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Automatic Reading Method of Electric Energy Meter Based on YOLOV3

GONG An, ZHANG Yang, TANG Yong-Hong
(China University of Petroleum, Qingdao 266580, China)

Abstract: With the continuous development of smart grid, the automatic reading system of electric energy meter based on
digital image processing method is widely used. To improve the accuracy of automatic reading of traditional electric
energy meter, a new method of automatic reading of electric energy meter based on YOLOv3 network is proposed. For
the electric energy meter image, a counter positioning model based on the YOLOv3-Tiny network is constructed and
trained, the trained target model is used to locate the counter target area, and the coufiter area is generated to achieve a
counter image. For the counter image, a counter recognition model based on the YOLOV3 network is constructed and
trained, and the trained model is used to identify the number of the counter target area. The electric energy meter data set
published by the Federal University of Parana Brazil was selected as the research object. The comparison experiment with
YOLOV2-Tiny positioning model and CR-NET recognition model shows that the proposed method has higher positioning
accuracy and recognitiqn accura\'cy.
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EEA, KA TP E TR e A G RKEGER

RIHEM , %5 He A HE A s RS R AN B2 (R I 45
HDH A FR A TE R 5 M 010U K T BIEN, (1
HEMA RS, kANt RE, B RIA S A N %, A
NMS EE KR I 1 A TT A MR B A3 B B A O,
ERSER 2. ) - "

(4) VB IR ST A T 58245 1) 425 1 5 S
si AR FTN:

) S =piXc (3)
o, py o 24 W TIUKE S 31 25026 10 4% PE R, ¢ 7%
4 R FRIE (1 B4

T 2K BB 85 AR 52 128 B, FAOARE %
TR AREFA:

C = arg max(s;) %)

2.2 YOLO M4&AYI)IZRE 52

YOLO [ (| e B2 TT 49 Jy 4 MBI

(1) B 2.1 452 SRR P 2 o AP 4 TG 44
TRIHERx,y, w,h, 0, p1, -+ py-

(@) HHEHR B S0 iR 2

YOLO % 54515 B =T E A LS AE 1O A b
S TR HE A S S E R (3 18 AR 2 2K 251011

Software TechniquesAlgorithm #fF4i AR 5%: 197

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20204F 55294 55 131

CBL,

Conv2d
b = — BN |—LeakyReLU|| xa

bxb

(2) CBL )2

CBL CBL @

1x1 3x3
(b) BRZEZ
CBL CBL CBL CBL CBL
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x;, if x; >0
yi:{ﬁ, if x; <0 (8
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T IX 358 1A (1 5 K AL R AR 5 X 4% 8 %7 B (3 1, 248
1 Bl v T BR300 P AT T SR EDURRAIE 1 5
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(5) CBL %a}%: TREEE T 54 CBL ZM&ES. 45
TR 2(c) .

2.4. YOLOV3-Tiny 1 YOLOV3 %%
2.4.1  HlLEIFIPERE

YOLOv3-Tiny M %% L Darknet-Tiny 4% 9451k
PEEU 4%, fii ]l Darknet-Tiny M 2% /7 7 4~ CBL JZ 1
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HEFIFIUMIAE Y TOU BI{E 9 0.5 B, YOLOv3-Tiny %%
] mAP A 33.1, FPS &y 220 f/s; YOLOV3 M %% ff] mAP
N 55.3, FPS A 35 fls.
242 EHY

4% YOLOV3-Tiny Al YOLOV3 R £% (1) 45 k) FI7E
COCO #flafE LIt RERI, W LTS H YOLOV3-Tiny
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A7 T B BT R AR AT O B 0 ol il 2 T e P
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LLAE. A R EUD, ARSI 8%, M T
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B T B s AR 08 LU AE, SN 6 0 B R )
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5 b, VRS B AL AN A ) R A A T L B A
T YOLOV3-Tiny 4% 15 B A ar il 75 v 52 90 v 4k

A EAL, M HHET YOLOV3 M5 1 2 H Al 77 v 5k
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F TRV, 2% B2 B M S5 A s HERA SRR T4
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Type Filters  Size Input Output

CBL 16  3x3/1  416x416x3 416x416x16
Max 2x2/2  416x416x16 208x208x16
CBL 32  3x3/1 208x208x16 208x208x32
Max 2x2/2  208x208x32 104x104x32
CBL 64  3x3/1 104x104x32 104x104x64
Max 2x2/2  104x104x64  52x52x64

CBL 128  3x3/1  52x52x64  52x52x128
Max 2x2/2  52x52x128  26x26x128
[CBL 256  3x3/1  26x26x128 26x26x256 |
Max 2x2/2 26x26x256  13x13x256
CBL 512 3x3/1  13x13x256 13x13x512
Max 2x2/2  13x13x512  13x13x512

CBL 1024 3x3/1 13x13x512  13x13x1024

CBL,,, 1x1/1 [ CBL,,, 1x1/1 |

Output, CBL,,
13x13%n I
Conv2d,
Output,
26%26xn

Kl 4 YOLOv3-Tiny M4 45#)

