% 36 &5k 3 B Il 22 L =
2019 %3 A

Vol. 36 No.3

Journal of Mechanical & Electrical Engineering Mar. 2019

DOI:10.3969/j. issn. 1001 —4551.2019. 03. 008
ETHRmARHKRQET EWR

M EHR ERRT KO
(1. FRMN R UM T AR M E shika e, famd 48 350108 ;2. ERINFE TR F A PR =], v /g 590 450000)

TEE XTI KRR 2 B E FORAL (5 B BT BEA B 55 I8, X /K A8 R TH BRI A e 5 H sh Ik e 55 T ik
FETHRSE 3R T —Fh L T AL ILIE K RAE LA R SE . SR R B8 vh 132 UK 48 132 4, 8 2 A VE i, e 3% A% IE K R &, il
FHMR AR ARSI TR AR I AR TE , I R e iR IR | SEBl T X /K R A S8R 17 1R 3T T AT BN s AR WL 3
R AR AEPLTE AL T 5 A TAKREUR IR, MR R . 5 A TR IR R AT 00 SR8y A8 UL 3R i 7 15 RE T
PROK R IR NG B, R TR e R, I ER e B0 T s

KFEIR L KRRE s ML
thE 4y 25 . TH715. 3 ; TH39

XEARERD A XEHS 1001 -4551(2019)03 - 0271 - 04

Calibration method of water meter based on machine vision

ZHENG Wen-xue', YUE Zhi-min®, TANG Xu-sheng', CHEN Dan'
(1. College of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350108, China;
2. Zhengzhou KaiYuan Instrument Company Limited, Zhengzhou 450000, China)

Abstract: Aiming at the problems of low calibration efficiency and insufficient information management function of existing water meter cali-
bration devices, the identification of water meter pointer, eliminating the influence of bubbles, and the automatic transformation of calibration
platform were studied. A kind of on-line water meter detection system based on machine vision was proposed, distance method was used to
read water meter pointer reading and passed through template matching, the water meter image were rotated and corrected, polar coordinate
transformation was used to expand the sub-dial into a rectangle, and two-dimensional code recognition module were integrated, the verifica-
tion and data preservation of the water meter was realized. A walking mechanism was designed to drive the camera to take pictures, and a sin-
gle camera was used to collect images of water meters at five stations. The results indicate that compared with manual reading and manual re-
cording, this method can ensure the accuracy of water meter, improve the efficiency of verification, and make the calibration data traceable.

Key words: distance method; water meter; machine vision

0 B = RMAHHLIG W5 st i RO R MEANE
=} b =]

K S RHK I E 2R AR, i TR
P R AR SRR AR T R KOk 3R
IADIRAUK SR 3. AT K A6 2 BRI
e N TR 7 30, O AR F7 s, %k
% A SR BRI AEET MUK A8 B A7 2,
KrMAAEET £ 2R CCD BHRIE" Xt AR5 3 1
RO, TR ORI E LR, 5 5 5 &

i B HA:2018 - 09 - 25
E& A A HRFEI A% B H (2018)01534)

HAT, VF 2058 A G g £ R BRI T, B
BRI T —FET SVM 43288 HOG HRAEAYFEEF
UK RBE A RSN 5 255 A R T hough
ARk BRI PANG LS L 251V 0] 5 KK J3E AR ok
I SE S A R A AR BB AR TR R
FEEUG ARICT 4851 31180 73524 YANG Zhi-juan 55
N T —Fh RSO RIS £ 1 X 38k, 3%
T [ DX sk SR 1 T W i b e (S T L X

TEZ B (1993 - ), 5 A M SR 0P A, EBAFHLEHLSE 5 T A5 . E-mail :728095725@ qq. com

BEBERAN LR, B 4 BIUF5E 5. E-mail: tibology@ 163. com



<272 - L H

T %36 &

SER AR AR I AR T A7 2SR R AFBR A
SRR IR R R A M TR RS, T &
— R T LA LT K RAE LA I R 58

1 BEREEHY

225 BB WOE e 7K G R R T AR R R
HRUEKE G I BCR R 47528 ATENM T
PERLAELLAG, WA 1 PR,

fARREHL friR bl 47503
I

eI

1 LA

2 PR AL

(OHATENLE, KE G EA S5 A AL K E RN
PR T A7 B rKRE B B DL R e w e REE KR
B, B TR B —E R R E R &, BUE &,
Bt b AT AL B /N R AL RN S A 1, 8 ) B
MRS ShiT B B A R R AR 2 Bas 8, IR e A~ T
fr e OGRS A, T A K SR A & AHBLAA A 7]
AP A TR X T E M BR AR

