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Abstract

This paper designs and implements a smart crib prototype system based on an STM32 dual-core
microcontroller and an ESP32-S3 wireless communication module. The system integrates multiple
types of sensors such as temperature, humidity, ambient light, and a camera. It employs adaptive
algorithms for intelligent regulation of environmental parameters and supports remote video mon-
itoring and data visualization. In terms of hardware design, the system utilizes STM32H743 and
STM32F407 for collaborative processing, combined with the BQ25895 power management chip and
multi-channel voltage regulation circuits, achieving high integration and low-power operation. On
the software side, it implements temperature and humidity data acquisition based on CRC checks,
a dual-core collaborative lighting control algorithm, and remote video stream transmission. Exper-
iments show that the system’s average temperature and humidity detection errors are within £0.6°C
and +3%RH, respectively, and the remote video delay is between 0.5 and 1 second, which basically
meets the requirements for real-time monitoring. The study further outlines future development
directions including multi-modal sensing, Al-based decision-making, and smart home integration,
providing a feasible technical solution and reference implementation for the construction of smart
crib systems.
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Figure 1. ESP32-S3 schematic design diagram
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Figure 2. Main control chip STM32F401 for power module
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5, R G X buf £ AR RS B U IR AR HE » rv 0 I pR OR [FRRES ore IR 5.
FERN IR B AR B A RS, JA 3 SHT30 FLkINE, RS RAFA buf. B G 73 A0 ik B2 2 (buf [0].
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buf [1])F%5 5 £ 4 (buf [3]. buf [4])1E1T CRC K46, 515 3% IR [ AL 5 AH (buf [2]41 buf [5])iE4T LLXT,
B TE AR 5 B AT AT . R, IR buf [O1F0 buf [1]4 319 16 AL TC4F 5 58 (= W ERT)
JPE A B buf [3]A0 buf [4] LAK R 77 A I AR TS SHT30 B4 , T B8 I R A8 5 it — e A N e
BRI ANER.L), BEERNARR.2).

T =-45+175x(temp/65535) (2.1)

temp A& H 58 XHH SR At 10 R AR $ bz (16 A7 775 540, 1A 2R HE SHT30 K& F2(-45°C
+130°C)HES .

H =100x(humd/65535) (2.2)

humd & H & S SRAE IR EE 0 JF aa s, %A U2 AR SHT30 & FE(0% 2] 100%)HE 5117

ZAEE Y CRC RS0 PRIEHE vl SEME, JFAER I SR MOy il I R [BI{A S it e, i DR AR G A St b 74
T WY, RS IRIR R L g R B AT — P S R . BRI L 11,

RS U

SHT30 M E I SEM L PR AR SR A . dr & RIE. Bl S R . FARBZIRINT

W, RO TS B2 P X TR buf KL K/ buf_size, FFERAIA buf 53U, Bt
sht30_send_cmd &Ik E 5 38 S. BT RIERM(rv 1= 0), JIHH sht30_soft_reset()%f 1£ By 14T K
Bhr, WEHIER TIERE. 25, FIH HAL_I12C_Master_Receive M 12C i 25 13z BUAL I 3% 3% [ () R 46 T
TSR G/

DB R B (0 TE A, e s BRI I B B 23 34T CRC K5 . RIS VAL, OXFF NHIMGME, B 7
TALEREE, i A 2 0 0x31 AT S EiE HAF B A RE, S& KR B CRC FTEET
PEER . ZEEAE R E RO Pl RES M AL B A, 5 Tl A Rk B Ak A R T 2 1R S5 T AT AL .

4.2. HRBRASATAIES
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Figure 12. Terminal control flowchart for smart
light control
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KT 4% B D e S LA A B 2% Dy STM32F4 1 i) 6 HE AL JE 25 A LED, STM32H7 45 1| 28 Sy K o 1 AT D6~ o
fE STM32H7 %y, #4E GUI Ftiin i indzs il OGSO G IR 8 %, 24 3 R BB o, @ H 1
VT BRI K ik s STM32F4; {E STM32F4 i fl BhEf BRIk 1 STM32H4 ISR, 75 PWM %
TR E GO FE R . BN RE STM32H7 F1 STM32F4 9 ICE (B % BEfr. 51k
B BRI ZF) LA A -

B TR %5 (STM32H7) , 78 283 2 T LVGL 424 GUI SR 1598 2)) 5% F 10, Vs 0 =44 [ 1 R 4
A Iv_slider_get_value Si3K BTl il 2 2 0 o 75 KT O, BoE USARTL & 1 EL HAL_UART_Transmit
BRI UK B A Ak A Wy AR T T R IR R . LA 12,

