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Abstract : In order to solve the low efficiency and the influence of manual factors and many other problems existed in current water meter

verification, the water meter verification system using machine vision technology is proposed. And the research keynote is how to realize

the template matching algorithm for rapid location of plum blossom needle and the image morphological algorithm for eliminating the

bubble of wet water meter dial. Harris algorithm is used to extract the corner points of the plum blossom needle template beforehand, and

the corner points of the on-site image are extracted in real time. Then, the fast localization of the plum blossom needle is realized by the

partial Hausdorff distance method. Finally, the effect of bubbles is eliminated by using the image morphological algorithm, and the count

value of the rotating teeth of the plum blossom needle is completed. The experimental results show that the proposed system can shorten

the verification time and improve the verification efficiency while ensuring the verification accuracy. The system solves the adverse effect

of the bubble on the dial of the wet water meter, and it’ s suitable for the verification of various types of water meters.
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Fig. 1 Block diagram of water meter verification system
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Fig.2  Counting principle
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Fig.3  General flow chart of verification system

3 ETHEMLEMSEESECEZE

AR SCHRE R AR AR DT e 1 T vk AR T
HRATE g A6 51 0 057 8 1 8 R A A BB TR
Harris 431" 9 G4 OUMG 26 1B A 251 S At 422 BB
UG A 5, 8] Hausdorff JE g5 7 9037 &% b
5 Mg AR BT B IR VT L A DX 3R, 58 UM A 1 2 o7
3.1 Harris S0

Harris £ 55 fr &y 2 i Harris 1 Stephens T 1998
AEPR I B — PP EE TE 5 B ORISR R 7, H A U X
R Y EURATAT 307 01 3% 30 S/ N BB B, A 6 10 P K 1)
3P TR B AL W2 s o o st RO SR

Clx,y) = ), [(x +Ax,y, +Ay) = 1(x,,) )" =

ae MG [ ] (1
Lo 5
M(x,y) = [u, 13] 2)

K :Cla, y) KA, 1(, ) ZEGKBE AL,
(%, ¥,) FRIRVETE W N AL AR, W R o R AL 1.,
K ox sy W—Br i 8. M A MR E R SCHE I, 2 AR A
M 1, PR

R = det(M) -k - Tr* (M) (3)

MR ETREBRE TR, S A k1%
B H AL, — M 0.04 ~0.06, >R H] Harris £ i £ I 5 7%
e IASE A 5 037 R 0 £ s J5 , AT Haudorff B 525 7
P AL, SRR AR L A
3.2 Hausdorff B 5

BEMPMHAREAEA = {a, ay,, a, | FIB =



- 146 - SRR~ e T o 1

3%

{b,, by,~, b,},A. Bl Hausdorff f5 & H(A, B) &
Sy
H(A,B) = max(h(A,B), h(B,A)) (4)
h(A,B) = maxmin|la - b|| (5)

(| (137 BE b i B A, 3 = WL B AR 25 o) 1
L, 580, h(B, A) [R13E, J5ilf Hausdorff P 254 ) 32 W 5
S, SEBR AR ANE 1993 41, Huttenlocher $2 1 #843
Hausdorff FEES 52 XK .

HCA B> = max(h,(A,B) ,h,(B,A)) (6)

h(A,B) =K, min|a - b]| (7)

b KRR A T SR B B R BUR K
AMENER A ~ B 1A Hausdorff FEES . %K% Hausdorff i
B3 T LAAR G 1 0 M P K AR B Bl 1 ™ B %) DR e
FEEERSEI , BT 7K 3R R BT BESS A AE S S A e 75
IR AS 2R 45 358 FH 38 43 Hausdorff #5295 8 A AR 5 # 3 F
BATARPIE o

3.3 fERIC AL R B

PR AERRIC L A B R R 8, LA 5 B
DR )38 SRR 2 TR 1Y) 22 57, B2 S5 e /N ) DX Bl e
AEDCHE D3R, 35 AR AR UC e i JEAR R, B oAb Kl R
R AR, R T IR B AR R R, A SOl A Bk R
RIS R R, ) LB T(T>1) 4%
RS BRAE R ENR ER S, 1R EUR VA
HFVCECAI & P(x, y) 52) LB KA 1 BB 78 R KA
R P(x, y) A, KSE (2T +1) x (2T +1) [1E
JiIE X IRNF 8l , FEA RS VC FLHE 2R, I DLSE A B 10 25
SRAE R R AR AR VE AL 1 e AR S5 5% AR W 4 s, 5
TRGE VL 77 1 A0t R Bk B X - U 20 IR b T vk
1/ T (5] RRLVC BE A 254 T 0] AR 9 1548 2R R A
REAR A SE PR R/ NERE AL T =4,

BEARAR XS B G AETE e % (R) (a1 (S) AP
(T) S A fa B Sk ARBL S /K 3 36 38 10 5 [ o 1), 4
R TR 1, R R 2% SRR (e Fn-F- A . iR
THEAEET 1 FRIE [ 51 45 44, i 4582 Al AH X T 3 37 5
K HA 0.5 15 X5 I 0 e 5% 1 B, B AR 2 K 2 ot 4k
Bt B ERORTERE MRy 18°, AR SR A #kik 4k
RN Y e AR e i fA B, AR A - 1) DABE AR 0 Ay T i
G, 23 SIS S BT 9° , LA % R AR AR 5
MBI B I 12 Hausdorff 5 B, {3 28 Hausdorff 5 2
BONIBERE BN ;2) DAL IR 1) BT AR 43 i s 0
W AR RN 4. 5° , EE LR, RS
Hausdorff 5 85 /NF 225K B ol Jié 5% /A /T 0.5°, 1)
SRR, IR RME S Frw, SEBr AR RN N
320 x 240 14 2, B AR /R 100 x 100 % 2, ¥ 0t K
180 ms,

BRI I

Harris 52421
WA R A

LS fes
R A i al

A
PUBAC T4 2 115, 15 5]
HLVCHCAL B P(x, y)

v

1EP(x, )
QT+D)*QT+1) X LS K 1HAT
AR %R, 19BN IR &

U
Fig.4 Flow chart of template matching
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Fig.5 Template matching of wet water meter
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bubbles and moving bubbles
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Fig.7  Morphological operation to remove large bubbles
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Fig. 12 Comparison chart of the verification accuracy
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Fig. 13 Distribution diagram of verification error
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