THEBELHIAR 2024 4F 11 A A5 68 B 11 © 63

EERUENTKEERGARS I
BEE, KK, WER, hiE, HE

TN EAR B AR, M 510663

[FZE]  CHIRFHE I RORE R IR EEOR 2, B T —E S8 L I R E RS, X R G H— KL AT
SREAY | AR AR S B A AR, S T R A R E AR 2. Ashib, REMIN BB R I TR 2R
WREEHELE, FillA YOLO FrillA< % | Paddle OCR #5571 | SCAR 425 aii LA KOAH 48 Ff1 B e BUR ik 21 i i) — 1A Ak AT AR, R
AT U0 R 1 2R BUR h 38 41 I EUE B, B AT UM E S R AR 7= K A= S | RS 00 B S M A S AR (R R
BRI T 2L . 50 NES BT, SRR 546 2 2 8 0 200 138 15, 8 24 S R FEREE,
H SRR UG FIBEE R, (8 TS I E A ALE W, i SCReld R e 45 R 20 2 OA RS, A LITENF e ik 1.
I SIS IIE, £5 R R X R AR R AT S IR B 2 1 ~ 6 BRI, A LL T A T Ffh A shi ik ke R4,
ARG RGBSR | SR 2 N, B SR AR =

(XA i R B e ; ATRERL TR M4, A shisil

[+EH2ES] TBI3S [Sc#kFRIREE] A [CEHS]1 2096-9015(2024)11-0063-08
DOI: 10.12338/j.issn.2096-9015.2024.0233

[SIRAASTY XM, MCOCHR, MROREN, 5. &8 AL RK e REME 5 5L (7], HHEEHF SR, 2024, 68(11):
63-70.

Research and Implementation of a Fully Intelligent Pressure Gauge
Calibration System

DENG Yulan, LIN Feizhen, LIN Yanbo, SUN Tao, HUANG Feng
Guangzhou Institute of Measurement and Testing Technology, Guangzhou 510663, China
Corresponding author: LIN Feizhen, Email: linfeizhenl314@163.com

[ Abstract] To enhance the efficiency of pressure gauge calibration and reduce reading errors, a fully intelligent pressure
gauge calibration system has been developed. The system consists of an integrated Al recognition model, control software,
and calibration devices, achieving full automation and intelligence in the pressure gauge calibration process. The system's
recognition model is based on a deep learning network framework, integrating the YOLO detection model, Paddle OCR
model, text classifier, and adjacent angle reading algorithm. This model can not only identify the pointer readings from
pressure gauge images but also capture essential information such as manufacturer, serial number, accuracy class, and units.
The control software is designed with a multi-threaded and asynchronous communication structure, supporting
communication with multiple hardware components of the calibration device and enabling the simultaneous calibration of
multiple pressure gauges. It also allows for the storage of calibration images and data for review and traceability and
supports the automatic synchronization of calibration results with the OA system, along with automatic certificate printing.
Experimental validation demonstrates that the system can accurately and reliably calibrate 1-6 pressure gauges
simultaneously. Compared with manual calibration and other automated systems, this system offers a higher degree of
intelligence, greater efficiency, and reduced reading errors, with promising applications and promotion value.
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Fig.1 Schematic diagram of the pressure indication value
calibration connection
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Fig.2 Design diagram of the overall framework of the fully intelligent pressure gauge calibration system
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Fig.3 Fully intelligent pressure gauge calibration device
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Fig.4 Control software architecture diagram
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Fig.5 The query interface of the control software for the
fully intelligent calibration system of pressure gauges
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Fig.6 The overall framework diagram of the integrated AI model
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Fig.7 Adjacent corner scale line assignment method
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Fig.8 Images of pressure gauges under different light intensities