4 SRR L\
4.1 SEIIME "

2 0% 9 T AL R A BR 85 0 R CPU A 3R 28
Intel(R) éore(TM) 17-6700K CPU @ 4.00 GHzx8,;
GPU kb3 %% NVIDIA GeForce GTX TITAN X; 1%
(RAM) N 16.00 GB; #:/E 2%i N 64 bit Windows10 %
AR dmFEiE &N C++; EIF KA BN Visual
Studio2017; M £ R i it 3T DarkNet HIR B 27 21 AE
ELE i
4.2 SIOHIE

TR e T AR ST P B SR SL 5 2000 Tk
Ly RT3 A, 34 BOCEICHE 42 HH 19 800 5K FRLRE
R R4, M4 1200 5K FFIEEL 100 7K &
VENIGTFAE; TR 1100 5K FEHL 100 TR K F7E K
M.

THECAS VR - K Bl B R 1 R R T 4T
AL B bR 2 B B A BT B B,k B BT AR R
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Type Filters  Size Input Output

CBL 32 3x3/1  416x128%x3  416x128%32
CBL 64 3x3/2  416x128x32  208x64x64

CBL 32 1x1/1  208x64x64

1X|CBL 64 3x3/1
Res 208x64x64
CBL 128  3x3/2  208x64x64 104x32x128
CBL 64 I1x1/1  104x32x128

2x|CBL 128  3x3/1
Res 104x32x128
CBL 256  3x3/2 104x32x128 52x16%256

CBL 128 IxX1/1  52x16x256
CBL 256  3x3/1

8| Res 52x16x256
CBL 512 3x3/2  52x16x256  26x8x512
CBL 256  1x1/1 26x8%x512
8<|CBL 512 3x3/1 —
Res 26x8x512
CBL 1024 3x3/2 26x8x512  13x4x1024
CBL 512 1x1/1 13x4x1024
4x|CBL 1024  3x3/1
Res 13x4x1024
Conv2d, CBL,
1x1 3x3
Outputl CBL,s 1%1
13x4%xn
Upsample
Concat |«
o e e cmuse ]
1x1 3x3
Output2
26%8xn
UpSample
Concat [«
o St st |
| 1x1 13 CBL set
Output2
52x16%n

&5 YOLOv3 )IX_XJ Y1)

43 e 0
431 SELTRR AN T
W4 S FIARETR N

S =851+5,%x100 %)
S = mean(z IOUg;:éh) (10)
N (True)
= 11
>~ N(Total) (b

Horp, S R7s TRUMHE AN SR (19 52 F LT 3MH, SR
N HIOUBE=0.5 I 435K B R 1€ A v Hods B AR 1
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2L, N (True) & FLAERA I EE, N (Tota)F/RfEE H
P& E, THECEAS I A %) 368 5 AR 4 N (Total)
129100, PE55S FH T I PR e A .
432  WHIBAI PN FEAR
BAANK IR e R A R R
_ Ni(True)
' N (Total)
HoHr, Ny (True)Zm R ) £ # 50 i, Ny (Total) %
N T, BRI, (Total) = 400 x5 = 2000, iy
REEHIN, (Total) = 800 x 5 = 4000. *
AR A S
o _ ;Ng (True)
N, (Total)
Horh, No (True) s IE#HR B T 235 20, N, (Total)
Fon i as KR, 30 UESE N, (Total) = 400, W4
fJ N, (Total) = 800.
44 LHIRE
4.4.1 ERBAL ST AR
(D) BENZZSH: BB RSWIHH Y 416x416%3,
K FHBEALES B R 3% (SGD), B ISR 1 MREA
X S HOIAT BT AT R B &, 2 8H=0.9;
BE 8 IE 354 =0.0005; 2 =] %=0.001; AR E
3£50 000 K 248 T5 EARUN BIVAE TR ECN 1, Rt
J&— R BB SR = (1+5)%3 1185 HF 3 2 JUE I
G, B2 10 U G B BS K /N HEAT I 25
{61 K-meansyBReK Tt 1 258 FLIAE 0 R~ B KR
BABHE RS, 1B SEIE R < 5%
‘ ('2) YIZRIA 452 AR 2.2 7 B Il ik F2 I 250 4%,
IEAR 1000 RERAFAL ST
(3) BAE M 2% W EIOUBIE=0.5, 15 A [FAE
PEXF B AR IGAIE I VE 43S, I BRI ALE W
(4) WA 28 - 3 5% 96 1IF 25 PR BT 15 1) S R A Wt
DR A R AT R, 3K A e R G R v B s A
[x,y,w,h].
442 IR LI I AR
() BCE NS5 BGRSHRIGRE N 416%128%3;
K /NI EFL T R %% (MBGD), b batch=64, sub=
4, FRUOEAREH 64 MFEANT S BT B ik 7 &
KA &k, Z5H=0.9; BE I IE N H{E=0.0005;
5 2] %=0.001; IEARKESE 20 000 7K 4% 75 2L
Wik R EECN 10, Nk E —EERZEHEE

x 100% (12)

s x 100% (13)
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n=(10+5)x3 =45; 4 ] K-means 37 =Xl 44
FLSEHE A RS SR RAT SR 0 AE R, i B SR 50 HE R~

(2) MM 2 ARTE 2.2 AT I ZRISRE I 2RI 25,
154X 1000 UARAE L E ST

(3) BuE M % W B IOU BI{E=0.6, THH A [FIFLE L
A 5%oF 56 TIE £ 56 UE BT A5 04 B B0 R AE B 2 R A
TR BN UET R Fy, H TR B R AL EW.

