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 8759 2G In situ chatter suppression in milling machines using microphones [8759-12] 

  C.-C. Ho, J.-C. Hsu, C.-H. Lien, P.-Y. Hsieh, National Yunlin Univ. of Science and Technology 

(Taiwan, China) 

 

 8759 2H Measurement of flexible temperature-pressure distribution for robot sensing skin [8759-14] 

  Q. Yang, Y. Huang, S. Wu, W. Miao, X. Liu, Hefei Univ. of Technology (China) 

 

 8759 2I Iterative learning control for dual stroke actuator systems [8759-25] 

  X. Jiang, Y. Wang, X. Li, Y. Liu, X. Chen, Harbin Institute of Technology (China) 

 

 8759 2J Design of readout IC for photoelectron detector of short-wave high frequency IRFPA  

  [8759-28] 

  P. Wang, Shanghai Institute of Technical Physics (China) and Graduate School of Chinese 

Academy of Sciences (China); R. Ding, Shanghai Institute of Technical Physics (China);  

  G. Chen, Shanghai Institute of Technical Physics (China) and Graduate School of Chinese 

Academy of Sciences (China); H. Chen, Shanghai Institute of Technical Physics (China) 

 

 8759 2K Nonlinear feedback control of dual-stage actuator system [8759-31] 

  C. Liu, Y. Liu, X. Li, X. Chen, Harbin Institute of technology (China) 
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 8759 2L Delay error and compensation in measurement of micro-scale using aiming and triggering 

method [8759-51] 

  J. Cui, F. Yang, J. Tan, Harbin Institute of Technology (China) 

 

 8759 2M Characteristic evaluation and experimental analysis of the ultrahigh precision three-

dimensional scanning probe [8759-64] 

  S. Liu, China Jiliang Univ. (China) and National Institute of Metrology (China); Z. Xue, 

National Institute of Metrology (China); S. Ye, D. Hou, China Jiliang Univ. (China); H. Wang, 

National Institute of Metrology (China) 

 

 8759 2N Ultrasonic array imaging in nondestructive evaluation: total focusing method with using 

circular coherence factor (Invited Paper) [8759-67] 

  J. Zhang, B. W. Drinkwater, P. D. Wilcox, Univ. of Bristol (United Kingdom) 

 

 8759 2O An accelerometer sensor finite element analysis and design based on fiber Bragg grating 

[8759-77] 

  M. Yang, Q. Jiang, Shandong Univ. (China) 

 

 8759 2P Fiber optic accelerometer based on clamped beam [8759-82] 

  W. Zhang, F. Li, Institute of Semiconductors (China) 

 

 8759 2Q Designing a warning system of pipeline net based on detecting vibration [8759-94] 

  J. Sun, Beihang Univ. (China) and North China Institute of Aerospace Engineering (China); 

S. Fan, Beihang Univ. (China); G. Li, North China Institute of Aerospace Engineering (China) 

 

Part 2  

 
 8759 2R Influence of metal bonding layer on strain transfer performance of FBG [8759-117] 

  H. Liu, W. Chen, P. Zhang, L. Liu, Y. Shu, J. Wu, Chongqing Univ. (China) 

 

 8759 2S Research of capacitor transimpedance amplifier for infrared readout integrated circuit 

design with variable integration time [8759-122] 

  T.-P. Sun, Y.-C. Lu, H.-L. Shieh, M.-S. Yang, T.-H. Chen, National Chi Nan Univ. (Taiwan, 

China); S.-F. Tang, W.-J. Lin, Chung-Shan Institute of Science and Technology (Taiwan, 

China) 

 

 8759 2T Application of Kingview and PLC in friction durability test system [8759-141] 

  Y. Gao, J. Cui, K. Yang, H. Ke, B. Song, Jilin Univ. (China) 

 

 8759 2U Vehicle switch detection system based on Visual C++ [8759-152] 

  K. Yang, B. Song , Y. Gao, J. Gu, R. Zhou, Jilin Univ. (China) 

 

 8759 2V New Y-radiation screening procedures of infrared focal plane arrays (IR FPA) [8759-177] 

  H. Chen, L. Hao, Shanghai Institute of Technical Physics (China) and Graduate School of 

the Chinese Academy of Sciences (China); A. Huang, J. Lin, J. Zhang, Q. Feng, R. Ding, 

Shanghai Institute of Technical Physics (China) 

 

 8759 2W Two non-contact photoelectric angular position sensors for motion control applications 

[8759-194] 

  T. Xu, X. Chen, J. Bo, Navy Submarine Academy (China) 
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 8759 2X Weak feature extraction of gear fault based on stochastic resonance denoising [8759-199] 

  X. Lai, J. Zhao, M. Kong, T. Guo, China Jiliang Univ. (China) 

 

 8759 2Y Capacitive micromachined ultrasonic resonator for ultra-sensitive trace gas detection 

[8759-203] 

  L.-F. Ge, Anhui Univ. (China) 

 

 8759 2Z Compensation for positioning error of industrial robot for flexible vision measuring system 

[8759-205] 

  L. Guo, Beijing Aerospace Institute for Metrology & Measurement Technology (China) and 

Tianjin Univ. (China); Y. Liang, J. Song, Z. Sun, Beijing Aerospace Institute for Metrology & 

Measurement Technology (China); J. Zhu, Tianjin Univ. (China) 

 

 8759 30 The novel sliding mode speed control based on interior permanent magnet synchronous 

motor [8759-207] 

  J. Liu, L. Li, P. Du, Harbin Institute of Technology (China) 

 

 8759 31 Research on state monitoring system using the RS485 bus for hazmat transportation  

  [8759-225] 

  X. Zhang, J. Fu, M. Yu, N. Zhang, W. Mei, Chongqing Univ. (China) 

 

 8759 32 Active vibration isolation by adaptive proportional control [8759-233] 

  Y.-H. Liu, W.-H. Wu, C.-L. Chu, Southern Taiwan Univ. of Science & Technology (Taiwan, 

