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ABSTRACT

Automation systems are evolving in many areas of industry in recent years. At the same time, the necessity of the
height inspection of the object by the 3D measurement is gradually increasing. Among the various 3D measurement
methods, this paper discusses phase measuring profilometry(PMP). The PMP is a method of obtaining the height of an
object using the phase value of the fringe pattern. Since the PMP is an algorithm requiring a large amount of
computation, a method for efficiently solving the problem is needed. In this paper, we propose to use CUDA from
NVIDIA to solve this problem. We also propose using pinned memory and streams provided by CUDA. This can
greatly improve the measurement speed while maintaining accuracy. Finally, we demonstrate the performance of the
proposed method through experiments.
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Fig. 1 Optical geometry of PMP
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Fig. 2 Processing steps of PMP
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// Kernel function
__global__ void kernel_function(parameters)

int index = blockldx.x * blockDim.x + threadldx.x;
// Do something. .

// Function call

kernel_function <<< blocks, threads >>> (parameters);

Fig. 3 Function call and index approach in CUDA
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// First method

float* pinned_memory;

cudaMal locHost((void**)&pinned_memory,
cudaFreeHost(pinned_memory) ;

size_of_data);

// Second method

float* pinned_memory2 = new float[size_of_data];
cudaHostRegister (pinned_memory2, size_of_data, 0);
cudaHostUnregister(pinned_memory?2) ;

delete pinned_memory2;

Fig. 4 Code about pinned-memory
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cudaStream_t stream_1, stream_2;
cudaStreanCreate(8strean_1);
cudaStreanCreate(&stream_2) ;

cudaMemcpyAsync(gpu_datal, cpu_datal, size_of_data,
cudaMemcpyHostToDevice, stream_1);

cudaMemcpyAsync(gpu_data?, cpu_data?, size_of_data,
cudaMemcpyHostToDevice, stream_2);

kernel_function <<< blocks, threads, 0, stream_1 >> > (parameters);
kernel_function <<< blocks, threads, 0, stream_2 >> > (parameters);

cudaStreamDestroy(stream_1) ;
cudaStreamDestroy(stream_2) ;

Fig. 5 Code about stream

|(J. Korea Inst, Inf, Commun, Eng,) Vol 21, No, 12 : 2285~2290 Dec, 2017

% 5% T o] AE © FEoth 2E
of Uel o], 2E”S T F83tr] 93
cudaMemcpyAsyncit AY =5 3 & gjof AEHY

& A gaFolof st

Phase | Phase
diff diff

One stream

Two streams

Fig. 6 Processing flow of CUDA

rEE

a9 62 <2 dlolelo] Tt He| HYe AuY
AHG S 792k TR UhS 5ol T3l Bl m A
oItk o] LA 9] AL Sfife] L= ol

» o

% 2719} dojg g Hela Aol ol AL % &
E92 olgste] 5 719 gole S Xelg Autolrk
© oA Rk T AL T A 22U 48 28

AALS Bl Ry

21412 glol8 g 4
Azbo] #HAEITHE Roltt,
o|%7 CUDAZ 2Hgsl4] $ARgH A4k 2r w5

o] AAtel tiste] A&t des & ¢ Utk

S3Hs Hio] AxE

B = gol 4] Alokeh o] A B7hE 9l ok=s)
of AlZd] AL 3 13} DTk 22 E o] A28 74
© ¥ 29} 7t} ZEARFO R 3904 X 3904 7] 2] A}
2 74 A 5= Active SiliconA}2] CoaXPress | ¢l 1
ok ISVIALS] et AMshglny 7hvate]
QJeflo] 2= 1104205 X AZHE oF 9ms o]t o]
of| thgk S A Aatol A A L5ttt

H o wro] AFe nE GPUS W|me|E sl
cudaMalloc 252 A|2)3l Axto|t} o] AL A|7to] 2
o AelAnt T2oge] AAkE uf 9 Wik I &
o B Zejo)y] wpRel] A 4 A7kl G
02| A] Gt L BR o] AZES S AT A A€
shaich AljHE W ol A5 B7F Aiks & 3047 E
F 6°] AA5FAE RAA, Pinned memory 2] A8 G-
of & A% Av= 7 31 Al E 32 3904 % 3904

2288



5179 float® ©lo]E]S CPUS|A GPUR HAlal A

H& 243 Aoltt. o]& X Pinned memory & AR
o Ao] g Fe ol uls) oF 3uf WhE RS =l
22 glek

Table. 1 Hardware system components
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Table. 4 Time measurement results of CPU version

Work Time(ms)
Phase calculation 1728.8
Phase difference calculation 46.4
Height calculation 84.5
Total 1859.7

Model Specifications
PU Intel Core i7-6700K Number of core 4 Table. 5 Time measurement results of CUDA version
4.00Ghz Number of thread 8 Work Time(ms)
CUDA cores 1280 Copy (Host to Device) 10.0
apu| NVIDIA GeForce Maximum number of Phase calculation 26
GTX 1060 6GB 1024
threads per block Phase difference calculation 23
Height calculation 2.6
Table. 2 Software system components Copy (Device to Host) 5.4
Software Version Total 229
Windows 10 64bit
Microsoft Visual Studio 2013 Table. 6 Error measurement results for each version
CUDA 8.0 Version | True(pm) | Avg(pum) |Sigma(um) | RMSE(um)
CPU 3000 3000.3 5.1 5.2
Table. 3 Experimental results of Pinned memory CUDA 3000 3000.3 51 52

Memory type Memory copy time(ms)
Not pinned memory 14.9
(Pageable memory) '

Pinned memory 4.7
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Fig. 7 Example of 3D height data of PCB
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