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GIAI PHAP NHAP PIEM DUA VAO PAC TRUNG GIST,
KI THUAT SVM VA TESSERACT
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INPUTING STUDENTS’ SCORE BASED ON GIST FEATURES, SUPPORT VECTOR
MACHINES AND TESSERACT
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Tém tat — Viéc qudn Ii diém sé trong cdc
truong dai hoc va cao ddng yéu cdu tinh an toan
va tinh chinh xdc cao bdi tinh chdt quan trong
ciia no. Trong do, viéc nhdp diém sé cia hoc
sinh va sinh vién vao hé thong dé ddam bdo cong
tdc luu trit thuong mdt nhiéu thoi gian va cong
sitc do khd ndng xdy ra sai sot cao. DE gidm
thiéu rii ro va tding tinh chinh xdc, trong bai
bdo nay, chiing téi dé xudt gidi phdp nhdp diém
bang ki thudt nhdn dang. Trong gidi phdp nay,
chiing t6i sw dung trich chon ddc trung GIST,
ki thudt SVM va Tesseract trong nhdp diém viét
tay cho Truong Cao ddng nghé Séc Trang. Gidi
phdp dé xudt gém hai cong viéc chinh la nhdn
dang vimg md sé hoc sinh, sinh vién dang chit in
bang Tesseract va nhdn dang ving diém sé viét
tay bang mé hinh mdy hoc SVM vdi ddc trung
GIST. Trong phan két qud thuc nghiém, gidi phdp
dé xudt dat duoc do chinh xdc cao, hon 96% cho
chit in va hon 93% cho diém sé viét tay. Thoi
gian nhdn dang trung binh cho mot bdng diém
la 7,9 gidy. Diém noi bdt cia trong nghién ciiu
nay la sw két hop nhdn dang chit in va chi sé viét
tay cho cong tdc nhdp diém so iing dung thuc té
tai don vi.

Tir khoa: GIST, MNIST, nhdn dang, OCR,
SVM.
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Abstract — Handwriting recogination plays an
important role in data inputing and processing in
the practice. This attracts much attention of many
researchers in different fields. In this paper, a
new algorithm is proposed by basing on GIST
features, Support Vector Machines (SVM) and
Tesseract for entering the score on students’ tran-
script form at Soc Trang Vocational College. The
algorithm consists of two main works, i.e., recog-
nizing students’code and recogziing handwritten
digit. In the proposed algorithm, all regions of
interest are determined and extract their dictint
features with using tesseract and GIST. Then,
these features are classified by SVM mechanism.
Experimental results demonstrated that the pro-
posed algorithm obtained high performance with
accuracy up to 96,57% for students’ code and
93,55% for Handwritting scores. Average time
was 7,9s per one transcript.

Keywords: GIST, MNIST, OCR, recognition,
SVM.

I. GIOI THIEU

Viéc nhan dang mdt linh vuc nhu gidm sét giao
thong, bai giil xe, bang diém, phiéu ghi hang dang
dudc gidi khoa hoc quan tim nham gii quyét cac
yéu cau trong cudc sébng hién nay. Trong d6, viéc
nhén dang chit viét tay hién van con nhiéu thach
thic d6i v6i nhiing nha nghién ciu, bdi né phu
thudc vao con ngudi, ngdn ngli, trang thai tam
1i khi viét. Trong khi d6, chit viét tay xuit hién
rAt nhiéu trong cdc co quan, xi nghiép. N6 dudc
thé hién trén cdc bi€u mau. Trong trudng hoc,
cong tic di€ém sb cla ngudi hoc ciing dudc thé
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hién duéi dang chi viét tay trén cic biéu miu
lién quan. Nhiing thong tin vé diém s6 ctia ngudi
hoc dudi dang viét tay can dua vao mdy dé xu Ii.
Phuong phép truyén thdng doi héi can mot quy
trinh nhap diém kha phiic tap, ton thdi gian va
tham chi c6 thé dan dén sai sot. Viéc 4p dung
ki thuit nhan dang trén bang diém viét tay dé
dua thong tin vao may la mdt trong nhiing giai
phap hd tr¢ xi 1i nhanh va han ché sai sét. Dé
lam dugc diéu d6, nhiéu phuong phdp, ki thuét
khéc nhau dudc tiép cin nhu logic md, gidi thuat
di truyén, mo hinh xdc suét thong ké, md hinh
mang nd-ron nhan tao.

