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Abstract

This paper proposes a high-precision voltage acquisition and fast protection system based on the
STM32F103C8T6, addressing issues such as voltage jumps, branch crosstalk, and cumulative mon-
itoring errors that often occur in communication power supplies under multi-channel parallel rec-
tifier module configurations. To tackle current redistribution and voltage jumps caused by incon-
sistencies in module voltages in parallel systems, the design incorporates series blocking diodes at
the output of each rectifier module, achieving branch electrical isolation, reducing reverse interfer-
ence from the source, and improving sampling stability. The system achieves high-precision sam-
pling through precise voltage division and multi-stage filtering, suppressing high-frequency noise
from the switching power supply and rectifiers, while implementing reliable overvoltage determi-
nation using a hysteresis comparison strategy to prevent false triggers. The monitoring module com-
pares the filtered voltage against a threshold; when the voltage exceeds the set threshold, the MCU
turns on a transistor to drive a relay, enabling the shunt trip to cut off the circuit breaker and provid-
ing millisecond-level power-off protection. The relay is also protected by a freewheeling diode. The
system supports multi-channel voltage monitoring and independent threshold configuration. Ex-
perimental results show that the system achieves a measurement accuracy of 0.017 V within the 40~70
Vrange, with relay action times maintained at 0.02~0.04 s, meeting the requirements for real-time
performance, stability, and reliability of communication power supplies in complex operating con-
ditions.
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Figure 1. Overall system design diagram
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Figure 2. Voltage acquisition and control structure diagram
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Figure 3. STM32 overall circuit schematic diagram

3. STM32 2R R IRIRE]

2.3. SrERBEIT

STM32F103C8T6 (1] ADC % N E TG 2 0~3.3 V. FHith, FIEN 40~70 V K% B 28 1t 45 /> 3
0~3.3 V Vil N . ¥ FHAEMS 70 V IR HH v 3.3 V:
V;ut = Vin X R3
R +R,+R,
WL PR BB s oK, IR RECRIR R K, K A S BEAE AT B R bR Ak BRR B AR A & A B
B, SENEREA L FET DA =X TS R A S 75 R, DRl e 6 b 25 H BELAE R SRR B4
FEPHPAE EHE: Ri=10kQ; Ry=10kQ; R3=1kQ.
1E 70 V I, HES 2S5 .

(M

§ 1kQ .
10kQ+10kQ +1kQ

NPT EAE IR R G 40 V £ 70 V BT REZR FUE 1 IR, ASCBETE T A 2 il R AR
IR R GRS GG TIPS, A E S S B0 DER M R 70 V Bk SR8 ik 1
CRN—ANHPRR R . Wl 4 s, DA =B oA e, AE(E iR &5 AN 2 g K, R
PRI G, 8 IN3 AR HL, e R EREE[15] [16]. B KAEBIEHNA 10 kQ H
B —A 1 kQ RFFHBH A B R % 1 kQ SRR 2 i Hik e, HAERRM SN E
I3 I ZE AR ] 25 A RS 0 38 BT R 22 A AE B A NS R P, SR e Al B s . [RIERETAS IN2 3R
TN TR SRR, INT R — I R SRR .

y

out

=70V

3.3V (2)

DOI: 10.12677/jsta.2026.141020 197 AL JRAR T A 5 N


https://doi.org/10.12677/jsta.2026.141020

e

R4
2.2kQ2 N3
R9 R10 R11
10kQ2 10kQ2 1kQ
——— 1 —
T

P7
WJ127-5.0-2P

1] lm
215 To.w

-+
GND

Figure 4. Measurement circuit schematic diagram

4. M= EEEIEE
AV K MCU #5217 3Kk 12 AR 1) ADCo H PR H R 40 $ER, RIR KA SO A2 (1 H R
1, mrEst v
Vg 70V

PR = S =200 0171V =17.1mV A3)

THEAERE, 1% ADC MHELHEEN 171 mV. W52 T E(F AR 306 HUH 0 SRS A B 75 ik
0.1%MIER, Wik 1 IS EIR AR . ADC B E AL 10 kHz MISERIEATIESERIE . 1R RIL &
T LU R I P AT e I A SR, BEW CRAEXT B B A AR A O HEART 312 Dy AR GE B AL St 1) Fi T el
220y i Ja HIRAE 58 1d WI127-5.0-2P BUZLR T 51N . FraI@iE R GND ¥ER 2 48— 1l B
GND, VU4EHF(E 5 se VIR A g T

