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Abstract To use the characteristics of pointer meter images without the limitation of existing reading recognition
methods, a fully automatic reading recognition method based on a lightweight image semantic segmentation model is
proposed. In the proposed method, the lightweight semantic segmentation network CGNet is modified by implementing
the channel attention module SENet to enhance and aggregate image features and by deepening classification layers
appropriately to predict more accurate semantic pixels of scale lines, pointers, and scale-range numbers. Then,
according to the semantic segmentation results, an ellipse is fitted, and perspective transform between the ellipse and a
standard circle is performed to correct skewed images. Scale lines and pointers are then extracted from the corrected
images by postprocessing operations such as polar transform, image thinning, and vertical projection, and scale-range
numbers are recognized using optical character recognition technology. Finally, the meter reading is calculated
according to the scale range and relative position of the pointer and scale lines. An image dataset of pointer meters is

constructed to validate the proposed method. Experimental results demonstrate that the proposed method realizes
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significant improvement of image semantic segmentation precision compared to existing lightweight models, and the

average relative error of reading recognition for images on the test set is approximately 0.63% , which satisfies the

requirements of practical applications.
Key words

transform

1 7 El

EiE NN 0 P e T AN N 397 N e/
AT N TR R4 AL TS,
R AR IR E R (B T A7l AR L 3
FEREBRRE T, G TS TV RS ES
e R R TR TR T TR O, B AR S BB
REPG . 1R KRl B8 5 R ST
PR AR AR B IR ROR 2 K TAERCRAE Al e fe e A &
A, R 3 T B HLLSE B R X 48 A 20X
FEIEAT A SR R LA A Y SO S
VRIS

[ Py Ak 2 35 78 48 A XA B0 By i 2T
TR MWFIE . FUT R O Bk 3 TR G R Ak B
B 8 H AR 4 5 B 2003 88 RE sk R 901 1)
A5, )T % DS T 5% Hough [ 78 4 6 2% 4 X 5§,
T G T 2 2 Ah B A A M L LR A I S A T 4R
HUZ B 28 PR 41 S5 FH PO s xR k£ %
BT T T8 a0 BRAG FRAE , H 3R 5 40 28 56 1k 99 A
W, — e R 2, O vk IE N 2 B Tl A R AR
B, UTAER B R 2E T AT, 45 R IR 4 L
25 W 2% ok T 98 A R S ECRUOIT 5 b . B s
6 I X 2% Faster R-CNN # F 108 1% 48 B pr A i 7
Ok G A A X IR S 43 ) I 4% Mask R-CNN
T8 X 43 E) W 2% U-Net 8 ole 25 T 58 A 20 b 48 B 1
BE LR P85 B A5 S AR R BRI i 15 B LT R
BB, R AR At i 45 R X s 7 vk Al R 0 VR N 4%
PR SRR AR K, B B M RERT RIS T
S BB AE i A SR B A LR E N A
L 8y s — A 75 BN 36 R R AR A5 F
e AR HUE, AR EIEE X Ea A shily.

BT LA TR R BR AR SCHR I T — R R TR R
9 PR IE X o B s A AL R R 4 F BhiR
BE . SIASRE LR L LR 4T B RREUF 2
[i1) g 40 A T L 8 R ML ek A e GO Ay E
P 265, 3 3 A S Tl A e A8 3 RGO SCAy BORS BE , 145
B A% 50 G A BRAA TR AR 0 B A T 45 A O TR %
o5 Ak Wy A I G e B B2 P 2k AR AT R R BT A R
I LA B O AR T AR R

2 TR

8 51 AR BB T 48 BT 70 220 B 4R A0 07 18 G 3R
Lo e, L e i G AL B D5 3k i T 32 R e DL IR

Image processing; pointer meter; semantic segmentation; attention mechanism; Gaussian heat map; perspective

O 7% 1S S RIS P A5 PR 3R 00 T A ME LD R B v 4 R
XA IME R . P ik T W = Ik % T
— B ER XS g B AR RGO Y R R G SO
P28 |12 100 465 R PR AT R0k 2 B2 J3E 2 48 BT N i R AR
FEEXGFL . RZEBAT BRI RS20
XT3 2 AT HAHR , P )b 3R A AR AE 1 A A A0 AR g L2
JIT 42 07 ¥ T SCo3 00 20 B2 2 005 B DR Al 1 H S
B [ 1) 375 A2 4 G 2, S B IRIMR Y B shBCE A F T
$ETHER A Sh SO B o TR D R 20 B 2 Fn 4 £ i
SCop R A5 AR B A bR - T B R 0 5 L 9 AL
EORR IFEE A SR 0 R R S TR,
BEE R S ON T B — B

JIT 48 5 1 ) B A I AR A 1] 1RO , HH RS 2 R TR £
PN B B BT AG)

B BT X B AR R Y R 8 U B
R T SCor BIBERL AN 2k o 1 S X e B i 4 S ALk
EGR BEAT AR T, A T 20 BE 4 6 BT R PR A 5 3258
SRR AR R BOA R T 5038 15 2R BIHR Y i
SCHR TR 4 T A M B Al b A R 7 1 v 30T AR TR A
2SR5 R 3R s 25 TR0 i e Y R e TR O
SCGy R W28 HEAT N 25, B 445 B 5 E A REAY

T2 [ B 52 B i AR R 1 3 L33 BB
KE B EOT 5

1) i Cor# o AR BG4 19 AR O
Sy EIVEERY DI SCTRUI 25 2R [ vh 43 2 Ot R 41 5]
B RAEZE L F55 B RBRECTF R 39K ZMHK .

