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Research on image recognition technology for automatic verification of glass thermometer
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[ Abstract] Objective The legal metrological technical institutions need to carry out the inspection work of glass
thermometer according to the metrological verification regulation ‘JJG111-2019 Glass thermometer’, and the workload is huge,
so, it is urgent to study the automatic verification of glass thermometer. Methods According to the related researches of artificial
intelligence in image recognition in recent years, the automatic recognition system of vitreous thermometer was constructed based
on system design, image acquisition and algorithm, advantages and disadvantages of existing image recognition technology.
Results The fast and accurate automatic reading of the glass thermometer is realized, and the model recognition accuracy was as
high as 0.9640. Conclusion The automatic verification with image recognition solved many problems in the traditional manual
verification of thermometers, and greatly improved the verification efficiency and accuracy.

[ Key words]  Glass thermometer; Automatic verification; Image recognition; Algorithm optimization; System design;

Feature extraction

PER AR E AT A RETFI . DA JrAUR M B, SO TAE R R, SRAG
L R AR S, AR BEIT 2 R B T FEMCIE TR E LR (JIG111-2019 3Y B8 4R R
i, WESA <¢%AE;@@I§IW£¢%@E@%% HY P, SR AR 37°C F A41°C A A E R E L %
WAEBE) VRRbR E R R, HEX R B A TR T 55 b o A PR BELYR B ST R AT H A, A

EEWMB : WA T EEHRBHE R H (HNSCIGK2024110)
F—1E . T, U, AR, @R, HFFT5 18 A A Shik



(IARAL S F YT ) 2025 4FE45 31 45 140 23

o R T 7R (R T A MG o R 1 8 G W A i
T OB A, S B 4 B A A 1710, BPo.01°C, HIATS
7] AP 32 BBOAT o 3 P AR . R AR BRI A T i B
W R AR SR TR R 2 A, WACRIR T . &5
IR & NN 0D N e 7 5 o
CH KB MG . B B R S 45 ), e LT I K B
RS E R D

T %K BURR T 20204F 3 A AR IR S0,
N H FTHEC B A S BTG D, B B R
B E AT IR BRI R, Kk
SR P B HE 1 2 UM 226 D00 4%, 308 2o 1 D 4% 85 ) LA U
SHRR, WREBEMCE, Rid, HRTVEE %
R TR B R, AR RO . BT S R O IR 1
T, WU ER S 1B . X b B AR 24 45 fr] A
SENERE WA, RBOREWERRIG AR R A
7 B B R AN UL, 2 R R AR AE 25 5, OB
F9 3 ] Atk 5 O P R AT T — A R O ARWRSE
R T L A R PR A R R K
U H 2 N T B e RS AR 5 o (i BV, R AT
B2 o), W7 8 T PR B0 B B TR 45 i 6 T 7
2 R T R RUIAE 45 v, A A S L SR
T AR 90 AR X A 3 A R e B A 7R 1
T LS BB IR R R T B B, O R R
A 2 1 ARG S B 3 S RV S 4R A TIE S, PR
YRR B, B AR K B R TR AR A
K

1 EBERITEGIRNRSIZIT
1.1 2ERZEH

T B R T G E FR GE el B 4 0 AR R
B2 A i ) S W T N R 9 R S
Tl AEBL. SR, R AL, Tk AL 7
TR RIME, SN 53 R TR 4 3 B 52 ) [R1R
i, DGR PR DB R S AR
Peo FEHIALRE 5 1H S AL 0 )45 ) Tl AR AL A7 £ B 1)
MARZSE, THRPLEE B RAEAE, d T DR A
H T B — KL, DA R AEAS R PR G T A9 7 i/
AL, (EHE MR BT I 28, DA R A ] 58 PR s oK.
TR 3 o5 PR T A 38 R AE B IS U A
IR NI TR ST U S DL 75