China) 

 

 8759 33 Pressure intelligent control strategy of Waste heat recovery system of converter vapors 

[8759-267] 

  X. Feng, Z. Wu, J. Zhang, H. Qian, Anhui Univ. (China) 

 

 8759 34 Measurement of micro gears with a touch-trigger probe [8759-277] 

  Y.-C. Liu, Metal Industries Research & Development Ctr. (Taiwan, China); K.-H. Chang, 

National Formosa Univ. (Taiwan, China); N.-C. An, S.-Z. Yan, H.-A. Tsai, Metal Industries 

Research & Development Ctr. (Taiwan, China) 

 

 8759 35 Design of a synchronization control system for lithography based on repetitive control 

method [8759-278] 

  Z. Hao, Harbin Institute of Technology (China); G. Peng, North China Electric Power Univ. 

(China); X. Li, X. Chen, Harbin Institute of Technology (China) 

 

 8759 36 2eVME VME64x slave module design [8759-282] 

  W. Du, C. Li, X. Chen, Y. Liu, Harbin Institute of Technology (China) 

 
 

 SESSION 6 OPTOELECTRONIC SYSTEM AND OPTICAL INSTRUMENTS DESIGN 

 
   

 8759 37 Effects of parameters of Bessel-Gaussian on the achievement of optical needle with 

longitudinal polarization [8759-1] 

  J. Lin, J. Guan, L. Ma, P. Jin, Harbin Institute of Technology (China); J. Lin, ZTE Corp. (China); 

J. Tan, Harbin Institute of Technology (China) 
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 8759 38 Annular flat-top laser beam generated by an adaptive weight FFT-based iterative 

algorithm [8759-6] 

  D. Wang, Harbin Institute of Technology (China); X. Liu, Shanghai Institute of Spaceflight 

Control Technology (China); H. Wang, National Lab. of Aerospace Intelligent Control 

(China); J. Zhang, L. Wu, Harbin Institute of Technology (China) 

 

 8759 39 Approximation of large radio telescope surface with measurement data of optic-

electronic stereoscopic system [8759-26] 

  K. G. Arakantsev, I. A. Konyakhin, St. Petersburg National Research Univ. of Information 

Technologies, Mechanics and Optics (Russian Federation) 

 

 8759 3A Radiation effect of aerodynamically heated optical dome on airborne infrared system 

[8759-32] 

  Z. Wang, H. Xiao, Z. Fan, C. Qian, C. Liu, Harbin Institute of Technology (China) 

 

 8759 3B Frequency stability of the 760nm DFB laser diodes for laser metrology [8759-37] 

  B. Mikel, Z. Buchta, J. Lazar, O. Číp, Institute of Scientific Instruments of the ASCR, v.v.i. 

(Czech Republic) 

 

 8759 3C Analysis and extraction of misalignment errors in a three-in-one composite wave-plate 

with an equivalent fast axis [8759-72] 

  H. Gu, S. Liu, X. Chen, C. Zhang, Huazhong Univ. of Science and Technology (China) 

 

 8759 3D Terahertz resonant transmission based on annular aperture arrays [8759-74] 

  Y. Zhang, Capital Normal Univ. (China) and Harbin Institute of Technology (China); D. Hu, 

Harbin Institute of Technology (China) 

 

 8759 3E Optic-electronic systems for measurement the three-dimension angular deformation of 

axles at the millimeter wave range radiotelescope (Invited Paper) [8759-84] 

  I. A. Konyakhin, T. V. Kopylova, A. I. Konyakhin, A. A. Smekhov, St. Petersburg National 

Research Univ. of Information Technologies, Mechanics and Optics (Russian Federation) 

 

 8759 3F Survey of illuminance distribution of vignetted image at autocollimation systems by 

computer simulation [8759-85] 

  A. Smekhov, I. A. Konyakhin, St. Petersburg National Research Univ. of Information 

Technologies, Mechanics and Optics (Russian Federation) 

 

 8759 3G A method of constructing motion-blurred image based on weighted accumulation of 

subimages [8759-116] 

  Y. Zhao, J. Liu, J. Tan, H. Zhang, Harbin Institute of Technology (China) 

 

 8759 3H Design and adjustment of a near-IR camera system [8759-165] 

  T. Liu, Changchun Institute of Optics, Fine Mechanics and Physics (China) and Graduate 

School of Chinese Academy of Sciences (China); J. Zhang, Changchun Institute of Optics, 

Fine Mechanics and Physics (China); Y. Li, Changchun Institute of Optics, Fine Mechanics 

and Physics (China) and Graduate School of Chinese Academy of Sciences (China) 

 

 8759 3I Design of infrared polarizer based on sub-wavelength metal wire grid [8759-169] 

  W. Guo, Z. Li, H. Gao, L. Xia, L. Shi, Q. Deng, Institute of Optics and Electronics (China);  

  C. Du, Chongqing Institute of Green and Intelligent Technology (China) 
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 8759 3J Micro-hole fabrication based on focus-shaped radially polarized beams [8759-209] 

  F. Du, Beijing Information Science and Technology Univ. (China); Z. Zhou, Beijing 

Information Science and Technology Univ. (China) and Science and Technology on 

Electro-Optical Information Security Control Lab. (China); X. Zhang, L. Zhu, Beijing 

Information Science and Technology Univ. (China) 

 

 8759 3K Development of a three dimensional scanning touch probe with high precision and low 

contact force [8759-244] 

  C.-L. Chu, J.-S. Ke, H.-C. Chen, Southern Taiwan Univ. of Science and Technology (Taiwan, 

China) 

 
 

 SESSION 7 LASER MEASUREMENT TECHNIQUES AND INSTRUMENTS 

 
   

 8759 3L Heterodyne planar grating encoder with high alignment tolerance, especially insensitivity 

to grating tilts (Invited Paper) [8759-5] 

  C. Feng, L. Zeng, S. Wang, Tsinghua Univ. (China) 

 

