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SYNOPSIS: This study presents method for self-calibration of the SEM(Scanning Electron
Microscope) stereo image using the standard microprobe with same grid pattern and using parallel
and central perspective projection equation. Result showed that parallel projection method is more
suitable for standard microprobe. The maximum error of 3D coordinates acquired by this method
did not exceed 5 #m, and DSM(Digital Surface Model) for three dimensional measurement of the
rock sample was generated by the digital photogrammetry. This result can be wused for
quantification of micro scale change of shape and analysis of the micro morphology of rock due to
weathering.
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AR g B JZFAQ ZAY 7HEstA H v (Oshima et al, 1970; Waldhausl, 1978).

FHIZ e AFEH sl=dole dA4AY 7l 2 AZTEY o a2 2dle SEM LA A A FX4
AbR &R HZubygol] 9 sl DSM(Digital Surface Model) & 93 37 8 8n gov
(Hemmleb and Albertz, 1996, Stampfl et al., 1996), thAA &9 3z A3 E e ARE AF 2
Ao FolHEo tidt 3¢ AR FEFo #IF A7 888 A Minnich et al, 1999;
Bethel and Bastacky, 1999; Bethel et al., 2002).

HEAES SEM YHC2HE DSME 53 F, o8 2ot 443 Exoz #4837 95y
Stampfl 5(1996)2 SEM A9 o ZRE XLTT(eXpandable Light Tablet Tool) AMZ & Al A&
ol&st 54 HAEHY HIEARE Fote . Hemmlebd Albertz(2000)= A& =yto)7t &3}
= AR E 2ge ZFEANES dAS ARG EEANSENEH FE5JF SEM I o] disied
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FAFINAY FPFG G oz AAHA L 4AF F, Polymero] W@ wt@ds vpd 3o DSME
F&3le A4 AgFE AANIFA ol VIEAT 2FHE EUE, SEMeERE 5T vyAe
DSM& BE vlo]laz F2EE BASEY oA B A&eta 34U HRE AT 5 A
pol

21 a4 @1, B0 23A
J EUEAL 9ol SEM YAIFoRRE FAMDEF /WS Hsol g4 AREH W
DSMg #%% %, 349 EWEA /Fsde ANGDA ¥ £ $A AHEFS P EEAR

23E FAFIY FUSGYNoR AL AN ¥ el
dAe M FIYAS ARRT W,

2. SEM&e| XA H D 3 AXEY
2.1 SEM Q&2 XHHE

SEMo2%H #HEH I 48 712 4+
AZYe g vjA 5 Ao 39 L =1 2
g 5ol glom, durxoxn Z2 3 FAAgE, HAF R YIS FE R
(Ghosh and Nagaraja, 1976; Maune, 1976; Hemmleb and Albertz, 2000).

we ol gk JAe dFE THE7] YA EF A B(standard microprobe)ZHE 33+ #1 A} o]
o fgate GAREE vE 2AF ABOIFNES olE5td AAPA L AASAerTt k. EEA
B2 o83 AAAALHORE FARIZAR DY HYPFI2A(2 2)& 188 & UhFig. 1.
2A(1)E FAFIERANNA  FARAANS <8y xdT  AHAPYHBDOLT, Direct Linear
Transformation)©] ™ (Slama et al.,, 1980), 21(2)= HPFFJZ2AAL Yeld A o] tH(Ghosh, 1988).

il

47

Fig. 1. Perspective and parallel projection(Ghosh, 1988).

LX+ L, Y+ L Z+ L,

xt+ox =
(D

Ls X+ LeY+ L, Z+ Lg
LoX+ LY+ Ly,Z+1

ytaoy =

oA71M, x,y, X, Y, Z = d45Es} 349 94, L,...L, & DLT AFols, ax
HE Tl

- 152 -



x+ox = My [m X+ myY + myZ]
2
y+oy = M, [myX + msY + mgZ]

£an

AZNA, my...mg BYFFH AFod, M, M, WFd 24L& YHetd Aolr

ax = Dix*+ Dy x* + S;(22y+ %)
(3)
Ay = D3y3+D4 x2y+ Sz(xa +xy2)

714, Dy, Dy, D3, Dy AR RAAS, S|, S & NS mAAFeI

ZAEGzA0Z DLTASS dA4NT 2ZAFE AN AAs7] 93iAd 44 A(1)E ASHA
3 (2 4), ol& "L Ag=2d o Mg g H2AF P 5ol og wEA

23 =
o Z FE FE 4 Uck(Slama et al, 1980).

xZ

Vim =K - L - L L+ EE L+ B L+ 2R Lyt K+ ax=0
(4)
a=(B'-W-B"YB' -W-F) (5)
bl R 2 2+ Fig. 2014 He uie} Zo] 7|EFHES o] &3} (Intersection

ko] 7
geometry)E.E °S‘ de BAAH &3S HAaAEHes
EAAFE HQ)2EH ﬂixﬂ He 1-1%6}&1 T 4 doh 2y DLT ®& W3

) BET wad E QFAAE FBEL Aan 494 AL AF el At
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Fig. 2. Intersection geometry{Ghosh, 1988).
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Z= (x'=x")[(2- sinf- M,)
X= (&' secd—Z- tan6)/M, (6)