(4) WA D 265 - 35 16 96 11 20 R P 75 1) e AR A Wik
WA AT IR, SR BT 2088 BB 1R # a4,
as,ay,as) UL REAN 0 Fa; (AL E [xi, i, wi, il
45 LWHER
451 MR EALI SR A, :

T YOLOV3-Tiny (44 ) € A A5 4L 5 5 T-YOLOv2-
Tiny 2% ) g AR HEAT X USERG.

(1) B £ e BT VRO L 0 B S A,
St AIE SR AT SR UE R 25 SR A 6 T,

----- YOLOvV2-Tiny

200 —— YOLOV3-Tiny

150

vy 100 L an_
PA N i“-"'u’n‘“t' “ﬂ‘a‘ hY *
50 LV T LI
t\a’
0 L2 1 1 1 1
0 10 20 30 40 50

Iteration (k)

6 YOLOV2-Tiny 5 YOLOV3-Tiny il £ %} bb 45 5

(2) ML R PRI UF 45 &, YOLOV3-Tiny Al

YOLOV2-Tiny M 2% 572K ARIKEL 48 000 4bX] MALE, |

T E V43, R 43 5 5 AR A K 48 000 S6F IR
AU AT, AT IR W 1 BT,
Hi# 1 7745, 1B YOLQv2-Tiny F%%, 31 YOLOV3-
Tiny P24 0150 8se BB R RS B 5 8, 24 10U BRI
9.0.5 I, TR VRS 2R 0 5 95%. H5 TR 9 )R ~F 4 K
KRR 1.1 £, B AL HER L E] 100%.
4.52 THEESIRAI SR g5 R
YOLO W 4% 7215 ¥F 2 A8 4, 3 o5 9 s o f) 2

CR-NET (Character Recognition NETwork) =4 5 71
% Z M4 YOLOvV2-Tiny P25 (3520 WAk 2 2ok
GRR, dityfa i, S8, KK T YOLOv3 M
2R AR 5 T CR-NET M 2% R A Y 3R 4T 5%
b SELG.

1  YOLOV2-Tiny 5 YOLOv3-Tiny iAo 45 5

W 2% BARRBT RN TS E A EF A (%) FPS

Bt HALE (10U Hi1E=0.5) (f/s)
YOLOV2-Tiny 48k_weight 78 143
YOLOV3-Tiny 48k _weight L5 143

(1) S . AU T UCHOA L S,
XU U0 T (AR I 7. 8 P

----- CR-NET

99.0 ——— YOLOV3
98.5
= 98.0
< 975
=~ 97.0

5 7 9 11 13 15 17 19 21
Iteration (k)

7 X EAECE R AR IR UE AR X L IR

40 CR-NET
YOLOvV3
— 9
&S
= 90
/ \
88 N ?’-\\"’ N N N ~'. N
5 07 9 11 13 15 17 19 21

Iteration (k)
A
I8 R BN TR R BOR T MR 2 B ST L £

(2) MASE R PRI LS R, CR-NET. YOLOV3
A28 73 I AEIEAR B 15 000+ 9000 IS5t o IR B B8 AiE
M 235, BRI O AN 34T I, TOU 1)
E&E N 0.6, Xl i A3 AT M 285 SR a3k 2 .
f 3 2 A1, (B BOR BB ) NMS HikfEiem T8
PR A HER R 5T YOLOV3 48 ) TH A% iR
SRS R () YR Rk B 92.13%, AHEL CR-NET M4%, i
R EET 2.63%.

®2 o IR RIEEN g

¥R 2% IEAR KB R IETIR BN AABTE NMS 5 2e 17 51 B NMS Ei- 8RS FPS

Bt A E e R T (%) TR (%) TR (%) (f/s)
CR-NET 15k_weight 3899 97.48 88.25 89.50 200
YOLOV3 9k_weight 3938 98.45 91.25 92.13 67
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5 RRER
51 HHEREM
SERLBCR R WA 9 B,

Ko s E LB s

5.2 iHHESIRA
(1) IEF AR E i 10 Frs.

B 10 IEfRHIE R

(2) H R R Bl 11 o, 225 R A 45
B R K, AR TR, B BB 45

B s -

¥ 13

6 éﬁ}ﬁiﬁ‘ “». ' :
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