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# # 4070518421 : MAJOR COMPUTER SCIENCE

KEY WORD: MEASURING/ VASCULAR WALL STRUCTURE/ IMAGE PROCESSING
UREERAT WATTANACHON : A DESIGN AND DEVELOPMENT OF A PROGRAM FOR
MEASURING VASCULAR WALL STRUCTURE. THESIS ADVISOR : ASST. PROF. NONGLUK
COVAVISARUCH THESIS CO-ADVISOR : ASSOC. PROF. SUTHILUK PATUMRAJ, Ph.D.,
104 pp. ISBN 974-347-237-1.

The purposes of this research are to design and to develop a program for measuring
vascular wall structure by using digital image processing and computer graphics to help
analyzing images. Various different blood vessel shapes, slide preparation and image acquisition
processes can all cause blood vessel images to vary widely. The designed measuring program,
hence, has some limitations that users must be aware of, and they must select a suitable working
mode. The measuring program is designed to work in 3 modes: automatic, semi-automatic and
manual. Appropriate measuring points: on vascular walls are automatically selected in the
automatic mode. Vascular wall structure, which includes the vascular wall thickness, is
calculated. With semi-automatic mode, users can choose to delete, to add or to change the
measuring points selected from automatic mode. Users can freely select measuring points to
measure vascular wall thickness in the-manual mode.

In this research, the measuring program has been evaluated with 22 images of both
circular rings and elliptical rings of 1.cm. and 2 cm. thick. The thicknesses resulting from the
program are 0.994+0.004 cm. (N=2313) and 1.981£0.025 cm. (N =242) for the 1 cm. and 2
cm., respectively. The program has been tested with 27 blood vessel images, when compared to
human measuring results, shows that-it provides more-reliable measurements as many more
measuring points are used in the program, especially for the distinct vascular walls images. A
practical use at the Microcirculation Lab, Department of Physiology, Faculty of Medicine,
Chulalongkorn University, shows that the program makes vascular wall measuring process work
much more convenient. The results are more statistically efficient when compared to those done
by human because human cannot select as many measuring points. The program also reduces

human’s uncertain measuring problems which cause measuring results to vary widely.
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ANBUTUBININ ATNUUIAFI ANNMLNATA LS AUIUAIA
a4 o ANWWURIUNAFALU %
Nd3I9 (dd.) (1N.) (n)
sanan 1 0.988£0.011 304
giadtuang 1 0.993 £ 0.024 339
5 ) gUaTungueY 1 0.993+ 0.024 338
mﬂuwumuyim
Jenan 2 2.006£0.015 294
s funany 2 1.958+ 0.029 221
ginsuMaLan 2 1.955+ 0.029 213
1l4nay 1 1 0.992+0.015 334
alanan 2 1 0.995%0.016 286
siavnan 3 1 1.000 £+ 0.029 309
gianan 4 1 0.989%0.012 270
gths 1 1 0.993+ 0.025 335
s 2 1 0.996 %+ 0.027 309
g3 3 1 0.993+ 0.024 322
5 gass 4 1 0.998+ 0.028 300
UDUNUNUA
gUaanan 5 2 2.004+0.018 290
319nan 6 2 2.007£0.018 230
7Uaanan 7 2 2,010+ 0.028 275
giaanan 8 2 2.007£0.016 269
a3 5 2 19584 0.032 218
gt 6 2 1.961%0.033 222
jilass 7 2 1.960 % 0.044 212
g3 8 2 1.965+ 0.035 214

* 1 Mean+ SD
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(n) gl 19 lun75am NN (7) wunansgivrevreuau e
ANUMUIIIR LA = 14421 1im IUAIUUEN
SD = 2.428 4191g9A = 105 AMEra1A1UTY = 504.598 tm

AIINENITDLAIUUAN = 559.476 um

() Wuie9T89979 = 9,414.650 (um ) (1) Wuiaseniaiaemiden = 6,529.169 (um )°

d’ o P o p p
g‘ﬂ?’] 5.4 AaN17IA IANATINYONNHINAD A DA YN INIADAADA 1
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(7) dunanvgLivrevauA W luuas
IOUALUAN
ANENITaLATY = 606.964 1M