(2) BMGCR R, KSRk B L R 4R,
Foft PRI 22 AR T RE K2 e AR LA v A M D IR 1 AR
218 BB RGB (BRI ZUAR AL, il K5 i 7K 2 BIE
AR FRZE LS A SCR A6 [ IMI CCD AHHLAT 8 mm
8RR AR EUGCR AR 4, E BRI 5

(3) Fr&se s, RAVK %47 BIGENLIR 5y, AH X H:
IR ML A AT S O WA R BV RS RE T AL 8lk
R T/ AT L A, A A S b 5 s AL ]
TR | 20 K2 W 23k AV s, TR LA B
BRI TR SKRBCA, ML B0k 213 e IR,
AR 5S4 PLC, FHSEDHY sha B T,

3 KAk

BERI KRG B LR, AT TR B AL b A e ) 7
BN TR E R AUEIE R4 £ rho0 81 AR bR A IE 51

MERRE SR R TH R R, TR 3 R K R R AT —
FHNAE B A F5 TR VT C G5 L (5 B
TENARET B A A I M ARARAE e TR AT AR 3
HOREAFH oy Sk AR A 2 s

( i ) I
v

| wepn | | tehiner |
¥ v

Iz | o |

B2 B

3.1 HRIRITE

TR AR 22 |, SR AR 7K R MG AEAE AR £ B B
Tl | A5 R LT HALCON (AR AR DT It R
KIEEE
3.1.1 A EEMR

P& Canny 5542 BUBE M 48 B, Canny 5374538 %
AL G A R B R B S SR 4 i 7K 3R R R ik A7
JRVEAL AL B

Cray = 0.299R +0.587G + 0. 114B (1)

X G i 3 2k AE 7 ) L AT BE A AN AH [ A% B
G, Canny 2K I3 58 F 4 U8 Ik 28 43 ARG P15
K T E X AL %, g 58 (W
Roberts, Prewitt,Sobel ) 718 /K3 J5 m 43 G, Fl'% H
TroyaR G, B G B ANy 1 AT A, BRI

G=.6+G (2)
o - arctan(%j (3)

JIA NG FA BE A R 1 4 A>T 1) (0°,
45°,90°,135°) ,  —2al i S 1 1] PR R i PR 11
GRER 5 /N ERR R AR HE BB AR I s i T 2
IVE RN GE AR R ZEENG e L—A T BRAE K
FE GRS BE HUE 2 /038 G 1E il S 458 5 SR AN AT AT
1, Pt Canny S350 R 5 18 B0 T TRRAE 1% 1%
AP TR 4300 5 SCi A A Canny 555 A9 = 1K
B — AR AE 2 1 ~ 3 1 28 iz Bk
B 20 I IEAE 40 A e BRE, PRSI AT 3 BT

K3 Ktk



53

KRS A FETHLAS L UE /K FRAGE T7 i F Y - 273 -

3.1.2  FREM

P B A R EUR PR TR 4 B As
R —FRG5 P (X, ,Y,) 48,76 X 71 Y Jya) b
RS BE N G (Gx,,Gy,), TR R B &b T b JE
G, ,(Gx,, Gy, ) AEAEHR VT AR v AR el FH AR (RL
JE i 5 A O E R EUR AT HU A, BVEUSAR R Y
TR EE 1) B ) T BRI A S R 2 R AR R AR P i
FIA R R A R R R SRS 57 S, B

1l v A+B
Su,v - n ; C*D (4>

Hrpr,
A = G, * Gx(in,in) B =Gy, *Gy(u+X,,0+Y,);

