WV INNHNUS myivauT'lsdsiia CD4A+ Taglddnyaziauvosnnaalunin

¢ § o o
“NQfJfJLiﬁl“]ﬂlﬁLLa8ﬂ?WﬁUWﬁQﬁ’JNﬂ’NNﬁ%L%ﬂﬂ@H

Y A d Aav
RNV UNTNMYHUY DNIUNTWNIT
a Y a a o
ﬂ%iymg AIAINTIUMTATUNIVUNG (’Jﬁ’Jﬂiﬁ?J%”JﬂﬁL!‘W‘ﬂfJ)
d’ a S o I [
ﬂm%ﬂiiuﬂ1i‘ﬂ1ﬁﬂ‘lﬂ1 TA.AT. UNUD DIDINU Eﬂ‘tﬂiﬂﬂlﬁﬂkﬂﬂaﬂ
v W a o S 1
.97, YYYY ASY1NIAUN E]ﬁﬂiﬂ‘ﬂl'?ﬂ‘bl?i?]ll
%4
Unnaege

{1 4 v A d A o A J
runuasonivan I ledeiia CD4A+ wuudaluialasldzlninldeonviegaaia
A A Lz s 2 o J A ] A a SR A
wsoiioiunuuaIazaelismgnnaunsesnsamasgusunsod 1Wa leTadino5aeGu Tn
s a i sa ' < o s
loysiwiia CD4+ figmiv Tasmsgminvgeasaisuanandesd sgelsnam msiiwad lnold

=~ Y o o A =) A o 1 aA ¥ g J = 2
L‘WEJ\?ﬂTWV\I@jﬁ]’ﬁ]ﬁﬁlcﬁum\l"u’E]i]'lﬂm‘uﬁ]{linﬂhlll3Jﬂﬁﬂuﬂu31ﬁﬂﬂ51ﬂguulﬂuwﬁa EL‘L!ﬂﬁﬁﬂ‘HTL!

A o v Jdo A

Yy 9 Y dy [ 1 I A o A A as
hlﬂL!ﬂﬂﬂluWTT@SﬂWﬁiTﬂ’]WWHWﬁQﬁ?WQ ﬁ?JW‘Ll‘ﬁﬂulW'ﬁ]Lﬂuﬂ’liﬂuﬂuﬂ?WﬂJu’]Lﬂf@ﬂ@ﬂlﬂ\?Tﬁﬂ'ﬁ
Y

a a d’
‘L!ﬂ’i]‘JJiJTH‘V\Iﬁ@@tiﬁ!%uﬁl!a$%$ﬁ1u1iﬂ

k1) U

)

329 Taoan Tl ladaiia CD4+ vzgndoudaom

(% 9 o J

A A <
HUHNN ucmuﬂmzmmnmﬁaﬂmﬂumw

=D

< FY I A 2
M@QLWuUl@GlUﬂWWV\IQﬂﬂliﬁlcﬁuﬁﬁlﬂlﬂ’llm$ﬁuﬂﬂ

v
v Jdo o

X o ' ) ~ ) a A o A a s a
WuWa\1ﬁ'J'NﬂUﬂﬂﬁGlUﬂ’]WV\lQf]@liﬁlcﬁuﬁﬁlmﬂjlla$ﬁllﬂ\1ﬂauwuﬁ H Uﬂ@auiwqcﬁ@%u@

o asy { ' = v oA 7 f [ 1
CD4+ 5 I ueuedsmsn lulimsBeudunuse Tuialumsasonuzad luamiundseing

