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Development of Digital Multifactor Integrated Meteorological
Measurement Module

LYU Xueqin, HUANG Hongzhi, HE Yanli

(Guangdong Meteorological Observation and Data Center, Guangzhou 510080, China)

Abstract: In order to meet the needs of miniaturization and digitization in meteorological observation instruments and equipment,
based on core sensor BME280 with meteorological elements, domestic single chip computer STC15W408AS, peripheral circuits and
power are realized. Through the optimization hardware design, a digital, miniaturized, multi-element integrated meteorological meas-
urement module with the performances of anti-interference and quality control is successfully developed, which achieves the accurate
measurements of temperature, humidity and pressure in a structure with pen size, a micro digital intelligent meteorological sensor is
formed. During four months field test, the data acquisition rate, correlation, average error. absolute deviation. standard deviation
and other assessment indicators of the observed data obtained by the measured module in the field and the standard data are compre-
hensively compared and analyzed according to the requirements and quality assessment methods. The evaluation results show that the
standard deviation of temperature is 0. 029°C , the standard deviation of humidity is 0.047 % RH, and the standard deviation of air
pressure is 0. 000 479 Pa. The main performance indicators of the measurement module meet the design requirements, and the results
of measurement module are stable and reliable for the long-term operation. The module has the functions of RS232 and USB dual seri-
al port output at the same time, which is easily connected to the automatic weather station, and it is also very convenient for networ-
king with many nodes in the large-scale meteorological monitoring application scenarios of the Internet of Things.

Keywords: multiple meteorological elements; temperature, humidity and pressure integration; measurement module; miniatur-

ized structure; product development
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# include "bmp280. h"
£ include "spi. h"
£ include "STC8A_GPIO. h"
# define SCK_D(X) (X? (P15=1):(P15=0))
# define MOSI_D(X) (X? (P13=1):(P13=0))
# define MISO_10) P14
X BME280 9] 46 AL AR 40 F -
unsigned char BME280_Init(void)
{
unsigned char BME280_ID, ch;
// AT AT AR A A SPT 9 R 1k
MOSI_D(1) ;
SCK_D(0) ;
BME280 _ID = SPI_ Receiver_Dat (ch, CHIP_ID_ Addr);//
Read the CHIP_ID— 0x58 i HUis A ID= 0x58
Parameter_ReadingO) 5 / /332 UL BE 00 B8 RSO AR E R 5K
SPI_Send_Dat(CMD_Addr,0xB6) ; //RESET
delay_ms(1000) ;
SPI_Send_Dat (IF_CONF_Addr, 0x00) ; //#% & 4 2§ SPI #
HL AR 2C FE TR 3)
SPI_Send_Dat (CONFIG_Addr, 0x00) ;//# & TIR & %8 K
55 e BRI A 5 g
SPI_Send_Dat (FIFO_CONFIG, 0x02) ;//¥% & 2% 17 #s {3 &
FIFO iy 25 i &
SPI_Send_Dat(INT_CTRL_Addr,0x02) ;//i#& & INT H [ 5]
[ SR E I N o SR
SPI_Send_Dat (ODR _ Addr, 0x05) ;//# & i H 504 ok &
0x04=80ms 0x05=160ms
SPI_Send_Dat(OSR_Addr,0x2d) ; / /¥ B R AL %K x32

SPI_Send_Dat(ch, PWR_CTRL_Addr,0x33) ;// ¥ & il it 5
A IEF L 3 7 R R

delay_ms(1000) 5 / /i 2238 2 4 IR 26 £330 J 5 47

returnBME280_ID;

}
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voidSPI_Send_Dat(unsigned char dat)

{ unsigned char n;

for(n=0;n<8;n++)

{ SCK_D(0);
if(dat&.0x80) MOSI_D(1) ;
else MOSI_D(0) ;
dat<<<l=1;

SCK_D(1);

}

SCK_D(0) ;

}

unsigned char SPI_Receiver_Dat(void)

{ unsigned char n ,dat;

for(n=0;n<8;n++)

{ SCK_D(0);
dat<{<<=1;
if (MISO_IO)dat| =0x01;
else dat& =0xfe;
SCK_D(1);

