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In this paper, we propose an automated meter reading (AMR) method
applied to water meters by applying deep learning. We design a two-
stage method using Rotational Region Convolutional Neural Networks
(R2CNN). The first stage uses a R2ZCNN network to detect the digit
region; the second stage applies another R2ZCNN network to recognize
digits on an image that has only the alphanumeric region. The digits
after identification are processed and sorted to obtain the counter meter.
In ARM studies, most datasets are not available to the research
community because the images belong to service companies.
Therefore, in this study, we created a new dataset for the proposed
method using it for training and testing. The result is a process with
deep learning models that determine water meter readings from images
of the watch face with high accuracy, and this process has been
integrated into Citywork software to initially help developers. The
manager audits the accuracy of the readings recorded by the employee
manually to see if they match the readings in the images.
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Trong bai bao nay, chiing t6i dé xuat mot phuwong phéap tu dong doc chi
s6 dong hd (AMR) ap dung cho ddng hd do nudc bang cach ap dung
hoc sdu. Ching t6i thiét ké mot phuong phap hai giai doan sir dung
mang no ron tich chidp ving quay (Rotational Region Convolutional
Neural Networks - R2CNN). Giai doan thir nhét st dung mot mang
R2CNN dé phat hién ving chira chi sé; giai doan thir 2 ap dung mot
mang R2CNN khéc dé nhan dang cac chit sé trén anh chi c6 ving chi
s6. Cac chir s6 sau khi nhan dang dwoc xir Iy va sip xép dé thu dugc chi
s6 ctia dong ho. Trong cac nghién ctiru vé AMR, hau hét cac bo dir liéu
déu khong c6 sin cho cong dong nghién ciru vi hinh anh thudc vé cac
cong ty dich vu. Do d06, trong nghién ctru nay, chung toi da tao ra mot
tap dir liéu mai cho phwong phép dé xuat sir dung né dé huan luyén va
thir nghiém. Két qua thu duoc mot quy trinh voi cac mé hinh hoc séu
xac dinh chi s6 ciia ddng hd do nudc tir anh chup anh mat dong hd véi
d6 chinh x4c cao va quy trinh nay da duoc tich hop vao phin mém
Citywork budc dau gitp cac nha quan 1y kiém toan tinh chinh xac cua
chi s6 do nhén vién ghi chi sé ddng hd theo phuong phap thu cong cd
dung véi chi s6 trong anh chup ciia no khong.
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1. Gigi thigu

Doc ddng hd tu dong 1a viéc ty dong ghi lai muc tiéu thy ning luong dién, ga, nudc,... dé theo
ddi va thanh toan vé6i khach hang sir dung. Miac du da co dong hd théng minh duoc ap dung cho
viéc doc chi s6 tu dong, tuy nhién chung khong ph() bién o nhiéu nudc dang phat trién, noi chu
yéu str dung ddng ho do co hoc, viéc doc chi So ddng ho van 1a cong viéc thu cong. Do d6 thao
tac nay dé Xay ra sai s0t nén ngudi ghi chi sb can chup anh lam bang ching, trén co s¢ d6 nguoi
quan 1y kiém tra tinh chinh xac cua két qua doc hang thang. Viéc kiém tra nay t6n kém vé cong
stre va thoi gian, hiéu qua thip. Hon nita, do sé lwong hinh anh can xir 1y 16n 16n nén viéc kiém
tra thuong dwoc thuc hién bang cach 1dy miu va c6 thé khong phat hién ra sai sét, viéc thuc hién
kiém tra ¢ong hd tu dong s& giam thiéu sai s6t do yéu td con ngudi va tiét kiém nhén lyc.

