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Tém tit

Hién nay mot s6 lugng 16n cong to dang sir dung van
1a cong to thé hé cii nén khong truy xut duoc s lidu
tlr xa ma van phai sir dung cac nhan cong di thu thap
thii cong. Cac nhan cong s& chup anh bé mit cong to
va sau d6 ty nhdp cac chi sd cong to vao co s dir
lidu. Pé cai thién thoi gian can thiét dé xir Iy mot cong
to, ta thiy can c6 nhu cau xdy dung va lap trinh cac
chuong trinh ty dong xir 1y anh dé trich xuét cac chi
sO. Mot trong nhitng wu diém cua thuat toan 1a c6 kha
nang dap ung thoi gian thyc, nhan dang chi sé cong to
trong nhiéu diéu kién 4nh sang, bui ban va goc quay.
Céc thuat toan dugc thtr nghiém trén may tinh bang
hiéu Asus v6i cac hinh anh dugc thu thap chinh bang
camera ciia may va da dat dugc do chinh xac cao.

Tiwr khoéa: cong to dién tir, doc chi s6, nhan dang, xtr
1y anh, mang no-ron.

Abstract:

Nowadays, many electric meters are still of old
generation, which cannot be accessed from distance.
In order to read their indications, we need to use man
power. The readers would take pictures of the meters'
surfaces, read the numbers from the images and
manually input these numbers into the databases. To
improve the time, we need a solution of automatic
image processing to read out the numbers. The
solution has a number of advantages: real-time
response, automatic handling of different lighting
conditions, different angles of images,... The proposed
solutions were successfuly implemented in a Asus
table to process the images collected by the tablet's
built-in camera with high accuracies.

Keywords: Electronic metter, meter reading, pattern
recognition, image processing, neural network.

Chir viét tat

MLP Multilayer perceptron

OCR Optical Character Recognition
SVM Support vector machine

1. Giéi thiéu chung
Hién nay mot sb lugng 16n cac cong to st dung tai
Viét Nam van 1a loai cong to co ¢d dién, khong tuong
tac duoc voi cac hé théng thu thap va quén 1y hién dai
mdt cach tu dong. Viéc doc va ghi lai $6 liéu trén
cong to nay hién tai con thé so, tén nhidu thoi gian va
cong strc. Hon nira viéc ghi lai $6 liéu con mang tinh
chit quan nén nhidu khi khéng chinh xac, lam anh
huéng dén uy tin cua nha cung chp dién va gay thiét
hai vé kinh t& cho ngudi dan. Vi thé nhom tac gia
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mubn dé& xuat mot giai phap doc ghi chi sd tu dong.
Giai phap cho phép sir dung camera cta thiét bi san
¢6 (may tinh bang, dién thoai) dé chup anh mit cong
to hodc c6 thé thiét ké riéng mot phan ctng c6 thé sir
dung hd trg co khi dé ngudi cong nhan khong phai
tréo 1€n. Khi nguoi ghi cong to cai dat ung dung nay
trén dién thoai cua minh di chuyén dén céc cot cong
to, dwa theo vi tri GPS phin mém sé& ty dong hién thi
vi tri cac cOt cong to gan d6 kém theo tén chu ho.
Nguoi di ghi cong to s€ chon cong to va chup hinh
mit cong to d6. Anh gdc chup vé s& dugc luu trit cling
VvGi cac thong tin vé thoi gian dia diém (theo GPS),
dong thoi phan mém hd tro nhap tu dong chi sé cong
to vao co so dit li€u trén may dién thoai dya trén thuat
toan xir 1y anh tich hop trén d6. Cudi ca lam viéc,
nguoi ding c6 thé két nbi voi mot may tinh cha qua
Wifi dé tai cac anh chup va cac két qua ghi cong to tu
dong 1én co so dit liéu ¢ trén may chi. Céc thong tin
nay sé duoc sir dung dé nang cao chat lugng quan ly
va cham soc khach hang.