 8759 3M Recent developments in heterodyne laser interferometry at Harbin Institute of Technology 

(Invited Paper) [8759-50] 

  P. C. Hu, J. B. Tan, H. X. Yang, H. J. Fu, Q. Wang, Harbin Institute of Technology (China) 

 

 8759 3N A method for long absolute distance measurement based on high stability and 

synchronous multi-frequency [8759-65] 

  H. Yang, Z. Fan, Harbin Institute of Technology (China); Y.-W. Ma, Harbin Institute of 

Technology (China) and Beijing Institute of Space Long March Vehicle (China) 

 

 8759 3O Observations of the boundary layer structure, cloud and aerosol properties with portable 

Mie scattering lidar [8759-68] 

  Q. Yan, D. Hua, S. Li, Y. Wang, Z. Zhou, Xi'an Univ. of Technology (China) 

 

 8759 3P Dual-axes tri-differential confocal sensing technique with higher axial resolution and SNR 

[8759-79] 

  C. Liu, L. Qiu, Bejing Institute of Technology (China); Q. Jiang, Changcheng Institute of 

Metrology & Measurement (China); W. Zhao, Bejing Institute of Technology (China) 

 

 8759 3Q High speed 3D surface inspection with digital holography (Invited Paper) [8759-81] 

  A. Brunn, Interstaatliche Hochschule für Technik Buchs NTB (Switzerland); N. Aspert,  

  E. Cuche, Y. Emery, A. Ettemeyer, Lyncée Tec SA (Switzerland) 

 

 8759 3R Near infrared tunable diode laser absorption spectroscopy for ethylene concentration 

analysis [8759-86] 

  W. D. Pan, J. M. Dai, Y. F. Zhang, L. Zhang, Harbin Institute of Technology (China) 

 

 8759 3S Evaluation of spatial straightness error using LaserTRACER [8759-90] 

  M. He, X. Ye, J. Li, X. Gan, National Institute of Metrology (China) 

 

 8759 3T Reduce impact of the Talbot effect in laser parallel confocal measurement within LED 

[8759-95] 

  Q. Yu, R. Ye, W. Fan, Huaqiao Univ. (China) 
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 8759 3U High-precision gasket thickness measuring and classifying system based on line-structured 

light [8759-124] 

  Q. Wu, Huazhong Univ. of Science and Technology (China) and Hubei Univ. of Technology 

(China) and Key Lab. of Advanced Manufacture and Quality Engineering (China); T. He, 

Hubei Univ. of Technology (China) and Key Lab. of Advanced Manufacture and Quality 

Engineering (China); T. Shi, Huazhong Univ. of Science and Technology (China) 

 

 8759 3V Comparison of fringe imaging techniques using Mach-Zehnder and Fabry-Perot 

interferometer for molecular Doppler wind lidar [8759-134] 

  L. Tan, D. Hua, L. Wang, Y. Wang, Xi'an Univ. of Technology (China) 

 

 8759 3W Design of an optical ultrasonic signal testing system using LabVIEW [8759-137] 

  Y. Luo, S. Luo, F. Luo, M. Pan, X. Tan, National Univ. of Defense Technology (China) 

 

 8759 3X Diode lasers for interferometric length measurements (Invited Paper) [8759-192] 

  A. Abou-Zeid, Physikalisch-Technische Bundesanstalt (Germany) 

 

 8759 3Y Generation of cylindrical vector beams with a cat-eye cavity laser and a Mach-Zehnder 

interferometric arrangement [8759-213] 

  B. Xiao, Beijing Information Science and Technology Univ. (China); Z. Hu, Beihang Univ. 

(China); Z. Zhou, Beijing Information Science and Technology Univ. (China) and Science 

and Technology on Electro-Optical Information Security Control Lab. (China); S. Zhang, 

Tsinghua Univ. (China); J. Yang, Beihang Univ. (China); X. Wang, L. Zhu, Beijing Information 

Science and Technology Univ. (China) 

 

 8759 3Z Research and development of the laser tracker measurement system (Invited Paper) 

[8759-231] 

  Z. L. Zhang, W. H. Zhou, D. B. Lao, J. Yuan, D. F. Dong, R. Y. Ji, The Academy of Opto-

Electronics (China) 

 

 8759 40 Experimental validation of non-sphericity effect on monochromatic rainbow measurement 

[8759-236] 

  Q. Pan, Z. Zhang, Nanjing Univ. of Information Science and Technology (China) 

 

 8759 41 Design of digital Pound-Drever-Hall frequency stabilizing system for two-cavity dual-

frequency Nd:YAG laser [8759-240] 

  J. Xing, M. Jiao, Y. Zheng, L. Zheng, Xi'an Univ. of Technology (China) 

 

 8759 42 Frequency stabilization of internal-mirror He-Ne lasers by air cooling (Invited Paper)  

  [8759-269] 

  J. Qian, Z. Liu, C. Shi, X. Liu, J. Wang, C. Yin, S. Cai, National Institute of Metrology (China) 

 

 8759 43 Testing of the scale linearity of the corrected homodyne interferometer by the 

femtosecond comb and optical resonator [8759-300] 

  O. Číp, M. Čížek, Z. Buchta, B. Mikel, J. Lazar, R. Šmid, Institute of Scientific Instruments of the 

ASCR, v.v.i. (Czech Republic) 

 

 8759 44 Transformation mechanism of nonlinearity harmonics caused by laser polarization in the 

heterodyne laser interferometer [8759-52] 

  H. Fu, J. Tan, P. Hu, Z. Fan, Harbin Institute of Technology (China) 
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 SESSION 8 INSTRUMENT AND MEASUREMENT SYSTEM CALIBRATION 

 
   

 8759 45 Universal characterization method for 3D tactile probing systems (Invited Paper) [8759-2] 

