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Automated Techniques for the Sectioned Images of
Visible Korean

Chung Yoh Kim', Jin Seo Park'

1Departmem‘ of Anatomy, Dongguk University School of Medicine

Abstract : The sectioned images of Visible Korean Project can display the structures of entire body in detail by
virtue of the real color and high resolution. To utilize the sectioned images for various purposes, automatic image
processing should be done. However, the automation for the sectioned images could not be easily done because
of real color and high resolution of the images. This study aimed to introduce automatic techniques for image
processing of the sectioned images to help researchers save working times for this processing. The automatic
techniques for the sectioned images were developed using commercial software such as Adobe Photoshop and
Matlab and non-commercial software such as MRIcroGL and FMRIB Software Library. Also, we developed the
self-developed software by C++ and JAVA script for the automatic techniques because some procedures unable
to be processed using the software. By using the automatic techniques, the segmented images of some structures
were made automatically from the sectioned images. From the sectioned images and the segmented images, the
surface models and the volume models were produced automatically. To display both the sectioned images and
segmented images, browsing software was used. To display the surface models and the volume model, Adobe
Reader and MRIcroGL were used. By using the automaitc techniques, times and efforts for image processing of
the sectioned images could be saved. However, since the automatic techniques could not produce complete results
by itself, manual work should be done together in some procedures. To produce best results from the sectioned
images, it was important to use the automation and the manual works in balance. In future studies, additional

automatic techniques will be devised to reduce manual work for efficiency.
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(322=27],0.04 mm O["HE B = lojA SRS A] vl
=AY BE FRES 2R FRlo] 7Rt 1-4].

ol AdHFAAE L& Aol 2olA 7] {3l
ThFet 22, 3R AR E ARGt ATH GG B
ol FRES HFEHMA Bl TR ALY
THE[5-7] thaoll o] oSt AdH Y S A &
HE7] 2ZEQolE THEITHS8-10]. ATH P4} 493}
G 32k A sA HIRFAFAF[11-16]2 FT]32;
HGZ17-19]1 W= o] 33 AAE A=RES 4
gate] Wa[14,20-22], = ot ¥ 12E[6,11,14,19,23-
25], & FERE[26], A +2RE[13.22.26], SH12], FIOI
A [15], E[17,2719] =2873} 3282 E T3,
H] A A5 [28,29], 7H30,31], {IA[32], Sl FA] +
ZE[33]9] ARt A LARE HETH(Figs. 1,2).

AN TEE A AR E TS HAGAFES Hgt 4
9] 7|&H 3L [34], 7ME HAR A & 33D
ZA19], HAHZ = S Y3 32AG4E(23,25], &
= A% AT 2I5Y 32 94420,21), g 4=
= 913 3L FA35], 7HEHAI AT 7HEEAT 3k
336,37], A2FFolF=0leH DHES gt 324y
[38] THE%ITH(Fig. 3). ¥, A8 3R ThE
o AT AT 3P RE 7MY JAAE mdS AE
SEGTE. 7 of"ol[39], HA 27, oA 25[40], %]
FE U719 2R [41], @AM [42]9] 2dS v
| A FEQ 7t AAtat APS B HATH39.43].

o|AY AAdHPLE o] 8= &83l7] Hsix= 4
THIGE 234, 3R U e B Thgskar At soF ok 1
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Adobe Photoshop CC 2018 (Adobe Systems, Inc., San

Jose, CA, USA)9| Action 7|22 A 7+ 9] Canvas
size H73, Image size W7, D3 H 2 2 #Huj7], ThE o]
@A E A% 5 ZAYgAE dad 2AYS IdE K3t
sttt ZEAF| gEigle thE 94 1709 =3k Action
= At =3kE 2ol a2 AgYE it Automate-
Batch 7|55 A4 Action®] =3He 2¢lS g &1 & 9l
= 2E B AEAZ 4 U Photoshop CS ©4&
ol Ali= Save as 7|5= HA HE G FLS drAd 9
A o+l A (TIFF, BMP)®9t oly2} Digital Imaging and
Communications in Medicine (DICOM) WU 2 = H3SE 4~
At

Image] 2= E 9] (https://imagej.nih.gov/ij/)¥] Process-
Macro®] Add Border, Resize, Crop 7|5 Sof W&goje} <
2} dgoz A HAPAS] Canvas size H7, Image size H
73, Bad BEG e2yy], o o]go = AR(IA) 5=
A5 35T Process-Macro®] A= o] Q= 253t
FE 9o f W& IF=E ZHo]|X](https:/imagej.nih.gov/
ij/macros/) oA FE2Z S 4= U

Matlab 2018 (The MathWorks, Inc., Boston, MA, USA)

AZEO9] imresize PHO], imcrop FHo] 502 At
HEAY sid= =4, Zagh 2R e HUY7] AYE A5
o Sashglch AT B4 47 B for-end B
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SHe Ruw ZeA WA, AW, LS WA BE

