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Figure 1 (Color online) The overall framework of the meter recognition algorithm proposed in this paper.
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Figure 2 (Color online) Three annotation schemes for meters.
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Figure 3 (Color online) Attention module structure.
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Figure 4 (Color online) The proposed U-Net structure with DA
module.
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Figure 5 (Color online) Meter scale line extraction process. The point
in (b) represents the sampling points in the scale area; the circle in (c)
represents the circle fitted by the algorithm; the arc in (d) represents the
extracted scale line.
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Figure 7 (Color online) Diagram of frequency domain repairment. (a)
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signal by superimposing the differential signal back to the original
signal. As shown in the magnified area, the non-local maximum has
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position in the original image according to the restored signal.
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Table 2 Comparison results
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BRILES 84.3% 69.5% 75.4% 78.1%
ST 87.2% 82.7% 52.5% 71.0%
FRAES AT 85.6% 84.2% 82.4% 65.8%
AILTT 92.7% 91.5% 92.0% 91.1%
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Figure 9 (Color online) Uneven illumination and angle offset meter
recognition diagram, where (a) and (b) represent the meter pictures with
uneven horizontal and vertical illumination, (c) and (d) represent the
meter pictures with camera angle offset and uneven illumination.
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Figure 10 (Color online) Meter recognition after adding different
noise. Gaussian noise of different scales are added to (a) and (b); salt
and pepper noise of different scales are added to (c) and (d).
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Figure 11 (Color online) Scale positioning with mirror reflection
effect. The reflective area is marked with rectangle.
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Table 3 Ablation study
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FREr 84.0% 90.5% 89.4% 93.7%
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WAL 82.6% 87.1% 84.3% 93.1%
ML 833% 89.9% 90.8% 92.9%

IR, HUBAN RIS TR 25 5 AN R P SRR R iU R0 R
AT ULE AR 1 7 i B A R RS B . AR AR

BRI AL HA AR DGR I A IR A RO A 12
B,
5 &g

EEXHUBGROCR I GR SR, AR T

— LT AT R L G A 2 2 MSN. i
ASCETTIDABLER, 7T LU R B T R 1 25 (8]~
PR U X AR Z B 2R X I . B iR O VAR S
N B AR 75 O R 4T B sh LR, s
BOUE B A SCHR I SRR R e AR SR AR L. BURE . XL
Z P L AN R IR 2 AR B A k. RIS SR FR 5 5

(b) WHEFHNER

0 15 2 Y
) #"’M{:‘

f' o
\ PRECISE
‘ CAT.NO PS-30PaC

'n /

(d) FEZIE R

(o) RABLENF

Bl 12 (MR E) AR E fir

Figure 12 (Color online) Positioning of different types of meters.
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Detail-attention convolutional neural network for meter recognition
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The classical meter recognition method is severely affected by light and noise interference in the recognition of meters, which limits
its generalization ability. Recent methods based on convolutional neural networks cannot handle the diversity of meters via detection
of the key points (center of circle, maximum and minimum range). In this study, we investigate the recognition of a mechanical meter.
According to the manual reading paradigm, the scale and pointer are first positioned, and the reading value is then determined based
on the relative position of the pointer and scale, which is compatible with different meters. To extract the tick marks of meters in a
stable and precise scheme, Meter scan net (MSN) is designed based on the low-occupancy features of the meter’s tick area to predict
the heatmap. Utilizing our proposed Detail-Attention module, MSN can greatly retain detailed features and focus on the tick area,
which is helpful for the final segmentation. Post-processing includes using the output of MSN to perform circle fitting to obtain the
scale arc, sampling along the normal phase direction of the scale arc, and locating the scale and pointer position. To handle cases of
missing tick marks, a frequency-based analysis method is proposed to restore the missing tick marks, which enlarges the application
scope of our method. Finally, extensive experiments are conducted that reveal that the proposed method has high accuracy and is
compatible with different types of meters.

meter recognition, convolutional neural network, detail-attention, tick restoration
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