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Development of the System for Automatic Crystallographic Orientation
Analysis by Electron Channelling Pattern

Shuichi FUNAKI, Mitsuru TANINO, Toshifumi KOBAYASHI and Nobuhito NANGOH

Synopsis :

Electron Channelling Pattern (ECP) is useful for determination of the precise orientation of individual
grain observed under a scanning electron microscope. It is necessary to analyse a large number of crystals
to obtain crystallographic information which is useful to understand and control the properties of various
materials.

However, previously reported ECP methods required a laborious work and/or expertness.

In order to save time and labor, in this study, ECPs are recorded to hard disks linked to the personal
computer, followed by orientation analysis by image-processing (image enhancement, Hough transformation,
detection of lines, eic.), which leads to automatic determination of the crystallographic orientation.

The functions of the present system are summarized as follows ;

(1) The achievement rate of automatic drawing-and-analysis in the routine work is more than 95%(about

2 300 grains analysed).

(2)240 images are handled over one night (16h) with no operator (4min/image).
(3) ECP images, which are hard to analyse automatically due to broadness, can be easily treated by

manual method (1 min/image).

The development of this system has achieved decrease in labor.

can easily operate it.

Furthermore, even unpracticed person

In the future, completely automatic ECP analysis without any operator will become possible by attaching
an automatic specimen-displacing stage to the ECP/SEM.
Key words : electron channelling pattern; scanning electron microscope; crystallographic orientation
analysis ; personal computer ; image processing ; automation.
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Fig. 1. Comparison of SEM image and ECP in principle of generation.
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Fig. 2. Dependence of the intensity of transmitted
and backscattered electron beam on the incident
angle.
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Photo. 1. Typical example of ECP.

3. ECP O EEE{L, BB EN Ot X

3-1 ECP OfTEICOWT

ECP %##H ¥ 5 HE X7 — 8 O WG 1347 1 R 2 2
L, F7-MAEORIAEHESERAIIGILTAOTE
NS xEHA, BT THZ LI THMNMPRETE S,
BEDO L Z A ECP #eMElL Lzt HTHETT 5
TENREDLOCHETREBIELLRVWHEY Thb.
ARiETii~<% ECP o HE)#iH, BEIFINL D 254
s AT DL B BHRAT O 2 7 L 3 REAL, BATICE T ARE L
FhEENELEZBDTHE., FFRAHECIO>WTHR
NB., KEFEERESOFED £ X— 2128V 2 2 3tis
IEEWMZ I EICHY, F0#EEOCRT Lo ECP
BEBVWTTF 4Ty 4 =12k ECP 2R TAHD
ML EET A= 2 T VLEICX > THHADOBR R~
7R e RELT S (ZoREfLICBV TRIDICADT
H52MIITELLTHRLEOAL TREVAETRIL
HDEEEDOPRV) QRMICAT L 2HOARA
T—HROWBBLOZOXXA*BHMICHEL, Z0ff
FHLLIHAEFERBICANTHBEOBER Y — > 2 51E
BEICREE RSBV 2 T MK » TRHREAL L 7= 6
INE — v LB —  RETER ETR/ABREICLY
HBEBAELELVW#SROALI L THD. = OFMEN
DBBIIBVTIE, TT2HORT—HBEHRVTER S
Y- R BESED (WEERFME hkl &3 5). %
DBEME/SY — 2 d Rkl B RET 2030720, #

Vil oBT 5 T, i, OB T, ik 27 L 4 ZABOKE
T*a})& (001) & (101) # &L s L CHEENTOMBRIZD S,

Ca>d>

Fig. 3. Drawn line image (a) and the computer generated ECP (b) of nearly (102)

oriented @-iron (body center cubic).
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Fig. 4. Construction of hardwares in the automatic
ECP analysing system.
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[ ECP measurement(L grains)

I
@l Image enhancement I

i ¥
® [ Search of bright level ‘

® [ Hough transformation I
¥
@ I Detection of straight line parameter I

® | Detection of pair lines (bright and dark Iine)—l

I Detection of single lines (bright or dark line) I
[]
@ Drawing line image (pair and single lines)
(recording the line information to the Hard disk)

+
¥

Selection of 2 line-pairs
(the number of selected line-pairs is N)
¥
Calculating probable orientation
by using the 2 line-pairs
( the number of generated orientation is M)
[]
Theoritical pattern generation (candidate pattern)
(one of M)

¥

® [Comparison between the theoritical pattern and the drawn line image

@ [ The number of maximum il
roop is MXN

miss-matching

® Matching or miss-matching
(one of MXN)

matching ¥

® Recording the data to Hard disk ®@ Recording the data to Hard disk
(results of orientation) (’'NOT FOUND' mark)

;—————J

) <End of automatic treatment (L grains)
i
@ | Selection of data marked 'NOT FOUND' in Hard disk j
¥ []

® Manual mode analysis
(line drawing and analysis)

[
| Recording the data to Hard disk (results of orientation) l

Fig. 5. Sequence of automatic orientation analysis
system on ECP.
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(a) ECP image
(b) Automatically drawn line image
(¢) Matching (Candidate pattern 1 for
the line image)
(d) Miss-matching (Candidate pattern 2
for the line image)
Candidate patterns : Blue lines
Line images : Red lines
Photo. 2. Example of auto-
matic orientation analysis on

ECP.

H K
0.04 0.01 1.0

H K L
0.040.0 1.0

(a) (d) ECP images and analysis data of non-deformation steel sheet

(b) (e) ECP images of 10%-cold rolled deformation steel sheet

(¢) (f) Automatically drawn line images and analysis data for ECP images (b, €)

HKL : Fractional representation of the analized indices of the normal directions of the grains

Photo. 3. Example of automatically drawn line image and analysis data of broaden ECP image.
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(n) : n represents number of measured grains in each specimen
Fig. 6. Achievement rate of automatic orientation
analysis.
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(b)

(a) Automatic line-drawing and automatic analysis (automatic mode)
(b) Manual line-drawing and manual analysis (manual mode)

a’, b, ¢’ (Arrow mark) : Miss-matched orientation

a, b, ¢ : Matched orientation (manually corrected)

ND : Normal direction of grains

001, 101, 111 : Pole of the stereographic triangle
Fig. 7. Comparison of the results of automatic and manual mode for line-drawing and analysis.
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(a) ECP image of nearly (111)

H K
Candidate patterns : Blue lines
Line images : Red lines

ND : Normal Direction RD : Rolling Direction

(b)

(b) Matching (Candidate pattern
1 for the line image)

ND 0.54 0.53 0.66
RD —0.84 0.25 0.49

(c)

(¢) Miss-matching (Candidate pattern
2 for the line image)

L H K L
ND 0.61 —0.49 0.62
RD 0.77 0.56 —0.32

Photo. 4. Comparison between matching and miss-matching of nearly (111) ECP images.
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