KL RE R {— Tl i3l
(ED%%&—R
[—?’E%ﬂﬂff@
r‘\
!
y aa 4

T —— B H AR

B i SR R G A s R

1.2 @EHEIt

Tl A HLEE B B, TR A H R CRE
MRS A SE 2R R, LU RE R MV-CU120-
10GC# CCD Tk AHHL R ], H: 201Wi/s 1) R 48 2K JiE
H1 1600 x 1200 19 43 B R 0] i & B CR £ 2K, 78
S bR R R, AT S B B AE T HILAL AT B A R
HAGI, TAEBU a7 e 5ot . IR AR R R O I A%
R, ARG A PR R, 7R X AN [R] 3 S R
G RE 5K, 3 AT R BT 8 43 9 o R PROCR B R 1
ML, YEIR PR A8 HOLXT, R MmOk ox
M, REAT RO G PR SR 2450 5 20 MR B 52 5
JE2E R, I i RS
1.3 HEE

ARG B BT B RS R AL B A
TEBR IS U BT 5 0 S E 5 i A A B A A
Be, oo g R A R R R B SR 2R
h T BRAER T AR A, BMRIRBIR G H LR
HEAT B, G T A BRARE B £ 5 K R o R OK
b, W B B S HARE, SR A L N i&4TH
RN Fh RE S TR A R, R A A R K A B
XU 8 25 BRI 75 O B 1 2%, K ZE 45 Fl Retinex
(B o 1 3 098 0 T B BEAE ) 184 5 2 vy TR 9 R
gL AR SR A (B AR 43 )R Otsu B ¥ (R
BEFR N R B RS Ty 2596, 02 1 H AU R K
HERE 2 (Nobuyuki Otsu ) #2 H i) — FF 1 _(E L&
), BEE B A6 IR R AR, IR X
8RR RO B N TR RE VISR, B
AL, B (Hough ) | #4575 MR B
2. KB PR AT B BOTH R 2
AR bR FUBOE, 454 WA B T R &, i8Rk
5 b B HORFEA SCRR AR IR



24 Modern Instruments & Medical Treatment, 2025, Vol. 31 No. 1

2 EBRERER
F G0 R Y GRS PF B R A ] 2.

. FURBULEE |~ ——————————————,
|
|
! . . [
e e T e e e R
|
|
|
|
e
|
. [ kE LIRS
HRRT i i I IR
|
|
i iR R
*********** PR [T
B2 BRI A
21 EBEBER&E

IG5 — 20, ik
A6 3 11 (15 R 6% M 1 o IR 38 58 1A IR 3 100 220 B R A
15 Bo A RIS it R, 7RG o R B AR AL AR
PR SRR T L, DL E AR e . &l i A
ML B3 A8 CRE AR R 78 R b o2 B T T S . PR
LRI AR R R E 45, ok A O S B T
B, 7S E R, Rl G BRI A IR
WA, B AT A
22 EffmaE
2.2.1  JRPEEAk

TR BE Ak 2 R I ) B 2D B R E
220 R 0 R B 45 Ry R EE AR, B I 4 Ak 3 5
ZRBE fldn, @ [ bR 4 R HE— HE
KL AT, AT RO B R — 4R (5 B,
AT IR B O AL B, BR T SCrh R B B T,
MR R HTNAT 353, A Al A HR G AS [a] 230 €2, 1) 0k
JEM T L0, S, W =AU E R A, A
B K AR X PRy 2% 68 0 o 1 b % B3 MR 00 5 A
B, P S b S A
2.2.2 EEBR

XU U U A 2 M ) [ B R R il AR R, HE 3
S TE A3 TR R B[] Bf 2 JEAR R A B A L, AR i
18 3R A5 23 1) R 2 R0 K BE 2% S i e DR A . S 4%
BRI AR b, B I U RE T4 b A 3 A UL T A
B I AT AS F NI 2, T2 BE SRR I 2% .
2.2.3  Eg R

R 708 4 ] SR X R L R BRULE 4 S  ik
R 73 4G ] e PRI BE 43 A T B, AR RS R
SURRE IR FE 43 A o % 028 43 T A5 B 3 A T 4K

ZIMEOL, REY R N K B, SR X L 4
0 F DU X6 7 S 20 4 1 98 SSOR B 4o SR ] Retinex 3
SRR, BT IR O R 3 Al 3O B
IR RERIE W, 5 Y AR B i RO R, R —
AT R e 2 JEE BT B4 B
2.2.4  H{EDH