2 ek BE AVE-L BMP 2 AAE T 34.44].
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Fig. 1. Extraction of only cadaver area in the sectioned images. Using Select Subject of Photoshop, (A) in the original sectioned image, (B)
outer region of the selected area is removed automatically using Erase and Automate-Batch-Action. (C) Using im2bw command of Matlab,
(A) the original sectioned image is converted to (C) black and white images, and (D) outer area of skin in black and white image is removed
automatically after the black and white image is superimposed on the original sectioned image. (E) In the sectioned images, all arteries and
veins in liver are selected and painted by green color automatically using Magic Wand of Photoshop. Using Making_Color_filled_images.
jsx, (F) segmented image is made from (B, D, E) the selected structures in the sectioned image.
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Photoshop®] Select Subject 7]5= HAHAIA(Fig. 1A)
o A&7 TAA| (A4l F2)RE ABE] o} 2|2 2] 7
BHo Meln]z] o9tt). Select Inverse 7] 522 AJAl HE A
S SRAAA oA BES A oo Erase 7152
2 Aed FES 25 ARt o] AL Action 7|52 53}
F T80 Automate-Batch-Action 7| 5282 RE HtH
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Matlab 2ZE ¢ojo| A imread PO E 3t Zriof &=
HE AdHgdS B0 ool im2bw FEo2 A A

-

oz

Segae Su AuRgao HaksthFig. 10). 4
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_1‘1

2 i AdHgiS BMP Y2 A%
FolE WA T ET°) e B Y=
#3519 th. Photoshopoll A &
W Ao gt aUZAE A ool A" §9& 1
= 2y ddHgdeR &5t (Fig. 1D). A=y &

WA GG Erase 7|52 2 25 X Ht uf7IR| 2 Auto-
mate-Batch-Action 7522 3 Z¢o Q= 2E A7 &
SHGL ZujAE ARl

Photoshop?] Magic wand 7|5 HA] A GAFe] 7H
&0 = AHE BF A5 A5ttt Magic wand 7]
= At ool ddH gAY ol g Attt
Contiguous ¥A1-> AE5}R] oroba] GAdof| Al oo 4=zt
Ze Yz-e % AF AEE o Fr(Fig. 1E) [30].
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Layerg 3l4e] PSD 3} =2 A5 A& Layer_combine.
jsx= Javascript 9o]2 I3t wHEQL o] jsx AL
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&t the Z o] gL, o] oA LayerS EARF o}
£ PSD o] &1 65 Adsiqict. 275 A4S &t
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PSD TH1e] 7} Layero] ©71 2} 722 )52] 4o 54
% W2e AN FARNGEE BEUT). 7 TEE Layer
7} 507 o]y wjoll&= Photoshop®] Automate-Batch-Ac-
tiong HA| AHg o2 REo| WS QRH7]. 74 2 &
Layer7} 507l o] wjoll&= Making_Color_filled_images.
jsx ZRIUE WA Ao TEe] WAL AL o
ZZ 3L Javascript AoJZ FY3lo] WEITE Making_
Color_filled_images jsx= Photoshop®] Script 71522 &
St} B4 Aezto] Qeel pSD THlo] QI EUIE Alss)
A, oy E0 Aol €W 2aE(FY93EA, BMP 34
AR ECjE Agstar, mpx|et EH Ao] L™ structure.
txtE AH3Gh structure txtS ZF L2 E oS3 ZF %
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converter.com/)ol| 4] Z} Fu]33FA FAHNIFTI 2Y)S 944
#2047 BHoR AU Su) o uEo
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Photoshop?] Script 7]'594 Layer_combine jsx& A3
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Fig. 2. Volume models, made from the sectioned images and segmented images [18]. After reconstructing the sectioned images, (A) hori-
zontal, sagittal, and coronal planes can be displayed from the volume model. (B) The volume model can be sectioned at arbitrary angle in
real time. (C) After reconstructing the segmented images, the volume model can be also sectioned at arbitrary angle in real time.
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Fig. 3. Three dimensional (3D) images for clinical anatomy. (A) 3D images with horizontal, coronal, and sagittal planes of reference stan-
dard system are displayed for stereotactic surgery [34]. (B) 3D images of pallidothalamic tract and subthalamus are displayed for deep brain
stimulation [19]. (C) Ten triangles around cavernous sinus for surgical approach can be displayed on the head surface models from the male
head segmented images [23]. (D) True-color face peeled images with botulinum toxin injection sites and anatomic landmarks are made from
volume models of male head sectioned images [21]. (E) The surface models of the maxillofacial area for orthognathic surgery are made. (F)
Surface models of a cadaver for understanding the deep circumflex iliac artery flap are made from the sectioned images and the segmented

images of male whole body.
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