  N. Ferreira, Physikalisch-Technische Bundesanstalt (Germany) and Technische Univ. 

Braunschweig (Germany); T. Krah, K. Kniel, Physikalisch-Technische Bundesanstalt 

(Germany); S. Büttgenbach, Technische Univ. Braunschweig (Germany); F. Härtig, 

Physikalisch-Technische Bundesanstalt (Germany) 

 

 8759 46 Particle filtering for sensor-to-sensor self-calibration and motion estimation [8759-15] 

  Y. Yang, Harbin Institute of Technology (China); J. Li, The Chinese People's Liberation Army 

(China)  

 

 8759 47 Calibration of magnetic gradient tensor measurement array in magnetic anomaly 

detection [8759-16] 

  J. Chen, Q. Zhang, M. Pan, F. Weng, D. Chen, H. Pang, National Univ. of Defense 

Technology (China) 

 

 8759 48 Research on self-calibration method for tri-axial magnetic compass [8759-17] 

  Z. Li, Guilin Univ. of Electronic Technology (China) and Xidian Univ. (China); X. Li, Xidian 

Univ. (China) 

 

 8759 49 Robust CMOS camera module lens calibration by support vector machine regression 

[8759-22] 

  C.-Y. Yang, G. E. Jan, Y.-Y. Chen, National Taipei Univ. (Taiwan, China) 

 

 8759 4A Error analysis and method of calibration for linear time grating displacement sensor  

  [8759-23] 

  Z. Gao, Chongqing Univ. of Technology (China) and Hefei Univ. of Technology (China);  

  F. Zheng, X. Chen, Z. Chen, D. Peng, Chongqing Univ. of Technology (China) 

 

 8759 4B Multi-wavelength emissivity measurement of stainless steel substrate [8759-87] 

  Y. F. Zhang, J. M. Dai, L. Zhang, W. D. Pan, Harbin Institute of Technology (China) 

 

 8759 4C Collaborated measurement of three-dimensional position and orientation errors of 

assembled miniature devices with two vision systems [8759-105] 

  X. Wang, W. Zhang, Y. Luo, Dalian Univ. of Technology (China); W. Yang, L. Chen, Aviation 

Industry Corp. of China (China) 

 

       8759 4D Portable calibration instrument of hemodialysis unit [8759-112] 

  L. Jin, D. Li, A. Chen, China Jiliang Univ. (China) 

 

 8759 4E Segmental calibration for commercial AFM in vertical direction [8759-151] 

  Y. Shi, S. Gao, M. Lu, W. Li, National Institute of Metrology (China); X. Xu, Hefei Univ. of 

Technology (China) 

 

 8759 4F Liquefied Natural Gas (LNG) dispenser verification device [8759-175] 

  M. Xiong, Xihua Univ. (China) and National Institute of Measurement and Testing 

Technology (China); J. Yang, P. Zhao, National Institute of Measurement and Testing 

Technology (China); B. Yu, W. Deng, Xihua Univ. (China) 
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 8759 4G Evaluation method of indoor GPS measurement network [8759-198] 

  Y. Li, Z. Zhou, L. Ma, Q. Li, Changcheng Institute of Metrology & Measurement (China) 

 

 8759 4H A method for calibrating micro-force of nanoindentation instrument using laser 

interferometer [8759-212] 

  D. Ren, Y. Wan, Z. Zhu, Q. Li, Changcheng Institute of Metrology & Measurement (China) 

 

 8759 4I Chromatic confocal surface profilometry employing signal recovering methodology for 

simultaneously resolving lateral and axial cross talk problems (Invited Paper) [8759-214] 

  L.-C. Chen, National Taiwan Univ. (Taiwan, China) and National Taipei Univ. of Technology 

(Taiwan, China); T.-Y. Lin, Y.-W. Chang, S.-T. Lin, National Taipei Univ. of Technology 

(Taiwan, China) 

 

 8759 4J Calibration of transformation matrix in object body coordinate and camera coordinate 

[8759-242] 

  J. Song, Z. Sun, L. Guo, D. Wang, Beijing Aerospace Institute for Metrology & Measurement 

Technology (China) 

 

 8759 4K Error of Archimedes spiral when applied in linearity compensation [8759-255] 

  K. Liu, X. Chen, J. Song, Y. Liang, Beijing Aerospace Institute for Metrology & Measurement 

Technology (China) 

 

 8759 4L Converting the infrared thermal image into temperature field for detection the defects 

inside materials [8759-261] 

  T. Y.-F. Chen, M.-H. Kuo, National Cheng Kung Univ. (Taiwan, China) 

 

 8759 4M Experimental study on the absolute measurement of spherical surface with high accuracy 

(Invited Paper) [8759-264] 

  X. Hou, Institute of Optics and Electronics (China); W. Song, Institute of Optics and 

Electronics (China) and Graduate School of the Chinese Academy of Sciences (China);  

  F. Wu, L. Lu, Institute of Optics and Electronics (China) 

 

 8759 4N Evaluation of vibration transducer resolution by using intrinsic microseism [8759-265] 

  C. Cai, National Institute of Metrology (China); J. Xu, Beijing Institute of Architecture Design 

(China); J. Li, National Institute of Metrology (China) 

 

 8759 4O Design of the automatic motor Ke measurement system using the system on programming 

chip [8759-276] 

  S.-C. Yen, Metal Industries Research & Development Ctr. (Taiwan, China); K.-H. Chang, 

National Formosa Univ. (Taiwan, China); Y.-C. Liu, N.-C. An, H.-A. Tsai, Metal Industries 

Research & Development Ctr. (Taiwan, China) 

 

 8759 4P Calibration of sensor system used in ultra-precision form measuring instrument [8759-283] 

  J. Z. Huang, T. Sun, B. M. Hu, W. Gu, L. L. Zhang, Harbin Institute of Technology (China) 

 

 

 SESSION 9 MEMS AND NANOMETER MEASUREMENT 

 
   

 8759 4Q Fabrication of diffraction gratings for surface encoders by using a Lloyd’s mirror 

interferometer with a 405nm laser diode [8759-41] 