B H 53 1R ] Otsud3 i, —fE Ak 43 BKE 18 1545
R ARG BE BB 53 o P 2 —— (A 7 B AR R
el g7 22 BE B L (Otsuldpk ) o Z(E AL 5 HI 5
PR %o 9 3 B U Otsu B335 A 255 fc fi:
B AE, TS ME] 5 22 o RAR I, REA AL F H AR
RS0 R AL BRI TR 42 R, Otsu FE3K
AE % 5 4 3t 3 N7 Al 45 2 6 BRI P 2 A i L, R
Hh 220 B 4 DI 1 5 X (ELXE T RO L
BARAIIE O, AT RE Y 245 & Al I kit — k.
2.3 FBEIRITE KRR

Z B2 2 $ WU B am N T e IRl kA7
YNGR, FAT I RE T 220 B 2 2 B RO R o, SR IR Al —
EAL AT ik A B AR . AR 1 BETH i 5 B %0 R Y
LN SR DI NS IS S T Pu ST R E xS
Wb fEAe, KBRS T, X AT Hough 22 .
Hough 72 4§ J& — > H1 28 4 G I 18] W a3 21 78 K
715 o B T R A5 A A s [ 8 8 31 2 B s 1]
RSB B S M LS XA R R 1 R A
JEBEATACIE, TR BT J7 MR e, 2EAT KR %
W, wUn] AR B A T A A, R TS BA G Al
AR I B BN, R AR X R AT R
W AE AR B, R BREBOA SR N, A P O B
Lo E o BT A TR EBUE I 2 2 B AL 5
Ay YR X 22 A ORI B R AT IR E

JKC B R R 1 IO AR B AT A P AR R K T
FO R A, R AN . A Ak B L R R e A K
VI ik b B AR D7 ¥, 45 G 7K SF- Hough 78 4 418 JOR AT
Sk B L o E e o FER A 2 B D R R i 5 5
O3, T2 K AR AR BTSN B/ FL AN W 2R A, i
X 5E# . JK-F Hough #2445 M AE L2k,
E AT A A

B AT B AR U S R R AT 8 5 R A
A B, AR F B K2 ) O 22 vk B AR A BE AR T
PR, SR i e A ) i R 32 3 Jel 25 7 0 3 U 4+ 1
8, AT I RBOE B Y 2R A W B e U R R
PR, AL AR AR, ELAE AT B
J7 1) A5 B 1l KRB N 2k, A B AL 7 45 73 26



(IARAL S F YT ) 2025 4FE45 31 45 140 25

BB, B X AN [ AR 75 (G AR A

B HE AR TG S I Y PR R AR 4R B P 3. [
A A R DAy PSR i 1 AR T R R
SR OAE A MR K AR RRE Y SE PR

B3 BRSO T IRR B RRIE $ IR

24 EHEITE

OS2 A b R R B, W R 3, B
FEAR BRI Ry BAR e 4 Jm IR AR RO &, F i
LA 2 B 2 6 B 3 e R PR A K R
L, TR EGR T R R EE, K5 LS
—NFRERN S A, TR R AR RO R
18 3 v g (o B R BT SR VR 07 B, AR i AR VA T i
B0 X IO AT 1 20 B DA R TR Sk ) K 2 B ) R
BFIAAAR R AR MR, T B S R TR T Y B
LT B A

3 NMARRSSH

hy 4 v RGN AR, 3 g ek B A TR
[ 19 15 {1 A 30/ 285 SR 64T 40 A, WS Otsu 43 1) 45
PEXT 7= i R AT AL B, 48 T 208 ES IR B Y
TERA T

I 32 i O B BRSSO R RS i DC TE A
B, ZEREGERMBE T BT RFIEIC R, R4
AN F AR AL, ¥ e e UM SR A, R
PUINBCR B4

YHTA TR BEH AR By 4 By, 38 a3 B A IR
2\ i R B i WF 58 AN el gk, iR ] OpenCV - &
AT EGBIE R g ia Ak . I, OpenCV & H R
A ML A E (Open source computer vision library )
TR PR, wT A e i ], R R R B, ik
REHEUR R, OpenCV 7 5 Ab FHFIHL 5 4G
RS % Ny T A N /A 10 32 K R e N O ¥ % )
LR HEAT OO, T DLEE— 0 4R R s AT R R
B, B NHERE,

PN R 22 2 HR B AE IR Ar 26 . H bR Al =43
FISEAL S, ARG EE . Bl it MR BT 4%
PR S B 0 45 2R 5 SRR A 2 ) Y 22 S FRAT]

