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Abstract: With the rapid development of drone technology, its application in the field of
engineering construction has received increasing attention. This article designs and
implements a real-time monitoring system software for drones based on the STM32
microcontroller, aiming to improve the supervision efficiency and quality of construction sites.
The system integrates autonomous flight control, image acquisition and processing,
environmental data monitoring, and remote transmission functions, and is optimized for the
special needs of construction scenarios. The research clarifies the system functions through
requirement analysis and achieves multi-task collaboration using the processing capabilities
of STM32 and the FreeRTOS real-time operating system, ensuring the real-time performance
of the system.During the implementation process, the flight control module uses PID
algorithms and IMU sensors to complete attitude calculation and stable control; the image
processing module uses lightweight algorithms such as Sobel edge detection to achieve target
recognition; the data acquisition module integrates temperature and humidity sensors, distance
sensors, and optimizes data accuracy through Kalman filtering algorithms; the remote
transmission module ensures stable transmission of data and images based on Wi-Fi or LoRa
technology. Test results show that the system has achieved the expected goals in terms of
real-time performance, stability, and functionality. This study verifies the application potential
of STM32 in multi-functional integration of drones, providing a low-cost, high-efficiency
solution for real-time monitoring of engineering construction, with strong practical value and

prospects for promotion.

Key Words: Stm32, Drone, Engineering Construction, Real-Time Monitoring.
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Fits% 2 P IRAES
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#include "pid.h"
#include "myMath.h"

void pidRest(PidObject **pid,const uint8_t len)
{

uint8_t 1i;

for(i=0;i<len;i++)

{
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pid[i]->integ = 0;
pid[i]->prevError = 0;
pid[i]->out = 0;
pid[i]->offset = 0;

void pidUpdate(PidObject* pid,const float dt)
{

float error;

float deriv;

error = pid->desired - pid->measured; //:4%ijfE S5 AERRE

pid->integ += error * dt; //iR2ZEHr RNl

// pid->integ =
LIMIT(pid->integ,pid->IntegLimitLow,pid->IntegLimitHigh); //#47
73 BRI

deriv = (error - pid->prevError)/dt; //#iGMWIUGREMISS

pid->out = pid->kp * error + pid->ki * pid->integ + pid->kd x*
deriv;//PID it

//pid->out =
LIMIT(pid->out,pid->0utLimitLow, pid->0utLimitHigh); //#iH FRig

pid->prevError = error; //EH ERKIREE

void CascadePID(PidObject* pidRate,Pid0Object* pidAngE,const float
dt) //H% PID
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/* Sobel F¥stIihgAai */

#include <stdlib.h>

#include <stdint.h>

#include <math.h>

/58 X —A4 THRESHOLD py&, HAEEE N 128, WEENASAEMRE, 55
AR YE R P AR B0 BT B Y

/] EIE AL (3x3 #%)
void gaussian_filter(uint8_t *input, uint8_t *output, int width,
int height)
{
static const float kernell[31[3] = {{1, 2, 1}, {2, 4, 2}, {1,
2, 11};
float sum;
for (int y = 1; y < height-1; y++) {
for (int x = 1; x < width-1; x++) {
sum = 0.0f;
for (int 1 = -1; i <= 1; i++) {
for (int j = -1; j <= 1; j++) {
sum += input[(y+1)*width + (x+j)] *
kernel[i+1][j+1];
}

output[y * width + x] is assigned the value of sum divided by 16.0f.
Here, the sum of the kernel amounts to 16.

hy



HEGALBRREL T NS R HE AR IKERG A, T e &t —(Hik
SOBLilipuEe L3N B
void sobel_edge_detection(uint8_t *input_image, uint8_t

*output_image, int width, int height)

{
int gx, gy, sum;
/] STER PR F A TAL TR, W4 FE H— R A kb
for (int y = 1; y < height - 1; y++) {
for (int x = 1; x < width - 1; x++)
{
/] AEAKCPTT AR A 3X3 AR
gx = -input_image[(y - 1) * width + (x - 1)] - 2 *
input_image[y * width + (x - 1)]
- input_image[(y + 1) * width + (x - 1)]

+ input_image[(y - 1) * width + (x + 1)] + 2 *
input_image[y * width + (x + 1)]
+ input_image[(y + 1) * width
[/ THAREE T R
gy = input_image[(y - 1) * width + (x - 1)] + 2 %
input_image[(y - 1) x width + x]

-+

(x +1)1;

+ input_image[(y - 1) * width + (x + 1)]
- input_image[(y + 1) * width + (x - 1)] - 2 *
input_image[(y + 1) * width + x]
- input_image[(y + 1) * width + (x + 1)1;
/] SRR R
sum = abs(gx) + abs(gy);
/] ARYERE ST — (A kA
output_image[y * width + x] = (sum > THRESHOLD) ? 255 :

52001, L3301
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/* DHT11 #HiRERG] */
#include "i2c.h"

#include "dhtl11l.h"

uint8_t read_dhtll_data(void)
{
uint8_t dhtll_data = 0;
/] JaEMES Kk K EENEE R (R
DHT11_Start();
if (DHT11_Check_Response())
{
dhtll_data = DHT11_Read();

}
return dhtll_data;

[* BIERIERG]) */
#include "1lora.h"

void send_lora_data(uint8_t *data, uintlé6_t length)
{

// ¥1tA4k LoRa #leIf-fic & 244
LoRa_Init();
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/] ZaEEARW, BRI SRR B A D
LoRa_Send(data, length);

[ B RERW, ATHATERLE ORphRIBREEDLH)

/] IR uEBERE (LURIREE R )

void kalman_filter(float measurement) {

/1 WHRACARZS T AP T5 2256
/[P B — ARSI S AR B x_hat, FRRE AT {EBCE D 0.0, AR B A FAE THEEZ .
A R R P BOR(E N 1.0f, HA @R TR THRE I,

//The variable K of type float is calculated as K equals P multiplied

by the sum of HtH and R. Here, K represents the Kalman gain.

x_hat = x_hat + Kx(measurement - Hxx_hat);
P = (I - KxH)*P;

Pt 3 AR

BB SRFRAIIC R T RS MRS IR ) BRI  BR DL H Ay s
B, DUPRESEA DIRERIR AT AR 5 820K . AR AR EVE S SE i .

1. A 15 B

K BT B A STM32F103C8T6, fitss T MPU6050 £ )j&as. OV2640 3143k
DHTI11 & i F % &% . HC-SRO4 i 75 P 4 18 DL WiFi #Ed,

P T IH S7 b  X RE RS A ) - AR A TR i e B B . FEHrh I AR
REASA . R HEOEIREAEAR (L, HEEEIMARIR T, DUHORA SE R T HR PRER L -

JIe A AR A s A G A s R s AT BRI, LU % I
AR, 1 LabVIEW 1 Matlab,
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