  X. Li, Y. Shimizu, S. Ito, W. Gao, Tohoku Univ. (Japan); L. Zeng, Tsinghua Univ. (China) 
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 8759 4R High optical transparent and wireless communication band-pass filtering window [8759-45] 

  Y. Liu, Y. Han, M. Yuan, J. Ma, Harbin Institute of Technology (China) 

 

 8759 4S Characterization of nanoline based on SEM images [8759-49] 

  C. Wang, Xi'an Jiaotong Univ. (China) and Tianjin Univ. & Tsinghua Univ. (China); S. Yang, 

Xi'an Jiaotong Univ. (China) and Huazhong Univ. of Science and Technology (China);  

  Q. Lin, Z. Jiang, Xi'an Jiaotong Univ. (China) 

 

 8759 4T Large step structure measurement by using white light interferometry based on adaptive 

scanning [8759-110] 

  Y. Bian, Tianjin Univ. of Technology and Education (China); T. Guo, F. Li, S. Wang, X. Fu,  

  X. Hu, Tianjin Univ. (China) 

 

 8759 4U Microscopic fringe projection system and measuring method [8759-111] 

  J. Chen, T. Guo, L. Wang, Z. Wu, X. Fu, X. Hu, Tianjin Univ. (China) 

 

 8759 4V Dynamic analysis of mechanical model for three-dimensional resonant trigger probe and 

experiment [8759-123] 

  H.-J. Yu, Q.-X. Huang, Z.-B. Li, M.-C. Wang, J.-P. Wei, Hefei Univ. of Technology (China) 

 

 8759 4W Experimental study on fabricating micro monolithic tungsten probing ball for micro-CMM 

[8759-130] 

  Z.-W. Wang, Hefei Univ. of Technology (China); K.-C. Fan, Hefei Univ. of Technology (China) 

and National Taiwan Univ. (Taiwan, China); R.-J. Li, W. Gong, Hefei Univ. of Technology 

(China) 

 

 8759 4X Methodologies for measuring residual stress distributions in epitaxial thin films [8759-146] 

  M. Liu, H. H. Ruan, L. C. Zhang, The Univ. of New South Wales (Australia) 

 

 8759 4Y Long range metrological atomic force microscope with versatile measuring head  

  [8759-157] 

  M. Lu, S. Gao, Q. Li, W. Li, Y. Shi, X. Tao, National Institute of Metrology (China) 

 

 8759 4Z Analysis and design optimization of ironless linear permanent magnet synchronous motors 

with non-overlapping concentrated windings for ultra-precision positioning system  

  [8759-160] 

  L. Li, Y. Tang, J. Liu, Q. Chen, Harbin Institute of Technology (China) 

 

 8759 50 Error analysis and correction of grating interference displacement measurement system 

[8759-162] 

  M. Jiang, X. Lu, X. Wang, X. Xu, Zhejiang Normal Univ. (China) 

 

 8759 51 Character measurement and analyzing of micro optical lenses array fabricated by UV-

imprint [8759-224] 

  N. Liu, P. Jin, J. Tan, Harbin Institute of Technology (China) 

 

 8759 52 High-temperature SOI pressure sensors on the base of the MEMS micromachining 

technology [8759-252] 

  L. V. Sokolov, Scientific Research Institute of Aircraft Equipment (Russian Federation) 
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 SESSION 10 ACCURACY THEORY AND UNCERTAINTY ANALYSIS 

 
   

 8759 53 Development and calibration of a 3-PSS parallel CMM [8759-42] 

  J. Wang, P. Hu, S. Li, X. Bao, Hefei Univ. of Technology (China) 

 

 8759 54 Reduction of measurement errors with two-channel configuration in the Mueller matrix 

ellipsometer [8759-73] 

  W. Li, S. Liu, C. Zhang, X. Chen, Huazhong Univ. of Science and Technology (China) 

 

 8759 55 Lidar echo characteristics analysis for stepped terrain [8759-106] 

  Y. Jia, X. Zhang, Beijing Information Science and Technology Univ. (China); Y. Lv, Beijing 

Information Science and Technology Univ. (China) and Science and Technology on 

Electro-Optical Information Security Control Lab. (China); X. Lang, Beijing Information 

Science and Technology Univ. (China) 

 8759 56 Thermal influence on precise gear transmission [8759-171] 

  Y. Zhang, Y. Fei, E. Miao, Hefei Univ. of Technology (China); X. Zhang, Harbin Institute of 
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Plenary Presentations Abstracts 

 

Challenges in dimensional metrology resulting from possible further development of 

the International System of Units (SI) 

Harald Bosse 

Head of Division 5 "Precision Engineering" 

Division 5 Precision Engineering 

Physikalisch-Technische Bundesanstalt, Braunschweig, Germany 

Email: harald.bosse@ptb.de 

 

Reliable and comparable dimensional measurements have been of great importance for the 

functioning of societies and the quality of manufacturing goods from the very beginning in ancient 

cultures until the globally networked economy of today. A necessary prerequisite of a globally 

accepted system of units was laid down with the Convention of the Metre, an international treaty 

which was signed in Paris in 1875 by representatives of 17 nations. Twelve years later, in 1887, the first 

national metrology institute worldwide was founded in Berlin, the so-called PTR, and predecessor of 

the PTB. 

This 125th anniversary will be taken as an opportunity to discuss in this contribution some examples of 

the relation between precise measurements and the progress of science. In particular the 

contributions of and the remaining challenges for dimensional metrology to support a further 

development of the International System of Units (SI), possibly redefined in terms of invariants of 

nature will be addressed. 

