WHQ‘WH@H%&MW GRS I G N AT E 523 M

ELECTRONIC MEASUREMENT TECHNOLOGY 2024 £ 12 H

DOI:10. 19651/j. cnki. emt. 2416968

ETRBRNN% PR SR

H o' EHuHT % £ 4 s A4’
(1. E FHEXFEE T FR MK 541000; 2. BR B FHBERFEF IEL g 3LF R 44k 5410005
3. BT FESFARA RN KE 546299)

OB ARSCNGT R0 EE T AR I B AR ARG PR R A 98 A T . BT R T A AR A 4 A S 290 4 £ SRR
A o A B S YR A% IR R P A 0 3 A S (5 DX A 2 RO R A B L R O 9 R DG TR 9 0 U D AL O
Wt AN F 22 0 HCG e BE 1R R A AT B 2 30 T 592 300 4 A A W00 3 400 4 €8 65 38 1) DRl RS W A . 0 1F 38 52
AL Ae T LB R B S A T 5 22 0 M RO 22 0 M B T B AL L SR A5 R R A ST BT R I R G TAERRE
PERETT S . F U A% T B0 46 2R RN — P WL T S8 28 7 AR SR A A I i A ST S A 4 0 A A AT L 38
v I RS B ANAE S5 L B I B R TR

KRR ORI 0 2 O s A A s HCG

HESES: TN29 XEARIRES: A ERREFERSERB: 510.20

Design and implementation of pregnancy test circuit
based on photoelectric detection
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Abstract: This paper introduces the design of a recyclable pregnancy test circuit based on photoelectric detection
technology. The design uses the gold label test paper as the primary sensor and the photoelectric sensor as the
secondary sensor, uses the gold label to detect the sensitivity of the color region of the test paper to the specific
wavelength of light, and carefully selects the matching light source wavelength. And through the person of different
pregnancy chorionic gonadotropin human chorionic gonadotropin (HCG), the concentration of standard sample for
calibration, and then realize the gold test color fast and accurate testing results. The circuit parameters are optimized
by orthogonal experiment, and the optimal combination is determined by variance analysis and range analysis. The
experimental results show that the circuit system designed in this paper is stable and reliable. Compared with
traditional pregnancy test paper and disposable electronic pregnancy test products, the detection method proposed in
this paper can not only realize non-contact measurement and repeated use, but also has high measurement accuracy and
portability, and has broad application prospects.

Keywords: photoelectric detection;the pregnancy test;photoelectric sensor; HCG
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Fig. 1 Schematic diagram of the internal structure of the

pregnancy test strip
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Fig. 2 Block diagram of the overall system design structure
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Fig. 3 Circuit schematic diagram of photoelectric

detection module
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Fig. 4 Input-output characteristics of photoelectric sensor
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Fig.5 Circuit simulation model
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Table 1 Circuit simulation results of photoelectric
detection module
ETh= I,/pA R,/Q I,/mA U,/V U,./V
1 20 220 0.285  3.237 2. 649
2 50 220 0.685  3.149 2.562
3 80 220 1.085  3.061 2,475
4 100 220 1.351  3.003 2.417
5 120 220 1.616  2.945 2.359
6 150 220 2.012  2.857 2.273
7 180 220 2.405  2.771 2. 188
8 200 220 2.667 2.713 2.131
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Fig. 6 Circuit schematic diagram of key module
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Software design flow chart of key module

| BRI SR L REERE DI |

[ HEFFAUM . 10 SHR—KHEZE |

BACR TR

410 sJéJEsﬁ WA N

| RUE3IN. X e

8 Db HLU R I BB P B AR

Fig. 8 Software design flow chart of photoelectric detection module
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Table 3 Orthogonal experiment results