C = ./6x; + Gy} ;D = Gx(wxl',vm)z + GY(HXL',L-J,Y,-)Z ;

i =12, nyu =12, ,n;v =1,2,-,n,
O i— B S T A T R O u— R BB
Fraetr s o— MR EB SRR,

TERR A R ER Z [AAFAESE R IC R LT %
PRIASCHE AR 911543 1, 553X T8 R UG b ] DL s ok
RIIERSY s AR RAAAAE TH R IEUG  A353 R 0,

7E HALCON 52 B # A DT 2 /9 55 7 2
find_shape_model () .y T #E— I8 it 2, Al
3 I BN EHE RS MR BER T IR R
FHS T B A Tt o AP RAE B Bed 2R 12, I 7E 4
PERYR —RARSHR R X s = 2 PRI R LU Ry
RIRBHYR USSR B A SRR RN, Bl 45
PR DEHCAS AR B> i AR DL IC Y 3
3.2 RERIE

FIFHEF vector_angle_to_rigid () M Hx VT HL i
[l F SR B B — A WA 0 5 AR 46 18 2 = 3 JH B
affine_trans_image( ) T A% 1E %

3.3 i8stEM

HRAE 7K 48 B L0 6 1Y 265 BRHIE, >R LRCD
TR UK RFR R T asg &, 5L T 5t
A0, BRI 00 1 5 R A Fe s 1D

C=R-Y=03+%«R-0.11B (5)

T A AR B8 R N 4 B W oL 1R AL B
(x;,y,) o MRBAFAE AT, —AHACSS 197K KI5 517
TEWTSL 2530 o3 B A B4, To 9l o B R L, 75 22 e 0t
JE Pl PR ELIE R T A PR B IR 57k
THER AR, A0 I&] 4 Firos

| i

©

(a) ~fEfLIE 1%
K4 Sryabe

(QE SV

3.4 tRAREI
N T AT AR T R A i AR AL
TERUEIE , B AL RS 2R AR ARAR 2R Z IR A A AR -
p2 — x2 +y2
tanf = %,x #0 (6)
ﬁﬂﬁﬁ% polar_trans_image_ext( ) *ﬁﬁéﬁ?%ﬂio
HTRIETREN 0 ZERIF, BRI MAE &, =
0.5, ZILAE D, = 155w BIHFEER, = 1.3R, &
1EE#E R, = 0,R N FREFFAEE,
AR R B L AEL S PR
EXTYEART
ildeteded ol Lol

&5 HRARbREITE

3.5 fEsHEEFIA

SCHR[ 10 ] 382 5 S 00 DX e A1 B Xl s
PIAT AR R EAR T W ZI L (AR A - L IR
ZRBITE LT, 58 B M B I 3 T R IRIME A SO B 536
FRIF BYHIE KN [ 28 1, 2838 2 RS A DG e 1 e
HROEZ G MR GRAIEHTE I 2 s 0 202, Rt 2
TR IR AT A8 AR Columni, LA ST 22 3t (7 A6
Fr Column L,F5EHEEL S, BitHE AT .

S, = Columni zColuan +10

i=1,2,3,4 (7)
K L— IR B 420 1%

i FHUMGR 22, K IR AT BEAEAE & 7 L 10 A
PEFEETHE O 20 A M sl 25 A 0 %) 1 O SR FHAR 7 15235
PAA R BBON e, X b — B A B 0E B

Sio
$,= 8= [(s, - noor(s,)) -
i=1,2,3,4 (8)
K. S — B IE G TR E 248 S, — B IERTHE 51248, L,
i = 4 BHMCERA NLFRES, IS,
IR R T AEA O A 57 43 A7 AE i J5 RIEB A, 18

(a) LT

Ee6 SR

(b) T {3z iy



. 274 . L )

Tr & %36 &

3.6 —#5iR5|

AR AT I~ T S | A K
G 2 N T RARTIRS A SO — 4 D fig
MBI I R Geh , AR BUK R S5, el
BT create_data_code_2d_model () B —A4> " 4ERS 5]
TEARRIAEAY 55 JH A T find_data_code_2d () K
A e b A R IR PR A 5