B ""001

ew Sy Ayw

Hinh 1. Vi du vé hinh anh dong hé nuée

Doc dong hd tu dong 1a mot tng dung nhan dang vin ban trong khung canh. Ngay nay, nhan
dang vin ban trong thuc té da nhan dugc nhidu sy quan tdm cua nhiéu nha nghién cau [1], [2], n6
¢6 nhiéu tng dung trong thuc té nhu nhan dang bién sé xe tu dong, doc bién bao giao thong trén
xe ty hanh. C6 nhiéu cong b ciia cac nhém nghién ctu tp trung vao chu dé nay. Cac phuong
phap truyén théng tap trung vao phuong phap Nhan dang ky tu quang hoc (Optical Character
Recognition - OCR) [3], [4], phuong phap nay trude tién phan doan cac ky tu riéng 1é va sau do
nhan dang ting ky tu riéng biét. Su da dang cua cac mau vin ban, anh mo va nén lam tang do
kho cua viéc phan doan ky tu. Vi vay, hiéu suét bi gigi han, do thiéu chinh x4c cta giai doan
phan doan ky tu. Hon nita, viéc nhan dang timg ky tu riéng 1¢ s& bé qua méi quan hé giita cac ky
tu. Trong nhitng nam gﬁn day, viéc ap dung hoc sau vao nhan dang di dat dwoc nhiéu thanh cong
véi nhiéu ung dung thuc té [5], [6]. Cac nghién ctru gan day lién quan dén nhan dang vin ban
trong khung canh duoc xem 1a bai toan nhan dang chudi ma khong can phan doan. Shi va cong su
[7] da d& xuat mang no ron tich chap hdi quy (CRNN) tich hop mang no ron tich chap (CNN) va
mang no ron héi quy (RNN) dé nhan dang vin ban. Lee va cong su [8] da thiét ké mot mo hinh
tiép can dya trén mang no ron hdi quy chi ¥ cho ORC véi trong s6 mé hinh chudi. Rayson
Laroca va cong su [9] st dung mot phién ban thu gon cia mang YOLO, dugc goi la Fast-YOLO,
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dé phat hién bo dém va mang no ron tich chap hoi quy (CRNN) dé phan doan chit s6. Trong [10],
Concio va cong su phat trién mot giai phap doc chi sé ddng hd nudc dya trén hoc sau voi 2 giai
doan, giai doan thir nhat xac dinh ving chira bang mé hinh U-Net véi mang xuong séng Resnet34,
giai doan thir 2 xac dinh chi s6 bang mang Fast-RCNN véi mang xuong song 1a ResNet101. Liang
va cong su [11] ciing phat trién mot giai phap doc chi sb dong hd nudc véi 2 giai doan, giai doan sir
dung Fast-RCNN dé xac dinh cing chira chi s, giai doan 2 sir dung SDD (Single Shot Multi-Box
Detector) hoic YOLOV3 dé xéac dinh chi sd. Trong nghién ctru ndy, chung t6i dé xuat cach tiép can
hai giai doan cho AMR ciing nhu trong [10], [11]. Giai doan thtr nhat thuc hién phat hién ving chir
sd va giai doan thir hai phat hién chir s6 va nhan dang. Chung toi sir dung mang R2CNN cho ca 2
giai doan. R2CNN duoc d& xuét bai Yingying Jiang va cong su trong [12]. Mang no ron nay duoc
thiét ké dé phat hién cac van ban c6 hudng tiy ¥ trong khung canh. Chiing t6i str dung mang no ron
nay dé thiét ké mo hinh tu dong xac dinh chi s6 déng hd nudc (Automated Water Meter Reading -
AWMR) vi cac hinh anh ddng hd nuée thu thap duge co cac hudng khac nhau va rat phic tap, xem
Hinh 1.

Mot trong nhitng yéu t6 mang lai thanh cong cho cac mé hinh hoc may 1a viéc huan luyén
mang Vai sb lwong Ion dir liu nham dat dugc cac md hinh ¢6 tinh khai quat hoa va mang lai do
chinh xéc cao cho nhitng dit liéu méi can nhan dang. Chung toi da thu thap 3.250 hinh anh tir mot
s6 cong ty cap nudc trén dia ban thanh phd Ha Noi, chia ngau nhién 80% tong s6 hinh anh cho
giai doan huan luyén va 20% con lai cho giai doan kiém tra mé hinh. Két qua thir nghiém cho két
qua xac dinh chi sb chinh xac 1én dén 92,6% trén tap kiém tra. Giai phap duoc ap dung nhu mot
chtre nang trong phan mém Citywork (xem citywork.vn), gitip nha quan 1y tu dong kiém tra do
chinh x4ac két qua ghi chi s6 dong hd nuéc cua nhan vién. Citywork 1a phan mém do Céng ty
TNHH Phan mém Citywork Viét Nam phat trién, giap ngudi dung quan ly hé thdng mang lui
cip nude va khach hang tiéu thy nudc.