AIINENITDLAIUUAN = 669.909 um

() 89789979 = 13,604.893 (um )° (1) Wuieseniaiaemiden = 7,367.754 (um )’

Ad' o v o I~ =~
qﬁl‘ﬂ‘i/l 5.5 HAN199A TANAT NI YADAIADATANNINYADAIARA 2



(n) gaai 4 luns9ana 18
AuAdala = 10.295 um

SD = 3.605 4113UA9A = 82

() Wuil99189379 = 9,582.099 (1m )’

(7) iunansgiivrevreuauluias
IOUALUAN
ANENTaLA 1T = 490.380 tim

AIINENITDLAIUUAN = 627.497 um

R

7171 5.6 uan9inlarainaesniinaenae AT INYAAIAEA 3
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(1) Wuiaseniaiaemiden = 5,622.266 (um )°
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7/
n) @'@mﬁ?’ﬁ‘luﬂ%ﬁ@ﬂdwwm \ é (7) dunanvgLivrevauA W luuas
ﬁ;o')ywu’;ﬁiﬁ)‘lﬁ’)’ff’ég;?w m .- A IDUAIUUBN
SD = 4.444 ’5’”{3?121'??7‘ =118 p §; . A NEN18UA MY = 696.734 tim

o A9NEN9T8UAIUUEN = 669.660 M

() uve9T89919 = 12,580.554 (um )° () Auivasniianaeniaen = 11,454.319(um )’

al' o o o = =
gﬂ?’l 5.7 LANITIA IATNATNYENEINYADALADATENATNIADALADA 4



(n) gaal 19 lun179am ML (7) uuansgiivrevrauauluias
AumAdala = 12,188 pm YALAIUUAN
SD = 4.568 9119uA9A = 130 A INEN978LA Y = 586.004 1M

AIINENITDLAIUUAN = 675.206 ym

(p) Wui99189979 = 17,447.221 (um Y (1) Wuiaseniaiaeniden = 6,963.580 (um )°

717 5.8 uan9inlanaiaesniiuaeaae AT INYABAIAA 5
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(n) A 19 lun175am NN

4 (7) wunansgivrevreuau e

AR e = 11592 1m —

\
|

IDUAIUUBN

SD = 2.998 A19uA9A = 166 ™

{4
. AINENITELAINNEN = 667.526 1M

A

2zl

ANETaLA TN = 583.190 um

() Wuve9Tesdng = 8,339.196 (um ) (1) Wuieseniaiaemiden = 6,618.626 (um )°

al' o o o = =
gﬂ?’l 5.9 4AN19IA IANATINYBNALINADAADA TN INIADALADA 6



(n) gl 19 1un179am ML
AuAdala = 7.492 um

SD = 4.242 4713UR9A = 29

(p) Wuile989319 = 3,612.037 (um )’

(7) iuuansgivrevreua L e
YOUALUAN
AMEra1A1UTY = 286.001 M

AIINENITBUAIUUBN = 335.921 um

\

7171 5.10 uan1930 IAseaF INTENRINYADAIADA YNNI INVIABAADA 7

52

(1) Mufivesnisviaeniaen = 1,664.259(um )’
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(n) gaai 14 lunsiana1avi (1) idunansgiliwrevaausuluuas
AuAIala = 10.744 um PALAIUUAN
SD = 3.569 9113UA9A = 82 A INENYaLA Y = 452.971 1M

AINENITDUAIUUAN = 495.044 um

(p) Wuiie4189979 = 6,410.185 (um )’ (1) Wuieseniaiaemiden = 4,114.506 (um )°

771 5.11 wanisinlnseainaesniananaaenreanImiasnlaen 8
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(n) gaad 4 1lun179am 189 (2) iduuansgrsvrevra i luuas
AuAdala = 15.869 um PALAIUUAN
SD = 4.487 9713uA9A = 101 AINENYaLA Y = 523.662 1M

