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Abstract

In response to the current lack of interactive and automated demonstration devices for showcasing
astronomical observation principles in science education, this paper designs an STM32-based in-
teractive parallax measurement demonstration device based on the triangulation method. The de-
vice consists of a ranging pan-tilt module composed of motors, servo motors, and a camera. It
achieves precise control of the encoded motors via RS485 communication and CRC-16/MODBUS
verification, while utilizing YOLO V5 for real-time target detection. The ranging data and angle
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information are exchanged between the STM32 and the PC, and are virtually simulated in real-time
on a Ul human-machine interaction page developed in Unity 3D, with auxiliary measurement lines
annotated to visually demonstrate the triangular parallax phenomenon. Experiments show that the
device offers high automation, strong interactivity, and visual advantages, effectively enhancing the
effectiveness of astronomical science education.
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Figure 1. Parallax measurement plan of any two positions
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Figure 2. Model diagram of parallax measurement demonstration device
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Figure 3. Flowchart of manual measurement mode
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Figure 4. Flowchart of automatic measurement mode
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Figure 5. Simplified modeling diagram of the device
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Figure 6. Master module circuit diagram
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Figure 7. Main control system framework diagram
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Figure 8. Common anode wiring diagram of STM32F103C8T6 and DM860H
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Table 1. Format of the data packet for the 0X56 command code
= 1. 0X56 LM HIEEEN

s TR T 7Y 25 U B (Bdi)
DATA[0] Prisck 1 0x3E
DATA[1] (NS 1 0x00-0xOFF
DATA[2] o ik 1 0x01~0x20
DATA[3] A 1 0x56
DATA[4] s K 1 0x02
DATA[5] AEX i B AR = HHXTIZ N H Count 4
2 int16_t HHEAAL,
DATA6] AR B L — 119 Count fE/y 16384
DATA[7] CRC16 BIARFZHT
2 DATA[0]~DATA[6]F7i CRC16 4%
DATA[8] CRCI16 B3 g7
Table 2. The data packet format returned by AS5048A
% 2. AS5048A EMEHIHBEER
5 FEAIR T PN U (i)
DATA[0] Pk 1 0x3C
DATA[1] W5 1 0x00~0xOFF
DATA[2] W% kit 1 0x01~0x20
DATA[3] fir g 1 0x0B
DATA[4] B E 1 0x0D
DATA[3] PR (AL 5 FEL AL 26 ) 45 01147 (uint 16_0)
DATA[6] LN ] Angle’ = val*(360/16384)
DATA[7] Z B AEALT T 1
DATA[S] BT 2 A Fh L 25 P40 171 B (int32_o)
DATA[9] % PB4 W 2 3 Total Angle® = val*(360/16384)
DATA[10] Z B A0 E ST 4
DATA[11] HUBKIE BEAR 5 5 HLHLEE (int16_t)
DATA[12] BRI L i 55 B M 0.1Rpm
DATA[13] FHLIR L 1 HYFHE = val*0.2 (V)
DATA[14] RGHLI 1 R = val*0.03 (A)
DATA[15] RS 1 RYURE =val*0.4 (C)
[Bit0]: FfLJEfighe
DATA[16] ARG 1 [Bitl]: FEJRHEE

[Bit2]: 5 e

DOI: 10.12677/iae.2025.133046 374 s 5%


https://doi.org/10.12677/iae.2025.133046

A

>
M
[
iz
g

0: KHARE
DATA[17] FHLE AR 1 ; ggﬁi&
DATA[18] CRC16 B I AR T
N 2 DATA[0]~DATA[17]%7 CRC16 156
DATA[19] CRC16 5 s =1

4. RGERHEET
4.1. EEKXNERI)IZR

TENZANRZMAMEERIEE, N TNET R P B E 2 AT M ZNEE, el t—us g g2
BRENIEE 22 B s, w018 9 fion, 34 YOLO #EAYI 2R, 5 2 B EIZIR 2 BIFRIE N starA
(BALh). starB (J\ 1 2)H sphere ([RER), MIATELTFREAN starCo HHF starA BT RERIE FJ7, E
A B BN E AR R BRGAIEE B bR, FoAh R 2 e T 5 E RS A%

B 1200cm
BT

15cm

(©)

Figure 9. Star model (a) starA, (b) starB and sphere (c) starC (image source: Taobao)
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AR IIFEARECH 16 IZREEECH 100 X star SCHF R B train £ val SCEEEAT U125
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2 SRR . 7T B epochs15~epochs25 B, recall A 0.11 F+%] 0.63; mAP@0.5 Hi I & IRELTF,
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Ml val/cls_loss i€ T RE, I 3GE0: WK 10 Pros.

recall FFHRT mAP, UiEH R ARG IIAE R 2; 7228 20 Fe P I obj_loss I iEHi kB, Ja4k
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Figure 10. Result figure of model training
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Figure 11. Category quantity distribution chart and target width-height correlation chart. (a) Category Quantity Distribution
Chart; (b) Target width-height correlation graph

1. XFYESHEMBFESHEXEE. () XHNUESTE; (b) BFESEXMEE

Precision-Recall [l 2k B g /R B 7E AN [R) BLAS P BUAE T, K %6 (Precision) F1 A [F] % (Recall) AL 5% & 5
BRI R RN GEATI H 2 /D B B A, KRR R INA EMEART, 202 mIIEREA, W
B . B ZRAHER RN mAP@0.5=0.832, ARG IIACR &R s b starC #h£R5%
i UIZ R TSR IR UT(AP = 0.995), sphere BHZRHUE, TREIZZRAFEA R DB IEA I B (AP =
0.698), EEJFHILEFEAREDSFHM, WE 12 FiR.

Precision-Recall Curve

—— starA 0.888
L —— starB 0.747
—— starC 0.995
—— sphere 0.698
081 = all classes 0.832 MAP@0.5
0.6
f=4
©
2
53
<
o
0.4 4
0.2 4
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Recall

Figure 12. Precision-Recall curve chart
12. Precision-Recall B2k &

F1-Confidence M2k K&/~ F1 434, E Precision F1 Recall A1), BEEASERERZL, H
FRORE AR TR ) A5 5 (Confidence) B H ¥ B VG & 0~1, F1 2 B0EHE W2 0~1, {5 F1 4380tk mitl s . 75K

DOI: 10.12677/iae.2025.133046 377 s 5%


https://doi.org/10.12677/iae.2025.133046

» R

Nt

RIR

13T DUEH, MEEE = 0484 B, F1 2B0XFE 5 0.74; starA fil starC (1) F1 2380w, Uik
Aoy HE, starB Fl sphere [ F1 250K, FIREIRAR Z . FEIFEEI WA 14 TR,

F1-Confidence Curve

1.0
— starA
—— starB
— starC
—— sphere

0.8 4 = all classes 0.74 at 0.484

0.6 q

s

0.4 1

0.21

0.0 T T T T N

0.0 0.2 0.4 0.6 0.8 1.0

Confidence

Figure 13. F1-Confidencel curve chart
13. F1-Confidence B2k [E

SATURN LAMP

I

1I1H_H‘1‘ 1

Figure 14. Object recognition sample image
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Figure 15. The Sun-Earth model and the 24-solar-term 3D model
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