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Abstract

In densely populated areas like industrial parks and campuses, the persistent idling of electrical
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appliances after people leave is a common phenomenon, leading to significant energy waste. Ad-
dressing this pain point, we have meticulously developed alow-power environment monitoring and
energy-saving control system. This system tentatively uses Infineon PSoC6 as the main control core
to build an efficient and intelligent system. Integrating multiple types of sensors, including radar,
temperature and humidity, and infrared, the system can accurately capture personnel activity tra-
jectories and changes in environmental parameters. Users can intuitively view real-time detection
data and appliance operating status on the OLED screen through button operations. Meanwhile, the
CYW43012 WiFi module serves as a data transmission bridge, leveraging the MQTT protocol to sta-
bly upload sensor-collected data to the OneNET cloud platform. Data edge processing is performed
in the cloud, combined with preset logic for analysis and judgment, and control instructions are sent
back to the main controller to achieve intelligent start-stop control of electrical appliances. In addi-
tion, the system’s supporting web interface not only visualizes various monitoring data in real-time
but also supports users in remotely controlling appliances, breaking spatial re-strictions and truly
achieving convenient and intelligent energy management.
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BEE N 2t BeetE. BRI FRIFEE SR AR S, BY)TRE M 4e, 5
FLIE RV SR BB AR . 2K NIRRT 15 (60 GHZ/24GHZ)VE N BAT i Mk . ks B AR XA
JRPAL EAS, REMSEANRICREAIIHTIE T, SEU AR PR HEARTIN . & A GG FERE R E R,
TG 1 B RATE 8 P XURS: TR EN JH v R 11 B RN B ) RE B8 A & P B 8 A T HE R A I AR A2 AE . A B AN
BHPIRES, MRk T LLAME RS A PRI E S M T T P )

RGKHTE KB Psoco-evaluationkit-062S2 UL 2 il #8 iz Lk, H ARM Cortex-M4 5 Cortex-
MO+ 37 K6 WK HE A6 TSI B oK I N AR 3 B A 04 1 SIE IR A 3 S5 AT 25 70 SRR B, A ORI i R 2 R i
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ARS8 9K Psoc6-evaluationkit-062S2 F & # 1 RT-Thread Studio IDE Ff & T H[3], #itIF28l
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2.1. EFgt

AR RGCR P % PSoC6 1E NIZOEH-F- &, PSoC6 #&—#k3E T 32 i Arm® Cortex®-M4 Fll Cortex®-
MO+NZ = i 48 240, FIHHBUZEER(3], TLMRALDIFERI I BE, RIS BB 1~ . M4 A KT
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Figure 1. PSoCé6-evaluationkit-062S2 development board
[# 1. PSoCé6-evaluationkit-062S2 FF & #R
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Figure 2. Command configuration flow of the LD2412 radar
[ 2. LD2412 BiAGHLEERIE

AHT20 50 AL S . R ks B 2 s AR IS, 5T 12C JlAS WL (R % 400 kHz), SCHFFFE
JERIPR S I, R R VI -40°C~85°C, FEE£0.3°C, K 0.01°C; J2E: KlVEHE 0%~100% RH,
FEE+2% RH, 70¥F% 0.02% RH; IhkE: FRHLE <5 pA, FAUCKEEINEE 0.15 mW, il &R IhFE &
R PUEPUREE: Py BRI S i A ME R, T TV IR S ) B BT (EMI), 3&E R —40°C~85°C
0%~95% RH (FoiA k) B 2230 55