2. Phan tich giai phap
Mot trong nhiing van d& quan trong trong giai phap 1a
xdy dung dugc phan thuat toan xir 1y anh. Thuét toan
da dugc nhom tac gia chia 1am hai budc chinh: budce
dau tién 13 tir anh dau vao xac dinh vung chira chi sb
cong to, budc thtr hai 13 tach timg chit s6 trong anh
dau vao trich chon vecto dic tinh sau d6 dua vao mé
hinh nhéan dang. O buédc dau tién thuat toan nhan théy
ving chira chi s§ cong to 1a mot vang hinh chir nhat
c6 mot sb dac diém cd dinh nhom tac gia da tién hanh
mot sb giai phap: sir dung trich chon dic trung Haar-
like va bg loc Adaboost mdt cach twong ty nhu tai
liéu tham khao [8]; sir dung bién ddi Hough dé xac
dinh hai cip dudng thing song song 1a bién cua ving
chira chi s6 nhu tai liéu tham khao [9]. Tuy nhién &
phuong phép thir nhat két qua thu dwoc khong tot do
vung chira chi s§ cong to thuong bam bui nhidu,
phuong phap thir hai tdc d6 chay kha cham va khong
dap tung dugc yéu cau vé thoi gian thuc. Vi thé nhom
tac gia da dé xuat giai phap loai bo dugc ca hai van dé
trén. Phuong phap st dung thuat toan phan ngudng
dong (Adaptive threshold) [11] dé nhi phan anh dau
vao nhim lam gidm anh huong cta nhiéu va anh
séng.Viéc chon cac thong sb6 mask dé thuc hién thuat
toan nay dugc nhom tac gia da thir chon quanh dai
kich c& b?lng 1/4 kich ¢& anh x4m can phan ngudng.
Sau do6 dua vao dac dac diém hinh théi cta vung chua
cong to: dién tich, ti 1& chiéu dai chiéu rong, ti 1¢ giita
s6 pixel den chia pixel tring, s6 chit s6... dé c6 thé
xac dinh ving d6 c6 chira chi s6 cong to. Dé ¢ dugce
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céc gia tri vé khoang cua cac thong s& nhom tac gia
da tién hanh thu thap 600 anh miu cong to & cac diéu
kién anh sang, goc chup khac nhau va tinh toan ra céc
ddc diém. O budc thir hai ta str dung cac phép chleu
phép phén tich blob dé tach riéng ting chir s6. Tur mdi
chit s0 ta trich rit vecto dic tinh dau vao theo diém
crossing, hinh chiéu, vi tri va theo timng vung. Sau d6
vecto dugc dua vao mo hinh mang noron truyén thang
(MLP). Mb hinh téng quat cta thudt toan mo ta nhu
trén H. 1.
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H.1 So dé khéi tong thé cdc budc chinh trong gidi phap
doc ti ddng cdc chi sé cong to tir anh s6

3. Cic thiét ké chi tiét ciia thuit toan
3.1. Xac dinh ving chira chi s6 cong to

1. Thu nhdn va phdan ngudéng anh thu dwoc

Sau khi thu dugc anh mau RGB tir camera ta tién
hanh chuyén anh RGB sang anh xam rdi chuyén anh
den tring bang phan ngudng dong (Adaptive
threshold) nhu tai liéu tham khéo [11] (nhém tac gia
cling dd sir dung phuong phép trong bai bao nay dé
tang toc do tinh toan) véi mask 51x51 va thu dwoc két
qua nhu sau:

.‘a.

H.2  Két qua phin ngudng véi phin nguéng déng

Do cong to c6 mat kinh nén dan dén dd sang cua bé
mit cong to khong dong déu nén phan ngudng todn
cuc (Ostu, Histogram hay phép phan ngudng truc tiép
tr anh mau théng qua mé hinh HSI nhu trong [10])
déu cho két qua khong tbt. Trai lai trong nhiing
truong hop nay phan ngudng dong lai cho két qua kha
t6t boi 1& nd chi phy thudc vao do twong phan cuia
anh. Chinh vi thé phan ngudng dong dugc quyét dinh
chon dé str dung cho bai toan nay.