2.4. FERIRERIT
YR E BE R B E, ASCET LED ANy 23 RA i —EF IR E . Wi 5 s, JiEEz)

BUZ1
SRI8R8-3V

VCC

u2
10KQ2

u3

BUZZER JKQ
N —J

¥ \

Q1
S8050-TA

L VCC
VCC T

R19
1KQ

led1 =

LED1
LED-0603_R

e

R20 LED2
LED-0603_R
led? TKQ |

R21
1KQ

1
7T

ED3
LED-0603_R
led3

5

Figure 5. Audible-visual alarm circuit schematic diagram

5. EARERBRIEE

DOI: 10.12677/jsta.2026.141020 198 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2026.141020

G

PR PR B BRME,  stm32 XTIENS 2% 51 AN LED 4% 51 B HUI H s, 3 A e nis 28 — AR 3R 13 2
i E L, LED AR S BIBE AL U, NG 83 4, LED misTik 3] A s B RUR, RIUEXT AL ES)
SEMBIHERRI L, 8 RGIRBESICIN  H s HE

2.5. RiBEFIET

wnlsl 6 s, LAEE =B I Ou B, 2 R L P R BB I B2 BE, OUT3 Kefith my v, f345
=HE T, REE AR )R, SeE UM R P, AT R S 2 AR B > S AT
WP, SRIPRARW. WIEIERRASR, KRBT RABARE, S EEEIT.

3V

+5V — NI

P4
WJ127-5.0-2
Ell:] [ SRD-0SVDC-SL-C L[]
t?ﬁaom [T

[]R15 Nl y
4.7KQ

1KQ
—————] I———{ Q5
OUT3 SS8050_C2840974

Q
Z
o

Figure 6. Feedback circuit diagram

& 6. RiREEE
3. G FOEEE
EFHEAS RIS R R B MR I A 1R 2 Hk, iR ¥ STM32F103C8T6 Tt LA R 3 B F2
ot HL Y -5 v P A N SRR S Bk it HARJRTE STM32F103C8To sl Aafd H LREnl 1T HI%L

FEALFR, RVRE R, (R S P AR R AL AT SN . SR ERAE . B IR T IE R + — B E
JEBE + IBAFECRLLRYT, R RS B AT SRR AL B . WK 7 PR .

3.1. BERIFIERE

X T IR AR V€ S8, 7R IR AE R LR B2 F R R e S AU AR IR . R TS R )
TFOR AR 2R AR AIUE 78 T R TUYIZR I, 8 07 SR A0 P SR g e P AR AR A ] 8 oS o d s A
TR, RGRMEAEASINBRIAF A BUC B, RG24 T 10 kHz DL BRI E B, ok
VETTF G FLR 0 T SR gt 7 5 8 AT 248 1) v P e o

FTLABEE HARRFESIR A f, =10 kHz , REERIFEN T, =0.1ms . NGRS, £ ADC JE¥HS, 1L

f, =~ 5kHz (4)

DOI: 10.12677/jsta.2026.141020 199 AL JRAR T A 5 N


https://doi.org/10.12677/jsta.2026.141020

e

v

ERBSHER Bk
I
RCHE 143508
T AR
ADCEI N\fit &
| RIBELER
ADC+DMAZETZ
HHEFES

DMARE L

| &R |

Figure 7. Software processing flowchart

B 7. AR IEE

—40 fr gigiray (100 HZ) f, n,v,\,l(z kHz)
Digital|Cutoff AnalcgI Cutoff Switching Noise Peak
: |- (50 kHz, ~ -50 dBV)
1
| /
-50 !
i
1
1
: Broadband Noise & Harmonics
—60 1 (10_kHz - 500_kHz)
1
i
1
1
— 1
2 !
s =70 : [
3 :
.g : r 1
g 1
3 -80 ! —
= 1
1
i
Low Background Noise 1
—90 (< 1KkHz ! L
1
1
1
1
1
| Y|
-100 i RS
[ | [ 1 [ ] f ] } i . |
s At ’
\ 1
I | Al | i
=110 +

10! 102 103 104 10° 108
Frequency (Hz)