MNABRLLAME AR A BN LLANPIR)FE I . AR R IR BT IS5 G IR AME DhRE 5 ] 4 il A= i
T N ARGR T 9~10 pm LLAMRBAE IS, ARARMFERE 2~3 K, M 110°, EEHE. alE
TS BN S N RN X3, A B XC ARE BAR IR AR 5 3R URIE SR, 1T X N 2l 5 # T
ITR), diaFmEBmmsE. NWEFHESIEE BN, aTHE T IASEH Bl S5 BT,
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CCS811 M 2 3 T & J& A A (MOX) A% 2% R 1 5 5 FH AL 335, 38 0 AR B 51 ke 1)
L BHAR AL R ST SARIR BE o REASIUIE RAEB WAL A PI(VOCs): A INEFE 0~32,768 ppb, 43 #E% 1 ppbs 4,
RS RUE (eCOL): K TE R 400~8192 ppm, A% E+75 ppm Bi+5% (HURAAE); F 3 FRE B HME (N BT
[EAL IR, FEEE2C). WE AR, KM P ER, TAERE-40C~85C, WA 0%~95%
RH (o742 #b), &6 TR, HEER R 5. it ig, AEENTES.

2 T AR () T[R4 FH A IR D RE SR B M 0 5 45 B % R G IAZ Do H R SR, B DhEE ELHbh . HicdiE
HGEERRIAE, RERIRFMOEE. RBEESR AT RIEM4].
3. BRI

RGN T RT-Thread #¥:1E RS JF &, RT-Thread WAZIRHHE S HE . WA EE. Hh b Ab FI A5 A
hee, MEBIXUZIERES A A, B DiFe, IR RS RSP AR (5], 780 R FH H AR
BERIA AR SR, SR KR TR IA L BSOS AR & KB T, B SRR G m OB AT
FIHREY . RGDZEMWIE 3 Fiw.

RT-Thread % 2R F2 5844

RT-Thread M 1% 1[5 2%

(RS it h + W 1A F e %)
IR M AR IR A A OLED &/ il 7 2272 MQTTif {5 4% TR R AR
prio = 10/500ms  [prio = 8/UART Wi & prio = 15/200ms prio = 6/1000ms prio = 9/ZF -l &
2 AF HREH
(Message Queue) (Event Flag Group)

Figure 3. RT-thread multi-threading architecture diagram
3. RT-Thread Z£F25H4[E

M4 #%: K TAEMIARY 150 MHz, EEMYIRFOEFERRER, K2 PHHSEM, B Wi-Fi,
S OB AR S B AR . MQTT VR4 OneNET Z=F 6, SE AU 19 AR AT A&

MO-+1%: MO+ f s TAESIZE N 100 MHz, FE ARG DG -

1) PECEE A B, SRR A . TR . RIRES R, AT (S S AR BN R, SREA
REORLE . L. WPIRARAEE S SRE R NRE FEABTTHRE J1(6]
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Rl 24 NBEN G5 1R, B s e,
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LML ARG S I R AL, TAMSIINE X : LD2412 T IEMHIRINT A A AR SR e T V246 I i A
N B TR 2T 470 A AR RS R ) PR e )9 4R (<0.5 B BT b 78 7 TATE N 53 DU B ) I 1) 40 BT 4iE 3R 5
TR IS S A Bk . 454 AHT20 5 CCS811 ¥u¥f, 4k B A 5 AEAE(H IR0 B S (g g >
80%)Ek COL IR FE TRl , PRICIREFIE R RIEAT, WG — (AR A . R BENLE: W& NS
ANRRAIREE AHT20 F1 CCS811 TAECEIhFE < 5 mA); ML/ AR IR AIEER il &k BEALE NS 51,
LD2412 SEATFE#fIA: AUAE LD2412 A N AFIESS, A 8 8 =il (5 5 i as s il ig s, KIEfEREIK)
FE.LD2412 1 3D 7 [AlAar il 58 /7 15 £1 40 N AR VR AR ER 18 ~F T A 00 T2 S S At 0 9 2%, e A 2 [ 78 5 R

RGURHERAMEH, LA PSoC6 FFRAMCNAZ O 55, I8t Wi-Fi B N HEER, A\ OneNET
=G HANE R R T S A0 AT SRS, AR RERE R . FHL App SN TS B
B SR T 085, S RA TR G . KU TR AR SN SR AR, S50 p b B
J&, SRR FAERT G, FERLE R R RE RSN R AT .

