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Development of a prototype for recording of force calibration data using machine vision

technology
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Abstract

In the field of force measurement, load cell is an instrument for measuring force in
many material testing applications, ranging from small force as testing food products to
large force as testing properties of steel for construction. Generally, the calibrations of a
reference load cells are carried out according to standard procedure such as ISO 376.
The calibration-data-collection period of this standard take about 3 to 5 hours. During the
calibration period, the operator needs to write down the reading results of instrument into
the calibration sheet and then input the results into calibration file for calculation. From
past experiences, there were many mistakes from this method of recording of the
calibration data.

The purpose of this research is to develop a prototype system for automatic
recording of calibration data using machine vision technology. Real time camera and
computer system is used to capture the image of the reading from the instruments during
calibration. The reading image will then be translated to number using optical character
recognition (OCR) technique and saved to the calibration file. With this machine vision
based method of recording of the calibration data, the human error of recording will be
eliminated. This can improve quality of force calibration work and also other force
measurement applications in Thailand.

There were 3 main categories of experiments in this study to verify the performance
of the system when calibrating a load cell. First, verifying the performance of the character
recognition software by reading measurement data from various models of indicator
devices connected to load cells. Second, testing the versatility of the system when used
under various conditions such as different room illuminance or different distances, and,
third, verify the performance of the system when used in full calibration experiments in
accordance with 1ISO 376.

The experimental results reveal that the system is easy to operate and accurately
reads data from all tested models of force measuring instruments. The system was also

versatile enough to be used under various conditions. The full calibration experiments on



the force proving instrument gave 100% accurate results in recording and processing.
This machine vision system can be efficiently used for recording and processing of force

calibration data to assure the quality of the calibration process.

Keywords: Force Measurement; Calibration; Machine vision; OCR; ISO 376, NIFAUNYL
L3, NMINARBULLIN
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6.2.2 Tuiaa HBM-MGCplus (3U7 7) Luunfiniinasuaasnauuy LCD dot-

matrix 1Q8NaNHMHE AIAY FENUBIINAEIRIN LLﬂ‘:@T’JLﬂ?IE]%JfL%LLWNTW]N
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2. dwmlaspun1IneulszuIans (Pre-processing) lasglfauazyinmamnua
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Post-processing

- input data to
calibration file

- calculation

- issuing calibration
certificate

- save image to memory

Processing
- Segmentation
-Transformation
- Filtering

- Morphology

Pre-processing Feature analysis
-Set ROI - Optical Character
Input Image -Set system recognition
parameter

(OCR)

E‘Uﬁ 12 Image analysis process
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AATzHeY OCR technique Lialilusunnudanamuwidudiialdadrigndasas
LLamlugﬂﬁ 14,

-1, 210153 -1,210153 mvn
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d) Invert ROI e) Thresholding f) Sort region

U 13. 92814 image processing §113IUNNIEUAIIINLATEI DMP-40

Measurement value : -1.210153 mV/V
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l ‘Ill‘ .;Iﬂ‘q '-'- 15

Step 27 of 86 : X2 60

gﬂﬂi 14 @884 feature analysis using OCR technique
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INMIFITIINLTNATBNIAUTINNAWIBN KA 9 lnsine

W oUIwr 89 IR U TN U TN LTIR DN U WU TANULHAIT G

MIseuLinug1BinuanaIzIu 190-376 lasddTanmmiseauifivuaindaya
N&17719 balwTernaed 2013 uar 2014 W% 170 @39 a9eNTNN 1 law
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FUIUNINTAINITIRDNUBUIATINGILAITG i) 2013 waz 2014