2) WG ALIE o 7820 B 2 —(H BHUR h & ZI B2 5
JE T A AR AL W (B, R A R s S0 A bR R
R BE Mg AR A o ST RS DL Rl o B Y
P 4 89 22 [) 28 /0 450 O B A X B G &R L T E R AL R
A B B D 06 A AR R R 20 B2 2k 1R BE LR A
T T S AE BB B0 AR o 1R T AE 0 R CREF T 43 )
1334 A B ROE EHE .

3) EEOHA . X T O IE MY 2 L8 £ T AH
PEL, ) I Al o 78 4 2 0N B 5 20 8 4 AR B AE I Y
[ (BLIRIE ) XSl S IF R R | 4 i IF RR vh 25 20 B
LR BT AL B, T X R B 2 p 2 R AT B AT
(] B, ) ARG TE S A D P R e P i A BT 3R BT 1 4
FF4F IF 3 17 optical character recognition (OCR) i
S, AR A 1k 20 B R e A B R MR R B S 20
AR L SAL R AR BT AR AL

2410001-2



online stage

4< meter image (input) >

v

$£59% F£248/2022 F 12 B/HEXBETFEHE

offline stage

constructing image
dataset of pointer meters

v

segmentation model

[

lightweight image semantic

training image semantic
segmentation network

v

split and binarization

binary image of

binary image
of scale lines

scale-range numbers

Y

binary image
of pointer

fitting ellipse and solving the
perspective transform matrix

\d *

perspective transform (image correction)

Y v v

corrected ci;)nr;egt(e);i corrected ted i
image of seal gran o image of corrfec ec ltmage
original meter (Ijlurer;berg scale lines ol pomter
OCR image polar transform

reading corresponding
to start and stop scales

accurate location and repair of
scale lines and pointer

» reading calculation

meter reading (output)

1 TRk m A

Fig. 1

3 SEELANTY

ERIEX 5 EIEB &

B XF 48 BT AT RS o 4T 55, ok F T
JEE IR 246 A 750 02 35 T i G ) 4% CGNet " HEAT 20tk 119
ZNEUE RS K, CGNet %3t T —#h | F X5 %
B (CG Block) ok 2% 2 R /9 b F SCHHAE . CG
Block 3= % ¢ Jay #0 A AF 42 B A% 8] BBl R SC B AR Bk
BRHERE IS (2 )m B ORI A . BT CG
Block % 11 ) CGNet M i 3 21 53 B¢ 7 9 26 41 i, 275 1 By
Bt 7 M % (stage 1) 1 32 BRUZ A AL, T2 H T X i
A R BEAT T SR A 5 BURRAE , 5 P91 B B ) 4%
(stage 2 i stage 3) ¥ i A [A] % i (9 CG Block 21 1% LA
RA L SCHRRE,

R 7 F5 B U 3R MG E o3 HI4E 55 v B 420

3.1

Flow chart of proposed method

CGNet, T 25 5 v () 2] B 26 0T g 25 B0ORG % Bk 26
BORAR AR T IR SLab 3 . X 02 i T 21 B 4k F SR
RAE /N LR BOIR AR R L o LA B T
o, H R G 45 5 HDORS AR BN IR R 4 [
I, EEAR U FR 1 AR B ARG o B 45 L 7 B 5 4 R
FH 2 S8 SCAH AR A RRE o I, A B2 5 4 7E LR
CGNet [ Al 1 LLSCHE | 51 B HL ] R g 3 34
S TR AR 38 G R AR Rl A AN R R R T
K40 R AE | [5] B 7E B J5 AT 4R 3 SO 1 1 s
YR T K=

JIT B ABE TR () D) £ 25 A PR AN 5] 2 BT o iR AR B
T CGNet H1 1) 34~ M 2% S5 A7 A ML . stage 1H
3 3X3EZ M AL, AT B R K] 1/2 7 RAE R
FEAE &, stage 2 Fll stage 3 43 3 ME & 3 4~ F1 21 4~ CG
Block, A] 43 5115 2 5[] 1/4 1 1/8 F R AE R F B FEAE

2410001-3



$£59% F£248/2022 F 12 B/HXEXBETFEHE

o2 2
g |8
B IRIPESD
] |8 o]
| S |G |I©
¢ ol
ax an a9 stage 2
input o .%m, ‘?o‘i
s EsES A ES
3 oo S X o X
| (S e Om
" stage 1 upsample, X2
— SENet