Nhiéu cong trinh nghién cifu vé nhan dang chit
s6 viét tay dat hiéu qua kha quan. Gaurav Jain,
Jason Ko [1] nhan dang chit s viét tay, st dung
giai thuat PCA két hop v6i 1-NN trén tap di liéu
MNIST, két qua cho ti 1& chinh xic 78,4%. Db
Thanh Nghi, Pham Nguyén Khang [2] da ap dung
gidi thuat may hoc riing ngiu nhién xién phan
(rODT) st dung cac dac trung toan cuc GIST,
két qua thuc nghiém trén tap dif liéu MNIST dat
dd chinh xdc 99,12%. Ca hai nghién ctu thuc
hién trén tap dif liéu miu dudc cung cip bdi &
chiic NIST (National Institute of Standards and
Technology) va sau d6 dugc LeCun cap nhat, chia
thanh hai tdp riéng biét goi la MNIST [3]. Day la
tap dif liéu chudn, chua thé hién dudc tinh thuc
té cao do trong thuc tién ton tai cic dang biéu
mau viét tay rat da dang va phong phu.

Céc huéng nghién ciiu gan day ctia Lé Thanh
Truc [4], VO Ngoc Lgi [5] da dua vao déc trung
GIST va md hinh may hoc SVM cho phan 16p
4nh. Lé Thanh Triic [4] st dung bién ddi Hough
trong tién xi li, két qua nhan dang dudc bang
di€ém ctia Truong Pai hoc Tay Do dat dd chinh
xac 97,3%. Tuy nhién, thdi gian thuc hién xu 1i
lau dén 14,51 gidy. Hon nita, gidi phdp nay chi ap
dung cho céc sb tron tif 0 dén 9 trén bang diém.
Piéu nay chua thuc t& véi tinh hinh quan 1i diém
s6. Nghién citu cia Vo Ngoc Loi [5] nhan dang
dugc diém sd c6 phan thap phan mot chit s6 18
v6i do chinh xac 94,4% trong thoi gian 2,7 gidy
trén bang diém cua Trudng Dai hoc Bac Liéu.
Céc nghién cuu da tp trung xu li trén da liéu
thuc tién tai don vi. Tuy nhién, cidc nghién ciiu
chua cho két qua chinh xdc cao hoic do thdi gian
Xt li 1au do nhiéu nguyén nhan nhu viét thiéu nét,
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stta diém, ki nhdy, viét 14n dong, viét chit dinh
v6i nhau, chit lugng dau vao cta anh kém, nhiéu
nhiéu.

Do céu tric bang diém ciia Truong Cao ding
Nghé Séc Tring chiia nhiéu ving thong tin khéc
biét so véi bang diém clia cac nghién cifu trén
nén viéc ap dung két qua cac nghién ctiu da c6
vao bang diém thuc té tai Truong Cao ding Nghé
Séc Tring la khong thé. Trong bai viét nay, ching
t6i dé xuat hé thdng nhan dang bang diém thuc
té tai Truong Cao dang Nghé Séc Tring bing
phuong phap trich dic GIST va giai thuit may
hoc SVM trén viung di liéu diém s6 tong két
dudc viét bang tay; dong thdi, ching tdi két hop
thu vién tesseract-OCR d€ nhan dang trén ving
dit liéu ma sb hoc sinh, sinh vién (HSSV).

II. TONG QUAN NGHIEN CUU

A. Rut trich ddc trung GIST

GIST la mot dic trung toan cuc biéu dién nodi
dung anh dugc Oliva & Torralba [6] dé xuét nim
2001. Pic trung GIST thé hién dusi dang mot
vector dugc tinh todn tir két qua clia viéc 4p dung
cdc bo loc Gabor 1én anh. Tir dit liéu anh dau vao,
sau khi trich dac trung s€ cho ra mot vector co
960 chiéu. So ludc cic budc tién hanh nhu sau:

Budc 1: Anh ddu vao sau khi dudc tién xi Ii s&
dudc tach ra thanh ba kénh mau Red-Green-Blue
riéng biét.

Budc 2: Ap dung phép bién ddi Fourier trén
mdi kénh mau.

Budc 3: Ung véi mbi anh Fourier dp dung 1an
lugdt hai muai bo loc Gabor 1én anh. B6 loc Gabor
dudc tao ra & ba scales va tam hudng. Trong do,
scale 1 va scale 2 stt dung tam b0 loc, scale 3 st
dung bén bd loc.