13U (STM32F4), 7E HAL_UARTEX_RxEventCallback B3, xf3k [ STM32H7 & LI¥E
BEATRRNT: AREEECHE (AR IR USARTL_BUFF i, $RIUG M5B . ARRIRIUN S, R aot
AL E I 2% TIM2 [ ELEME(CCRL il CCR2), MIMELZE PWM (525t SElsH (T e B sl I
13,

FHa

v

PR ERY SR AR O

HiERIR S F
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Figure 13. LED control terminal flowchart
13. LED &z =

4.3. mEEESHETANL

RAWIIEIPT B, B Je 58 B OV2640 S kB S 3 B (in sy 2. iz, B R), itk
1k ESP32 #5305 v R AN B S 2o B, RGN TR Wi-Fi 4%, RS2 T BRI,
BRI ER: . EERIE, RSN Wi-Fi BEIRBR DI4ERE 408 K Wika e, JERshNE
HIFRAG S TR 25 B RIS (E A H B BUE /R 4% AR LR 4% 1P ki, R o5 )

AL L TARTEIN G, OV2640 138 KRR AR UG AEHE . ESP32 W N B I BUER (S T AL 3
(I1SP) K 4 i 2% 5t Ji 4 PG EAT TRAL B 15 S TR 47 o A3 I A Bk X 14 2% WS AT PR J X 4 I 858 22 A8 (1) PR AR
RGN T —B LA ML LA SR -

IR TE N RS B @ S 58 G S W W 4 g AR I RE(RTT) R BER BT IX 54,
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BNAS VRSN A5 (0 tH A 2R 5 e, ldn, AR 58 R FERE, BB D BRI (W1 A 15 fps
P& 25 10 fps) Bk D)4 2 SEAR (1 73 HE R (W VGA P14 2 QVGA), e AR IR S, 38 G IR N 45 4
ZEF R W .

o R 40 95 5 1 RE ST 187 - 6 IR 4 S %1, R Je R RN 20T & K UF I H.264 4ifis,
HAE R SRR A4 2 NS T R P, X158 st AE Y ESP32-S3 £6 715, W PEfil % #F H.265
(HEVC)LAHE— B FRARAS % . [, RAFFLLIEIEMIGIFEN) CPU (%, I8 R4ty & 44 24 (1
GOP 25 R IGH) MR E38 FA R0 1 B AR B EUR RN S5 RAT S5, Bk &Gl 3.

UL EL 2 5 T AL I AL B NG « S RO ASFRE I TCZR N4, R GuEAL = AN 2R T 2 A it
fdE: 1) ATFA4ES(FEC), EEUREFRRMIURER, b E RO HEEWKE, 2) EFEEEAL, X
DRERMT( i) B e A S SR T SR AR s 3) R U R, Gl G I R E =R I X R
W2 EL 2 5| R REIR B Bl 4) PRHERETR, 7R 28 FRSERA0T, 32 2 27 i R i 1 5T s o E S
A, 4EFREEA (5 B AT SR .

AR JE AT B Wi-Fi (4%, 2 RTSP Bk WebSocket 25003, Ko ig HfEis & 250 h #4 IR 55 2%
BE R R R 2 AR R T . L ald s SE AR Ui i) Web S BT L 8 APP,  SEES WLE I
JEIR A% F AT T, SR R S A

EH P AT )ZT, W S A S gL se iy A #  B  ASHh kB S 00 Bk i DhRe, e AT
A PUATECHE 2 B TRV R AR 2 AT E s A RS B B o P AT 4 H 3 Bl o A (a5 222 fih e 21 ) PRkt
K% 5 RS S5 AL

S5 IBATLE ESP32 B 2 v (142 5 4 PR R ) 30025 (A 55 T 22 V2 PR A 0 A U B8 4 B (1) A R3S 4 1T) o
RGeS HHREL ) LI B 2 RSB (AR 2R 8 . KR EE ). — BRI BT 00 70 S F, RGeS s
T4 R HE IS IR 55 (S @ . APP Y B) I R K FHL RS S ZE E

UeAh, SEIA T ARSI, A S DA P B S R R, A EoRok H SHT30 g
AR RS e BHLT50 S HE 5 P A5 A () S 40l o AT A 1 — /NS RRAT . 7 58 Rl . Rl i
AT — R Z5 A AL, D P3R4t 7 4T B B I AR5 AR5 [7].

5. KWSHRS
5.1. RIBEHMINGE

15 FH b P IR T FE A B E PR UES W %, ENNRE N W E AR REEAS, B2 LK
SHT30 i AL AR HEAT I i, e Sl S An e E T b, W 4 g, THRGRZEVER 4R s
1R, “F¥RZEN£0.6°C () AI+£3% RH (5 ) VEE K .