2. Tim viing chira chi s6 cong to

Trudc khi thyc hién viée tim chi s6 cong to ving chira
chi sb duge 1am ndi bat va co 1ap voi cai vung khac
bang cac phép co anh vao din anh véi mask 5x5.
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Két qua dat duoc sau khi thyc hién phép co va dan
anh [5,6]:

H.3  Két qua sau khi co danh va dan dnh

Sau phép co anh va dan anh 16 rang ving chira chi sé
cong to da nam tach biét véi cac ving khac. Budc tiép
theo ta s€ dua vao dac diém hinh hoc cua viung chira
chi s6 cong to dé tim ra né.
1. Su dung thuat toan blob dé danh sb cac thanh
phén lién théng mau den ¢6 trong anh.
2. V6i mdi thanh phan lién thong ta xét hinh chir
nhdt c6 hai canh song song vdi hai truc toa do
bao quanh né.
3. Sau khi ta xac dinh dugc cac hinh chir nhat, dua
vao hinh thai ctia viing chtra chi s cong to ta s&
duyét va tim ra ving c6 kha niang chia chi s6
cong to dya trén cac tiéu chi da dugc tinh toan:
= Dién tich hinh chir nhat bao >500 pixel
= S chit s6 (s6 thanh phan lién thong mau
trang) >4. Viéc dém s chir s6 nay dugc thyuc
hién bang cach phan ngudng anh va dém s
thanh phan lién thong mau tring > ngudng K
nao do.

= 1.5<Chiéu dai/Chiéu rong<7

= Dién tich pixel den /Téng pixel trong
anh>0.3

Do diéu kién loai kha chit nén sau budc nay la da tim

dugc ving bao chira chi s6 cong to.

3. Xoay lai viing chira chi s6 cong to

O budc trén da cat tho ra duge ving chita chi sé cong

to xong cac chir sb trong ving nay con bi xoay nén

gy kho khin cho viéc cat sat anh va nhan dang sau

ndy. Vi thé budc nay ta s& tlen hanh xoay lai vung

chira s6 cong to cho ngay ngan.

1. DAu tién ta sir dung phép loc bién Canny véi hai
ngudng 25 va 50 dé xac dinh cac diém bién trén

H.4  Ving chita chi s6 céng to sau loc Canny

2. D@ thay cac duong vién cia ving chira chi sé
cong to tao thanh cac duong thang. Dé xac dinh
cac duong thang nay ta s& dung bién d6i Hough
v6i cac thong s nhu sau:
= Moi dudng thing s& bi bo qua néu né it hon

<50 pixel tring.



= Néu khoang cach tir 1 diéﬂm t6i duong thing
do <5 pixel c6 thé xem diém d6 thudc duong
thang.

H.5  Ducng thing tim dwoc sau phép bién déi Hough

3. Sau khi x4c dinh dugc céc thing ta tinh goc
nghiéng ctia cac duong thang so vai truc Ox. Lay
trung binh goc nghiéng d6 lam goc dé xoay lai
anh.

4. Cdt sat ving chita chi s6 cong to

Sau khi xoay lai anh ta s& tién hanh cit sat ving chira
chi sb cong to. Pé thuc hién viéc nay trudc hét ta st
dung loc bién Canny dé do bién cua anh, tiép theo ta
xac dinh vi tri cua hai cap duong thing song song la
bién vung chira chi s6. Viéc tiép theo don gian 1a cat
lai ving chira chi s6 nay.

H.6  Ving chita chi sé cong to sau loc Canny

H.7  Ving chita chi s6 cong to sau khi cdt sat

5. Tdch timg chit sé trong dnh

1. Dé tién hanh tach cac chir sb trong anh ta chinh
lai kich ¢& cua vung chira chi s6 cong to 40x200
sau do tién hanh phan ngudng dong véi cira sd
11x11.

