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An automated pipetting device based on visual positioning

ZHU Ping CHEN Hongbo ZHENG Junke

(Zhejiang Fangyuan Test Group Co., Ltd., Hangzhou, Zhejiang 310018, China)

Abstract: [Objective] Aiming at the poor precision and great susceptibility to human factors in the process of sample pretreatment in
modern food testing laboratories, an automatic pipetting device is developed to improve the detection efficiency and quality, reduce the cost
of equipment and the complexity of maintenance, and meet the needs of dual-channel pipetting of various sample liquids between different
specifications of test tubes. [ Methods] The transmission structure of the screw driven by the motor is adopted to realize the accurate
transverse and vertical movement of the screwing jaw and the pipette tip. A micro-upgrade precision suction pump is used to accurately
absorb and release the sample liquid. On the basis of the YOLOVS target detection algorithm, the upper computer of the pipetting control
system is designed to realize the detection of the pipetting area and the initial positioning of the liquid level, and the execution units of the
pipetting device are scheduled. The lower computer with STM32 single chip microcomputer as the control core is designed to connect with
the upper computer through the network module to receive motion instructions and report the running state of each motor. [ Results] An
automatic pipetting device based on visual positioning is developed. [ Conclusion] The device can complete the liquid transfer task with
high precision according to the set procedure, and the test results meet the requirements of JJIG 646—2006 standard, which can meet the
liquid transfer requirements of sample pretreatment process in food testing.

Keywords: food testing; pretreatment; pipetting device; visual positioning
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Figure 1  Overall framework of the device
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Figure 2 Workflow chart of the device
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Figure 3 Main components of the positioning unit
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Figure 4 Top view, front view, and side view of the jaw
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Figure 5 Main components of the screwing unit
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Figure 6 Main components of the pipetting unit
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Figure 7 Control system function of the device
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Integrated circuit board design



F&M | Vol.41, No.9

P o A S A D) 1 S 3 VDX TS0 A A7, YRR AL A2 AR
53592 I W R A A A W, LB 2 1 ) BE R You
Only Look Once version 8 H ArAa Il 30 B 72 JE B IR 55 /)N
R H AR P340 9B T You Only Look Once
version 8 ARSI IX dal s 47 5 IL1 710, 0 1 AR A RS U
X =4S AL AR BR S L 48 S Bk B E AL
T e 2 2 FF AT 0 A T AR B3R 4, o L B A7 11
1SR I LB A 1 A R4 1 000 T A 0 LR, A
TR DX IR I 1 FBOHE 4R o R B R AU X 5 2R AR
BP0 B0 I B HhoB v L 532 AN B A AE
KR TP D REAANE B, 45 & B R ROR I b, R T
B HH AR R BOd 6 bk 2l A5 R G SR T VR 6 A G R
AT FEAL B, DT B T BOH 4R 1 2 REVE 57 0 3

K HFEETUREMHNAEIUBREEHAR
SR ASE TR G A0 SRR AN 00 v T A T g s v S
ZALRETT .
h Z& 5 PF Al You Only Look Once version 8 F 7 46 il
B A W DX RS I A 5 o 9 PR S P AR AR B, R K
You Only Look Once version 8 H #5351 2 41 450 484 11
ANTFEAS (s m) £ Ry YN ZRFEREAIRY , 43 5] 3% & 100 $&
5300 40N 2R e B AT A R 2 o 3 3 X BG4S R A A 7
TE SRR bR b0y 3R B0, PPl 450 30 76 8 i DX Sl A 0 o A A
BB RS WCBOR TR | D R R R R 5 A SR R AR . R
F 1A %0, YOLOv8m-Epoch300 7£ 15 511K 41 & 1 5 170 & 43
ST Eas i L RE ) o P IR R B MR T R U B OR
B YOLOvV8m-Epoch300 155 %I = by % 5 119 8% W X 50 A6 )
R,