pr o
sﬁavl,@gﬂaau

MAy Y - &l 6 szinn fay Juiioglu
E Anaa/ Tuiaa o
N 2014 | 2013 | ouEAINA (GRINYR)) UAUNITNAAD
1 | HBM-DMP40 18 | 5 | LED-dot i v
matrix
2 | AEP-DFI 2 - LCD-7 i
segment
3 | HBM-Scout 55 6 5 LED-16 ang
segment
4 | HBM-MGCplus 20 | 13 | LCD-dot fia
matrix
5 | PT Ltd.-PT200M 1 - LCD-7 i
segment
6 | Cooper-M4215A 7 2 LED_d,Ot A
matrix
7 | AIKOH-M-0218B 1 - LED-7 ang
segment
3 A&D company 4 i LCD-7 g
Limited-AD1661 segment
LED- .
9 | Interface-9840 16 | 18 dot T v
matrix
10 | Motive-DS2 1 - LCD-7 il
segment
11 | Daytronic-3270F 1 1 LED-7 ang
segment
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MAy Y - 3 A szian fav Juiioglu
r Anaa/ Tuiaa D
N 2014 | 2013 | vuaAINg | (949) | UNUNITNADDY
Tovey LED-dot .
12 | Engineering, Inc- 2 - matrix an
9150-2-10
Electro Standard- LED-dot ,
131 Maz1sa 3 ! matrix o
Morehouse- LED-dot ,
141 Ma21sa 12 - matrix o
RedLion Control- LED-7 ,
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segment
Weighing
18 | Indicator-AC- 1 1 seLErIrD’n_e7nt aa
9000 &
19 | HBM-DK38.D20 - 9 LED-7 aia v
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CloseCircle tun1TTaNedausIMT 097918 TN TNAILRVUARZAIA18IINAY

A o 2 o A @ X A 99
YUNIANTIAUA TID1IVIADENIINNBLRDIIINAN W ULIDUTFAINE Y]G%Lﬁﬁ]l‘ﬁ
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RectWidth ka2 RectHeight LdunsiGandazadinanalunanaiiazudazan

v A A A o Ao P ) A Vo i
AFVRLARSUNUHNIVIIANNNAUA LRUBUNLNITILDNUNDAL CloseCircle
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o v o s = v s 1 ‘é o v
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N3N 2. ABENNIAIFRINIINALG as’a%mﬁ"ulﬂmﬂmLﬁammﬂswmmm%aﬂmma

@3¢
Parameters DMP40 DK38 MGCplus SCOUT GTMvd200k Interface
BrightOnDark 1 1 0 1 1 1
ThreshMin 0 0 0 0 0 0
ThreshMax 130 180 100 179 200 130
CloseCircle 4 2 2.5 3 2 4
RectWidth 2 2 2 2
RectHeight 5 10 2 4 10 5
SlantX 0.1 0.1 0 -0.04 0.1 0.1
Parameters UTM-AGX HU;(I)\ﬁs Keithley Almemo TestolLux Computer
BrightOnDark 1 1 1 0
ThreshMin 0 0 0 0 0
ThreshMax 100 110 190 55 35 100
CloseCircle 2 2.5 3 3 3 3
RectWidth 2 2 3 3 3 3
RectHeight 5 10 5 3
SlantX 0.05 0 0 -0.05 0 -0.05
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AN 4 LLamwamsﬁuﬁﬂ"ﬁaQam‘saa‘uLﬁﬂu@i”wﬂu I@Uﬁm%amamwaju
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61319 4. ﬂ’ﬁl]vuﬁﬂﬁﬁﬁ’lUﬂ%l%ﬂﬁiﬁﬁ]ﬂl,ﬁﬂll@hﬂ DWM m%amamwaju DMP40

Force 0° 120° 240°

N) X1 X2 X3 X4 X5 X’6

0 0.000000 | 0.000000 | 0.000000 | 0.000020 | 0.000000 | 0.000046
10 0.199998 | 0.200280 | 0.200479 | 0.200467 | 0.200197 | 0.200530
20 0.399947 | 0.400114 | 0.400350 | 0.400463 | 0.400109 | 0.400138
30 0.599856 | 0.600004 | 0.600346 | 0.600395 | 0.599973 | 0.600082
40 0.799768 | 0.799921 | 0.800251 | 0.800325 | 0.799891 | 0.799982
50 0.999686 | 0.999852 | 1.000164 | 1.000234 | 0.999809 | 0.999907
60 1.199589 | 1.199781 | 1.200108 | 1.200139 | 1.199721 | 1.199856
70 1.399512 | 1.399641 | 1.400001 | 1.400028 | 1.399641 | 1.399710
80 1.599423 | 1.599531 | 1.599875 | 1.599904 | 1.599510 | 1.599553
90 1.799300 | 1.799392 | 1.799763 | 1.799776 | 1.799362 | 1.799418
100 1.999197 | 1.999287 | 1.999632 - 1.999263 =

0 0.000048 | 0.000049 = = = =
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DMP40
Force 0° 120° 240°