2. Phwong phap nghién ciru
2.1. Mang no ron tich chdp ving quay (R2CNN)

Trong [12], Yingying Jiang va cong su da gi6i thigu mot khung 1am viéc mai dé phat hién cac
vin ban c6 hudng tiy y trong khung canh (xem Hinh 2) dya trén mang Faster R-CNN [13]. Mang
dé xuat ving (region proposal network - RPN) duoc sir dung dé d& xuat ving vin ban va mé hinh
Fast R-CNN duoc cai tién dé thuc hién phan loai viing van ban, sang loc va du doan cac ving vin
ban nghiéng. Bai toan phat hién vin ban c6 hudng bat ky 1a bai toan da nhiém vu. Nhiém vy miu
chét cua huéng tiép can nay 1a du doan cham diém kha ning ving d6 1a vin ban va do nghiéng cua
hop chira viin ban cta ving anh dwoc d& xuat boi mang RPN. Dé tan dung téi da cac dic diém dong
chir, cac tac gia da thuc hién mot sé ma tran ROIPooling véi cac kich thude khac nhau (7x7, 11x3,
3x11) cho méi d& xuat cua RPN va sau d6 két hop cac dic trung khac dé phat hién thém. Cai tién
mang Faster R-CNN cua ho béang cach thém mdt mo neo (anchor) nhé hon dé phat hién cac vin ban
¢6 kich thuéc nho va str dung tinh ning tc ché khong ti da (non-maximum suppression) co xu
hudéng dé hau xu 1y cac Gmg cir vién nham dat dugc két qua cudi cling.

Jiang sir dung RPN dé tao ra hop hinh chit nhat bao quanh ving vin ban, cac hinh nay duoc
can chinh theo truc bao quanh cac vin ban c¢6 hudng tily y. Diéu nay 1a hop 1y vi vin ban trong
hop hinh chir nhat duge can chinh theo truc thudc mot trong cac truedng hop sau: i) van ban nam
theo hudng ngang; ii) van ban theo hudng doc; iii) van ban theo hudng chéo cua hop.

Mang R-CNN thuc hién nhanh hon v&i ROIPooling ¢6 ban d6 dic trung (feature map) kich
thudc 7 x 7 cho mdi dé xuét tir RPN. Tuy nhién, trén thyc té, chiéu rong cua mot s6 van ban Ién
hon nhidu so véi chidu cao cua chang, trong R2CNN cac tac gia di ¢b ging st dung ba
ROIPooling ¢6 cac kich thude khac nhau nham bit dugc nhiu dic trung cua van ban hon. Cu
thé, ho da thém hai ban db déc trung véi kich thudc: 11x3 va 3x11. Kich thuée 3x11 duge cho 1a
s& bat dwoc nhiéu dic trung ngang hon va gitip phat hién cac vin ban ngang c6 chiéu rong lén
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hon nhiéu so véi chiéu cao cua no. Kich thude 11x3 dugc cho la sé thu dugc nhiéu dic diém doc
hon va hitu ich cho viéc phat hién cac van ban doc cé chiéu cao 1én hon nhiéu so véi chiéu rong.

Hinh 2. Vi du két qud xdc dinh cdc hinh chiv nhét bao quanh vimg chira van ban ciia mang R2CNN [12]

Theo céch tiép can cua Jiang, sau RPN, ho phan loai dé xuét do RPN tao ra thanh hai loai vin
ban hoac phi van ban dugc gidi han trong cac hinh chir nhat can chinh theo truc chira van ban
dugc dinh hudng tuy v va du doan cac hop hinh chr nhat nghiéng. Mac du muc tiéu phat hién
cuia chiing 14 cac hop hinh chit nhat nghiéng, nhung ho cho rang viéc thém cac rang budc bd sung
cac hop hinh chir nhat c6 canh song song véi cac truc toa do c6 thé cai thién hiéu suat.