R A B C D I3 PR
1 1 1 1 1 32.81
2 1 2 2 2 28. 31
3 1 3 3 3 32.58
4 1 4 4 4 21. 22
5 2 1 2 3 29. 69
6 2 2 1 4 21.78
7 2 3 4 1 17. 24
8 2 4 3 2 13.13
9 3 1 3 4 0
10 3 2 4 3 0
11 3 3 1 2 27. 20
12 3 4 2 1 10. 32
13 4 1 4 2 0
14 4 2 3 1 0
15 4 3 2 4 32.27
16 4 4 1 3 12.01
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Table 4 Range analysis of orthogonal experiment results

i H A B C D
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Fig. 11 Effects of different variable levels on resolution
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Table 5 Analysis of variance of orthogonal experiment results

SN F-J7 Al R ¥ % F {8 P {H i 2 PR
A 968. 486 3 322. 829 12. 270 0. 034 *
B 543. 317 3 181. 106 6. 884 0.074
C 771. 611 3 257. 204 9.776 0. 047 *
D 35. 040 3 11. 680 0. 444 0. 739
TR 78.928 3 26. 309
3) LI EIE fiw. 36 A8 A B,C,D, A& T4 ¥%H 35. 55,5

X IE A S5 A0 A i A K F #EAT B UE L BEAT T 10
AT S 0 R R AR O A AR E L A R K 6

x6 mIMASE

T3 o R BRI 1 RO 22 S R R BRI AR
R R G HA B AR e T R A

Table 6 Experimental verification of optimal combination

S 1 2 3 4 5 6 7 8 9 10 B
AAHE#E 35.89 35.60  35.61  34.45  35.81  35.07  34.42  35.77  36.37  36.52 35.55
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T o A YT ORL AR T I I R R R R
25 mIU/ml, L EME TR E A 25 mIU/ml i HCG #
RORT TN T AR SCA G100 7 A ) R AT IR A
0.25 ml WA 25 mIU/ml B9 HCG %5 LA 8L 46 B AR T
25 mIU/ml ¥ B H HCG WA B G RCR, i iE 12 fiws .
AT LA B 0T N 35 7 R BE AR I Sk, T AR SO Y Ha K
A 3E AR AT DU I ok 1 B AR SO T H B RS L
AL W4 7 A R T

A Fofkar U A5 206 TR T AN — 1 3 2 I AR AT SR A e 2
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0.5 ml M¥E N 25 mIU/ml HCG 7 & 4 & )% 1 5
B AR SR BB W] Wk B 9 HCG 9 Wi ) 48 | i ™
A RIR A I (B R R AR A HCG e
o MEBHIKIK S5 A2 i 4L (level 0 positive test
strip sample) . — 2% FH P i 4K (level 1 positive test strip
sample) . 2 FHPEILE (level 2 positive test strip sample)
=2 FHPEIR 4R (level 3 positive test strip sample), KR
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Fig. 12 Testing results
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Fig. 13 Sample of pregnancy test paper used in the experiment
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Fig. 14 Repeatability test results of test paper sample

0580

FLHEZE AD K, Bk T LIARYE AD fE Kk BB HCG ¥k
BE RN AT e W7 P 2 T . A B R 4 19 B0, T LAk 4
ol 8 2R i AT A A E B K R b E Y BB R
— 5, — L BAMER AR S B AR E O 5. g P AURE
=% BH P AR B B 43 AR 2 Dy 22 B30, SRARRY
HLE2E AD IR /N T —5, Mg 0@ A B 25 RE M
2 AD HAF —5~5, WA @ S — R A 2R R
JEZ AD AN T 5~20, Bk A8 Jy G B s 345 R
JE25 ADEALF 22~30, W4k 45 =g FH . B 15 K
MR 2E AD {8 530400 5 i 4 LA B0 3R Wiz L i R
& TAER e MERE T 5,

40

35F

30 F
25 F

0 i 2 3
PSR
P15 IR AD (IS IRAERE R B L L

Fig. 15 Linear fitting of voltage difference AD value to test

paper sample
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