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Fast Identification of Kikuchi Bands in EBSD Patterns

Xie Hongli, Han Ming, Wang Shanrui
(School of Materials Science and Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: In the field of electron backscatter diffraction (EBSD), Hough transform was introduced to realize the
automatic identification of Kikuchi bands in EBSD patterns by means of computer, and EBSD technique has
been developed into an important means to characterize orientation of crystalline materials. Since the speed of
Hough transform is much slower than the moving speed of electron beam in scanning electron microscope, how to
carry out Hough transform quickly has become a key problem that needs to be solved urgently in the whole EB-
SD field. In the present work, central processing unit (CPU) and compute unified device architecture (CUDA)
were used to perform Hough transform on EBSD patterns, respectively, and the time consumption and recognition
results were compared. The results show that the fastest recognition speed of Kikuchi bands is 1.7x10° EBSD
patterns per second for CPU. Under the same conditions, CUDA can process 1.7x10* EBSD patterns per second,
which is far faster than the fastest recognition speed of CPU. More importantly, Hough transform based on CUDA
does not affect the identify results of Kikuchi bands in EBSD patterns. As a result, Hough transform based on
CUDA technique will become a trend for fast identification of Kikuchi bands from EBSD patterns.
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Fig. 1 Schematic diagram of Hough transform
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Fig.2 Hough transform of EBSD pattern
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Tab.1 Comparison of Hough transform time between
CPU and CUDA

Type Qriginal Target CPU time/ QUDA Speedf
1mage 1mage ms time/ms  up ratio
A 40x40 40x40 0.56 0.056 10
B 40%x40 80x80 1.11 0.144 7.71
C 80x80 40x40 2.19 0.087 25.17
D 80x80 80x80 4.38 0.208 21.06

Note:1.CPU time is the statistics of 12 threads;2.Acceleration
ratio=CPU time/CUDA time.
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Fig.4 Comparison of Hough transform time under
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Fig.6 Identification results of Kikuchi bands in four EBSD patterns

EorHr B 6(a)~K 6(d) 5K 6(m)~El 6(p) XS LL
AL, CPU 5 CUDA X [a]— 5K EBSD fE4+£ ) Hough
A ZE A ] WL 22 5, Z5 BTk ,CPU &5 CU-
DA BTEAG W PUN A5 J7 A s 5, HiRA
WA A LU 5 S AR AT 2

3 it

A5 HIEH CPU 5 CUDA X EBSD £ 1
Hough 784t i 5% 1 KHR R R4 A FDIFAT 8L CR
R 2% 77 X Hough A8 4 i) (8] (4 52 ) | I )i LA
TW#H ) EBSD FEAF R BIEE SR, 250,

1) CPU £ 2 0 34, Hough Z5 46 Bf [a] 3k />
FURAR R BN, CPU 5 CUDA 9 Hough 25 it
] F5 88

2) CPU M) i RS AR 2 % it 5 Hough 28 e i
] 2 HE B R, HAREMS AR R4t 5 Hough 42
o B[] 3 AL 52 2P OC R G ; CUDA 19 5 4 R A4
FHGE S HbRER Z B0 S Hough 2% 4 B[] 3T

IR K,

3) WE B RMAINE B R Hough 28 # i 5sf
] JL-F- 5 40 ), (H AN & 4 9 Hough A8 i L 5 7]
29N E R JEIRNTE T CPU 33 4h 8 R
i (1) BCHE A 0 T ZE A B[]

4) CPU 5 CUDA 1% il PR 45 R 1A A it
X 51, {0 CUDA 112 s 15 515 B i ds B+ CPU

SEHR:

[1] KUNZE K. Crystal orientation measurements using semebsd
under unconventional conditions]J]. Powder Diffraction,2015,
30(2):104-108.

(2] BREAAE  A5m5° it 26 B R ORI ] Y EBSD RS At

FE[J]. B B ,2005,24(4) . 384-384.
CHEN S K,LI Q Y,MIAO Z,et al. Single crystal orienta-
tion was accurately determined by EBSD [J]. Journal of Chi
nese Electron Microscopy Society,2005,24(4) :384-384.

[3] DINGLEY D J,RANDLE V. Microtexture determination by



5 430

fifp it 3, 45 EBSD FERE A M AT Y PR R ) 111

electron back—scatter diffraction[]J]. Journal of Materials
Science, 1992,27(17) :4545-4566.