K§ thuat non-max suppression duoc 4p dung dé loai bo nhitng hinh chir nhat bi tring, chong
1én nhau cta cuing mot dbi tuong bang cach chon chiéc hop co tinh dic trung nhat. Sau khi loai
bo tat ca cac hop co xac suit du doan nhé hon 0,6, nhitng budc tiép theo duoc lap lai khi van con
t6n tai nhitng hop khac.

Ham mat mét ctia qué trinh huan luyén trén RPN tuong ty nhu Faster R-CNN [13]. Ham mat
mat duge xéac dinh trén mdi dé xuit 1a téng mat mat cua viéc phan loai van ban/phi van ban mat
mat hdi quy trén cac hop. Mat mat hdi quy trén cac hop bao gdm hai phan: mat trén cac hop duoc
can chinh theo truc bao quanh cac van ban c6 huéng tiy y va mat cac hop nghiéng c6 dién tich
t6i thiéu. Ham mat trén mdi dé xuat duoc dinh nghia la:

L(p,c,v,v',u,u’) = Lc,s(p,c)+/1lczie{x'yywyh}Lreg (Vi’Vi*)M?Czie{xl,yl,xz,yz,h} Lo (U, U7) (1)

A1 va A5 1a cac tham sb kiém soat can bang giira ba thong s6 ¢ trén. Du doan cac hop chi tién
hanh trén vin ban, ¢ 13 chi bio cta nhin 16p. Vin ban duoc gén nhin 1a 1 (¢ = 1) va nén duoc gan
nhin 12 0 (¢ = 0). Tham sb p = (po, 1) 12 x4c sudt trén cac 10p vin ban va nén dugc tinh toan béi
ham softmax. Lgs(p, t) = —log p. 1a log ciia gid tri Mat mat cho phan 16p ding c. v =
(Vx, Dy, Uy, V) 1a mot bo gid tri xdc dinh giéi han cua hinh chit nhat ding dugce dong theo cac
truc toa do, bao gém toa do cua diém trung tdm cling nhu chiéu rong va chiéu cao cua diém do,
vav' = (Vy, vy, Uy, v},) la bo gia tri dugc du doan cho nhan van ban.
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U = (Uyq, Uy, Uxz, Wyp, Up) 18 DO gid tri ‘g(‘A)m cac gia tri xac dinh hinh gidi han cta hinh chit
nhat nghiéng thuc sy bao quanh vung chir gom toa d6 cua hai dinh doi dién caa hop nghiéng va
chicu cao, u" = (uyq, Uyq, Uy, Uyp, Up) 1 bO gid tri dugc du doan cho nhan van ban. Tham so
hoa cho v va v* dugc dua ra trong [14], trong d6 v va v* xac dinh ti 1€ chuyén doi bat bién va sy
thay doi chiéu cao/chiéu rong cia khong gian log lién quan dén dé xuat doi tuong. Doi Vi cac
hop nghiéng, tham s6 hoéa ctia (Uyy, Uy1), (Uxz, Uy2), (Usq, Uyq) VA (Uyp, Uyp) GiONG VO Dy,
v,. Va cach tham so hoa cuia uy, va uycling giong vaoi cach tham so6 hoa cua vy, va vy,.

bit (w, w*) biéu thi (v;, v}) hodc (u;, u;), Ly, (W, w*) duge dinh nghia 1a:
Lyeg(w,w™) = smooth;(w —w”) 2

0.5x2 if x| <1
f x| 3)

smoothy(x) = {|x| — 0.5 Truong hop ngwoc lai

2.2. Gidi phdp dé xudt

]

RPN ] |:| text/non-text

/J scores
7x7

|:| axis-aligned
w3 x 11 box coordinates
|:|J:| — (Ve VW Vi)

Inclined
. . x inclined box -maxi
CNN feature maps ROI Pooling 11x3 fe6 o7 N =) non maximum
coordinates suppression
(Mrsllypstix2sHy 2,1 )