] [l
A A o

J a J a a < §
nazmwgessamudionuzivan I ladyiia CDA+ ATmsasrvnuiiadoay1alumwiny

< KX o J

o U g’/ @ o { 1 H 1 v ] 1 o
vasanaiugniaun laemilsdedugiuveusaanivounagmanausa n1suLNdurad Ia

o

I o ¥ 4 { a { a 4 o g
T/I'ILTJuﬁnu')ua@ﬂﬂiﬁlﬁ@ﬁ%gﬁﬂﬂﬁqllWﬂWﬁ']ﬂsluﬂ']ﬁ@lﬁ?ﬁ]ﬁ']‘ﬁlﬂﬂﬂ']ﬂﬂ'ﬁﬁ]ﬂﬁuﬁﬁﬂ u@ﬂmﬂﬁ

A o

s Yo Yy Z s A A Y (1 an
3ﬁﬂ15l!ﬂﬂl‘ﬂfﬁﬁﬂ@lﬂﬂuﬂllﬂu'liJ']GLGIfﬂ'JfJ %Tﬂuul‘ﬂfﬁﬁlﬂﬂlﬁﬂﬂﬂn?{ﬂggﬂlﬁ@ﬂiﬂﬂi%gﬂﬁ?ﬂ IHNT

8

I3 A

armuradiiadenvnlunmiundiaiinfunudifinnluazdinsdnneraninia
dwsumsasanuwad lumwgeasmaud 15118 19n15u1)as top-hat wareauialunisilsy
mntudvesnin Aunsyleasaaus 0 1255 21 lumsade nsml ROC iitetsziiiu
Uszansnmuesisnmaasivmay Tl ladwiia CD4+ ns 1l ROC vesnmwgeaisaisuddiion

s

1 y 1 v H 1
uazduaad Iaviumunil TPR guuazil FPR é1 aunsyleadnangannuaaznsvlazgnldiie



Y
Usziiivdszaninmlumsiv vazimmudwamaiviueaassinny luazavihuenanan
I {0 ] < @ A 2 y 0 J
Wunumels edrelsnmuarswanianugndes imuawine Wawsoi 1 149szgna

Y a
NNMIUNNG 139349



Thesis Title CD4+ Lymphocyte Counting Using Pixel-Based Features in

Low Resolution Fluorescence and Bright Field Images

Author Ms. Usanee Apijuntarangoon
Degree Master of Engineering (Biomedical Engineering)
Advisory Committee  Assoc. Prof. Dr. Nipon Theera-Umpon Advisor
Prof. Dr. Chatchai Tayapiwatana Co-advisor
ABSTRACT

Recently, automatic image-based CD4+ lymphocyte counting instrument is
available in the market. This instrumentation consists of a portable bench-top, which
cheaper than the standard counting machine, flow cytometer. CD4+ lymphocytes are
counted via the bi-color fluorescence image. However, counting cell using only
fluorescence image has certain limitations since no guarantee that the color spots are
cells. In this study, this problem is solved by using a corresponding bright field image to
guarantee the reliability of detection method. CD4+ lymphocytes are stained by
immunofluorescence technique and they can be seen in both green and red fluorescence
image. The overlapped region between the white blood cells (WBCs) in bright field
image and color spots on corresponding green and red fluorescence images are CD4+
lymphocyte. We proposed the automatic unsupervised method for cell detection in
bright field and fluorescence images in order to count CD4+ lymphocytes. The WBCs
detection method in bright field image was developed based on the cells morphology
which represents the outstanding edge and intensity information. The segmentation was
done twice in order to reduce false detection caused by background. Besides, the
classical method for separating adhere cells was implement. Then, the roundness was
used to select the WBCs based on shape. The WBCs detection approach gave a good
sensitivity and positive predictive value (PPV). For cells detection in fluorescence
approach, we used a multi-scale top-hat transform as an intensity enhancement. The

thresholding values from 0 to 255 were applied to generate ROC curve in order to



evaluate the performance of the CD4+ lymphocyte detection algorithm. The obtained
ROC curves of green and red fluorescence images show the high true positive rate
(TPR) while low false positive rate (FPR). The best thresholding value from each ROC
was applied in order to evaluate the counting performance and we found out that
counting result shows a good sensitivity and PPV. However, the accuracy should be
further improved for the real medical application.