(N) X1 X2 X3 X4 X5 X’6

0 0.000000 | 0.000000 | 0.000000 | 0.000020 | 0.000000 | 0.000047
10 0.199997 1 0.200278 | 0.20048 | 0.200468 | 0.200198 | 0.200534
20 0.399951 1 0.400116 | 0.400351 | 0.400462 | 0.400113 | 0.400139
30 0.599858 | 0.600008 | 0.600343 | 0.600394 | 0.599979 | 0.600082
40 0.799771 1 0.799924 | 0.800253 | 0.800325 | 0.799894 | 0.799982
50 0.999689 | 0.999853 | 1.000166 | 1.000234 | 0.999812 | 0.999907
60 1.199593 | 1.19978 | 1.20011 | 1.20014 | 1.199725 | 1.199856
70 1.399514 | 1.399644 | 1.400004 | 1.400029 | 1.399645 | 1.399709
80 1.599421 ] 1.599536 | 1.599879 | 1.599903 | 1.599513 | 1.599555
90 1.799305 | 1.799397 | 1.799766 | 1.799778 | 1.799368 | 1.799421
100 1.999203 | 1.99929 | 1.999637 = 1.999268 =

0 0.000047 | 0.000052 = = = =
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Linearity deviation of loadcell recording by Manual (DMP40)

20 30 40

31. Linearity deviation of load cell calculated from manually recording data on DMP40
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AN 6 WAT 7 WEFAINANITURNNANGIOAUILAE T2UL Machine Vision (MV)
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6131497 6. ﬂ’]iﬂvuﬁﬂﬁ’]@?l/’lﬂﬂ%l%ﬂ?iﬁ@ﬂl,ﬁim@hEl LM Lﬂ%a{ILLa(ﬂdNﬂé% Scout55

Force 0° 120° 240°
(kN) X1 X2 X3 X4 X5 X’6
0 0.00000 | 0.00000 | 0.00000 | 0.00014 | 0.00000 | -0.00014
10 0.19608 | 0.19601 | 0.19607 | 0.19624 | 0.19605 | 0.19637
20 0.39245 | 0.39207 | 0.39227 | 0.39246 | 0.39256 | 0.39243
30 0.58861 | 0.58851 | 0.58850 | 0.58894 | 0.58842 | 0.58872
40 0.78462 | 0.78483 | 0.78466 | 0.78499 | 0.78458 | 0.78482
50 0.98107 | 0.98100 | 0.98098 | 0.98118 | 0.98092 | 0.98135
60 1.17738 | 1.17727 | 1.17706 | 1.17749 | 1.17734 | 1.17738
70 1.37367 | 1.37356 | 1.37367 | 1.37396 | 1.37358 | 1.37386
80 1.57014 | 1.56965 | 1.56983 | 1.57019 | 1.57008 | 1.57010
90 1.76619 | 1.76605 | 1.76614 | 1.76598 | 1.76604 | 1.76613
100 1.96267 | 1.96240 | 1.96240 1.96249
0 0.00020 | 0.00023
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AN 7. MIURNNANGI8TEUL MV Twnsgautnauaas LM Lﬂ%mamwaﬁ;u Scout55

Force 0° 120° 240°

(kN) X1 X2 X3 X4 X5 X’6
0 0.00000 | 0.00000 | 0.00000 | 0.00014 | 0.00000 | -0.00018
10 0.19640 | 0.19602 | 0.19607 | 0.19636 | 0.19625 | 0.19642
20 0.39240 | 0.39238 | 0.39217 | 0.39228 | 0.39210 | 0.39239
30 0.58833 | 0.58831 | 0.58838 | 0.58891 | 0.58850 | 0.58868
40 0.78464 | 0.78465 | 0.78462 | 0.78497 | 0.78467 | 0.78466
50 0.98085 | 0.98101 | 0.98100 | 0.98118 | 0.98118 | 0.98105
60 1.17729 | 1.17707 | 1.17706 | 1.17740 | 1.17701 | 1.17738
70 1.37404 | 137343 | 1.37350 | 1.37362 | 1.37333 | 1.37382
80 1.56986 | 1.56980 | 1.56981 | 1.56940 | 1.56984 | 1.56997
90 1.76621 | 1.76625 | 1.76614 | 1.76598 | 1.76590 | 1.76658
100 1.96279 | 1.96234 | 1.96244 1.96220
0 0.00014 | 0.00009
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Eﬂﬁ 34. Linearity deviation of load cell calculated from manually recording data on Scout55

59



Linearity deviation of loadcell recording by MV (Scout55)
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