Figure 8. Noise spectrum characterization plot
& 8. MRAESIEYFEE

N T ARUE KA AR AT RS I E R, 1IN f, = 2 kHz o 45 EHUAT I FRFEA R = 1 KQY , D I8 L 28 i A2 «

C=

~79.6 nF 5
2nR )

c

HEFIFRARAEL C = 82 nF SRS A 2 181 FRI47] 20 168 75 4]

TR TAES, RO AV MBLER AR 5 ms, B TR N ERL Ny 2

T il

DOI: 10.12677/jsta.2026.141020 200 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2026.141020

G

JEIBER, L

%xO.lmsSSms:NSlOO (6)

HU N =10,20,50,100 73 5 3E 47 SEP RUR 5N AEIR 5256, W# 1 Fiw, ERBAEH N =20 FIEiR N
1 ms, FELRUEEE I 75 0 R TR, NS 28 Be 5 B s 98 4% F v o7 3 %

Table 1. Comparison of moving average window lengths N

= 1. BEFHEOKE N BRIEE

wHKE N Fads i AR HEZE (my) BRI S 1 T (7] (ms)
10 125 0.5
20 8.2 1.0
50 5.1 2.0
100 2.8 5.0

BE TEIE B O KRN N RO R m (k)

x(k—i) @)
Hh RN
3

T )1 15738 - J ) i AT AL 7, RG] Jik g P AN HLSI NI 4B, B AESEALCA NJ2 . [9], T E
JEBAEE K “N” F5E SON:
m(k)=median{x(k),x(k—1),---,x(k—N+1)} 9)
3.2. —BMRERR
RIEFNHBE Y, « ADC KAV, , EHIEHHEEA Y, , 77 D — B 585 10 B UL 2= 2 5 12

KRN
Vin]=a-V,[n]+(1-a)-V,[n-1] (10)
Hrp, B R o (0<a <) SN AHE £ o FERFERIRG T, KSR WT:
T
a=n+r (11)

I ADC SREESIZ N 10 kHz, SREEEHAN 0.0001 s, FET 3.1 F5exd g /= f A o Ar4s ), &
G A LR S T SR AE 10 kHz DA BRSO 1A BOIERRIZ L8 m AT DG M 7S R HLs e, RIS R AT e AR
B B BF 2 R ) B SE B AR ARHIE, i #RE U EAE £ =100 Hz , W] LUE R00ERR 10 kHz 38 S HT )
AT 55 I 8] 3 HU) 98 R 9
1
T =
2mf,

e8], £=0.00159s, ¥ ET Mz RAAK, o7 LA RIIER R E o =0.059 .

(12)

DOI: 10.12677/jsta.2026.141020 201 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2026.141020

e

T B SRR AR, Ve L e, BIRBIEBE AV, =72V, FIRBEMERE N
Vy' =68V, JiEIHEN 4 V. M EYIIRIER BV, [0] 8 ARG L HG RS AR, AT
PRI AR 20 O SRAEE W, [n] o A6 SR B FE G R AT U T . 47, [n] 2 V0 i, iR AR
SAE, TRV, [n] <V A S IR RS B

XEFIEN f IRy, £ 2 kHz b, RIS

A(f)=—2t —a(1000)=——L1 <005 (13)
1+(f/1.) 1+(1000/50)"

B EURL0 26 B, A5 A B AR 5
3.3. EERESEERERGRIT

RGN EEE OLED Wor. RGBUEMIERRFA MM e s A mmS8og g stm, -
AL BR VAR B P S . SR M S SRR AN 0 S R S TE R B R . SO E S
BOE AN EE IR . BRI A A BOE B E S8 Al s s B A 9 s

R B M 4 SHWE S
SR s Hs S iBiE1: 48.00
WWIE1: 00.00 WiE2: 48.00
iBiE2: 00.00 IE3: 48.00
iBIE3: 00.00
ALARM: 0

Figure 9. Monitoring interface and parameter settings
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Table 2. Voltage measurement of communication power supply by microcontroller before filtering
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1 50.46 50.32 50.62
2 52.12 52.56 52.18
3 54.36 54.62 54.24
4 56.24 56.24 56.44

Table 3. Voltage measurement of communication power supply by microcontroller after filtering
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Table 4. Microcontroller-controlled power supply communication shutdown experiment
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Figure 10. Three-channel voltage comparison diagram before and after filtering
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Figure 11. Measurement data error analysis plot
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