Y= y/M, = ¥y'|M,
2.2 3x1¥ 91X &3

9o ALG hE 349 ANE AFARZYE  JFH
2452 0§35 A A U B

SEM °§"L°ﬂ B 3 A 5
Aol olBd @ ALYl Bk SEM B4R tgA
4 942 A5 %sﬂﬁ SEM Azie #, ¢
9% ¥,
AFAM 6% 4%%}91 £tH(Ghosh, 1989).
BAASY Hg shssh

b & m}z%

Wetd FEABERE F9 4PNl s A $A R UAAT 2YASE nelsd dPAE
o 33g ANE HSeAs] AN IS wRRAoZRE 5T d 49 349 ANE A EHe
2 ggstn, o2y R BHY A4S FET T, WIANE AIFY FAAR U@ 9AE
S 94F RAAFE nAte] J2AFTEEL e Ao

2 AT AlEE SEM Alade] Zdwe Phillips XL-20013, 94 si4de A 35 nm o|t}
SEM Al&®o A g4e] %3, WD(Working Distance), spot size, 7}&2¢, W7 @&t 24 53 2&
A AGL HAFEA A A=y, BIAH M, fdANEY olF E AL SEMY 714
ZAFo] oa) o] Folzr} Fig. 3& SEM A 293} o2 ol &% APRHFS YJEA Aot}

SEM {749 ANAARE 3% EFANFEE ALUsn A7 Fsy nlojlazvjd AFfsdA HE A
25 BAZE o] EgvkAA Yojorg AT AAGY uelA X, Y wEe) Avle 7+ 100 4
m, %0 5 gmZ EF FYT AV Eo)Z ARHULH, AAN BAE FUIF AYR AU
348 001 £mo VF-7510 #HolA Z2adez &49 IFANEY AUEE X, Y, Z B3 tsty
oF 1 pmo|cHFig. 4).

Fig. 4& SEMo.2 F 5% EFEAIgY =
FAe 3L 9uloly, #H - &= Fd

o
ob‘.i_,

A6 )2 BRHRG. ET AN 9

5 94 G4 ART YAILE e

6 )= =

94 A2RHL AT 712 AL ANARE BEARC 0@ ALS FrAReH, o
ERDAS IMAGINE &XEg]ol(ver. 84)& AH§3te] Saolste]l welz S48 FAFF Aol o
AFBAS Astel 2 - $F Aol sted Aol BAY WBE AFA 6H(Eol:
o2 AAHYOH, DLT w AFUAE Y LA AT WY o) 24 I A3
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o: 5 pm)& F7Ietd BF 728 & 7IEH o HASAHFIg. 5)

F

Agel Wd DSM 2X & 46}04 5}7&;91 AW ok Ixlemz WA F BEARYG 5I@
zdo2 B9RAH(Fig. 6). ¥, SEM G4 AW ejste] a2 BN BEHE A7
£ FEsy] AT YUy FUL PP I¥E ASer) YSo. wPA 29 Ml ol wol
WZaRe YAFAY dAARS DSM 852 98 J9H BdsdnAL Fig 7% 2o
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Fig. 3. SEM system for acquisition of microprobe image data.

Fig. 4. Stereo image of the standard microprobe acquired from SEM system
(Scale: 1:39, Tilt angle: Left image -6° , Right image +6° )

- 155 -



Parallel control points: @

OLT control points: L W]

inquire Cursor

Fig. 6. Stereo image of the rock sample acquired from SEM system.
(Scale: 1:39, Tilt angle: Left image -6° , Right image +6° )

Obtain SEM sterec image Acquire SEM stereo image
of the standard microprobe of the microprobe
Perspective _}\ o self calibration #— Pa’a“‘?' Image coordinate Calibration value
projection projection . . 1 .
T of the tie points of scale and tilt
Determination of the Image parameter Compute 3D position by
(scale, tilt angle, radial and spiral distortion) the intersection geometry
Compute 3D coordinate l
by the projection equations Area based matching
Accuracy comparison Calibration parameter
of the projection methods of radial and spiral distortion
DSM reconstruction by
LSelection of the projection method selected projection equation
(a) (b)

Fig. 7. Flow chart of the self-calibration using the standard microprobe(a) and the DSM
reconstruction(b).
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Table 1. Distortion parameters determined from projection methods

Cases Parallel DLT
Parameter Left image |Right image | Left image | Right image
Tilt angle 70127 007 | 70 117 24" - -
Scale X 35.17 35.49 - -
Y 40.11 40.11 - -
D1 -5.97e-0090  -5.12e-008 1.47e-008| -3.03e-008
Radial D2 3.60e-008 3.25e-008] -7.73e-008 2.08e-007
distortions D3 -2.60e-008{ -247e-007] -2.81e-007| -4.50e-007
D4 -2.99e-008 6.82e-008 5.97e-008 9.45e-008
spiral S1 3.03e-008{ -9.58e-009 1.11e-008] -2.37e-008
distortions |  S2 5.72e-009]  4.38e-009| -1.24e-008|  1.49e-009

Table 2. 3D positional errors of control points generated from DLT and
Parallel projection equation (unit; zm)

Coordinates X Y Z

Error

RMSE Max. RMSE Max. RMSE Max.
Cases
DLT

] 2.44 555 3.03 7.01 42.88 80.43

(72 points)
Parallel

. 1.93 345 2.14 3.80 0.15 0.33

(36 points)
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Fig. 8. DSM of the standard microprobe. Fig. 9. DSM of the rock sample.
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