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ABSTRACT

The reticulocyte count detected in the blood stream indicates the red blood cell production efficiency of the
bone marrow which can be used for diagnosis and treatment monitoring. This research studied a method for counting
reticulocytes from blood smear images stained with brilliant cresyle blue and couterstained with Wright-giemsa dye. We
performed digital image processing techniques to segment red blood cell images and artificial neural networks to count
reticulocytes. The results show that multilayer perceptron networks (MLP) using histograms of hue and saturation values
of red blood cell images as inputs were more effecient in reticulocyte counting. This MLP used a smaller number of
parameters and took less training and processing time compared artificial neural networks (CNN) that used red blood cell
image as inputs. The MLP had a reticulocyte discrimination with 98.83% accuracy, 0.80 precision, 0.88 recall and 0.84 F;-
score. This study indicates that the histograms of color information of red blood cell images are important features for

reticulocyte discrimination. This program should be developed for use in laboratory in the future.
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winlthmeseuuangesEined PRC Aldanlassisyssamifiouuazan PRC Aildainnisiulnegideivsy
A 5 uanans il Bland-Altman wesA1 PRC vesnmailiesidensiuiu 200 nmitldainlassnedszamiiien
#4 4 puuuifisuiuen PRC ldarnnisiiulasdidensny Tnsunu x Ao PRC vasnmaidivfidonusiazam
wazuAY y Aoraneszndnen PRC fildannlassisussamifioniua PRC Ailsainnistiuvesiidoiviaues
amaflesidonusaznin lunwd 5 (a) Anuuansnsvesd PRC Mdulagldlassiieussamisienuuumesioy-
psounmedutuaidulnedifemaaenszgniieglurag +1.78 f -2.94 uasilduaded -1 Tuveilunni 5
(b) Aausnsinayesrn PRC fitfulnelilassneyszamifisauuy MobileNetv2 aznsznineglutag +3.77 s
-10.75 uazdlaaded -3 lunmil 5 () AIuuAns1awesrl PRC fifulagldlassineussamifisnuuy
ResNet152V2 9gnszqnineglutag +5.74 §4 -17.5 wazdanadedn -3 wazluamil 5 (d) Anuuanssvesen
PRC itfulagldlnssneUsyamifiosuy DenseNet201 aznszqnéneglutag +6.01 fia -9.84 uariiAaded -2
nnmd 5 asdulddaden PRC Aldnlassneussamifieuuuumosiwunsounaedilndifssiuitldann
nstiulneddmganiandiedioutuen PRC Aldanlasmgussamisnuuunoulgiusii 3 wuu

UszAnsnmvaslassdreuszamidienlunisiuwadifinionunsuazisinlaled

Tun1s¥ausyaninmeedlasstneUszamdion unsiaiteuldlauiie precision, recall, F;-score

wag accuracy euIUlAIINENNITA 1-4

TP
Precision = ——— (1)
TP + FP
TP
Recall = —_— 2
TP + FN
2 x Precision x Recall
F,-score = (3)
Precision + Recall
TP + TN
Accuracy = (4)

TP + TN + FP + FN
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Tny TP Aedeyaiivinnonssiudeyasssviafimdsionsan FP Aeteyaiituneiaiduriniididsiansan TN
fetoyaiiviunenseiuteyasteinlilsviefiidsinnsanuay FN Aedoyaiiiuneinilildvinimdsionsan

1397 2 wanwanstauszansnmilasindevadlasseieUszamitonis 4 auuuatnnsi 10-
fold cross validation Mnaswaziiuldinszansnmlunstuadidadenunsmedlasaineysyamitouri 4
amuuuiailndidssiulnelaseisuuumefieunsounanetulinadwsiiniand F,-score 0.99 dnlums
tuisiglaled nan1svnaesmuilasstisuuumesisaseunaneiulinadniinninlaseeuss amisuuuy
poulagiutis 3 mmuuvegradiulddaau Taslasssuuuinesieunsounanstulinadnifindand F,-score
0.84 TuvnusiilaseieUszamifisnuuy MobileNetv2, ResNet152V2 waz DenseNet201 iian F-score 1y
0.77,0.61 kaz 0.62 A1ud1RU AUgNAIlassINYRdlATItIEUTEaIMTisul Uy MLP, MobileNetV2,

ResNet152V2 wag DenseNet201 Anllusasay 98.83, 98.19, 95.46 way 96.51 AuaGU

aAuTELAzATUNANITAY
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v
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o v '
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U

sa v !

vuzferfulasissramiouuuumosisnseunanssuddldsaunniime sitosniuardinatluns
Anaeutiosndt 3.3 fla 24 wideiSeuifisuiulasaneussamifisnuuuasuligiu uiilaseisyssamiion
wuumeuhgtuasiimmazanlunisldnuluniidllidosrimusmudnuus el dudoyaindliiulasee
doswnlasshevssamisnuuaoulgiuansalitoyanmiudoyaindlnensdls uisnwidotuand
Wiuasaumansadanudveuvadidadonundinsdinnudfglagaunsaldidudoyalunisnsiadulsi-
alaledldosdiuszansnmunnniuarlininenslunisiuadesnindensouiisuiunislddoyanin
Tngmss dmivmuidoluswemduiaulatinisliusslosdonasaumanadfsuisududoyanimiiy
rouradlnidenunainvzviliuszavsnmlagsinvesnisuendiunmeaadaidenuaiaznisiusielalyd
sullufimssieadifadenUssamdugitu oglsinuasfosimeiaunaninenssuamuutlmivedass
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M15199 1 WNTRS a1 glunsiingausaziaNglunsuseulanavedlassineuseamiiey

Folasevne UNINELNDS Lalunsinaau LA lUNITNAFBUAN
Uszamiiion (Aunil) (Aunfisann)
MLP-histogram 83,600 58.68 1
MobileNetV2 2,260,546 192 25
ResNet152V2 58,335,746 1,404 35

DenseNet201 18,325,826 1,134 32
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A19197 2 Usgansnnlaeiadevedlassieuszamiienia 4 JULUUaINMsYi 10-fold cross validation
wusteya 10 ngu uraznguUsznaumeadidndonuwaasiuin 1816 nwuazisialalyd

FIUIU 64 AN

ANN Model RBC Reticulocyte Accuracy
precision recall F,-score precision recall  F;-score (SD)
MLP-histogram 0.99 0.99 0.99 0.69 0.84 0.75 98.06 (1.038)
MobileNetV2 1 0.94 0.97 0.38 0.88 0.52 93.98 (2.697)
ResNet152Vv2 1 0.95 0.97 0.47 0.94 0.60 95.11 (2.984)
DenseNet201 1 0.95 0.97 0.49 0.92 0.61 95.17 (3.545)
Original Image Threshold Opening

Crop Image

-

Reticulocyte

RBC
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