Bu6c 4: Cubi cung, két qua ctia mdi bo loc
dugc dua qua phép bién ddi Fourier ngugc, sau
d6 chia thanh 16 viung bang nhau va trich dic
trung. Két qui ctia mdi ving 1a mot dic trung.
Nhu véy sb chiéu ctia dic trung GIST la:

3% (8+8+4) x 16 =960 (1)
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Hinh 1: Minh hoa trich dic trung GIST [7]

B. Mdy hoc vector hé tro (SVM)

May hoc vector hd tr¢ dudc Vapnik nghién ciiu
tif nhitng nim 1965, dén nhiing nim 1990 thi gidi
thuat [8] dudc chinh thiic phat trién manh, tré
thanh céng cu hitu hiéu va phd bién ctia linh vuc
mdy hoc, nhan dang va khai mé di liéu, c6 thé
dugc st dung cho phan loai, hdi quy hoic céc
nhiém vu khéc.

SVM thudc dang may hoc c6 gidm sat, 1a mo
hinh x4y dung mot siéu phang hodc mot tap hop
cdc siéu phang trong mot khong gian nhiéu chiéu
hoic vo han chiéu. Siéu phang tbi uu phai 1a siéu
phang tach hai 16p xa nhit c6 thé.
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Hinh 2: M6 hinh SVM phan 16p tuyén tinh cho
bai toan hai 16p [9]

Doi v6i vin dé phan 16p nhi phan tuyén tinh
nhu Hinh 2, siéu phang t&i wu phéan tap dit lidu
thanh hai 16p 1a siéu phang cé thé tach roi dit
liéu thanh hai 16p riéng biét véi 1€ 16n nhét. Viéc
chia cit dugc thuc hién nhd vao hai siéu phang
hé trg song song. Siéu phang hé trg 16p (+1) mau
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xanh 14 cdy nam vé bén phai clia siéu phang nay.
Tuong tu, siéu phang hd tr¢ cho 16p (-1) mau
xanh duong ndm vé bén trdi clia siéu phang nay.
Theo d6, ching ta can tim siéu phang H: y=w.x
+ b=0 va hai siéu phang H1, H2 hd tr¢ song song
v6i H va c6 cung khoang cach dén H véi diéu
kién khong cé phin ti nao cla tip mau nam giita
H1 va H2.

Khi dé:

w.x; + b==+1 véi y=+I
w.x;— b==-1 véi y=-I1 (2)
Keét hop hai dieu kién trén ta co: yi(w.x; + b)==I

Khoéang céch giita siéu phang hd trg song song

dudc goi 1a 18 va dudc tinh bing 1& = Wi

Trong do: la do 16n cua vector w.

2
) Wi 9

Doi v6i bai toan nhicu 16p, SVM cé thé xdy
dung truc tiép md hinh cho nhiéu 16p tif bai todn
t6i uu cho k 16p. Cac phuong phap thudng ding
nhu: 1 — tit ca (one vs rest): mbéi mo hinh phan
tach mot 16p tu cac 16p khac, xay dung k mo6 hinh
cho k 16p; 1 — 1 (one vs one): mdi mé hinh phan

) e kx(k—1) .

tach hai 16p, xdy dung ————— md hinh cho
k 16p va phuong phap khac, nhu phan tich hai
nhém, mdi nhém c6 thé bao gdm nhiéu 16p, xac
dinh céch phan tich nhém sao cho c6 Igi nhét.

Trong nghién ctu nay, ching t6i st dung thu
vién LibSVM [10] d€ phan 16p SVM, st dung
phén 16p theo md hinh 1-1. LibSVM thyc hién
huin luyén md hinh va du dodn dua trén tip tin
c6 céu tric: labelatt —i:val —i....att —n : val —n.

C. Cong cu Tesseract OCR

Tesseract la mot cong cu nhéan dang ki tu quang
hoc dugc thiét ké chay trén cdc nén tang hé diéu
hanh khac nhau. Pay 1a phan mém mién phi,
dugc phat hanh theo gify phép Apache, phién
ban 2.0. K& tif ndm 2006, né dugc cai thién rong
rai bsi Google.

V6i nhiing cdi tién vé kha ning nhan dang ki
tu quang hoc [11], Tesseract phién ban 4 [12] su
dung mang b0 nhé déi—ngén (LSTM), mdt dang
dic biét ctia mang no-ron hoi quy (RNN) cho két
qué nhan dang ki tu quang hoc kh4 tbt, trong d6
c6 ca tiéng Viét.
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IIl. GIAI PHAP PE XUAT
A. Luu do xv li bang diém

Anh sau khi scan sé dugc tién hanh céc budc
tién xd 1i d€ thu dudc anh t6t hon cho cdc budc
tiép sau, bu6c tién xt 1i st dung cdc ham lam
min anh, ham chuyén sang 4nh xam, nhi phén
anh v6i ngudng thich nghi.