H.8  Ving chira chi s6 cong to sau khi ldy nguéng dong

2. Anh sau khi phan ngudng con rat nhidu ta cin
loai bé nhidu trong anh bang cach: Ta sit dung
thuat toan blob dé danh sb cac thanh phéan lién
thong trong anh, sau d6 ta loai bo nhimng thanh
phan lién thong <30 pixel va nhimg thanh phin
nam sat vién anh (cach vién anh <=3pixel).
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H.9  Anh chi sé cong to sau khi loai b6 nhiéu
VCCA-2015

3. X&c dinh cac hinh chit nhat bao cac thanh phém
lién thong. Dya vao dac diém hinh hoc cac chir 6
dé c6 thé tim ra cac vung co6 kha nang la chir s
= 30<S} pixel tring <300
= Chiéu rong nh6<20 va chiéu cao <30
* Dinh tréi trén c6 hoanh d¢ x>70
* Duong thang y=20 phai cat hinh chir nhat

4. Sap xép lai cac ving co kha nang chira sO va
chon 5 vung c6 dién tich 16n nhit ta duoc cac
ving chira so.

H. 10 Anh chon ra cic viing c6 khd ning chira chit s6

2.2. Nhan dang v6i mang noron

Day la giai doan cudi cung trong khau xir 1y anh.Ta s&
tién hanh tinh toan vec-to dic tinh ddu vao dé huén
luyén mang noron

1.Trich chon cdc thanh phan déc trung tir cdc sé tim

duoc

Dé tién hanh trich chon cac thanh phan dic trung

trong cac sd vira tim dugc ta phai tién hanh hi¢u chinh

va loai nhiéu cac s vira cit dugc.

1. Chinh lai kich c& anh 1a 12x20. Day Ia kich c&
gﬁn vé6i ti 18 kich c& dbi tugng that s&¢ mang lai
nhiéu théng tin cho qua trinh trich chon dic tinh.
Pdng thoi chidu dai va chidu rong déu chia két
cho 4 thuan 1¢i cho viéc trich chon dac tinh theo
ving vé sau. Tiép d6 nhom tic gia phan ngudng
céc sb vira cit voi ma tran ctra s 9x9.

2. Loai cac nhidu trong anh 1a cc thanh phan lién
thong gdm céac pixel tring khong phai s6 bang
cich lay thanh phan lién thong 16n nhit trong
anh.

3. Tién hanh dua chir sé sat 1én ving goc trai trén
cua khung.

H.11 Vidu anh chir sé sau khi logi nhiéu

Sau khi loai bo nhiéu trén anh céac s6 ta tién hanh trich
chon déc trung trén anh:
1. Trich chon dac trung theo viung:
*  Chia anh thanh 15 ving moi vung co6 kich c&
& 4x4. Sau d6 ta tinh tong cac pixel trang
trong mdi ving va tinh tong pixel tring trén
toan anh.
= Ta co6 16 thudc tinh cho viéc trinh chon thudc
tinh theo vung. Tinh téng s6 pixel tring theo
tung dong va ting ¢t ta cd 12420 thude tinh
nita.
2. Trich chon theo dic trung theo s diém crossing:
Ta dinh nghia diém crossing 1 diém ma tai d6 c6



su chuyén ving tir pixel tring sang pixel den theo

hang hoac cot:

= Tinh toan sd diém crossing theo dong ta c6
12 thudc tinh

= Tinh toan s6 diém crossing theo cot ta c6 20
thudc tinh

diém crossing

diém crossing

diém crossing

H. 12 Trich chon déc trung theo sé diém crossing

3. Trich chon déc trung theo vi tri:

=  Tinh toan khoang cach dén pixel tring dau
tién theo tirng dong hudng tir bén trai sang ta
¢6 12 thudc tinh.

*  Tinh toan khoang cach dén pixel tring dau
tién theo tirng dong hudng tir bén phai sang ta
¢6 12 thudc tinh.

*  Tinh toan khoang cach dén pixel tring dau
tién theo timg cot hudng tir bén trén xudng
dudi ta ¢6 20 thudc tinh.

= Tinh toan khoang cach dén pixel tring dau
tién theo tirng dong hudng tir tir bén dudi lén
trén ta c6 20 thudc tinh.