 

Precision interferometric measurements in non-ideal environments 

James Wyant 

Dean, College of Optical Sciences 

College of Optical Sciences 

University of Arizona, Tucson, AZ USA 

Email: jcwyant@optics.arizona.edu 

 

Precision optical components are essential for modern optics/photonics systems. Modern 

electronics, computers, and software have made it possible to greatly improve the fabrication and 

testing of optical components and optical systems and the resulting improvements in the new 

optical instruments and devices we use are evident. Once the data obtained testing an optical 

system is in the computer it is possible to do sophisticated computer analysis to determine what is 

wrong with the optical system and what needs to be done to correct the system, and how well the 

system will perform if it is not improved. It is now practical to test optical systems much better than 
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the reference optics used in the optical test setup. Until recently, a major limitation of interferometry 

for precision metrology was the sensitivity to the environment. In recent years many techniques for 

performing high quality interferometric measurements in non-ideal environments have been 

developed and new techniques are being introduced all the time. This talk discusses some of the 

different techniques for reducing the effects of vibration and atmospheric turbulence on 

interferometric measurements. The application of these techniques for the measurement of surface 

vibration, the testing of optical components including large astronomical optics, the phasing of 

segmented optical components, and the measurement of deformations of diffuse structures will be 

described. 

 

Some critical factors easy to be overlooked in precision  

instrumentation and characterisation 

Liangchi Zhang 

Fellow of the Australian Academy of Technological Sciences and Engineering 

School of Mechanical and Manufacturing Engineering 

The University of New South Wales NSW 2052, Australia 

Email: Liangchi.Zhang@unsw.edu.au 

 

With the advance in precision engineering and nanoscience and nanotechnology, the requirement 

on the accuracy and reliability of characterisation and measurement means and devices have 

become more stringent. This has posed new challenges in the further development of metrology 

theories and techniques, of which the majority is interdisciplinary. This presentation will not discuss 

anything in a traditional way of precision metrology research, but raise some open questions from a 

different angle to emphasise the importance of interdisciplinary considerations in the design and 

application of a piece of ultra-precision instrument. The presentation will use the characterisation of 

a nano-indentation/nano-probing system as an example to discuss some critical factors that govern 

the accuracy and reliability of the results but are easily to be overlooked in the measurement 

practice in a research laboratory. 

 

Calibration for surface topography measurement: How close are we?  

Richard Leach 

Principal Research Scientist 

Engineering Measurement Division 

National Physical Laboratory, Teddington, UK 

Email: richard.leach@npl.co.uk 

 

The function of a component part can be profoundly affected by its surface topography. There are 

many examples in nature of surfaces that have a well-controlled topography to affect their function. 

Examples include the hydrophobic effect of the lotus leaf, the reduction of fluid drag due to the 
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riblet structure of shark skin, the directional adhesion of the gecko foot and the angular sensitivity of 

the multi-faceted fly eye. Surface structuring is also being used extensively in modern manufacturing 

industry. In this way many properties can be altered, for example optical, tribological, biological 

and fluidic.  

The measurement of surfaces has been carried out for over 100 years using a stylus instrument to 

trace a profile across the surface. Whereas a profile measurement may allow the investigation of 

process changes during manufacture, to gain an understanding of the functional nature of a 

structured surface, an areal measurement is usually required. For areal surface topography 

measurement a range of instruments, both tactile and optical, has been developed. However, a 

traceability infrastructure for areal surface topography measurements is not yet in place. This paper 

will discuss the philosophy behind such a traceability infrastructure and will describe the latest 

developments at the National Physical Laboratory, UK to develop primary instrumentation and 

calibration artefacts. The concept of a surface will be addressed from first principles and novel 

approaches to remove common systematic errors when using areal surface topography measuring 

instrumentation will be presented. 

 

State of the art and challenges of tactile micro coordinate metrology 

Dr. Rudolf Thalmann 

Federal Office of Metrology METAS, Bern-Wabern, Switzerland 

Email rudolf.thalmann@metas.ch 

 

Miniaturization in modern industrial products leads to larger functionality in a smaller volume. Today, 

small components with complex geometry are found in a variety of products in different sectors, e.g. 

in micro-sensors or injection systems for the automotive industry, in small gears for drug delivery in 

medical applications, or in components for the next generation RF technology. These micro parts 

have feature sizes in the meso scale, i.e. in the sub-millimetre to micrometre range, and are difficult 

to measure by means of classical dimensional metrology and often too complex and too large for 

microscopic techniques. 

The challenges for the measurement of microparts are the small structure size, the complexity of the 

geometrical features, the sensibility of the surfaces, and the requirements for traceability and 

reduced uncertainty. In the recent years, several micro coordinate measuring machines with 

innovative probe designs were developed in research laboratories and in industry.  

The paper will give an overview on state of the art machine and probe developments in Europe. The 

accuracy limitations for the geometrical errors of the axes, the probe head as well as for the probing 

element will be outlined. It will be shown, that tactile probes are the ultimate reference for 

geometrical measurements of micro components, since they can give a complete 3D picture of 

even complex objects and are unsurpassed in terms of accuracy, whereas optical sensors are often 

preferred for their fast and non contact measurement capability without risk to mechanically 

damage the surface. By means of exemplary applications and comparison results, the achieved 

performance will be illustrated and the challenges for further research are addressed. 
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High-accuracy self-correction of air refractive index variation using 

wavelength-stabilized combs 

 

Kaoru Minoshima 

National Metrology Institute of Japan (NMIJ), National Institute of Advanced 

Industrial Science and Technology (AIST), 1-1-1 Umezono, Tsukuba, Ibaraki 305-8563, 

Japan 

 

We developed a wavelength-stabilized optical frequency comb using a pulse-to-pulse 

interferometer for high-accuracy self-correction of the air refractive index by two-color method. 