x 1 BilGEEIEREE
Table 1 Index data of each training model
. YOLOvSn- YOLOvS8n- YOLOVSs- YOLOVSs- YOLOvSm- YOLOvSm-
Epoch100 Epoch300 Epoch100 Epoch300 Epoch100 Epoch300
Precision 0.9359 0.941 4 0.9512 0.927 4 0.922 4 09513
Recall 0.946 5 09525 09526 0.937 6 0.9599 0.950 7
mAP@0.5 0.959 1 0.962 2 0.961 1 0.958 8 0.961 7 0.973 9
mAP@0.5:0.95 0.827 1 0.8312 0.841 4 0.837 8 0.8373 0.846 4
Box Loss 0.695 4 0.687 4 0.674 0 0.6953 0.673 6 0.688 2
Class Loss 0.405 6 0.409 8 0.369 8 0.400 4 0.3396 0.3513
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R5 BREKBER

Table 5 Test results of the pipette

*®

FEETUREMNENUBRKEFAR

e WE hBE
K 5E 5 /pL
myl/g mi/g Vyo/uL my/g m/g Vyo/uL

1000 15.936 6 16.9357 1 000.864 40 15.879 4 16.870 7 993.050 6
159371 16.928 8 993.451 34 15.899 4 16.887 5 989.845 0

15.909 5 16.904 5 996.757 17 15.8379 16.828 7 992.550 0

159328 16.927 7 996.656 99 15.860 6 16.860 9 1 002.066 5

159797 169755 997.558 58 15.746 1 16.738 5 994.152 6

15.860 2 16.8519 993.451 34 15.824 0 16.8156 993.3512

15.960 3 16.9555 996.957 52 15.775 4 16.766 4 992.750 1

15.7452 16.744 1 1 000.664 10 15.882 3 16.876 3 995.755 4

15.879 4 16.874 3 996.656 99 15.8427 16.842 8 1 001.866 2

15.843 6 16.840 1 998.259 82 15.909 5 16.896 8 989.043 6

5000 15.790 2 20.782'5 5001.116 40 15.904 3 209123 5016.844 1
15.8529 20.845 4 5001.316 80 15.980 6 20.979 4 5007.627 9

158155 20.812'1 5005.424 00 15.732 6 20.723 6 4999.814 1

15.819 4 20.820 1 5009.531 20 15.938 4 20.9313 5001.717 5

15.766 4 20.740 1 4 982.483 60 15.732 6 20.723 6 4999.814 1

158311 20.814 8 4992.501 20 15.7372 20.743 9 5015.5418

15.846 1 20.827 4 4990.097 00 15.835 1 20.819 3 4993.002 1

15.797 4 20.792 2 5003.620 80 15.884 1 20.872 4 4997.109 3

15.838 2 20.8121 4982.683 90 15.758 2 20.739 4 4989.996 8

15.8059 20.801 3 5004.221 90 15.761 1 20.748 8 4996.508 3

10 000 15.738 2 25.6777 9957.053 20 15.874 1 258129 9956.351 9
15.844 2 25.799 0 9972.380 20 15.773 0 257123 9956.852 8

15.785 8 25.730 3 9962.062 00 15.726 8 25.6619 9952.645 4

15.772 6 25.696 1 9941.024 90 15.765 1 25.710 7 9963.163 9

15.836 3 25.789 6 9970.877 50 15.837 3 25.773 9 9954.148 0

15.814 3 25.769 6 9972.881 10 15.842 3 25.793 9 9969.174 5

15.840 2 258283 10 005.739 00 15.776 2 25.678 1 9919.386 8

15914 8 25.8373 9940.023 10 15.8712 257712 9917.483 4

15.859 6 25.7912 9949.139 20 15.774 1 25.7279 9971.378 4

15.842 1 257752 9950.641 90 15.734 4 25.669 4 9952.545 2

Fo6 FTAKRTESRITEEREEREE
Table 6 Measurement performance index data of

all verification points

5 Ak VPR 2 A AL
L EMBRE ANBRE ZMBRE AR
1 000 0.288 0.559 0.477 0.443
5000 0.054 —0.036 0.194 0.179
10 000 0.380 0.489 0.197 0.186
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