B — 3 s U 4 35 O A Tk 3 1 %) S8 s 152 51 Ry b oA
P R IR T MO R R I — B sk [R] S A58 T DL
LR E o FH e A5 R B HEAT ORI 2 N 2 R 4L,
DL B A LR MEAA . i J5 R AN T
PRGN N T2 R AR 2 R R 51 = e XA ok ki
HEZW R, SRR S EEEZ 2,
SRR R 22 B AT

LA 1000 =2 3% 385 04 1 52 bRk 2 1 S Ge T REAR,
BE YR 10 32 3% B8 R IR 31 141 4R 48 — kI A7 BUR R
Sile N TR0 5] N B BB R B AT 524, 5 )
FEAR TG IEAN 1 2 4 B 110, BI0.01°C. Tl
T R 2 37 220 B 2 R P AR Ak . RSORS00
B s, PR R WIS ARSI T
% HE bR B W2 1,

F1 ARFER7 48 bR S

P PR PGS HETH R
N T <0.04°C 8min 0.8000
REESES <0.04°C 4ms 0.9500
N T e A <0.04°C 5ms 0.9640
PG

3 S 6 % F A TS R R U 2 R,
PUNRZE AR BN, WU — 5K 2 B RGP 1 iR 22 7
0.04°C LA, MER R 8. R 808 T DL W b
A, AT EGE . N T8 se ek it )5 1
AL E YU ) B S R RO AR 3 4R
Tk HERE M 0.8000, 0.95004% T = 0.9640, 2T} iF
290 12%, 31X 3% W GRS R AR T B AG rp 45 25
BE M I B T RIREE &, e 2.
RIEE R SR E, AN LB B, i R
B[] A R, R S 2] T E R
T e SR X e, A T HE B TR X B B AR L
RO AT 55 i B Hh A 00t SR ek 1) A bk, AR AR
RS2 T @ ik, 58 4 RE 0% W 1 PR S i 1
R 5K, RE A% T L i R SE PR R

4 itig
WAL AR, ERR R T B s AR iR
R A E RS e T B HERPE, b TN
BRI, KK T TAER, BORHE S T850%.
Bl B R IR T AR R B0 F 5 A X g b, (H RS
PUNH AR A RIS TR &R, #£5%
Bk, R T IR R 2% ST I IO R8O 5 BF 5 45



26 Modern Instruments & Medical Treatment, 2025, Vol. 31 No. 1

WY I AR TS KB R, v kA 9 bR B R b
P AR B 7oA O A SR AW, TR
LR, Wil KA RET R, W
W 2RSSR, T R EOE. 598,
WOt K2 M 50 MM ST M EE,
il R A B R M B 4R 5 ORI AR RS i B
T S AL, B ORAR (5 BASHE T 58, il
IR 48 AL BT o W B ARG . SR IR TE R Y, BRI AE
PR 22 . BUMBS ] fERRR . RIROR & G A
A R T, SO S R B 2 5 6 0.9640,
3 088K 5 BRI A 1 38 8 L il DeepLabV3P #5254 I
FCN, U - Net%# %t oA, H 7M. i mtk 4%
JrEALHEGE N, AR TR SR s B A R 5
HEVE, VISENE R T BT ORGS0t 3 B A UL T
Bt ER RN IR, A AR ek Kk e g
HET AT SRR S Pl A R Y R G R
HERYSRE IR, SE BT AR A B A M RN AR

SR, ATISRAFAE— SRR R it — A5 Al
i, AR, BEETARMAWIARE, ABiER R,
FRGUAR WUR, RS T TR KA 20, sk
TR BRI A SR A T B SR

ZEARAAT AL BB EMG BT i oK R
FE R AFAE ™ FE RO . DA 1A T T 20 13 26 AN T
PR T 20 B R Qe AR 0T, TR E R SR T e s A2
FNom ;XTSRRI B AR T, W R A
ST AT AR FER S, A B AT R S —
e R s A IREET (38 N A A R, )
WAESROC B . FOGM™ EAEREE T, ATRES i BRI
TG Ol 78 5250 = 1 H I 00T AT B Bk