4. AZEWIT

AGUEIE Wi-Fi BB ST BBOER 2 TR, {1 MQTT X5 OneNET =" & @,
fRRR S ST MQTT B LEZRT6, FEUHMTEdE B, 5 T REHTES B RS, LI
HThfE. KA TLS/SSL MR, PREEEIELRN < att. FIR] 3D @AHAR, H5 5 E B d ik =4k
B, JFEAE App S T RO . 8IS RGN AR H, SCBL 3D B T B R A A R,
STOGHIIT R EWHITE5E. /£ Fbl, OLED B bE/R& A TARIRES, I Hay DUl 4% 80 f
BEAT $2 ] -

4.1. B OEFEMLNLEH

LD2412 5 PSoC6 it UART H [1(TTL 3.3 V)ilifs, WriUEfE (LD2412 & [HEE VMY V1.05) « P
BOE T H##E EARmii(FRik — FEE)Mar2/ACK Wi(F4%E o FiK) A,

s LAR MU (B LRSS 2R): WSk N {0xF4, 0xF3, 0xF2, 0xF1} (4 7°17), Wi {0xF8, 0xF7,
0xF6, OxF5} (4 7717), MINEE 2 FH/hm . 1 28R 0x02 £At/0x01 TFE). 1 = mipy Sk
(0xAA). 1 FHEHWREO= F/1= 8302= §1k/3= 185 + #ib). 2 73/ NmEsEE & (em). 1 ¥
IBFNREE(0~100). 2 FAi /M umE b PE R (em). 1 1 EHIEREE(0~100), LAEBAFIMLE 14 MEE ]2
BReEA 14 DMEEE [ TE b REE IR (R 1),

Table 1. List of main commands of LD2412
2 1.LD2412 FEHESFFIR

i 4 e i 2 E
0x00FF {5 B I B (1T AT T 2 i 0 A58 R %) 0x0001

0xO0FE S5 B (AL & e R Kik) g

0x0002 W B S (P S 1)/ B /AR ) 5 FHALEZH
0x0012 BRI S 4 &

0x0003 BBz R AR T 1 7
0x0005 W YRR 0x00 = fRHR, 0x01= IE%
0x0062 fii e TR 7
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4.2. BRERNSXERE

HH PSoC6 ¥ 5 fikilid 5 M58 ilds 4 N & ifE, BAnfEu .

fFREACE : PSoC6 F-F5 M LD2412 THIARIE M AERCE @ 2 (0x00FF, 2% 0x0100); FHiABWIES G
HEANECERS, I 450 5] DR 2 (ACK) .

MEN 254 TIURRINA G, 267 20 ms, BT AR E AT E IR .

TREESH: TEREEEEMSEA 400002, 5 FHEELIE), YRS RMEET]. &KX
PEES TS T NIER ST F Ak rE s AT SEUE ER AL E, IR F I (ACK).

FRRIERY: TIPS 20 ms, (RS0 B A2 30

GERMCE . FIR IR AL E 2 (0x00FE); F 1A fRAFIC B SHOFIE I TAER, HJam 345k
6] B TR 2 (ACK),  B/NAC B IR 56 B o

5. REEME WK
5.1. WURRHTEL

/I UART Hz Wi 71 B8 4
static rt_err_t 1d2412_uart_rx_cb(rt_device_t dev, rt_size_t size) {
if (size == 0) return -RT_ERROR;
1d2412_dev_t *target_dev = RT_NULL;
for (int i = 0; i <LD2412 MAX_DEV; i++) {
if (1d2412_dev_list[i] != NULL && 1d2412_dev_list[i]->uart_dev == dev) {
target_dev =1d2412_dev_list[i]; break;

i

if (target dev == RT NULL) return -RT_ERROR;

rt_uint8 trx_data[32] = {0};

rt_size_tread_len =rt_device read(dev, 0, rx_data, size);

if (read_len > 0) {
rt_ mutex_take(target dev->mutex, RT WAITING FOREVER);
rt_ringbuffer_put(&target_dev->uart_rb, rx_data, read_len);
rt_mutex_release(target dev->mutex);
1d2412_parse_data_frame(target_dev);