Pooled size

Hinh 3. Kién triic mang R2CNN [12]

Nhu hinh 3, hinh anh dong hd nudc duge dua vao mé hinh R2CNN dau tién, mé hinh s& do
tim vung chit s6. Sau khi xac dinh dugc ving chit sé ching toi thuc hién budc xir 1y tiép theo 1a
cach xoay ngang dé ving chir s6 song song Vi truc hoanh néu né dang bi xién, goc quay duoc
tinh toan dua trén viéc phan tich cac chir s6 nguoc hodc xudi va goc nghiéng ciia hinh chir nhat
bao quanh no6. Tiép theo, hinh anh viing chir s6 da dwoc cit ra 1am anh dau vao cua mang R2CNN
thir hai thuc hién phat hién ving chaa ting chit s6 va nhan dang. Cac chit s6 dugc nhan dang
dugc sap xép tir trai qua phai theo truc ox dé dwoc chi sé cong to. Trong thuc té cac chir 6 trén
cac dong hd do nude c6 mau den va mau do. Cac chir sé mau do do phan Ié vi vy trong qua trinh
do ngudi ta khéng quan tam dén s6 mau do nén sau khi xac dinh duogc diy sb trén dong hd chung
t6i thuc hién mot qua trinh xir 1y tiép theo 1a loai bo cac s6 mau do bang phan tich mau va chi gii
lai s6 mau den cho két qua cudi cung. Hinh 4 dudi ddy mé ta qua trinh thuc hién doc chi sé ddng
hd do nudc tir anh chup.

1

!

| 1

R2CNN |- Post process 1 -:.ﬂ?.”mMﬂmm» Post process 2 :
1

Hinh 4. Quy trinh doc dong hé nieoc tie dong tir hinh anh
3. Két qua thir nghiém va ban luin

Hién nay trong cong ddng nghién ctru chua co bo dir liéu hinh anh dong hd nudc xuat ban
cong cong, dé xdy dung mé hinh va danh gia hidu qua cua giai phap dé xuit, chung t6i thu thap
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hinh dnh d6ng ho nudc bang dién thoai di dong cua nhan vién ghi chi s6 nudc. Chung t61 da thu
thap duoc mot by dir liéu da dang va phuc tap Ve hinh anh mat dong hd do nudc bao gom 3640
hinh anh véi 6 chix so do mét so cong ty cung cap nu6c sach tai Ha Noi chup lai. Nhimg hinh danh
nay rat da dang vé goc xoay cua vung chi so bao gdm hinh anh nam ngang, doc hoic quay
nghiéng, nhiéu anh c6 chit lwong khac nhau vé d6 sang cua anh, 16n xon, mdi truong phuc tap,
ddng hd méi quay duoc nira chir s6 va bi md boi bui ban hogc hoi nudc,....

Viéc xay dung tap dir liéu huan luyén va kiém tra bang phan mém labelme, chung toi tién
hanh khoanh viing chira chi s6 va ving ctia tirng chir s6 va gan nhan bang phan mém labelme véi
21 16p gébm ca nira chir s (1a mot chir sb dang thay d6i, vi du 1=>2, 2=>3,...) va viing cac chit s,
chi tiét bang 1.

Bang 1. Gan nhédn cho dir liéu

Doi tuong chix o/ o 1 2 3 4 5 6 7 g g9 Ving
vung chi s6 chi so
Nhin 0 1 2 3 4 5 6 7 8 9 CS
Déi tuong chir s 0->1 1->2 2->3 3->4 4->5 5>6 6->7 7->8 8->9 9->0
Nhin 01 12 23 34 45 5 67 78 89 90

Dé xay dung va thir nghiém mé hinh, chung t6i chia ngiu nhién 3640 hinh anh da duoc
khoanh viing va gan nhin thanh hai phan: 3000 hinh anh 1am tap huan luyén (xap xi 80%) va 640
hinh anh 1am tap kiém tra. Cac tham sé cua R2CNN duoc thiét lap tuong tu trong [12], tuy nhién
chung t6i thay doi mot s6 théng s dé phui hop vai s6 liéu bai toan, thé hién trong bang 2. Két qua
thuc nghiém dugc trinh bay & bang 3.