0 pixel

4 pixel
H. 13 Trich chon dac trung theo vi tri

Sau qué trinh trich chon dac trung ta c6 144 thudc
tinh cho mot anh dau vao.

2. Hudn luyén véi mang noron

Sau khi trich chon dugc vecto dic tinh budc cudi
cung cua thuat toan la xay dung dugc mo hinh nhan
dang dé tir vecto dic tinh cho ta két qua dudi dang
chit s6. Nhom tac gia di tién hanh thir nghiém trén
cac mot s6 mé hinh may hoc thuong dung véi bai
toan nhan dang ki tvr OCR: SVM, phan 16p Bayes,
mang noron... vdi cac cAu truc, thong 6 khac nhau
va da chon cu tric mang noron truyén thing MLP
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cho bai toan nay. Pay la bai toan khong qua phirc tap

nén nhém tac gia chon mang c¢6 1 16p an.

Céu tric mang noron MLP, gdm c6 3 16p:

1. Input Layer: S6 noron la 144 twong tmg 144 dic
trung da chon tir budce trén.

2. Hidden Layer: Thir bang thuyc nghiém rut ra dugc
sO noron 16p nay 1a 18.

3. Output Layer: Lop nay gdém 10 dau ra tuong Ung
céc s6 tir 0 dén 9.

Ham kich hoat nhom tac gid st dung la ham tansig

[1]. Chuong trinh huan luyén dugc viét trén nén tang

b6 thu vién mi nguén md OpenCV 2.4.9. Tap mau

huén luyén va tap kiém tra,moi tap gém 2000 mau.

Mdi chit sé ta lay 200 miu.Qua trinh hudn luyén

mang dugc thuc hién tdi da 10000 1an voi hé sd hoc

0.01.

Dé co thé tinh toan s6 noron 16p 4n cho mang nhom

tac gia da thur chon phuong phuong phap thir tang dan

s& noron 16p an [1] bét dau tir s6 noron dau ra va tang

dan 1én cho dén khi két qua test bat dau giam xudng

thi 14y gia tri trudc ddy 1a s6 noron 16p 4n cho ciu tric

mang.

1% node
: 10 node
+4 node - .
X ok A B
= ) 3
— p e - ~\ A —
X s » O
» s\ v/ R
= “\ - 1 —
/X ) 4 X
: R )
. s ; = f =
v —{ )  ——o
- ¥
Inpet Layer Hidden Layes Qutput Layes

H. 14 Cdu triic mang noron MLP sir dung trong nhdn
dang

4. Két qua thuc hién
Pé xdy dung mo hinh nhan dang bing mang no-ron,
dd 4n da thuc hién qué trinh huan luyén mang noron
trén may tinh: st dung phin mém Visual Studio 2012
va lap trinh trén nén thu vién OpenCV 2.4.9.
Két qua cua qua trinh hudn luyén duoc luu trong file
* xml. Bé tim dugc cdu triic mang noron ciing nhu
trich chon dugc nhiing dac trung phu hgp, nhom tac
gia da phai thir trich chon nhiéu thudc tinh va huan
luyén trén nhiéu cau triic mang khac nhau va ghi nhan
lai két qua toi uu.
Vé dd chinh xac cua thuat toan xir ly 4nh, nhéom tac
gia da nghién ciru va tim ra nhirng thudt toan han ché
t6i da nhiing didu kién anh hudng tir bén ngoai nhur:
viéc khong sir dung ngudng ¢ dinh cho viéc phan
ngudng, trich chon nhimg dac tinh it nhay nhiéu, dua
anh vé mot khung cd dinh.. Cu01 cung chuong trinh
da dugc test thir trén 600 mau moi thu thip tir may
tinh bang ASUS MEMO HD7 chay véi hé diéu hanh
Android va thu duoc két qua nhu sau:



Kétqua | Xac dinhsai | Khong tach Nhan
dung viing duchirsdé | dang sai
chaachisd | trong ving
cong to chira chi s6
568/600 1/600 8/600 23/600
94.67% 0.16% 1.33% 3.83%