AIINENITDLAIUUAN = 679.822 um

(p) Wuil99789979 = 14,900.924 (pm Y (1) Wuiaseniaiaemiden = 8,272.530(um )°

7171 5.12 uanisinlnseainaesniiananaae AreanINaAlaea 9
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(n) gaai 14 lunsiana1avi (1) idunansgiliwrevaausuluuas
AuAdala = 18.906 um PALAIUUAN
SD = 4.902 a143UEA = 73 A wEmeua Y = 555.949 1im

AIINENITDLAIUUAN = 668.9680 um

|-_ . il ¥ e |
1:11 ; 3 ;!;;
. : = p ol =
SN e N
(p) Wusilu99189979 = 15,434.875(um ) (1) Wuieseniaiaemiden = 9,990.122 (um )°

7171 5.13 wuan19inlAseaiNreaianannaenuaNn1mIasaana 10
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(n) gaai 14 lunsiana1avi (1) idunansgiliwrevaausuluuas
AuAdala = 20.986 um PALAIUUAN
SD = 5.032 9113UA9A = 37 A INEN1aLA Y = 289.738 1M

AINENITBUAIUUBN = 407.21 7 um

() Wuii99189979 = 3,655.247 (um (1) Wuieseniaiaemiden = 6,333.641 (um )°

7171 5.14 uanisinlaseainresniananaaenreanImiasniaes 11
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(n) A 19 1un79am ML 4 (7) iunansgiivrevreuauluias
AumnAdala = 15.094 m YALAIUUAN
SD = 6.551 9143UA9A = 82 oy A INENYaLA Y = 431.582 1M

4 AIINENITDLAIUUAN = 570.007 um

() Wuva9Tesdng = 9,389.505(um ) (1) Wuiaseniaiaemiden = 5,678.086 (um )°

7171 5.15 uan193n IAseaF NIENNIIINADAIADA TN INIADALABA 12
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"*+,‘ i
Pl “";al’“:‘//?
S, YT

o 4 (7) iunansgiivrevrauauluias
(n) gani 19 1un79Am ML )
J. L IOUAIUUAN
ANNIUNTIALA = 17.518 pm }
. , A NE78UA 1T = 341.839 um

SD = 3.922 4149UA9A = 85 5
AINENITOLAIUUBN = 442.409 um

() Wuii9989379 = 4,615.432 (um (1) Wuieseniaiaemiden = 5,612.962 (um )°

7171 5.16 uanisinlassaivresniiiuanaaenreanImasniaen 13



(n) gaaf 4 lunsiana 18
ANUNAR A = 17,106 tm

SD = 3.366 4714994 = 101

Rt T T o
L
(1) duuansgliveavaauauluias
YALAIULAN
ANENITaLA T = 359.807 tim

AVINENITDLAIUUAN = 422.433 1M

(p) WuRUBITE9979 = 4,787.654(um )

g7 5.17 wani15inlaseainaesnisyannldnnIeNn MIaaALAaA 14
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(1) Wunvesniimasniden = 5351542 (um )’
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(n) gl g lun179ama MmN (7) Wuuansgivrevreuau e
AuAdala = 12,982 um YALAIUUAN
SD = 4.368 9119uA9A = 172 AINENIYaLALTY = 727.105 M

AIINENITDLAIUUAN = 996.036 um

() 189789979 = 20,491.664 (um )° (1) Wuiaseniaiaemiden = 9,232.715(um )°

U7l 5.18 uanisinlnseainaesniananaasnreanImaniaen 15
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(7) dunanvgLiwreveus W luuas

YDUAIUUBN
AENTaLA TN = 555.530 1im

AINENITDUAIUUBN = 574.269 um

() WuiveaTesing = 11,781.480(um )° (1) Wuiaseniaiaeniden = 2,675.926 (um )°

Uil 5.19 nansinlaseairevaisnanadantesnmiasniaen 16
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(n) gaad 4 lun17dama 18 (2) iduuansgrsnvevrauiuluuas
AuAdala = 16,405 um YALAIUUAN
SD = 4.987 9113UR9A = 41 A INENIYaLATY = 220.780 1M