Sau budc tién xt li, thuc hién dinh vi cdc vi
tri d& loc lay thong tin, cu thé: loc chon viing
bang chita ma s6, di€ém sé ctia HSSV; loc viing
chita ma s6 HSSV (dang chi in) va ving chifa
diém s6 thap phan (dang chit viét tay); viing chiia
diém s, tiép tuc thuc hién tach cic ki s6 ctia chit
s6 thap phan. Khi ldy dudc ving thong tin cin
thiét, tiép theo nghién cu huin luyén mo hinh
va nhédn dang. N§i dung nay dugc chia thanh hai
cong viéc can phai thyc hién:

- Coéng viéc 1: Nhan dang vung chi in sé dudc
thyc hién bing Tesseract OCR;

- Cong viéc 2: Nhan dang dbi véi chit viét tay.
Dé thuc hién viéc ndy, viéc dau tién 1a suu tap dit
liéu, chuyén d6i dinh dang anh cho phu hgp, tiép
theo trich chon dic trung dé€ dua vao huin luyén
mo hinh. Tuong tu véi viéc huén luyén, anh can
nhéan dang ciing phai trai qua noi dung tién xa Ii,
trich chon déc trung sau dé nhidn dang dua trén
mo hinh da huin luyén.

Cudi cung, dif liéu cta két qua nhan dang sé&
dugc trich xuét, luu trit vao file Excel.

B. Tién xit I

Dau tién, dnh diu vao sé dudc chuyén ddi sang
dang 4anh da mic xdm bang cach si dung ham
cvtColor(src,gray, CV_BGR2GRAY).

Tiép theo, nghién cifu tién hanh 1am min bing
bd loc trung binh véi ham nhin ma tran 5x5. Sau
d6, cb gang giit lai nhiing nét can thiét, noi dung
dugc tién hanh bang céc phép toan hinh thai nhu
lam day va dn mon dua trén ham ciu triic hinh
chit nhat kich thuéec 3x3 (MORPH_RECT,size
(3x3)).

Chuyén sang anh nhi phan 1a can thiét, dnh nhi
phan véi 16p nén va 16p ddi tuong dbi 1ap nhau,
lam co s& cho viéc phat hién dbi tugng can thiét
dé 14y sé& dugc thuan lgi hon. Ching toi chon
phan ngudng thich nghi (adaptiveThreshold) dé
thuc hién chuyén sang 4nh nhi phan, v6i mong
mubn gitt dudc nhiéu nét anh cla bing di€ém
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dé€ qua trinh huin luyén, nhan dang chinh xdc
hon. Cu thé, nghién ciu da st dung phuong
thic phan ngudng thich nghi v6i ham gausian
gidp kht nhiéu trong qud trinh xt 1i (ADAP-
TIVE_THRESH_GAUSSIAN_C).

C. Trich ldy ving thong tin cdn thiét trén dnh

1) Trich ving bdng diém

Ving can quan tAm trén 4nh bang diém 12 viing
chita ma s6 HSSV va viing chia diém tdng két.
Tit ca cac ndi dung nay nam trén ludi bang diém
clia 4nh bang diém. Vi thé, chiing ta can phai xdc
dinh dugc ving bang diém nay, Hinh 4 minh hoa
viing bang diém dudc cit ra tif dnh bang diém.

D€ xdc dinh ving bang diém, dau tién, ching
ta chuyén anh bang diém sang 4nh nhi phan.
Tiép theo, gidn nd dudng bién trén anh nhi phan
bing cic phép toan hinh thii #n mon (erode)
va lam day (dilate) dua trén ham ciu tric hinh
cht nhat kich thuéec 3x3 (MORPH_RECT,size
(3x3)). Sau do, st dung findContours dé€ tim
dudng bién trén anh nhi phan st dung kiéu
CV_RETR_EXTERNAL dé liy nhiing dudng
bién bén ngoai bao boc ving bing diém va
cin toa do ctia boén dinh hinh chif nhit bang
diém nén nghién cdu st dung phuong phép
CV_CHAIN_APPROX_SIMPLE trong qué trinh
tim bién. Tiép theo, kiém tra dudng bién cé
dién tich phu hop dé€ liy. Cudi cung, st dung
approxPolyDP dé€ tao da gidc tif dudng bién; thuc
hién cit d€ tao anh chia ving bang diém dudc
cit ra.

Két qua nghién ctiu cho thiy, viéc x4c dinh tif
gi4c clia vung bang diém 1a 100% trit cic trudng
hop bi 16i mét dudng bién hinh chit nhat trong
qué trinh scan.