Table 1. Real-time temperature and humidity test data
= 1. ERNRIEEN HE

NE 2N PRAEREC  MEREZC TR iR 7 PR BE % T E% 1R 72
= AN ER IR 22 21.8 -0.2 42 417 -0.3

SEEE 25 25.3 0.3 45 45.2 0.2
=W, FWTE 23 22.4 -0.6 37 36 -1.0
EWN, AW 31 31.6 0.6 66 68.4 2.4
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5.2. mizMEI=ThEE

FEMR % PR R B OV2640 {93k, MEREBIRAE N Wi-Fi %, I HLok ez vy i i
(RIS, R STV, e % (5 S (R0 GEi AR P4 0y 05~1 B, M2
ST I R, E7ER 4 SRS, T I R R

6. Kokka

R LRI R R IR LR AL . B R 5 NPT Gt ARACKAE ZRSIRFN. BEM
RH . DRSS L7 AR BT SR ARG R A W RS 2RBEIL . MR E S
PSR AL IREOR, JREE UG SN 15, RGREW S B L . DA HEIR
By B AR PRSI S I 5 B e 0 [8], HETH (4 22 ) LSRR IRAS S AT N I B s 1T R R 128 . A8
St il R E RRIE S, B IEE S L BN IR AR [9]. EDRESI IR, 7 R S M
W5 RS, AR Z LR . @RORIUR S R LIRS Heng, JRRE 5B R, nigds. &%
AL SRR B PR AR, ML) “H LAY KT T 63 B v ot i He Sl e 22
B LANRAEE FOE S MRS L& & JLAER[10]. S lE , B & BaR 4L B 3 s , RGUK R IN 2
WAE 2 A5 P RS TR s R,  PLRF & H a2t Mo i 224U i 22 ebnitk . ABLAS HNE A R
WS LR, e FAEEHBRMEOR, RIHEEEREE SRR, IR hERER
b e e MRPARIE SRS AT T ik, DLSEH™ i R RREsE . AT, R RESLRIE R —
DHREF™ i e RO SRAE R . ISR . BRI S XSS T — R B E LIk, ERRIEEX
FEAES P H R A .

7. &g

AW ARSI BB LIR R AL PR TR R, WISl 7 —BERERM. itz SaEhyT—
R R R SRR SR, EE SRR A L =AM 5, RGN E, GIF TR
F:T STM32H7. STM32F4 5 ESP32 2% b IRl 42, 45 G iedub i) rJs s 21 07 %8 (1 BQ25895 HL
TR A H S CH334R USB 5541 E), SWBL T mbhREALEE . Sumf f il 5 LIRS A WA S, 16 1RFE R
Gt s T R B ERTE T IR SR RIETE . R, ERERE S B H, SR T A
T CRC K% 5 o0 AU e (VIR0 R G RISz L, vt 1 o VB[R] A XORR AT S T 1 S, JFR g 1 A
LVGL Jy5&fti 2 ThRE I = G, SEPL 7 B R4 b FE 30 A MRS L IR Rl iefe, 18
TR ThEE b, SEBL T T OV2640 #5153k 5 ESP32-S3 I SEI MUK 5. 545 5 ML, I
Hlm 205 05 L FThEE, AR KIRAE T EM T 2R DR IR A .

SRT, AW FAAFAES TR TEIREN ST H R, A3 s 75 5 T P sl BREE R 0] e H L
Wah, FMVRERERE: LIRS TESE R T A I AT PR R i g, EHEE A AT, ER
Gilk e 5 TS T T, R R T T AE B IR 4 R R, (R4S S AN AR e i By H i T SE R B R s Ak,
AT RGN BT I, 7R B LIRS 5 APk 22 P SR T THT 19 2R 51N 58 BB ¥ e SR AL

TEARSR, BRI LA 7 a1k — DR fh: FERARRE b, Al 5| N 2B S N TR e R,
P TEILEAE . IESAERGE SR RRRAS RS FER 2R . ERGNATT T, N Sk
W2 AL S IS A A I AL B AR, SRTHE R IR AR IS M S e FIR, Ak F L S S A
ROFRELEE, BSRPUTILARTRESME SR, EESSREEN, TSRS EERE TGN
BRRE T, MBS RBSIN “FILMIAEL” o JRRREREIR NS . ARG SRR L, SR RS
TETHREY I RIS 7 & H 2 ks (0 B4 LP= i bt 8Id LR, R LK RS A M AR
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