AINENITDUAIUUAN = 377.393 um

~

() Wuiie989379 = 3,311.419 (um ) (1) Auieseniaiaeniden = 3,3982.407 (um )’

g7l 5.20 uanisinlnseainaesaiinanaae At Imianaen 17
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(n) gl g lun179ama MmN (7) Wuuansgivrevreuau e
AuAdala = 15.049 um YALAIUUAN
SD = 6.837 4113UA9A = 27 A INENYELATY = 144.504 1M

AINENITDUATUUBN = 267.842 um

() Wuivaetasing = 739.815(um )’ (1) Wuieseniiaemiden = 1,720.370(um )’

g7l 5.21 uani9inlnseainaesniiananaasnreanImanaen 18



(n) gl g lun179amaImmLI (7) Wuuansgivrevreuau e
AuAdala = 29.012 um YALAIUUAN
SD = 9.998 9113UA9A = 22 A INENIYaLAMTY = 145.123 M

AIINENITBUAIUUBN = 379.81 7 um

64

() Wuiivaatesing = 407.407 (um )’ (1) Wuieseniaiaemiden = 3,905.555(um )°

g7l 5.22 uani9inlnseainaevniananaae AT INaAIAeA 19



(n) gaai g lun179ama ML (7) Wunansgiivrevreuauluias
AuAdala = 19.809 um PALAIUUAN
SD = 13.229 411491A3A = 17 A INEN9YaLA Y = 119.981 1M

AIINENITBLAIUUAN = 253.733 um

(R) Wuiivaatesing = 756.790(um )’ (1) Wuieseniaiaemiden = 2,865.123 (um )’

g7l 5.23 uani93nlAseai Nreanianannae A IaNN 1MIABAIARA 20
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(n) gl 19 lun179ama ML (7) Wuuansgivrevreuau e
AuAdala = 19.534 um YALAIUUAN
SD = 4.393 4113URA = 50 A xE 978U Y = 306.619 um

mwmomuﬁmu@ﬂ = 429.485,um
A ' ",J'_'q:rvgr: g_ﬁ?@

57 7
f.-.'_r;‘;“ »:

§5 oo

() Wuiie489379 = 4,846.604 (um )’ (1) Wuiaseniaiaemiden = 5,509.876 (um )°

g7l 5.24 uanisinlnseainrenisnanniasnrevnImiasnaen 21
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(n) gl g lun179am ML (7) Wuuansgivrevreuau e
AuAdala = 10.460 um YALAIUUAN
SD = 4.474 413URA = 36 A e 9Y8uA Y = 182.519 um

AIINENITDUAIUUAN = 273.923 um

() Wuiie989319 = 1,889.197 (um )’ (1) Wuieseniaiaemiden = 2,070.370(um )°

g7l 5.25 uan193n IAseaF Ne9NIIuABALAR AT INYADAIABA 22
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(n) gl g lun79amaImmL (7) Wunansgiivrevreuauluias
AuAdala = 14.795 um PALAIUUAN
SD = 16.227 41143uA3A = 49 A XE98UA T = 467.509 um

AIINENITDLAIUUAN = 651.850 um

= “‘ : - r

= ma

() Wuive9Teedne = 10,292.283 (um )° (1) Wuiaseniaiaeniden = 5,871.913 (um )’

U1 5.26 uan153nlAseaFNTevnluanaa ATENNINYADAIAEA 23
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(n) gaai 14 lunsiana1avin (1) i@unansgiinrevaa s uluuas
AuAdala = 11.796 um YALAIUUAN
SD = 5.906 911431R9A = 36 A INENYaLAMTY = 250.278 1M

AIINENITDLAIUUAN = 380.267 um

() Wuie9tesdng = 3,116.975(um ) (1) Wuiaseniaiaemiden = 2,954.938 (um )°

gl 5.27 uan193nlnseaiNeesniauanaae AT INAAIAEA 24
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(n) gaafl 15 lun179aR9 KL () idunanagrinaesyeusuluuas
AuAdala = 12,665 um IOUANUAN
SD = 4.604 4713UR9A = 21 A 1xE978UA T = 239.949 um