}
return RT_EOK;

5.2. IREHBURELEN

I TR A
typedef struct {

rt_uint8_t max_mot_gate; /I BKIZEERE ]S
rt_uint§ tmax static gate;  / FKEHLEEEE]S
rt_uint8_t mot_energy[14]; /114 FEES [ TIZ2 3R &(0~100)
rt_uint8_t static_energy[14]; // 14 BB JER 1L AEE(0~100)
rt_uint8_t light_sensor; /I B (0~255)

} 1d2412_eng_data_t;
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typedef struct {
struct rt_sensor_device sensor;  // RT-Thread /& X2 HEL8 1% 4%

rt_device t uart_dev; // UART % & HJHE
struct rt_ringbuffer uart_rb; /I TR GZ X

rt_uint8_t rb_buf[128]; 1] G X R X
rt_mutex_t mutex; Il Bt AR
rt_uint8_t out_pin; /] WA B OUT 5
1d2412_detect_res_t detect_res; // IHikillgh s

rt_bool_t eng_mode_en; /1 THRER A e AR &

1 1d2412 dev t;

5.3. RT-Thread {53 E3ERD

static struct rt_sensor_ops 1d2412_sensor_ops = {
fetch_data =1d2412_fetch data,
.control =1d2412 control,

static rt_size t1d2412 fetch data(struct rt sensor device *sensor,
void *buf, rt_size tlen) {

1d2412_dev_t *dev = (1d2412_dev_t *)sensor;
struct rt_sensor_data *data = (struct rt_sensor_data *)buf;
rt_mutex_take(dev->mutex, RT_WAITING_FOREVER);
data->type = LD2412_SENSOR_TYPE;
data->data.presence = (dev->detect_res.target state !=0)? 1:0;
data->timestamp = rt_sensor_get ts();
rt_ mutex_release(dev->mutex);

return 1;

}

5.4. =R HREE K IhFEHE REE

%IRRT E A FE AL AME REE N — 2 “MEde” | ZKPEIAME N 9 “WilE” .
WiFi B G AR FOEE, ARGk 5 A IR e o = TR R . S5 H AR AR/ Ji 425 | #5138 5 RT-
Thread ¥ % JX 3% 1 FNZRFE HE /MK R ML 5280
5.5. SIERSREBUIERIAREK

1) NBAEEMELE S HIWT: 2041 PIR PRI R.(<0.5 s) + LD2412 535 (H %8 1 A AR st q i) B4
AhE, WIERER > 98%.

2) MR E . WK 2.
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Table 2. Rule table for environmental quality decision support

2. MRREHMREINN =

fis e % AF PATE o2k
R > 80% RH A b T8 R % &
¢COz > 1000 ppm FEHA RS =
B >30CHAGAEAE TF e 25 1/ R el
NGBS FF>10 # KA AR i
BT 5 S HOEH IR FF I B 4% 5 LA {13
0x0005 P E R 0x00 = K, 0x01= IEH

3) w518, ARG AR E T OneNET =i, il bAL R EE I Bl AT 46 2, Sl
AR ERIEA + mimE RN 7 TR

5.6. RGMASERIHR

5.6.1. A
MARIAEE: 20m? HEG mx4m), FHEHEREZET 1.8m Mm%, HEHIIRE 1~8(0.75~6 m). KA
PR ZUE G, i D05 LD2412 Fik HARIRES 5 EZBRRAS EEX (5 3).