Two-color combs were generated with fundamental and second harmonic generation (SHG) of an 

Er-doped mode-locked fiber laser. The fundamental interference signal was stabilized by feedback 

control of the comb frequency and so that environmental variation in air refractive index was 

cancelled. Therefore all the wavelengths in air of the comb modes were stabilized accordingly if the 

dispersion of the air refractive index is negligible (wavelength-stabilized comb). In this case, we can 

precisely and directly measure the effect of dispersion, and then two-color optical path-length 

difference was measured with a stability of 10-10 for 1000 s for the path length 5.6m. In long-term 

measurements for 10h, experimental and calculated results were highly consistent with an accuracy 

of 10-10. The measured optical distances of two-color difference and the one-color were applied to 

the two color method; high-accuracy self-correction of the air refractive index fluctuation was 

performed with an uncertainty of 5×10-8 for 10-h. In this method, the correction can be realized 

without additional precise measurements of the environmental parameters, therefore the method is 

attractive to various practical applications. 
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Introduction 

 
The International Symposium on Precision Engineering Measurements and 

Instrumentation (ISPEMI) is an international symposium held every other year in 

different cities of China with English as its working language. It originated from the 

International Symposium on Instrumentation Science and Technology (ISIST), 

which has been held for a total of 5 sessions. ISIST 1999, the first session, was held in 

Luoyang, Henan Province, ISIST 2002, the second session, in Jinan, Shandong 

Province, ISIST 2004, the third session, in Xi’an, Shanxi Province, ISIST 2006, the 

fourth session, in Harbin, Heilongjiang Province, and ISIST 2008, the fifth session, in 

Shenyang, Liaoning Province. In order to efficiently use the resources available to 

run one important international symposium, the International Symposium on 

Instrumentation Science and Technology (ISIST) and International Symposium 

precision mechanical measurements (ISPMM) merged in 2010 into ISPEMI as 

suggested by National Natural Science Foundation of China (NSFC), Chinese 

Society for Measurements (CSM), and China Instrument and Control Society (CIS). 

The emerging of ISIST and ISPMM, and the use of ISPEMI means the establishment 

of a more efficient platform for academic exchange amongst well-

accomplished scientists and postgraduates both inside and outside China in 

order to facilitate in-depth discussion and cooperation in the field of precision 

engineering measurements and instrumentation. 

 

ISPEMI 2012, the 8th ISPEMI, was held August 8-11, 2012, in Chengdu, Sichuan 

Province. The theme of ISPEMI 2012 is “metrology by quantum, measurement of 

extremity, innovative instrument and precision engineering”. We want to make 

this meeting an international technical forum for scientists, researchers and 

students working in the field of precision engineering measurements, and 

instrumentation inside and outside of China to present their work and to broaded 

their knowledge on recent advances in this particular field.  

 

More than 240 delegates attended the meeting. Plenary speakers from the U.S., 

Germany, U.K., Russia, Switzerland, Japan, Australia and China made excellent 

presentations on their work. A wide range of subjects were covered during session 

discussions. From the 380 manuscripts received, we accepted only 230 papers for 

oral and poster presentation at the meeting. After the meeting, we worked 

further with the authors to make sure the 189 papers included in the proceedings 

of ISPEMI 2012 are good in both technical quality and English.  

 

While the proceedings of ISPEMI 2012 are now ready for distribution to the 

authors, we would like to thank National Natural Science Foundation of China 

(NSFC), International Committee on Measurements and Instrumentation (ICMI), 

Chinese Society for Measurement (CSM), China Instrument and Control Society 

(CIS), Harbin Institute of Technology (HIT), SPIE, Institute of Optics and Electronics 

under Chinese Academy of Sciences, Beijing Information Science and 
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Technology University, and Hefei University of Technology for their funds and 

assistance provided. Our thanks go to the procedure and organizing committee 

members, especially honorary chairman, cochairmen, and plenary speakers, 

Prof. Jie Gao, Prof. Wenhan Jiang, Prof. Abou-Zeid, Prof. Dr. Harald Bosse, Prof. 

Gao Wei, Prof. James Wyant, Prof. Liangchi Zhang, Prof. Tony Wilison, Prof. Richard 

Leach, Dr. Rudolf Thalmann and Prof. Kaoru Minoshima for their efforts in making 

the meeting fruitful and successful. Finally, our special thanks go to SPIE for its 

efforts to enable us to do all these thing so well. 

 

 

Jiubin Tan 
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Plenary Presentations Abstracts 

 

Challenges in dimensional metrology resulting from possible further development of 

the International System of Units (SI) 

Harald Bosse 

Head of Division 5 "Precision Engineering" 

Division 5 Precision Engineering 

Physikalisch-Technische Bundesanstalt, Braunschweig, Germany 

Email: harald.bosse@ptb.de 

 

Reliable and comparable dimensional measurements have been of great importance for the 

functioning of societies and the quality of manufacturing goods from the very beginning in ancient 

cultures until the globally networked economy of today. A necessary prerequisite of a globally 

accepted system of units was laid down with the Convention of the Metre, an international treaty 

which was signed in Paris in 1875 by representatives of 17 nations. Twelve years later, in 1887, the first 

national metrology institute worldwide was founded in Berlin, the so-called PTR, and predecessor of 

the PTB. 

This 125th anniversary will be taken as an opportunity to discuss in this contribution some examples of 

the relation between precise measurements and the progress of science. In particular the 

contributions of and the remaining challenges for dimensional metrology to support a further 

development of the International System of Units (SI), possibly redefined in terms of invariants of 

nature will be addressed. 

 

Precision interferometric measurements in non-ideal environments 

James Wyant 

Dean, College of Optical Sciences 

College of Optical Sciences 

University of Arizona, Tucson, AZ USA 

Email: jcwyant@optics.arizona.edu 

 

Precision optical components are essential for modern optics/photonics systems. Modern 

electronics, computers, and software have made it possible to greatly improve the fabrication and 

testing of optical components and optical systems and the resulting improvements in the new 

optical instruments and devices we use are evident. Once the data obtained testing an optical 

system is in the computer it is possible to do sophisticated computer analysis to determine what is 

wrong with the optical system and what needs to be done to correct the system, and how well the 

system will perform if it is not improved. It is now practical to test optical systems much better than 
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the reference optics used in the optical test setup. Until recently, a major limitation of interferometry 

for precision metrology was the sensitivity to the environment. In recent years many techniques for 

performing high quality interferometric measurements in non-ideal environments have been 

developed and new techniques are being introduced all the time. This talk discusses some of the 

different techniques for reducing the effects of vibration and atmospheric turbulence on 

interferometric measurements. The application of these techniques for the measurement of surface 

vibration, the testing of optical components including large astronomical optics, the phasing of 

segmented optical components, and the measurement of deformations of diffuse structures will be 

described. 