(4] 7R3, XL, £ 305, % EBSD $i R M HAEEk G &R
Hy o v B I 5 2 (). AT T2 ,2019,48(22) : 1-6.
SU L P,LIU H Y,WANG W X, et al. Research progress of
EBSD technology and its research in texture analysis of ti-
tanium alloys[J]. Hot Working Technology,2019,48(22):
1-6.

[5] WRIGHT S I,DINGLEY D J,NOWELL M M. Determina-
tion of crystal structure from electron backscatter diffraction
patterns|J]. Microscopy and Microanalysis,2009,15(2) :
766-767.

[6] PAYTON E J,AGUDO JACOME L,NOLZE G. Phase iden-
tification by Image processing of EBSD patterns|J]. Microscopy
and Microanalysis,2013,19(2) : 842-843.

(7] XUA K, & &, £, 45, —Flg 40 Hr EBSD 7 f&

3L T A 4 B T A0 2 ok RSE 9 75 3% :CN 10390284 1 B[ P).
2016-08-17.
LIU D R,CAO G J,WANG L P,et al. A quantitative anal-
ysis method EBSD measuring body—centered cubic crystal
grain size of the alloy solidification structure : CN103902841
B[P]. 2016-08-17.

(8] VEMIAL, SF T, BOLA , % EBSD 3 i RTEBE G 4 i

L RS RAE P i 0 [T 2 6% 4, 2009, 28 (1) : 20—
22.
WANG B S,XIN R L,HUANG G J,et al. Applications of
EBSD in measuring the grain size of magnesium alloy[J].
Journal of Chinese Electron Microscopy Society,2009,28
(1):20-22.

(9] B P B, ¥ A7 0. HE T HL T A AT 5 (EBSD) AR 1 44 8

T DN T 7 A AR A WE S £ 3R ], FL - R Bl 4, 2010, 29
(1):662-672.
HUANG Y M,PAN C X. Micro —stress —strain analysis in
materials based upon EBSD technique: a review[J]. Journal
of Chinese Electron Microscopy Society,2010,29(1) :662-
672.

[10] ONO Y,MORITO S, LI C. Stress measurement using EBSD
analysis of grains in copper foil[J]. Experimental Mechanics,
2012,52(5) :493-502.

[11] 82240, SR UEVT 4 38, T WU AT 5t (EBSD)#: A 78
5 1 AR A 5 T B N [T, M 74, 2016,90(6) -

1130-1145.
HUANG X M,ZHANG ] J,XU Z Q,et al. The application
of EBSD in the study of crustal structural deformation|]].
Acta Geologica Sinica,2016,90(6) : 1130-1145.

[12] 4% 4%, 4 WOl FRAAAE. A A0 A 2= BF 9 M B B R
AL T 1 1O A S (EBSD)[J]. R4 H T, 2007 ,21(2) ¢ 13.
XU H J,JIN S Y,ZHENG B R. New technique of petrofab-
ric: Electron Backscatter Diffraction(EBSD)[J]. Geoscience,
2007,21(2):13.

[13] X4t . —Ff w2401 Hough 2842 52 L7 15 ()], 15 5 A0 3,
1992,8(1):43-48.

LIU J Z. An efficient implementation of the Hough trans-
form[J]. Journal of Signal Processing,1992,8(1) :43-48.

[14] LASSEN K N C. A new procedure for automatic high pre-
cision measurements of the position and width of bands in
backscatter Kikuchi patterns|J]. Materials Science Forum,
1998(273/275) :201-208.

[15] MAURICE C,FORTUNIER R. A 3D hough transform for
indexing EBSD and kossel patterng|J]. Journal of Microscopy,
2008,230(3) :520-529.

[16] DING Z,PASCAL E,GRAEF M D. Indexing of electron
back —scatter diffraction patterns using a convolutional
neural network[J]. Acta Materialia,2020,199:370-382.

[17] 5K &F , #EHa R GPU mitEfeiz 52 CUDA[M]. Jbxt .
JKH K S AL, 2009.

ZHANG S,CHU Y L. GPU High Performance Computing
CUDA[M]. Beijing: China Water & Power Press,2009.

E— 1B UL (1997—), F W g A B 5 T R
EBSD E& AL LA A 4 255 . E-mail:1749014976@qq.com,

BISIESE FHHH (1965—) , 55, #0824 W 5% J7 10 41 R
W45 R AF . E—mail:mhancn@163.com,,

(BTG 2B EaKk)