Bang 2. Mgt so tham sé ciia mang R2CNN

Parameter name Value
Stage 1 Stage 2
IMG_SHORT_SIDE_LEN 1.000 100
IMG_MAX_LENGTH 1.500 400
MAX ITERATION 500.000 500.000

Bang 3. Két qua thir nghiém trén tap huan luyén va tdp kiém tra

Tap dir ligu Sé anh S6 hinh anh dwoc doc chinh xic Do chinh xac (%)
Tap huﬁn luyén 3.000 2.852 95%
Tap kiém tra 640 593 92,6%

Tir két qua duoc thdng ké sau qua trinh thir nghiém chung t6i nhan thay phan 16n 15i nhan
dang xuat hién ¢ truong hop nia chix s, hinh anh quéa 1on xon hoic mo. Tir két qua thdng ké
trong bang 2 cho théy md hinh d& xuat cho két qua kha chinh xéc véi do chinh xac 92,6% trén tap
kiém tra. Do dé xuét trong bai bao nay va trong cac bai [10], [11] khong thir nghiém trén cung
mot tap dir liéu nén chung t6i khong thé so sanh truc tiép két qua thir nghiém véi cac két qua thir
nghiém cua céc giai phap duoc dé xuét trong [10] va [11]. Tuy nhién ching ta c6 thé so sanh mot
cach twong dbi gitra két qua dat dwoc cua cac giai phap. Giai phap dé& xuit trong [10] két qua thur
nghiém dat do chinh xac 91,5% véi ddng ho nhap ngoai va 75% véi dong hd san xuat tai
Philipine, nhu véy trung binh d6 chinh xac khoang 83,25%. Giai phap trong [11] két thir nghiém
dat @6 chinh xac 90,61% vdéi giai phap st dung mang YOLOv3 cho pha 2 va 80,42% véi giai
phap st dung SSD cho pha 2. Nhu vay trong két qua thir nghiém ciia cac mé hinh thi giai phap
ctia chung toi cho két qua thir nghiém cao nhat.

V6i két qua nay mé hinh thu dugc chiing t6i da tich hop vao phan mém Citywork budc dau hd
trg khach hang kiém toan chit luong chi sé ddng hd dwoc ghi bai cac nhan vién cia cong ty.
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4. Két luan

Trong bai bao nay, chiing toi de Xuit phuong phap doc chi s6 ddng hd nudc te dong, bao géom
hai qua trinh phét hién viing chi s6 va nhan ‘dang chir s6. Chuing t6i sir dung mang R2CNN cho ca
nhiém vu phat hién viung anh chira chi s6 dong hd va nhan dang cac chir s6. Ap dung mang
R2NN cho phép trich xuat ving chtra chi 6 moét cach chinh xac va hiéu qua. Phuong phap dé
Xuit da duoc huan luyén va thir nghiém trén tap dit liéu do ching toi tw thu thap va xay dung Véi
3000 hinh anh dugc sir dung dé huan luyén mé hinh va 640 hinh anh phuc vu kiém tra mé hinh.
Két qua thir nghiém cho thiy mé hinh dé xuat cua chung t6i cho két qua véi d6 chinh xac cao voi
d6 chinh xac 95% va 92,6% lan luot trén tap huin luyén va kiém tra. Giai phap dé xuat da duoc
ap dung trong phan mém Citywork nhu mét chirc niang Al hd trg nha quan 1y kiém tra tinh chinh
xéc cta dir liéu do nhan vién di doc va ghi nhan vao hé thong. Miac du két két qua doc chi s6 cua
mo hinh dat dugc c¢6 do chinh x4c kha cao tuy nhién van chua thé 4p dung vao viéc doc ty dong
trén cac thiét bj smart phone do thyc té doi héi mo hinh phai c6 do chinh xac cao hon.

Loi cam on

Nghién ctru nay dugc tai trg boi Truong Pai hoc Giao thong van tai trong dé tai ma sb T2023-
CN-001.
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