301 —F AIRBEHIRE SR

T B UE— A ATBEY e RE R e M, A
SCE 4 Fpew LAY (R D SRAESS 6 IEHE L 5
JCHY ARG T #4756 I, S0k —14 1k AT AR
ST REAE A [A] D FREREE R YU M R ) R A= 7= T
K T B A RS SR UL R s
ﬁ%%, BERUESRu=1- Z?:l la; = Bil /B, /ﬁ\:':':'%j‘j#
Al AT BERIEEEL, B N T8, B R A5 1 )
FHEAT 10 WHE L, LR AR 1 iR,

WAL R 1AL TR REAGE BT
KRS | AL ORI EE SR R E) IR, %

ARG E S RAEFE . I JCRIEREE T REN
K, MZESRICIAEE T, th FAIS QMBS DR
PSR, FEOCE R A= K B g Ml
TR 7N, BB ] 3 A S IR T A X
AR A A R, RS- O RS- Q7 & RO B b
TR E] 95% DL HER R, fE i R LR IR 255
Rl 2 N, PRI v g S s T AR v, iS5 DA
RIS @FE 5 s RGBT T, SRBOR A A A R
BT, RAAEIEE LT, Wi R4 geik 5]
95% LA I+, PR G 7E S B iy FH A iR o 7 4 DR IR Ab
FIEE A | ARy OGS T,

F1 —EL Al EBERRLRRE FTHNRER

Tab.1 Experimental results of integrated AI model under different lighting intensities
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Tab.2 Comparison of the proposed system with other automatic calibration systems

e

Arir b pisall]
T R BT BT BT BT Al . i
EEsiE3E) Eksifiov TA7 R A shE Mg
EXAO8 x x y N 1 93.77% 12.4 min
RGQM x v Y 2~10 91.49% 8.2 min
EN'EX \ N N N 1~6 96.51% 6.8 min

MR 2 Pl L, RGO R G Qb AR LI E
WA A A sh il B REAL, 7RREHE RSP PR
NTHAE . MRZT, RSO AR 2 AR G842
I8 TR RE AT BELMERS TAE R i AR LA R E 5
B JE 2 TAE, LBl T ad R R aef . A shik,
T KON, A RS T T AR E BRI HE A
o JyA B I, A SO IR R R G S
1~6 G, EREEAFNIENERFENGE, A
RO T 7RI R TR G R AL | B
AR e Ty R R A 2, IR AR SCR G B4
A AR IE B — s S Pl g, AR TALATRE P
HEMSEE IR TT, RS ZA A — AR 5
il s CEV I HER R 7 10, AR SCR G S 455 AT
UGSk, fem 1T Bf U ERh R, SR T2
TS R T334, BRAIE T R4S O IREREE T B9 R Y
R, SIS A B AR RE PR

4 ZEig

ARIHRH T —E 2RI R T R E R 5, 1%
ARG — 1Rl AL IR AD | F28 ] AR ARG S 2
B, — e ATBRE L F R YOLO, 3¢
ARG Paddle, SCAS 732 DL S AH S8 A B 525K
PRI, NLAERS IR R 1 F M S8UE B, BT
B SRR A= B0 (i K
FESEHAEF B, i AT BRI AL G Bk g A s
AT T N A HER 2, W RE I A A AR IE U
g LR e M, SR G R | RS R N R P T
RE 1. WM RS | ZRBEMBT, 2R
ZAE IR R, IEREUE R A7 i s RS A%k

i, (T JE AR AL 30 55 3B 0, [R]ET RR A K4S e 45 R[]
HE OA RS, H 8h 78 UK UE 13 1) 4w B AT B
o 2 B R AR L TR B A L PULARE L B A AT
MV EFAG LA K, £ RE R 2 (B 3E F TCP/IP M5
Hl B (S, A Bh 58 O ) R 0B H) | 18 H AR
TAE. ARSCHTHE KRGS T ) 346 It
B — PR A Bk B Rtk FE LIRS i
A IR T TR e R0, B A M A

SE 3wk

[11 IR, ZETHLE AR 1 F8 4 3 ke RE TS
[D]. PLFH: PBH T K2, 2016.