 

Some critical factors easy to be overlooked in precision  

instrumentation and characterisation 

Liangchi Zhang 

Fellow of the Australian Academy of Technological Sciences and Engineering 

School of Mechanical and Manufacturing Engineering 

The University of New South Wales NSW 2052, Australia 

Email: Liangchi.Zhang@unsw.edu.au 

 

With the advance in precision engineering and nanoscience and nanotechnology, the requirement 

on the accuracy and reliability of characterisation and measurement means and devices have 

become more stringent. This has posed new challenges in the further development of metrology 

theories and techniques, of which the majority is interdisciplinary. This presentation will not discuss 

anything in a traditional way of precision metrology research, but raise some open questions from a 

different angle to emphasise the importance of interdisciplinary considerations in the design and 

application of a piece of ultra-precision instrument. The presentation will use the characterisation of 

a nano-indentation/nano-probing system as an example to discuss some critical factors that govern 

the accuracy and reliability of the results but are easily to be overlooked in the measurement 

practice in a research laboratory. 

 

Calibration for surface topography measurement: How close are we?  

Richard Leach 

Principal Research Scientist 

Engineering Measurement Division 

National Physical Laboratory, Teddington, UK 

Email: richard.leach@npl.co.uk 

 

The function of a component part can be profoundly affected by its surface topography. There are 

many examples in nature of surfaces that have a well-controlled topography to affect their function. 

Examples include the hydrophobic effect of the lotus leaf, the reduction of fluid drag due to the 
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riblet structure of shark skin, the directional adhesion of the gecko foot and the angular sensitivity of 

the multi-faceted fly eye. Surface structuring is also being used extensively in modern manufacturing 

industry. In this way many properties can be altered, for example optical, tribological, biological 

and fluidic.  

The measurement of surfaces has been carried out for over 100 years using a stylus instrument to 

trace a profile across the surface. Whereas a profile measurement may allow the investigation of 

process changes during manufacture, to gain an understanding of the functional nature of a 

structured surface, an areal measurement is usually required. For areal surface topography 

measurement a range of instruments, both tactile and optical, has been developed. However, a 

traceability infrastructure for areal surface topography measurements is not yet in place. This paper 

will discuss the philosophy behind such a traceability infrastructure and will describe the latest 

developments at the National Physical Laboratory, UK to develop primary instrumentation and 

calibration artefacts. The concept of a surface will be addressed from first principles and novel 

approaches to remove common systematic errors when using areal surface topography measuring 

instrumentation will be presented. 

 

State of the art and challenges of tactile micro coordinate metrology 

Dr. Rudolf Thalmann 

Federal Office of Metrology METAS, Bern-Wabern, Switzerland 

Email rudolf.thalmann@metas.ch 

 

Miniaturization in modern industrial products leads to larger functionality in a smaller volume. Today, 

small components with complex geometry are found in a variety of products in different sectors, e.g. 

in micro-sensors or injection systems for the automotive industry, in small gears for drug delivery in 

medical applications, or in components for the next generation RF technology. These micro parts 

have feature sizes in the meso scale, i.e. in the sub-millimetre to micrometre range, and are difficult 

to measure by means of classical dimensional metrology and often too complex and too large for 

microscopic techniques. 

The challenges for the measurement of microparts are the small structure size, the complexity of the 

geometrical features, the sensibility of the surfaces, and the requirements for traceability and 

reduced uncertainty. In the recent years, several micro coordinate measuring machines with 

innovative probe designs were developed in research laboratories and in industry.  

The paper will give an overview on state of the art machine and probe developments in Europe. The 

accuracy limitations for the geometrical errors of the axes, the probe head as well as for the probing 

element will be outlined. It will be shown, that tactile probes are the ultimate reference for 

geometrical measurements of micro components, since they can give a complete 3D picture of 

even complex objects and are unsurpassed in terms of accuracy, whereas optical sensors are often 

preferred for their fast and non contact measurement capability without risk to mechanically 

damage the surface. By means of exemplary applications and comparison results, the achieved 

performance will be illustrated and the challenges for further research are addressed. 
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High-accuracy self-correction of air refractive index variation using 

wavelength-stabilized combs 

 

Kaoru Minoshima 

National Metrology Institute of Japan (NMIJ), National Institute of Advanced 

Industrial Science and Technology (AIST), 1-1-1 Umezono, Tsukuba, Ibaraki 305-8563, 

Japan 

 

We developed a wavelength-stabilized optical frequency comb using a pulse-to-pulse 

interferometer for high-accuracy self-correction of the air refractive index by two-color method. 

Two-color combs were generated with fundamental and second harmonic generation (SHG) of an 

Er-doped mode-locked fiber laser. The fundamental interference signal was stabilized by feedback 

control of the comb frequency and so that environmental variation in air refractive index was 

cancelled. Therefore all the wavelengths in air of the comb modes were stabilized accordingly if the 

dispersion of the air refractive index is negligible (wavelength-stabilized comb). In this case, we can 

precisely and directly measure the effect of dispersion, and then two-color optical path-length 

difference was measured with a stability of 10-10 for 1000 s for the path length 5.6m. In long-term 

measurements for 10h, experimental and calculated results were highly consistent with an accuracy 

of 10-10. The measured optical distances of two-color difference and the one-color were applied to 

the two color method; high-accuracy self-correction of the air refractive index fluctuation was 

performed with an uncertainty of 5×10-8 for 10-h. In this method, the correction can be realized 

without additional precise measurements of the environmental parameters, therefore the method is 

attractive to various practical applications. 
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