}

SCK_D(0) ;

returndat;

}
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(TR

int32_t bmp280_read_Tdata()// 32 B ik &

{

unsigned char Temp Data[ 3]=1{0};

intTemp_Result=0;

SPI_Receiver_Dat(BMP280_Read| BMP_Temp_msb) ;

Temp_Data[ 2]= SPI_Receiver Dat(0xFF) ;

Temp_Data[ 1]=SPI_Receiver Dat(0xFF);

Temp_Data[ 0]= SPI_Receiver Dat(0xFF) ;

Temp_Result=Temp_Data[ 0]>>4;

Temp_Result| =Temp_Data[ 1 ]<<4;

Temp_Result| =Temp_Data[ 2]<<(12;

returnTemp_Result;

}

Intbmp280 read Pdata()// 3HUK JE

{

unsigned char Press_Data[ 3]=1{0};
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intPress_Result=0;

SPI_Receiver Dat(BMP280 Read| BMP_Press msb) ;

Press_Data[ 2]=SPI_Receiver Dat(0xFF) ;

Press_Data[ 1]=SPI_Receiver Dat(0xFF) ;

Press_Data[ 0 ]=SPI_Receiver Dat(0xFF);

Press_Result=Press Data[ 0]>>4;

Press_Result| =Press_Data[ 1]<(<(4;

Press_Result| = Press_Data[ 2]<<{12;

returnPress_Result;

}
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Geit o R W], I AT e 5 b o 45 AH X B A A OC R
B 0.992 673, F A X IR 2 g — 0,004, 4 Xf B 2N
0.032, fr#E2E 0.047, 3% $8iR 22 % A 8 o M2 18 b
2R,

HA —0.000 22, i B i 2R PEARGF

GRitai R F W], PO A P 5 bR AR SR R OC R B
0. 991 766, FHIFXTIRZE Jy—0.000 22, 4%} 3% 2 0.000 385,
FRUEZE R 0. 000 479, X SR AR AT A HUE FEARE K .
5 HRIE

XoF o AN R U BE A R TR R KR R Y
Mgt EE, JrikR G R AR TR 25 {04 19 1k Be F AL
M, 5T BME280 ZE R E L EMBF HITHWERRIE 2
EREW Y, T T — K1k, g, Bk BME28O
A B A PR SE 3 0 % 22 # 2 U7 . HL R HL IR RN AN I Y S T
AR & GHNE R KR, R A Y R
Bt JUFR AN HER A B R AT B, X A IR A B g Tl
WA R CEZE . I w48 425 0 H IR SCI /N R A T4
AT BE 2 R DU B RS . AR TR AT B R R Y LC U ik i
RAEE BN . BRIk b W R A AT R E K
— L, iR AD B d R AR — 2, SiAh, RIRGE
SEUEL 3 YR T MO A BRI O A 0 AR . X
2 A R I R FR VDR 25 48 A AN A 1 EEERIE .

7= 5 5 /L STC15W408 HAlF N #RET 4 RTC, 5 & 43
Ful ik 24 MHz, ANHEINEE A, KA 16 R51 .
RRAER /N, SR PERERT LU — &, o iE A
o= it R Ak B T R R T AR A B ARG I Y g
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BEF, & BT A ZRER LMWK < 75

PG R DR AT B 1y SR 7 4R R R A
TESEER BN T AL 2 D0 A Gl B 2l <G o vh
MEPEPERERRE

—NHRUE TR RS AR A 2 G I R [E] Y S
Gy A PF Al i o Al R R Ul B R RE A B OR . AR
BERPEAT T DU H I 1) 0 3 5 B O 4 X
HEh B EREBEAT R i 3 AL . SRR, L S ARE &%
P Z 0] R OG R B0 RO R 22 - 249 408 X % 22 AR o 2
SFRFBOTESR . MR, WA KB, — 7 Ah i
56 N 18] FUA DU A A A X R B 8] P B i HL R AR &R
AR, REEW S —F D5 5 —J7 A KA RIKR
ARETEE AR R, mEA 2R BuE; &f—Jr
T A R 5 DA R i kb b 05 R R SRR R
B VPG B AR IR A KRB 5 2 DL B — P R A
PPA .
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