[21 Ao . T HLE OG0 18 4 X 0 R OR BT 2 A 5
[D]. £ 22 3SR 2, 2022,

[3]  FLER. FEEF RS RN RAF I [D]. K% Ki%E Tk
K2#, 2020.

[4] RJFF, R, TEEAR, %, L THLE AR5 R 1R
RS RIS [J]. THE=AR, 2022, 43(11): 1450-1455.

[5]  MKPEIE, SKouk, X He, 45, 3 TR 24 ST AR AT 20 38
FIERSE [3). BURHLFHIAR, 2024, 47(7): 165-169.

[6] 5. EF ISR SHMLE O e 5 2R ) 2% H sk &
GiWFST [D]. 41T VTIR K, 2023,

[71  Reflmm, A, ROEE. B4 RE DX A E RENRITS
SCHL[9). AR IRAS SRS, 2009, 28(8): 105-107.

[8]  ZEAHL%Y, X%, BvK, 5. A HEhc s R g mdast =0k %0
BORS (70, HEALT RS R, 2016, 52(23): 213-219.

[9]  Fhi, B, UK, %, 3T HOUGH 2R 48410k 138
B SRR [7]. HUKSE, 2020, 48(11): 70-75.

[10] REZ, R, TR, 45 fa5h 038 RN vk
RS [7]. TAbIHETRE ML, 2024, 37(3): 10-12.

[11] 2=, TS U B AR AE ke th i e A 0], 1
FAR, 2017(11): 58-60.

[12] Bk, sk, BRI, 5. TR S i T 2515
PRSI R S (9], MRS WUE, 2023, 51(24): 33-38.


https://doi.org/10.3778/j.issn.1002-8331.1606-0079
https://doi.org/10.3969/j.issn.1001-3881.2020.11.014

70

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

TS, BTt — A T R e R RIS BT (0] R
[ i A4, 2024(2): 108-109.

BT, WA, X, 5. MLE e UM R GEAE 2 SOF AR £ )
SR S (30 A Tl AR WS, 2018, 34(9): 30-34.
XU, FBHE. 5T RS Ab B A WTBK 88 T ) F R BB
5% [1]. FAR 51i37, 2019, 26(11): 102-104.

JB . w2 T AL B R eI R G AESY (D). o8-
VLR K2, 2023.

AR PR E R A SR IE R R G (7], AL
BRI &, 2023, 38(1): 93-95.

T, B THLEE SRUE R RT3 A S RE 26 & (7).
2 TARUES i, 2022(5): 63-65.

T—N, K HE, BRE, 4. KL T LabVIEW HLESHLEHY R )
A shfbAi e 2 BT [3]. THEEAR, 2020, 40(1): 57-60.
LG BT 2 B RARAE 1Y 4 8 RS RE U T ik [D].
FNERE: ST Tl K2, 2020.

MOCIR, B . 20MN G R EE i RGBT U] HURS
W E, 2021, 49(8): 104-107.

BRSO, IR, ML ISR & s S KRS E 0], A3k
55 8T, 2019, 40(3): 12-15.

AU, B SCC, RRIEIEE, 4. 2L TRy YOLOVT ji T
FE 1 2/ ARG (3] 78 4 A0 K25 W (B R EHEIR),
2024, 39(2): 120-127.

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Metrology Science and Technology, Nov. 2024, Vol. 68, No. 11

Al SKOCLL, 5K, 4. 2T LSD ANt YOLOV2 R
FERErEE [0, BT, 2023, 40(5): 284-288,294.

s, G, % i, A S TIRAEAE ST ARG TR IR R S
W5 [3]. IR 5HR, 2023, 67(10): 8-18,76.

Hussain M. Yolovl to v8: Unveiling each variant-a comprehen-
sive review of yolo[J]. IEEE Access, 2024, 12: 42816-42833.
Kang L, Lu Z, Meng L, et al. YOLO-FA: Type-1 fuzzy attention
based YOLO detector for vehicle detection[J]. Expert Systems
with Applications, 2024, 237: 121209.