4 LREIRS 0N

1E VS2010 “F& F, FIFH MFC JF &K & 48 F A
T, G 7 s

K7 REESm

A R SR E Z AL R AR | Bhis
FYAF BRI 2 A, ST 1 0 UL, 7 A 0 o R il
7R ALK SR BB K R G T R ZE M AR K i
R INZE R KD EA% R AR R S, 1B H
A A AR A DIRE

N T RS A I 5 1k A R B A A B
FERAE 300 WK FA 2 I 09 BB D9 AR A R A
J7 RS B BN TR RE J5 1 O B M AT LU

Bl 1 pos,
&1 AMTERIZEX L L
KRG AT AT5ik R
1 15.89 15.87 0.02
2 250.83 250. 82 0.01
3 256. 10 256.09 0.01
4 159.30 159.31 -0.1
5 325.87 325.87 0
296 17.04 17.03 0.01
297 285.75 285.75 0
298 35.54 35.56 -0.02
299 393.42 393.44 -0.02
300 320.29 320.33 -0.04
A5 AR

S EE IR AT 5N TR R 5 ik B R
ZE4F 0. 05 L LAPY, 4 BEAG 2 hrofiE FH 7K & 100 L 315,
W 2EETE 0. 1% VAR T e GG R e 2ok, Al
Zoid N AR T N R I IE SR R 2 s, 52Uk
SERTR KRR BT, KRB DTS s, 54T
PrAEFEFERT 25 s, R IZ ik o iE 5 B TE) 46 5 &2
12 s, 3208 TRUERCK . AN, ER G AT LG &4k %
B RG: R B CRAF A s, G e 5 T R

5 ZhiE

AR SCR RS SE B AR KT A 1R 7K SR a2 B A
T HEMEGE A A BN TR E T 1 AR RIS E R
JBER RIS AR R8> T A2 ], S8 17Kk 3 A sh bk,
IRl , i HAT AT R Kl — TR I IIE

52 30k ( References) :

(1] BRIEAS. BT s SR 1 4 A Bk 3R % 8 I A
BREMBIT S LHD]. WA 7R K2 2 B
2017.

(2] BB, = A . e T LS HOR 1k 3%
TELAGE RGMFE[ )] T A4, 2017 ,38(4) :473-476.

(3] B 8 T ADPRIEARIIREGE RGEHIE[D]. AL
A AL Tl R FE B S ] TR B ,2016.

[4] 2z #,5K T,9% 5,5, Hough iy it L HAESR
FEAOK RIS P B R [ 1] st il i T Be s
12,2015 ,23(1) :58-64.

(5] % # JETRGA R E AR E RGNS
W[ D]. bt Jbs b TR AL T 2B ,2015.

[6] PANG L S L,W. CHAN W L. Computer vision application
in automatic meter calibration[ J|]. Conference Record-ias
Meeting, 2005(3) : 1731-1735.

[7] YANG Zhi-juan, NIU Wen-han, PENG Xiao-jiang, et al.
An image-based intelligent system for pointer instrument
reading[ C]. 2014 4th IEEE International Conference on In-
formation Science and Technology, Shenzhen: IEEE, 2014.

[8] WAJA, AR, Bl G 0. B T BIL A% AL 08 15 A 1 7K 33 Y
R ik [T ] T EAAR,2015,36 (1) :54-57.

(91 B&isWL,Pr i, XA IH 4 JETHLES L ik iy il k&
i T R AR A 5T [ )] . ML T 42 ,2018,35(2) :148-152.

[10]  JYeifif, B3, M2, 55 BT Halcon MYFREFAXF

B[ T ]. B 4R 2016,39(17) :16-19.
(4RI K 5E]

B A IR, . ST HLA U M K Rk I ik i gE [ 1], HLA TR ,2019,36(3) 1271 -274.

ZHENG Wen-xue, YUE Zhi-min, TANG Xu-sheng, et al. Calibration method of water meter based on machine vision[ J]. Journal of Mechanical & Electrical

Engineering, 2019,36(3) :271 —274.

(UL T#) 2435  http . //www. meem. com. cn





