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3-D Surface Quality Evaluation Based on Graphics Processing Unit
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Abstract

Aimed at achieving real-time evaluation on 3-D surface which is difficult due to the large number of
surface information and high computational complexity, a GPU-based fast evaluation method was
investigated. Rapid surface quality evaluation was realized by the GPU-based fast evaluation method
developed by CUDA. The experimental results indicate that the method can significantly improve the

calculation efficiency while ensuring the accuracy. It can meet the requirements of online assessment on

3-D surface quality.
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Fig.1 Flowchart of 3-D surface quality evaluation
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Fig.2  Algorithm flow of surface quality evaluation

based on GPU
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Fig.3 Discrete data of surface topography and results comparison after Gaussian filtration
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Tab.1 Evaluation parameters of 2-D and 3-D surface

pm

ESH AATME  mAEE WUrReE TR
= 0.063 58 0.850 99 0.081 54 0.81549

1 0. 048 56 0. 300 92 0.062 24 0.289 81

2 0.058 79 0.384 86 0.075 04 0.32721

4 3 0.052 38 0. 395 86 0.070 68 0.366 55
4 0.045 59 0. 305 89 0.056 23 0.279 44

5 0.057 95 0.33479 0.070 46 0.310 03

M AT LA 40 2 i A 2 2 R RS S
PEE I HURE S R 3 T Y JR TR A R L T = 4R W E
D) B LA e A TR R A 2R T 1) T SRR AE

4 HERIE

AR T e R IE ST E , = 48R HIE T E
RE A% i iR BE 22 1 R T AR AE , O RE B (R b X TR
TP RRAE AT F R o HJ& = e A I A
A CAE R R BB A, 5 A 38 T S8 M 22K 1Y)
FRIETEAM 5 RS, & —F R GPU X =4k &
T 5Tt AT VP B IR AT SR, R B T R R R
N 28 8 Y Jo i Ve AR 2 e S g S LG a3
UEBIZ 5 B A AR IE V5 A B 1) TRl B KR 2 1 s 55
HE AT DA T = 4R ME S P .
(T#H%E 229 W)



5 330 DAL S KBS SRR PR T2 M 5%k 229

5 WK, UYL R ETESZ SRUE BRI EBUE R AR T]. R4 ,2009,40(12) : 247 ~250.
Hu Zhiqing, Li Mingzhe, Sui Zhen. Spinning technology based on principle of continuous multipoint forming [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2009, 40(12) : 247 ~250. (in Chinese)

6 BRI, KGR, WM. Ba el FRBIIE LZ BUEREMIL)]. #ImL1Z,2007, 36(1):79 ~81.
Chen Fanglei, Zhang Zhimin, Cao Yaqiang. Forming process and numerical simulation of magnesia alloy auto hub [J]. Hot
Working Technology, 2007, 36(1) :79 ~81. (in Chinese)

7T ORROLE R R R A A E R AR B S5 LT]. O HL AR 2009, 40(7) <10 ~ 14.
Qian Lijun, Xu Fei. Forward modeling and simulation on vehicle equipped with CVT[J]. Transactions of the Chinese Society
for Agricultural Machinery, 2009, 40(7) :10 ~14. (in Chinese)

8 WRAEE, ENT . T AT A ARG N R IO R TT]. RV HLBR A4, 2010, 41(12) :223 ~227.
Han Jiaying, Wang Taiyong, Li Qing. A cutting simulation algorithm of spiral bevel gears based on analytic calculation [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2010, 41 (12) . 223 ~227. (in Chinese)

9 ERER UL BRIRAE, . S AZBO BEa SRR VAT PSS )], M TR AR 4R ,2006,13(5) 26 ~ 31.

10

11

Guo Qiang, Yan Hongge, Chen Zhenhua, et al. Hot deformation behaviors of as-cast AZ80 magnesium alloy at elevated
temperatures[ J ]. Journal of Plasticity Engineering, 2006, 13(5) : 26 ~31. (in Chinese)
X, g FE . HE T Deform-3D B9 45 & 4 8 T A4 e E UE i PR BCE AL [T ] HeAh 5 3 KA (45 42,2010, 30(6) :508
~510.
Liu Tao, Long Siyuan. Numerical simulation of spinning forming process for aluminum alloy cylindrical workpieces based on
the Deform-3D software [ J]. Special Casting & Nonferrous Alloys, 2010, 30(6): 508 ~510. (in Chinese)
FEF5 4, R e 5 45, TS R e I I B A FROCEUEAS AL SR IR T 5E [T ). B AR 741 ,2007,14(5) 38 ~42.
Cheng Xiuquan, Chen Jiahua, Xia Qinxiang, et al. Finite element numerical simulation and experimental research on the
forming force of mandrels neck-spinning with single roller[ J]. Journal of Plasticity Engineering, 2007, 14(5) : 38 ~42. (in
Chinese)

(L#EE 222 ,)

& £ x Wt

W A R MR B = 4B E AT LT ], MU 5 AT 5E,2002,18(2) :64 ~67.

Yang Peizhong, Jiang Shouwei. The study on 3D assessment of surface roughness [ J]. Machine Design and Research, 2002,
18(2): 64 ~67. (in Chinese)

B SO R WK AR PR L AE . SRR TERIRE BE s BB B R A i [T ). AR AR, 2003,24(1) 110 ~ 13,

Zeng Wenhan, Gao Yongsheng, Xie Tiebang, et al. A fast Gauss filtering algorithm for 3D surface roughness [ J]. Acta
Metrologica Sinica, 2003, 24(1):10 ~13. (in Chinese)

W i, 5K 4k, 32 SCHF . AT 3R A GOULTE 30 1) = BRI A2 Areal SRAE[T]. MLMRIT S HF5T, 2009,25(2) ;19 ~22.
Chen Guoqgiang, Zhang Weiqiang, Peng Wenjing. Research on the 3-D detection and areal characterization of micro-
topography of lapping surface [ J]. Machine Design and Research, 2009, 25(2) :19 ~22. (in Chinese)

Gadelmawla E, Koura M, Maksoud T, et al. Roughness parameters [ J]. Journal of Materials Processing Technology, 2002,
123(1) ;133 ~ 145.

ISO 11562. Geometrical product specifications ( GPS) -surface texture; profile method metrological characteristics of phase
correct filters[ S]. 1996.

Brinkmann S, Bodschwinna H, Lemke H W. Accessing roughness in three-dimensions using Gaussian regression filtering
[J]. International Journal of Machine Tools & Manufacture, 2001, 41(13 ~14):2 153 ~2 161.

ISO 13565. Geometrical product specifications ( GPS) -surface texture: profile method; surfaces having stratified functional

properties [ S]. 1998.