2) Ldy thong tin ving md s6 HSSV va ving
diém tong két

Trén co s ving bang diém da dudgc trich ra,
chiing ta tiép tuc liy cic thong tin & cot ma sd
HSSV (viing chia chif in) va diém t6ng két (viing
chit viét tay).

Pinh vi toa dj cdc ving ldy thong tin

V6i anh diu vao 1a ving bang diém da dugc cat
ra tif file anh bang diém gdc, tién hanh nhi phan
dnh dau vao, tiép theo st dung cic phép todn
hinh thdi gidn nd &nh, loc nhiéu, bitwise_not dé
lam ndi c4c dudng bién doc va dudng bién ngang
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Tép bang diém hudn luyén - Tibn xi 1i Miu bang diém cdn nhan dang

F

Mi 56 HSSV
(chif in)

Diém s viét tay

Xac dinh vi
tri

r
Bt trich dac
trung

CSDL
phén 1p

Nhin dang bang Tesseract \|

Két qua nhin
dang

Luu két qua vao bang
tinh Excel

Hinh 3: Luu dd x& li bing diém

| Masé

I |
‘i ! HSSV

bo va tén e o b s o cAt ra tai sO dong ¢d chi 6 < 10 thi thém vao
[ g | BE T 1| trudéc d6 s6 0 d€ dam bao thi tu phuc vu cho
BT viéc trich dic trung sau nay. Thong tin cit dugc
luu trif riéng biét tuong dng cho ting loai ma sd
(Icode) va diém s6 (Imark). Ap dung thu vién
“jpg2pgm” trén cic anh diém sd d€ c6 ciu tric
phu hop véi trich chon dac trung GIST.

| 4 fcariotol

|'s lcoriotos

CQTIoN2

| 8 corono I

9 CQTI9113

vcarions |

Hinh 4: Ving bang diém dudc cit ra tif dnh . o

bing diém CQTI19102 i

a) M4 s6 HSSV b) Piém s6 HSSV

Hinh 5: Ma s6 va diém sé6 HSSV dudc

ciia ving bang diém. Cudi cung, st dung phép cit ra
chiéu trén cic dudng bién véi thd ty cot phit hop
dé€ luu lai gia tri toa do.
Tdich dong thong tin md sé va diém so Tdch dnh s6 thdp phdn (phdn diém sé)
Thuat todn liy thong tin ma sd va diém sb Thuat todn tich anh s6 thip phan:
Pau vao: Anh bién ngang Th Pau vao: Anh 6 diém sb (Imark)
Dau ra: Anh tiing dong ma s& (Icode) va diém Dau ra: Anh diém s& phan nguyén (Iint), dnh
s6 (Imark) Xt Ii: diém s6 phan thap phan (Idec).
Budc 1: Xac dinh tdng sb dong clia viing bang Xu 1i:
diém ti anh bién ngang Ih. Bué6c 1: Xdc dinh thu muc chifa cdc dnh di€ém
Budc 2: Duyét qua cic dong: tif dong 3 dén  s6 (Imark).
hét sb dong dugc xac dinh, thyc hién cat anh ctia Budc 2: Lan lugt duyét qua céc tip tin trong

tiing dong (ma sd, diém sb), trudng hop anh dudc  thu muc vira xdc dinh.
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Budc 3: Tuong ting v6i mdi tap tin, thuc hién:

Budc 3.1: Nhi phan anh theo ngudng

Budc 3.2: Ap dung giai thuat x6a nhiéu. Do
trong qué trinh cit phan diém s c6 thé ton cac
dudng nhiéu ngang — doc, diéu ndy can loai bé dé
dam bdo dd chinh xdc khi trich dic trung. D€ x6a
nhiéu dudng den ngang — doc ndy, ta thuc hién:
ddi v6i dudng den ngang, tinh téng s6 diém den
theo dong, néu tdng diém dém dugc theo dong
> 0,4 * tdng sb cot thi vé dudng thiang vdi diém
anh trang trén dong; ddi véi dudng thang ding,
tinh t6ng s6 diém den theo cdt, néu téng diém
dém dudc theo cot > 0,6 * tdng sb dong thi vé
dudng thang v6i diém anh tring trén cot.

Budc 3.3: Ap dung cic phép giin, nd anh dé
hién 16 cic dudng nét can thiét.

Bué6c 3.4: St dung biéu dd chiéu dé xac dinh
viing diém s6 phan nguyén va ving diém sb phan
thap phan, lam co s& dé cat anh.

