univ. (Taiwan); Chau-Jern Cheng,
National Taiwan Normal Univ. (Taiwan). . .......................... [9200-51]

A scanning approach using fringe projection techniques for 3D profile
measurements, Wei

Vibrometry analysis of electrooptical coupling near piezoelectric resonance,
Robert Mclntosh, Amar S. Bhalla, Ruyan Guo, The Univ. of Texas at San Antonio
WUSA)Y . e [9200-53]

Homodyne and heterodyne optical interferometry for frequency dependent
piezoelectric displacement measurement, Keith G. Delahoussaye, Amar S.
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ABSTRACT

In this paper, a scanning approach using fringe projection techniques to perform the 3D shape measurement for a
complicated object is proposed. A fringe pattern is projected onto the inspected object. A CCD camera observes the
projected fringes. The point of view of the CCD camera is the same as the projected fringes. Thus, shadowing caused by
tilted fringe projection can be eliminated. The depth-of-field of the camera lens is short enough that only fringes within
the focused area can be clearly observed. By moving the inspected object around the focused area along the depth
direction, a set of images, which addresses the contour of the object with its corresponding depth, is obtained.
Assembling the image contours with their corresponding depths, the 3D shape of the object is retrieved. Even though the
depth discontinuity on the inspected surface is pretty high, the proposed method can retrieve the 3D shape precisely.

Keywords: fringe projection, projected fringe profilometry, one-dimensional scanning, optical inspection

1. INTRODUCTION

3D sensing measurements using fringe projection schemes [1-5] are one of the well-known methods because of its non-
scanning and full-field nature. It uses a fringe pattern projected onto the inspected object and evaluates the phase
distribution from another viewpoint. The distorted fringes contain depth information and therefore are desirable to
retrieve the inspected shape.

To extract the phase of the projected fringes, the phase-shifting technique or Fourier transform method is a promising
solution. However, both approaches employ the arctangent of a quotient function to calculate the phase, resulting in the
distribution being wrapped modulo 27 Unwrapping is therefore required to produce a continuous phase distribution.

Several projection methods have been studied to overcome the unwrapping problems [6-13]. Unfortunately, when
objects of interested are too complicated, shadowing caused by tilted fringe projection occurs.

In this paper, a scanning approach to retrieve the 3D shape for surfaces with large depth discontinuities is proposed.
Shadowing caused by tilted fringe projection can be eliminated as well. A fringe pattern is projected onto the inspected
object. A CCD camera is used to observe the projected fringes at the same viewpoint. The depth-of-field of the camera
lens is so short that only the projected fringes located at the image-focused area can be clearly observed. Fringes outside
the image-focused area are blurred. Thus, the focused fringes address the contour of the object at a specific depth
position. By moving the inspected object around the focused area along the depth direction, a set of images, which
addresses the contour of the object by the focused fringes, is obtained. By assembling the image contours with their
corresponding depths, the 3D shape of the object is retrieved.
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2. PRINCIPLE

Figure 1 shows the system configuration, which are mainly composed of (1) a light source, (2) two collimated beams, (3)
a sinusoidal fringe pattern, (4) a projecting lens, (5) a beam splitter, and (6) a CCD camera. A halogen lamp is used as
the light source. A sinusoidal fringe pattern is illuminated by the light source and then projected onto an inspected object
by a projecting lens and a beam splitter. Fringes projected on the inspected object is observed by a CCD camera. The
depth-of-field of the camera lens is so short that only the projected fringes located at the image-focused area can be
clearly observed.

Movable
Stage

/&Object

‘ \

L m] BS
Light
Source plane- Fringe Nikon 60mm
convex lens Pattern /2.8D

Nikon

60mm

2.8D

CCD
Camera

Figure 1. Schematic setup of the scanning fringe projection.
The image of fringes projected to the tested surface obtained by the sensor array is described as

I(3.5)= afs. )+ b(s. oo 1) .