— — Concat

&}
© || |upsample, X8
- Ro S«
- £S5 38 8% output
0SS S EL 4
BX| BX| 8=
B e )
; sigmoid e
s aussian
ConvZD | | | Conv2ZD |
11,256 — IX11 el

2 Wik Y B Sy B ) 26 45 4

Fig. 2 Network structure of modified image semantic segmentation model
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Fig.4 Sematic segmentation results and separated binary images. (a) Semantic segmentation results; (b) binary image of scale lines;

() binary image of pointer; (d) binary image of scale-range numbers
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Fig.5 Correction for skew and distorted image. (a) Dial ellipse fitting result; (b) schematic graph of perspective transformation
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Fig. 6 Image correction and denoising results. (a) Scale line; (b) pointer; (c¢) scale-range numbers
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Fig.8 Location and repair of scale lines and pointer. (a) Contour refinement result; (b) center line positioning result;

(¢) scale line repair result
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Table 1 Result of ablation experiments unit: % L ST u sE N2 2 TR . S 2 AT LU | T 4

Model mlot PA U5 mIoU A PA 5 5 , i H mIoU #5474 BiseNet

CGNet 70.94 o7.69 PEI0 T A A B CONet 327 120 6 4 1 43 2

Contrast Model A 71.16 97.69 5 Fast-SCNN 5 ICNet & m ¥ # o 7 8MNH 40 .

Contrast Model B 70.32 97.65 FRARL TR B AR ME T BE A A, H 27 frame-s 'Y BEA O]

Contrast Model C 76. 56 98. 27 T AL K 22 B i R 5 R LAY 2.7 MIB A9 R R R /N
Proposed model 77.37 98.29 JEHE S ER AR KT S FHE

K2 ANTERE T S B BRI T

Table 2 Comparison between different lightweight sematic segmentation models

Model Model size /MB mloU /% PA /% Reasoning speed /(frame-s ')
ICNet 108 54.80 96. 98 49
BiseNet 48.9 73.43 97.82 219
Fast-SCNN 4.53 68. 59 97.48 217
CGNet 2.09 70. 94 97.69 94
Proposed model 2.70 77.37 98.29 27

B9 SR T IR 4 rp i o0 48 B 20 R R 0 X oy
FNR AT AL S SR . AHER W 6 R BT 4 EAS )
B AL AT T B R (H X 20 i 4k 5 48 0 431, T
PRAR R ELAT A 19850 . ICNet 5 Fast-SCNN £ 43 %

o

\
N

original image BiseNet

R AETE A D 2 LR AN O, ICNet £ 2 4 Bl 45
B R 00, BiseNet 5 CGNet 4 43 1) 45 5 b 3% 43 %1
JE AR B B R R A A (R — 220 R ) T B
B AN T 05 A SRR T T B AR AR (1) 43 25 A e

CGNet proposed model

ground truth

P9 [l 4 bk AR B 8 SL03 B ROR X H

Fig.9 Comparison of semantic segmentation effects for different lightweight models
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Fig. 10  Gray images (left) and binary images (right) of scale-range numbers

4.2.4 FA XA IEHER
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N T gz M iR 2. W AR R &AM
], DAL G 6 B 4 FH AR G 352 25

_Im=nl 100%, (8)

T m oA i 2 75 1 MORE 5 0 D9 N T OB s
PES i
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Table 3 Meter reading results of typical test images

Reading of

No. Scale Man%lal proposed Relativﬂe

range reading Method Error /%
1 0.6 0.03 0.03 0.00
2 1.6 1.10 1.09 0.63
3 1.6 0.61 0. 60 0.63
4 2.5 0.65 0.65 0.00
5 1.6 0.63 0.62 0.63
6 0.6 0.03 0.03 0. 00
7 2.5 0. 66 0. 66 0.00
8 1.6 1.09 1.07 1.25
9 2.5 0. 30 0.31 0.40
10 1.6 0.62 0.61 0.63

5 4 1w
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AR AR AR T — ol A A R T S0 T b 2 R 45 A
B 51T T BL ) 38 o R A e 09 i AR R R X
U E ) A T REAR LR AT T (4 SO 25 2R o [R] F, AE 3R
Ao T SCo3 0 TIU 1] i B At b BE T A% gt R OAL PRV
THEE AR T B - ARG 2 B e 0 o3 B 25 SR AU 1 B Ja
Aok S ST A5 o o [ 2 () ) A0 A 4 O 2 A I AT AR e AL [
18 I 25 W 5 0 Ik Al A AR A 4 K PG R T kP 1R 4
o T FL AR A R AR O 82 B2 A R T OB A ik
R B 220 BE R M 2 A B PR 20 BE 2 5 AR ORE 20 4 5 4 6
AR 07 B OC & S OCR F AR Y 1 78 50715 B0
IR BER, SCH AR L], B T T 7 ik SR R i
Gty o3 TR A LT H AR RO T 5 4 9 23 0 A%
A TR LA TR AR A R SN T R
MR RZEL N 0.63% . F LM TAEUFIEEL
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