Budc 3.5: Thuc hién cét anh dua trén anh biéu
dd chiéu, phan ving den bén trai cta biéu do
dugc cat Iuu lai véi tén anh ban dau +1 (cac anh
dau ra thudc lint), phan ving den bén phai ctia
biéu dd dudc cat luu lai véi tén anh ban dau +2
(cac anh dau ra thudc Idec).
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a) Xoéa nhiéu b) Biéu d6 chiéu
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011.jpeg
¢) Két qua tach sé

¥

Hinh 6: Anh diém s6 phan nguyén va phan thap
phan dugc cit ra

D. Trich ddc trung GIST

Trich dic trung GIST dugc 4p dung trén dit
liéu chit s6 viét tay. Dua trén phuong phap nay,
mbi anh ki tu sd dudc riit trich tuong dng vector
960 chiéu. Sau budc nay, tap di liéu dnh dua vé
dang bang hodc ma trin ma ¢ d6 mdi 4nh 12 mot
dong c6 960 cot (chiéu), mdi ki sb dudc gan nhan
(16p tuong ung la 0,1,...9).

Tap dit liéu dugc luu trit dudi dang dic trung
GIST, c6 clu tric nhu sau:

012.jpeg
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Labell indexl:valuel 1 index2:value? 1 .. ..
Label? index1-valuel_2 index2:-value?_2 .

index960:value360_1
index960-valued60_2

Labeln index1:valuel_n index2:value? n index960:value960_n

Trong dé:

- Label 1a gi tri nhin cta tip huin luyén/tip
ki€m tra. D6i v6i viéc phan 16p, né xac dinh mot
16p. Déi véi hdi quy, né 1a mdt s6 thuc bét ki.

- Index 1a sb nguyén bit du tir 1, cic gia tri
index sau sé ting dan dén 960 (sb chiéu GIST).

- Value 12 mot sb thuc.

Riéng phan chit in s& khong thuc hién viéc
rut trich dac GIST, ndi dung nay s€ st dung thu
vién Tesseract OCR dé nhan dang va cho Kkét qua
tuong dng.

Két qua bang diém sau khi nhan dang dudc c6
thé ghi dit liéu ra tap tin d€ luu trit hodc dua vao
hé théng quan 1i di€ém sb tai trudng.

IV. KET QUA THUC NGHIEM

Thuc nghiém dugc tao ra dua trén bd cong
cu QtCreator bang ngoén nglt C++ clng véi mot
s6 thu vién ma ngudn md nhu Opencv 2.4 [13];
libsvm 3.24 [10]; Tesseract OCR 4.1.0 [12] va
mot s6 ham ngudn mé nhu jpeg2pgm [14], Lear-
gist [15], QtXlsxWriter-master. Cac b0 cong cu,
ngdn ngli, thu vién va ham dugc dung dé thuc
nghiém chay trén nén tang hé diéu hanh ma
nguén md Ubuntu. Cac thi nghiém dugc chay
trén mady tinh ca nhén, bd vi x 1i Intel Core i5-
8256U, 1.60Ghz, 8 nhan va bo nhé RAM 4GB.

A. Chudn bi dit lidu

Di liéu la cdc bang diém dugc suu tap thong
qua scan dudi dang file *.jpg. Cac file scan dudc
thuc hién trén mdy Sharp MX-M315N, tiéu chuin
scan: 600dpi, Jpeg, full color. S6 luong bang
diém thu thap 1a 210, trong do, ching tdi chon
ra cdc bang diém phi hop, c6 114 bang diém
dudc xem Ia khé thi. Cic bang diém khong dugc
chon do giang vién da tao nén vung lién thong
v6i ving chia di€m, viét ki s6 dinh lién véi nhau,
viét 14n dong trong qud trinh viét tay.

Sau khi loc cic bang diém c6 tinh kha thi,
nghién ciu tién hanh tich cic s & 6 di€ém sb
viét tay dé€ khao sit chon ra nhiing ki s phu
hop. Quad trinh nay da trich xuit dugc 2819 anh
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ki s6 viét tay trén 114 &nh bang diém, tién hanh
phan b3 vao cic thu muc tir 0 dén 9 tuong dng
v6i cac ki s6 da thu thap. Tiép theo, thuc hién
phéan bd thanh tip di liéu huin luyén (70%) c6
1972 4nh ki sb va tap dit liéu kiém tra (30%) c6
847 anh ki sb, két qua tap dit liéu dugc phan bd
nhu Bang 1.

Nghién ctiu ciing st dung bo di 1liéu MNIST
do Yan Lecun et al. phét trién [3], bo dit liéu gom
60.000 dit liéu cho tap huin luyén va 10.000 di
liéu cho tap kiém tra.