2
_EE

2
= a(x, y)+%b(x, y)ejTX +%b(x,y)e e

where a(x, ¥) is the background intensity, b(x, ¥) is the modulation amplitude, and d is the period of the projected fringes
obtained by the CCD camera.

The one-dimensional Fourier transform of Eq. (1) with respect x-axis is realized as
e 1
J{I(JCJ’)}:A(fﬂYFEB(ﬁ* =P B(f P J’) @
=B~ J’)

The fundamental component, 2 , can be carried out with a suitable band-pass filter.

The inverse Fourier transform of the fundamental component is expressed as,

(5.3)= G BU ) = 2 e ©)
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Amplitude distribution from Eq. (3) is then given by

blx,y)= 20| @
[Fringe contrast will be getting worse when out of focus. Thus, with a suitable threshold, the focused area could be picked
out.

3. EXPERIMENTS

A cubic object mounted on a translation stage was selected as an inspected sample. A sinusoidal pattern was illuminated
by a halogen lamp and then projected onto the samples. A CCD camera with 1024x1024 pixels at 8-bit pixel resolution
recorded the fringe distribution. The depth-of-field of the camera lens is so short that only the projected fringes located at
the image-focused area can be clearly observed. Outside the image-focused plane, the fringe contrast is getting worse.
Thus, the contour of the object is identified by means of the sharp fringes. By moving the translation stage around the

@) (b)

()
Figure 2. Appearance of the fringe contrast of the fringe pattern projected onto the inspected object. (a) at z = 0.0mm; the

bottom of the object is located at the focused planc. (b) at z = 2.5mm the focused planc is between the top and the
bottom of the object. (<) atz = 6.5mm; the top of the object is at the focused plane

image-focused area along the depth direction, a set of images is obtained. Figure 2 illustrates some examples of the
obtained images. As shown as Fig. 2(a), the bottom of the inspected object was located at the image-focused plane,
where the translation stage was located at z = 0.0mx. When this stage was shifted with a displacement of z = 3.0m, the
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focused plane is posited between the top and the bottom of the object, as shown as Fig. 2(b). Appearance of the top of the
object located at the focused plane is shown as Fig. 2(c), in which the translation stage was moved to z = 6.0mm.

With Eq. (5), amplitude of the fringes can be extracted. Compared with the image-focused area, the amplitude of the
misfocused fringes is getting worse. With a suitable threshold, this misfocused area could be filtered out.

A series of masks to dress the data points where the image-focused area is located is therefore constructed. By
assembling the available data points for each depth position, the profile of a 3D object is retrieved. Figure 3 shows the
retrieved profile.

Accuracy of the proposed projection is limited by the tolerance of the depth of the field. In our system, the depth-of-field
was approximately 600 micron meters. Its performance could be improved by replacing the image lens with a high NA
lens.

Figure 3. The retrieved profile.

Another object mounted on a translation stage was selected as the inspected sample. Figure 4 shows appearance of the
projected fringes at various depth positions.
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Figure 4. Appearance of the fringe contrast of the fringe pattern projected onto the inspected object: (a) at z= 0.0mm, where
the background is located at the focused plane, (b) at z = 3.0mm, where the focused plane is between the background
and the bottom of the object, (c) at z = 6.5mm, where the bottom of the object is at the focused plane, and (d) at z =
9.0mm, where the top of the object is at the focused plane

By a similar way, assembling the available data points for each depth position, the profile of a 3D object is retrieved.
Figure 5 shows the retrieved profile.

Figure 5. The retrieved profile.

4. CLCLUSION

A one-dimensional scanning method based on fiinge projection to describe the profile of the inspected object is
presented. Shadowing caused by tilted fringe projection can be eliminated. Even though a lot of depth discontinuities
appear on the obtained image, the proposed method describes the 3D profile very well. The overall hardware is simple,
robotic, and compact. Systematic accuracy is mainly limited by the depth-of-focus of image lens.
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