Table 3. Human body detection accuracy test results

= 3. NIRRT E R

Wk 5¢ IREN/€ TER AL 2 H/E
BNIERATER=L m/s) 50 50 100%
BNFR AR BL(FRER 1A 3 m) 50 49 98% 1 et S B E AR
FNFRARIP AT F 50 50 100% TR RV AT A
BN T /AR 30 29 96.7% PRSI (AR = 0.5 mm (7 F2)
3 NIt tH(ATRE 5 s) 30 30 100% -
FENARAE (255 7] 30 min) 50 50 100% TixR
i a7 e 40 40 100% P ENALE S i
SN 40 40 100% LR AN M =K

LD2412 Z KW T IBAESIOCIRFAF TRMVERERRE, AZICLEEM . 0 N ARIRIR G Eh Kl (2
0.5 mm ARALFE) A L PIR A&/ MO AR . ME— IR 5 46 B BRI AR BR 000

5.6.2. RESEMILAIR
WHAEZ SR 1.8 m FEBER L. FEE] 1~10 (0.75~7.5 m) L B (£ 4).

Table 4. Test of the relationship between installation height and detection range
4. RESHESHENERE X AR

RE T PRES TG E RIFE X L R Hetidm o
12m 1~8 ~0.5 m ~5.5m INIMAE
1.8m 1~10 ~0.3 m ~72m HEE)
2.4m 1~12 ~0.2 m ~8.5m KA EE

gk
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6. RS UHS

54 AT BUA = MG, AE R BA DU RRE BT R

1) BT 2R B BRI R R Y 7 5 Aok AR B, SR LD2412 22Kk F A ik,
Al 25 FMCW BOR, Al RS HER I AARIRIR . OoBbish A st . M b g gek i &, LHEM
o AR R AT S IRAELE AT I, MR Sk Ak 268 B R Tk 5 IRV, i AR el s oMb el 5 A 337 S IR B AL 22 4 7 3R
SCFF 3 AN ES17(0.5~8 KI5 4 N B 43 X, @ TS AE P U 25 X 3k B ARIRZES (AR /8 kR 3h),
SN 1 R B S RS AR AL R, TR AR St PIR A% B AN R~ Th0 RS DU £ =5 R o

2) ZALRKES I FIE R SR ThRE LA . Shiff i A &, =K T IR VR AN AN TCVEAS I 25 A\ G2 1)
GRBE, SRR AHT20 JRIR AR CCS811 2 Uk PR, Adar U BN 53 47 75 HLIRWE BE 57 8 (i . > 80%)
B eCOL VR FETH T, H BNl kil W &I AT, SEIL “ N RAFZERTIN + PREZRTE T IR0 TR SR o

3) MR REN L A T MOHZIR R LA IR . AN TAECRIIFE <5mA), %4
LLAME A R SERME S, Ml M4 Rz dzs i 2K R AT R I AR B R &R, AN AR,
JE B S S A, SR g A BB T R DIFERE AR

4) “EURBREGUEM + DU EEGRET M0 T & 5T 2 AR RE S YD A, E it
CYW43012 WiFi f&E Pl MQTT #rilin# 4 % OneNET =V & R TLS/SSL %), =47 $id i
B BT SR kAR, AL iR & SL I A R Re B 15, NIRRT RALTRERCE . o AT 845
NN EEAR T — D PRI 2% T HE

5) BIHAL R R 2Ae . AR 2R FH R4 Y P A s 2 1 i, 825 T RT-Thread 4440 K
(VA& IRENAELE . PIIE A SRR, SCRFDEY FR AR 55 A6 2% . SIS Mg, EREE. A E,
2WEEZY R R R, 8 DR T PR AR — P R4

7. BEESRE

AICHET RT-Thread #ERSE, LA PSoC6 XUA% LN %Ly, #5227 —ERIAEIAS LI 575 g
RS REMEZARBEIE. IR "I 2 R8RSR U] 5 P15 B SR
%, i WiFi 458 MQTT Hhil#E A OneNET =16, SEBLBCA R TIN5 8 BT REBR B 2] . ARG
R 2 A% A R il 5 0 SRR DO AR SR, R R A% GEdn (B S 5 2K, BB AL PR 37 5 A B 1 T g
71, ARE R G R REARIR P M A, AR R REE IR M B R . SRR B IR
R, FEIRARSISATIRE . IRTHRIER R U = om B e ) 2258, 180 B N T RE TR L Th
REs [ RIALAE MR R . IR B BRA, HESZARTIFETT REd il RGAER . Tl el [X 45 22 3 St sAL
HES N

SE ik
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