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Design of automatic verification device of glass gauge based on
information processing
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Abstract; To address the problems of frequent manual liquid addition, easy fatigue in human eye reading, cumbersome data processing,
and low accuracy and efficiency in traditional manual verification of glass measuring instruments, as well as to meet the verification
requirements of batch and multi-specification glassware, an automatic verification device and software system for glass measuring
instruments based on image processing is proposed. The device uses a camera instead of human eyes for detection, and accurately identifies
the scale lines and liquid level of the measuring instrument with image processing technology. The software system realizes core functions
such as original record storage and automatic generation of verification certificates, which greatly reduces repetitive work for operators and
improves verification efficiency and the accuracy of measurement data. Comparative experiments between automatic and manual verification
are carried out on graduated cylinders of three specifications; 5 mL, 50 mL, and 2 000 mL, with the actual volume and expanded
uncertainty at different verification points measured. The experimental results show that the verification results of the automatic device fully
meet the index requirements of capacity tolerance and expanded uncertainty for graduated cylinders, and its verification accuracy and
efficiency are both superior to manual verification. This verifies the feasibility and practicability of the device, which can replace manual
operation in glass measuring instrument verification and reduce verification costs.
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Fig. 1 Manual verification process
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Fig.2  Schematic diagram of the system structure of

the automatic verification device
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Tab. 1 Requirements for capacity tolerance and expanded

uncertainty in graduated cylinder verification

LT VR S I
5 0.1 +0. 1 0.02
10 0.2 +0.2 0.03
25 0.5 +0.5 0. 06
50 1.0 +0.5 0.15
100 1.0 +1.0 0.21
250 2.0 +2.0 0.52
500 5.0 +5.0 0. 46
1 000 10.0 +10.0 1. 60
2 000 20.0 +20.0 2.20
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Fig.4 The preprocessed image

2.2 AELIRF

P T o ] Y 2 BE R o A1 1420, T AR Bl AL LS Sl
54 BT 240 BE L I R AR Z [ i R 6 & S BN 6 2% 3 A
DL B ARZIBEL A B, DAAHAIL PO )0 B o B 7 fi
R BT O B, R SCHETEHE U 2 BE AP R ANT

1) A1 Al — Bk A 1 67, 2 L — 15 S height K
T2 L I E/ N T P A o] B R R AE , (R AHE A
PIAa e E, i A LA, AN R HUAS e A A e

height (135 , T width(132) BB AIE 2 PR,
x2 ERERS
Tab.2 Rectangular frame size
AR/ mL FIFE height/ 1% FEIE width/ 175
5 35 50
10 40 50
25 50 50
50~250 100 50
500~2 000 200 50

2) Pl e e 220 JEE 2 o 5 o e 220 JEE 0 A R TR
25 TR B IR 5 2 B R HE IR A A — 4R %)
LR HIAE AR K BEAH Z I SRR TR AE N 25 %1

%



H2h b 3 R 5 5 H

56 Techniques of Automation and Applications

2026 4F 455 o

JER T IREAEZ M T, YIREEZ AN T, HEHES
BT 2L b7 25 Xk, SR 5 RS B R AE BLA B
Hn g Pl 21 ELL v, 1) L, ek HLN E,
Bahz v, BrHkep N 508 P

3) RAEAR RN B L AR ML = 2 RV, I R
B, SRR R E L A R as [, [ AT Pk
FENE BRARZN LR T a8 X8, SR 05 G i 08 S A AL A
B AR TRARZI L vV, i By, CsRAHPLA
E, sl 2= Fr -k p 40 P,

4) HPLNRARZEL v, Bl Z HRZIEL v, V&
Fird kg Pt A=

P, - P,
= VoV -V,

2.3 &ALIR S

Zit MR AL 3 | R TR G TP R 28 R
D ZNBEL DL R A 6 BRI T . (B, 2 B R AL () 48
B Z [ n] e 2 AH BTG, S EURMESR BOR 715 B . AR SR
FHEUGAE 2200 7 3 AESE OB RRAIE 1Y) B a4 220 B 4R R AIE
THBR , AT LAkt G0 220 8 4 X 57 SR AR s2 ), A DR T 1)
{7 B, A il # s AR AU G = A R R 5 B,
SRIGHE WA E2E AR 20 B R {5 BB RS RAE B . W)
SRS R A 5 P

(2)

|

I

(a) zHA T (b) IMBRIEA (o) fERRRIKA
B 5 REORFERTEE

Fig.5 Schematic diagram of liquid level identification process
3 RAFET
T Lab Windows/CVI & B B sl A6 i 36 5 1Y )
FERAT o BRAE R GEAE BT FoR AT TR BB R, B

ST T ARG B ARG Fy 5 R B, 32 A0 S B
BERIIRE . HE RGBT WA 6 i,

| e |

\ \ \i
| rwwm | | mwiewsies | | wasws |

M6 B RGHER
Fig. 6 Software system module
3.1 FREEEKR
RV R B R A A R AR (R
BB A G R B R DL S S SR B Y
FATRE, 5 RS AW mE 7 PR,

E
6] (=]} ﬁmﬁﬁiﬁ Em&i%i 1670/01/01 00:00:00 xcex, RidfEM
Il LI | | I [ [ | BaRESn TS ik 15
T I | | ZHEREEEA [wnam

| reabmGi | [iTIN | MRAMIE HIEH ) l TERREL o] | semrds |4

B7 FEREE{E
Fig. 7 Information management interface

3.2 ZESEERR

TRV S T 58 R R ot B G S MR, AT L it
AR 2E AT 55 ARE it R 5 BSOS B i ) 128, L T
DU BR Btde AO A0 0 E  ERM  ZIE R RS2
BORATRCE, T R R ATRE, f ERe A  R
T, LBl 25 7 Sk R AL S s AR A R 6 i AR A
SE S A R S I S A R B DR AR A I RO
3.3 FEipieREIEHER

AT R G TSR A RIS B AMB BGOSR, M R E
P LUK S P e T AR B e S, O (R A B, AR
B I R RO RSEAR , $22 I — 5 1) iy 4 RS A BROHIL S A X Dt e
TE S A E UE A SO IRATAE A M, 7 i JR 24 BT, JtdRic
3 S UE A SO 14 A AR RS A R A R 2 A R i
Ficsk Sk A 8 fros

B8 RpiERSIERRE

Fig. 8 Interface of original records and certificates
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Tab.3  Experimental results of 5 mL graduated cylinder verification

AN 22 3| = a7 g
miﬁ/ Kt ﬂlzﬁjgﬁﬁg/ %Kﬁﬁﬁv ?}“if;ﬁﬁz)%r;
0.5 AZhKEE  0.484 0. 485 0.02
AT 0. 488 0. 489 0.03
5 s AzikE  2.453 2. 460 0.02
AT 2.488 2.454 0.03
s 0 AzZhkiE  4.933 2. 460 0.02
AT 4.934 4,948 0.02

F®4 50 mL BEREIWER
Tab.4 Experimental results of 50 mL graduated cylinder verification

Kisg 1/ Ko st TR, SEERARY UTRATE B

mL g mL (k=2)

s AEikE  4.617 4.632 0.05
AT 4.678 4.692 0.09

’s Hahke  24.577 24. 657 0. 06
AT 24.570 24.747 0.10
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Tab.5 Experimental results of 2 000 mL graduated

cylinder verification
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AEIE 1006.651 1 010.06 0.9
1 000
AT 1009.579 1012.69 2.5
H Bk E 2 003.26 2 010. 05 0.7
2 000
AT 2005.584 2011.6 1.6
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