B. Hudn luyén

Huén luyén nhiam tao ra mo hinh phuc vu cho
qué trinh nhan dang tai ving diém s6 dudc viét
bing tay trén bang diém. Nghién ciu thuc hién
huén luyén hai md hinh: mo hinh thi nhéit, dua
trén tap di li€u thu thiap; mo hinh thd hai, dya
trén tap du liéu Kkét hdp gitta di li€u thu thap véi
bd dit liéu MNIST.

DPé huin luyén mo6 hinh, dau tién tién hanh
trich dic trung GIST véi tap dit liéu huén luyén,
tiép theo chuyén ddi tap tin diic trung GIST thanh
dang d€ st dung dugc véi SVM, cubi cling tap
tin mo6 hinh dudc tao dua trén thu vién LibSVM.
Khao sat d6 chinh xac cua hai trudng hgp trén
khi thuc hién diéu chinh tham s6 gamma trén
SVM (c = 100), két qua khao sat nhu Bang 2.

SVM-RBF (c=100)

._,_-—"""—___'.-_—__

9% ./
94

TilE%
[}

0,7 09 1 2 2,5

Gama
=@=DL thu thap (%)

DL Két horp MINIST (%)

Hinh 7: So sanh d0 chinh xac cia cac mé hinh
st dung SVM vé6i ham nhian RBF, ¢ = 100

Két thiic qua trinh khdo sat, ching t6i nhin
thAy SVM vdi ham nhan RBF (c = 100) ¢6 truong
hop cho d6 chinh x4c cao nhét 98,23% tai gia tri
gamma = 0,7. Vi thé, ching t6i chon md hinh vé6i

&3
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tham s6 gamma = 0,7 st dung trong qua trinh
thuc nghiém.

C. Nhdn dang

Viéc nhan dang dugc thuc hién trén 100 bang
diém thu thap. Pau tién, nghién ctu tién hanh ghi
nhén viéc cat ving chia bang diém, két qui cho
thiy viéc xédc dinh viing chifa diém la hoan toan
chinh xéc trén cdc bang di€ém thi nghiém, chi trir
truong hop anh dau vao véi chit luong qua kém
nhu 4nh do phéan gidi thip, anh véi dudng nét
qué mo.

Tiép theo, ghi nhan viéc xic dinh vi tri cic 6
chiia thong tin can liy gdom: ma s6 HSSV dang
chit in, diém tdng két dang viét tay. Viéc dinh vi,
tach 1dy cac 6 thong tin cho két qua chinh xéc
100%. Céac 6 chita ma s6 HSSV sé dudc nhan
dang truc tiép véi Tesseract OCR. Riéng céc 6
chiia diém tong két dugc viét bang tay, tiép tuc
thuc hién tich cdc ki s truéc khi dua vao nhéan
dang, qua trinh tach 1y di€ém sb bang phép chiéu
(projection) chua dat do chinh xac 100% do nhiéu
1i do, dién hinh nhu chi s6 viét dinh v6i nhau,
thiéu khoang cach gita hai phan trong s6 thap
phan, nét viét khong dong déu.

Cudi cung, két qua nhan dang ma sb va diém
s6 ctia HSSV sé dudc trich xuét luu trit vao file
du liéu dudi dang tap tin Excel.

1) Nhén dang ving chita diém viét tay: Nhan
dang viung chifa diém dang viét tay dua trén mo
hinh SVM (ham nhan RBF, ¢ = 100, gamma =
0,7) da huan luyén:

- Giai doan 1: Thuc hién tich 6 diém, tich
tiing ki s6 nhu Hinh 8.

Hinh 8: Quad trinh dinh vi, tach 9, tach ki sd
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Bang 1: Phan bd dif liéu huin luyén

Phan bb dit lieu/Nhan 0 1 2 3 4 5 6 7 8 9 Tong
Thu thap 286 | 181 | 215 | 235 | 326 | 342 | 320 | 334 | 352 | 228 2819
Tap Train (70%) 200 | 127 | 150 | 165 | 228 | 239 | 224 | 233 | 246 | 160 1972
Tap Test (30%) 86 54 65 70 98 103 | 96 101 | 106 | 68 847