Két qua thuat toan nhén dang dung vdi ti 1€ 94,67%.
Trong sb 568 mau dugc xir Iy chinh x4c, chwong trinh
da nhan dang dang ca trong nhitng truong hop cod
nhiéu 16n hodc c6 thay d6i 16n vé goc chup, anh sang
khac nhau. Sau ddy 1a mot sé vi du cho cac truong
hop kho da xu ly dugc:

1. Xu ly dugc nhiing m‘ﬁu bi chup khong ngay ngan,
anh bi xoay 1¢ch nhiéu so v&i phuong nam ngang:

4. Xt ly dugc nhitng miu bj ban:

i

Anh viing chup

Anh ving cit

U URSE B35 BV

Két qua sé 00680

Cac chit s6

Anh viing chup

Anh viing cit

Céc chir sb

J o 3

00677

U

Két qua s6

H.18 Mdu nhdn dang bi ban

5. Xiur ly dugc nhitng mau chup trong diéu kién anh
sang toi:

H. 15 Truong hop dnh bi nghiéng

2. Xir ly dugc nhitng mau bi nguoc sang:

Anh viing chup

Anh viing cit

U N6 RS RN

Céc chir sb L‘J

Két qua sé 00680

Anh viing chup /

a2

Anh viing cit

URNORNO BN /R 7

00677

Céc chit sb

Két qua s6

H. 19 Anh chup trong diéu kién cuong dg dnh sdng thap

Thuat toan con nhan dang 16i trong mot ) trudng

hop, vi du nhu sau:

6. Anh sang qua manh din dén viéc nhan dang
nham nhitng chir s6 giéng nhau:

H. 16 Truong hop dnh bi chup nguoc sang

3. Xirly dugc nhing mau c6 cac phan chir s0 bi mat
phan dau hoac cudi do dang dich chuyén:

Anh viing cit

J 343y

00680

Céc chit s6

Két qua s6

Anh viing chup

Anh viing ct
A od @ dod

00672

Cac chit s6

Két qua s6

H. 17 Anh chup cdc chit s6 bi mat phan dau
VCCA-2015

H. 20 Nhdn dang nhdam so 7 thanh so 2 do xuat hién nhiéu
trong qua trinh phdn nguong

5. Két luan va huéng phat trién
Trong bai béo nay, nhém tic gia di tim hiéu, nghién
clru va xay dung thanh cong thuat toan hd trg viéc doc
ghi cbng to tng dung céng nghé xir 1y anh. Sau khi
hoan thanh thuat todn nhém tac gia da tién hanh trién
khai hé théng trén may tinh bang Asus memo HD 7
v6i nén ting Android, WebServer véi may chu




Apache 2.4.10 va h¢ quan tri co s& dir liéu mySql. H¢
thong budc dau di hoat dong 6n dinh va cho nhirng
két qua kha quan. Ung dung nay thyc sy cé tinh thyc
tién cao, néu lam thanh hé thong hoan chinh cé thé ap
dung ngay d¢ thay thé cho cac phuong phap thii cong
hién c6. Toan b hé théng nhom tac gia xay dung trén
nén ma ngudn mé véi cong dong ngudi dung 16n dé
giam thiéu chi phi ciing nhu thuan tién cho viéc phat
trién tmg dung vé sau. Trong tuong lai nhom tac gia
s& tiép tuc cai thién hé théng ciing nhu nang cao tinh
chinh x4c hé thdng bang céc giai phap nhu:
e Tiép tuc thir nghiém phat trién dé thuat toan co
thé thyc hién nhiéu diéu kién anh sang khéac nhau.
e Phat trién thut toan nhan dang két hop mé hinh
mang noron SOM va mang MLP dé nang cao do
chinh xac
e Phat trién trén ban OpenCV 3.x dé co thé tan
dung bo thu vién IPP trén do nhim tang tbe do
thuat toan.
e Ap dung thu vién Tesseract dé cai thién nhan
dang ki tu OCR chinh xac.
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