AINENITDUAIUUAN = 323.294 um

B

() Wuile989319 = 2,279.321 (um (1) Mufivesnisviaeniaen = 1,965.740(um )’

U7l 5.28 uani193nlnseaiNaevniananaae AN INAAIAEA 25
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(2) duuanegsvrevre s luuay

.
“ . 28UAUEeN
-" <

nhqomuﬁfnﬂu = 154.067 tim
)

1979UANUUAN = 155.918 im

(R) WuiveeTa999 = 1,067.728(um )’ (1) Aunvesaiisaaniaen = 170.370(um )’

U1 5.29 nansinlaseairevanisianaiaeneinImasfaen 26
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(7) dunanvgLiwreveus W luuas

YDUAUUBN
AINENITALAI 1Y = 3.143 M

AINNENITDLAIUUAN = 0.000 um

(A) Wuiveagesing = 0.309(um )’ () Auivesenianasniden = 100.309(um )’

71 5.30 wani9inlaseairreveisnanadenil lgndevaesniniaaniaen 27
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F19NT1 5.2 HANIFIAAINILNIBNN A AA aAaTTA aiuuy IdAuTTugdnuazunusmn s

wuvldauilugin wULARTUNE
- ANANAUNT AANNRUNT | 4uau ATANUUT | 211U
MWKRAALRARA ;

Jalaangin A | nlAaNEIn B | Aam ninla Aqm

(pm)” (m)” (n) (£m)” (n)

NMNVRRALADA 1 20.33+4.63 20.00+4.73 6 14.421+2.428 105
MANARALADA 2 14.67+3.73 15.00£3.10 6 10.120+ 4.143 77
NNVABALARA 3 12.33%2.:97 13.67+3.45 6 10.295* 3.605 82
NNVRRALARA 4 27.00t3.84 28.33+ 3.97 6 22.740% 4.444 118
MNMARAAEA 23 24.00+ 3.58 22.33+3.20 6 14.795+ 16.227 49
NNVaeALAaA 24 17.33% 1.03 15.00£ 1.10 6 11.796 £ 5.906 36
MNVaeALAan 25 17.67£2.10 17.00£3.20 6 12.665 1 4.604 21
NNVRBALAEA 26 16.67 £ 1.68 14.33£2.08 6 9.225+ 2.927 10

ANUUIYANALSVABAADA ANUNTUNINARDALADATINUDLUDINTNNADARDATALAL 11NN

vaanaen 1 (UM 5.4) n1aAmdangani i lunisdnranununazinliauasiauaunan vinldan

ANULNTA s EaNe doulunINUAaRIAeA 2 DNANNUARALADA 6 (3UTN 5.5 D

b3

717 5.9) Daudidn
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Abstract: This paper presents an image analysis tool for measuring vascular wall thickness from an image taken through
a light microscope. Since wide image variations are encountered, which are caused from the shape of blood vessel itself,
from slide preparation, and from image acquisition process in that data must pass through several media, hence, this tool
cannot give good result to every image. We, therefore, design our tool to work in three modes; automatic, semi-automatic
and manual. With automatic mode, this tool automatically selects all vascular wall pixel pairs which are likely to be good
representatives in the measuring process. ‘Average thickness and standard deviation are automatically calculated. In semi-
automatic mode, pixel pairs from automatic mode can be selectively discarded, added, or repositioned by users, and
calculations are done afterwards. With manual mode, users can manually select their own pixel pairs and calculations are
then processed. We have evaluated our tool with synthetic images, two circle rings and two oval rings with one and two
centimeters thick. The average thickness errors are minute, 0.81% for the one-centimeter rings and 1.27% for the two-
centimeter rings. In this research, tests on images of various slides of arteries have also been done. From the
experimental results and the analysis of the results, it is concluded that, for blood vessels whose thickness does not vary
too much, those measured by this tool should be closer to the real vascular wall thickness than those measured by human.
However, it should be pointed out that we should not compare the results from this tool with those measured by human
because the results from human can widely vary.

Key word: measuring tool, vascular wall thickness, image analysis
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