Deng Y, Teng S, Fei L, ef al. A multifeature learning and fusion
network for facial age estimation[J]. Sensors, 2021, 21(13):
4597.

Lu Z, Du C, Jiang Y, e al. Quantitative evaluation of deep
learning frameworks in heterogeneous computing environ-
ment[J]. CCF Transactions on High Performance Computing,
2024, 6(1): 94-111.

kAR, ST PaddlePaddle F) AR MBS T IR BB TS5 i
F [D]. HFRa: N2, 2023.

AR G e A

(EEE 3370

[15]

[16]

[17]

(18]

[19]

FRYE, Ik, B0, 55 W BRI 08 i Kt
T [J/OL). B AR https://doi.org/10.13335/j.1000-3673.
pst.2023.1572.

EWRIE, 5k, AR, 45, FETBRHEROR B9 01 RGBSR
w157 AL A 5T MR s 43 AT (9] P B A ML AR AR AR, 2022,
42(8): 2830-2842.

Cai L, Duan J, Lu X, et al. Pathways for electric power industry
to achieve carbon emissions peak and carbon neutrality based on
LEAP model: A case study of state-owned power generation
enterprise in China[J]. Computers & Industrial Engineering,
2022, 170: 108334.

Guan Y, Shan Y, Huang Q, ef al. Assessment to China's recent
emission pattern shifts[J]. Earth's 2021, 9(11):
¢2021EF002241.

Shan Y, Huang Q, Guan D, et al. China CO, emission accounts
2016-2017[J]. Scientific data, 2020, 7(1): 54.

Future,

[20]

[21]

[22]

(23]

[24]

Shan Y, Guan D, Zheng H, ef al. China CO, emission accounts
1997-2015[J]. Scientific data, 2018, 5(1): 1-14.

Shan Y, Liu J, Liu Z, et al. New provincial CO, emission
inventories in China based on apparent energy consumption data
and updated emission factors[J]. Applied Energy, 2016, 184:
742-750.

PREEAR AR, e N R I EREE (R4 3: [EB/OL]. (2014-04-
25) [2023-11-28].
€27694/c27698/201905/t20190521 208293.html.

R eI R . =MZWe A R A CRETRAT L 3 K05 Y B a1
YEJ5%E) [EB/OL]. (2014-05-16) [2023-11-28]. https://www.nea.
gov.cn/2014-05/16/c_133339262.htm.

FE R RO ZE 51 4. hie AN RIEFIE B Rk R R 2
51434 [EB/OL]. (2012-10-14) [2023-11-28]. https://www.ndrc.
gov.cn/xxgk/zcfb/fzggwl/201210/t20121031_960743 .html.

http://www.npc.gov.cn/npc/c1773/c2518/

A A


https://doi.org/10.3969/j.issn.1004-1346.2018.09.010
https://doi.org/10.3969/j.issn.1006-9348.2023.05.052
https://doi.org/10.1109/ACCESS.2024.3378568
https://doi.org/10.1016/j.eswa.2023.121209
https://doi.org/10.1016/j.eswa.2023.121209
https://doi.org/10.3390/s21134597
https://doi.org/10.1007/s42514-023-00168-6
https://doi.org/https://doi.org/10.13335/j.1000-3673.pst.2023.1572
https://doi.org/https://doi.org/10.13335/j.1000-3673.pst.2023.1572
https://doi.org/https://doi.org/10.13335/j.1000-3673.pst.2023.1572
https://doi.org/https://doi.org/10.13335/j.1000-3673.pst.2023.1572
https://doi.org/10.1029/2021EF002241
https://doi.org/10.1038/s41597-020-0393-y
https://doi.org/10.1038/s41597-018-0002-5
https://doi.org/10.1016/j.apenergy.2016.03.073

	0 引言
	1 检定流程
	2 系统设计
	2.1 检定装置
	2.2 控制软件
	2.3 一体化AI模型

	3 实验结果与分析
	3.1 一体化AI模型的实验与分析
	3.2 整体系统的实验与分析

	4 结论
	参考文献