AR AT LAk — 20 F 5 S St i Y AR Ak B
P& FOL A B 2% PR B AR 0T i R LU e
el SRR ) A N T EER, R
P 3 PR O P AT R 2 S A R S TR &
™ 2% ( Convolutional Neural Networks, CNN ) F11fF ¥
2 M 2% ( Recurrent Neural Networks, RNN) , CNN
Al [ g2 ) BURFRE, X552 2% R T 9 1 R AE BB
J1; RNNAC T F 8, 8 1 T3 E T E a1
JEREF P9, 455 0L, A 2 R AR O
DX, DAAS I8 o 3RS

BEH AR A RIS Y — R EE AR 4 20 R & 4
W E O, HAT B . TR
JrERA YR, )25 0 T A 2 R
LB

MCBE PRSI, AIE R B o B A L T PROR 4R
(i Tl AL, 3 e A5 5o R SR A0 . R T Y
JCIRELAR, W LEDFFSDGIE, LB EA) . R E )
MY, BEAREREDE T4, TP R S PERe T &,
SURESH ST (L I NI K )

ZR G AR 15 IO A R A B R T 3 PSR S &R
G255 H A I A A A s R GEAR AL, R aE
2 100 52 I 0 o KR R R, S B e A R R
I R 45 AR T e i AR /DN R AR B g Y
P R GEIC A 127 80, W] LD N T B LA
A v AL A B RO MRl ot R A R N AU, A
BB S . BRI M A U Y I

[ & % x & |

(1] ARG EEEHE RITER. (TS8R ETH
M S A LY T 4% B H SR A ) [EB/OL ] .
(2019-11-04). https://www.samr.gov.cn/jls/tzgg/art/2023/art_1
5c¢5a13b8fc344¢88a9278ce74562822 html.

(2] [E% A W B A R IIG111-2019 BEES R [S] .
At T AR o ARk, 2020.

(3] WavIGE ., Fhv it i, 32 5 722, 46 B W PR TR 3 A1 3l i B R 4
MRSl [ 7] . FRHER, 2012,56(12):62-64.

(4] WA, 5 28 K AR TR EE TR0 3E 4% 58 2 40 v I 307 UG Ak
P ARWESE [T] 04 R,2010,30(5): 11-14.

(5] 5 A v % 0 8 WA R L 88 3 3 o A T A 75 T i ]
LT ] B TR (R, 2019,23(18):182-183.

(6] Fe&T, BRIT, 22 %%, %6 % TAE FH Bl 35 0 0 0 )8 146 5 ] 2
R [1] b AR 3R,2024,44(6):89-92.

(7] Py T @46 M et Tk me ¥ E 8
il 19 Retinex Ak O IR 1 s 5 (1] B A5 T
F£,2024,24(35):15118-15126.

[8] Li X, Shang J, Song W, et al. Low-light image enhancement
based on constraint low—rank approximation retinex model [7].
Sensors (Basel),2022,22(16):6126.

[9] YuM, Ma X, Guan H, et al. A recognition method of soybean
leaf diseases based on an improved deep learning model [ J ] .
Front Plant Sci,2022, 31(13):878834.

[10 ] E2res, i WAL, Rl Ll 23 3 42 235 56 T i SCR R — |
A7 (3] b E B TR 24 410,2023,28(7):2011-2025.

[ 11 ] #H 5T OpenCV IS HLILIE S ARBTSE [ D] . Lt 4R
ARILTR%,2013.

[ 12] 24,32 3. 3£ F Python-OpenCV Y 45 H: 1% e 7 4L 51 5
BRI LA 1] PHLE 41,2024,40(11):50-56
(13 ] PR, B e, B 5% e B T IR B8 2 > 1 IO BE PR3 s T
g4k [JOL ] . ML FHF 5T https://doi.org/10.19734/

j.issn.1001-3695.2024.06.0176.

[ 14 ] 2F UK, ok JR e, A /1N R B T 4005 RGO 30 A0 ) 2 3R
SRIMFR S50 [T] i ) TR H R, 2018,37(4):57-64.

[ 15 ] Ze4E 3k BEVTAE X058, 45 56 F U—net++ %) 2% 119 55 5 [51 5 144
ST [T] AT HLER,2021,48(22):278-282.

[ 16 ] BRI VL, U, 2% 42 . X3 32 4 5 5 I 46 19 O [ 1534 i
Bk (1] W5 B R,2022,37(3):395-404.