6 5011 1:0.0014 2:0.0048 3:0.0113 ... 956:0.0309 959:0.0434 960:0.0612

t ——» 012 1:0.0108 2:0.1160 3:0.1151 .... 958:0.0095 959:0.0154 $60:0.0036

Bang 2: Théng ké khdo sat do chinh xdc cic

mo hinh
’F_" 102 1:0.0065 2:0.0218 3:0.0570 .... 958:0.0798 959:0.1754 960:0.1062
. P /
Béng so Sénh phﬁn lép dfl’ liéu V(ﬁ SVM TQ!n\m‘\]w)\.\n\mlgm"( rr(?.\c.E o B s s i B
(hi‘m nhan RBF’ c= 100) 6 BANG DIE MGN HOC w‘»m.\ :
TeaMHMD  Phipuit | Sitnchi(Sdp 15
T Tk Ol
D liéu két hgp e —> 7 —> B S
Gamma | Dit liéu thu thap (%) ) D T R ]
v6i MNIST (%) ] |
1
0,01 94,2149 90,4368 |
0,3 96,9303 96,6942 !
0,5 97,7568 97,0484 Hinh 9: Qua trinh trich dac trung, nhan dang va
0.7 98,2290 97,5207 ghi ket qua
0,9 97,8749 97,6387
BANC BIEM MON HOCMO-BUN
1 97,7568 97,7568
2 96,1039 95,9858
25 94,8052 93,5065 | w e ™ R e BB ] Wl W,

- Giai doan 2: Trich dic trung anh dugc
cat, dua vao mo hinh da huin luyén dé€ nhéan
dang, dua két qua nhan dang vao file Excel nhu
Hinh 9.

2) Nhén dang ving chita md sé va ghi két qud
vao file Excel: Cac 6 chia ma sb HSSV dudgc
tach ra tif bang diém sé dudc thuc hién nhin dang
bang thu vién Tesseract OCR. Két qua nhan dang
s€ dudc luu trit vao file dang text. Sau do, di
liéu nay sé dugc trich xuit vao file Excel, qua
trinh trich xuét nay dudc thuc hién bdi thu vién
QtXIsxWriter-master.

3) Ddnh gid dé chinh xdc: Nghién ctu da tién
hanh thuc nghiém nhan dang trén 100 bang di€ém
cho do chinh xdc trung binh 96,57% ddi vé6i dang
chit in va 93,55% d6i v6i dang diém sb viét tay.
Chiing t6i thuc hién ddi sdnh trén hai nhém bang

cqQreIe |

“cqm |

3 I
CQTsIL
cqTIsIe

. cQmIE |
¢

g
QI |
. i

cqTIy

s : £
r— QT | ) 1 R AR

a) Bang diém cén nhén dang b)File két qua nhin dang (dang Excel)

Hinh 10: Két qua nhan dang va luu trit
bang diém

diém (nhém A — bang diém chida di liéu trong
tap huin luyén; nhém B — bang di€ém méi), két
qué ghi nhan va théng ké nhu Bang 3.

Viéc nhan dang diém s6 viét tay cho két qua do
chinh x4c chua dat 100% do chét lugng dnh dau
vao clia bang diém chua dong déu vé do sing,

&4
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Bang 3: Théng ké két qua nhan dang ma s6
HSSV va diém sb viét tay

Nhém bang diém A B
Do chinh xdc trung binh dbi véi diém s6
95,52% | 92,89%
viét tay
Do chinh xdc trung binh dbi v6i ma s6
93,01% | 97,76%

HSSV (dang chit in)

cach viét ki s6 thap phan thiéu nhit quan va dong
déu. Két qua qua trinh tach ki sd thip phan chua
dat hiéu qua cao da lam 4nh hudng dén qua trinh
may nhan dang sai.

Dbi véi viéc nhan dang ma s6 HSSV (dang
chit in), nghién ctu st dung thu vién Tesseract
d€ nhan dang, cho két qua do chinh xéc ciing
chua dat 100%, do quéa trinh nhén dang con phu
thudc vao mot s6 yéu t6 nhu dang phong chit thé
hién cta dit liéu trén tiing bang di€ém, do phan
giai DPI trén 4nh, do nhiéu cta anh dau vao.

V. KETLUAN

Bai bdo da trinh bay nhiing van dé lién quan
dén cdc bai toan co ban nhu phat hién vung chita
bang di€m, ki tu, trich dic trung ki tu, mo hinh
huin luyén. Gidi phap dé xuat két hop vé6i su hd
trg clia mdy hoc da tao mot hé thdng nhin dang
chit s6 viét tay két hop véi nhan dang chif in dé
phuc vu cho nhip diém. Két qui thuc nghiém
trén 100 bang diém cho do chinh xé4c trung binh
96,57% dbi v6i dang chit in va 93,55% dbi véi
dang di€m sd viét tay. Thoi gian nhan dang trung
binh cho mét bang diém 1a 7,9 gidy. Piém ndi bat
ctia nghién ctiu nay 1a su két hop nhan dang chit
in va chit s6 viét tay trén mot bang diém thuc t&
tai Trudng Cao ding Nghé Soc Tring.
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