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Abstract 

Based on the multi-rotor UAV platform, the system builds a control system with 
STM32F405 series ARM single-chip microcomputer as the core device, and studies and 
designs a three-axis laser head with video tracking. Respectively, according to the high -
definition video feedback from the camera and the locked target image information, the 
main control board of the control system communicates with the acquisition board and 
the video tracking board. The angle and acceleration information of the high -precision 
gyro are collected, and the three axial DC torque motors are driven, so that the pointing 
and locking targets of the camera and the laser transmitter on the Pan-tilt platform 
remain unchanged in the inertial space. The control system realizes obstacle removal of 
high-definition video in UAV intelligent inspection, which is suitable for product 
development and production in the field of UAV. 
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1. Introduction 

With the rapid development of transmission line construction and urbanization in China, speeding up 

the distance, the running state of overhead transmission lines always affects electricity stability of 

force system. And with the rapid development of intelligent control, image recognition and video 

tracking technology, UAV intelligent inspection system is applied in various fields. Fault trip event 

of overhead transmission line. Among them, the proportion of floating debris causing tripping is large. 

A target lock fixed and automatic tracking capabilities to identify and remove obstacles in video. The 

design of three-axis Laser Pan-tilt Platform is particularly important [1]. Three-axis stabilized laser 

Pan-tilt control system effectively leaves the UAV flight with various vibrations, fluctuations and 

bumps on the carrier through high-frequency vibration damping device and high-precision gyro 

stabilized platform, ensuring that the direction of the high-definition visible light camera and laser 

transmitter mounted on it remains unchanged in inertial space, and achieving the target locking and 

automatic tracking function. Obstacle clearing equipment of laser Pan-tilt platform for transmission 

line float point, can be mounted on multi-rotor, fixed-wing, helicopter and other types of patrol. The 

UAV is suitable for the detection and safety maintenance of transmission lines. The three-axis laser 

obstacle clearing device can automatically lock and clear the line Road float. By using the angle and 

acceleration information of high-precision gyroscope, three axial DC torque motors are driven, so 

that the pointing and locking targets of cameras and laser transmitters on the Pan-tilt platform, it 

remains unchanged in inertial space. And the target locking and automatic tracking are realized. 

Therefore, this paper mainly introduces the design of Laser Pan-tilt Platform control system for three-

axis video tracking. Next, the hardware components and the software design used in this design are 

introduced in detail. 
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2. Design of Control System 

The structure of the Pan-tilt platform depends on the motion mode of the four rotors. The motion of 

the four rotors can be described by the yaw angle, pitch angle and yaw angle. Therefore, the structure 

of the Pan-tilt platform is designed by the yaw-pitch-yaw three axis. Each axis corresponds to a 

closed-loop control system. The gyroscope is a angular motion monitoring device that uses the 

dynamic moment sensitive shell of the high-speed rotating body relative to the inertial space around 

one or two axes orthogonal to the rotation axis. It can accurately provide the direction and position 

signal of the UAV, and the accelerometer can provide the acceleration signal of the UAV [2]. 

Subdivision drive chip is used to realize the smooth drive of stepper motor, so as to control the three 

axis motion of the platform. The subdivision drive method can significantly improve the torque of 

the stepper motor, reduce the vibration of the stepper motor at low speed, and greatly improve the 

resolution of the stepper motor step. The implementation method of the stepper motor drive chip is 

more reliable and controllable than the subdivision drive generated by the direct algorithm, which 

can be directly used to control the stepper motor with other algorithms. The schematic diagram of 

system composition is shown in Figure 1. 

 

Figure 1. The schematic diagram of system composition 

 

2.1 Working principle 

Three-axis laser obstacle clearing equipment includes manual control mode and automatic tracking 

mode [3,5]. Video captured by cameras, radar range finders and other loads, attitude and working 

status of the Pan-tilt platform can be transmitted directly to the ground through image transmission 

equipment and data transmission equipment Station for operation or use by ground command and 

control personnel. When the system is in automatic tracking mode, the ground operator can lock the 

interested target according to the returned image information, and send automatic tracking 

instructions [6]. After receiving the automatic tracking instruction, the servo control device can send 

the control instruction to the video tracking device to open the tracking function. The video tracking 

device can track the interested target through a camera and send the motion information of the target 

back to the servo control device [7]. Servo control equipment can carry out corresponding motion 

control according to the target information to achieve automatic tracking of the target. At the same 

time, the ground manipulator can control the laser to emit laser to clear the target through the ground 

station [8]. 
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When the equipment works, servo control unit is gyro, encoder and vision. Frequency tracking unit 

power supply and communication, through the acquisition of gyro, azimuth coder, pitch encoder and 

video tracking unit signals stabilized by gyro fixed control algorithm calculates and sends commands 

to drive azimuth and pitch motors. The device drives the azimuth and pitch motor to rotate, and swings 

in the aircraft. Maintaining the inertial space stability of the axis of sight under vibration condition so 

as to guarantee. The imaging of the image sensor in the pitch frame is clear. The video tracking unit 

receives real-time video information from the high-definition visible camera in the pitch frame [9]. 

The hardware module of the control system is shown in Figure 2. 

 

 

Figure 2. The hardware module of the control system 

 

 

Figure 3. The basic composition of servo control system 
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2.2 Servo control module 

Servo control module consists of servo control board and control software. The hardware selects 

STM32F405 as the main controller, the main functions are as follows: Ground control instructions 

transmitted by receiving ground station or remote controller to complete different Switching between 

working states to complete power supply and communication of azimuth encoder information 

acquisition, communication with acquisition module, azimuth, pitch and Acquisition of bus current 

of roll drive. Complete alignment, elevation and transverse Roll-motor control, platform azimuth, 

pitch and roll rotation. and communication and information processing of video tracking module to 

realize automatic tracking Yes. The gyro stabilized platform is constructed to ensure the stability of 

the Pan-tilt platform. The basic composition of servo control system is shown in Figure 3. 

2.3 Visual image processing and shooting system 

The vision processing system carried by the Pan-tilt platform includes the following five subsystems: 

power supply System, information storage system, image acquisition system, communication system, 

LCD display system, debugging interface [10]. The image processing and shooting system designed 

in this paper is an embedded control system. The system has the characteristics of high integration, 

low power consumption and miniaturization. The main control chip is the ARM processor S3C2400. 

The system processes the image of the video frame: image preprocessing, target detection, calculating 

the deviation, according to the image position of the moving target, and running the control algorithm 

to send the guiding signal to control the reasonable rotation of the balcony. Because the system needs 

to complete the task of video data acquisition, and the obtained image is calculated by the image 

processor, so the video quality has a great influence on the tracking effect. The resolution of the image 

depends on the photosensitive chip to a large extent. The role of the photosensitive chip is to convert 

the obtained photon signal into an electrical signal sensor [11]. 

At present, the photosensitive chip is generally recognized at home and abroad. It is divided into two 

types: CCD and CMOS photosensitive chip. For CCD (charge coupling) chip, it has high sensitivity, 

small noise, small signal-to-noise ratio, low cost and low power consumption. The performance of 

CMOS is obviously inferior to CCD in the above aspects. Therefore, this design uses CCD type 

sensors to complete the task of video acquisition. 

In order to realize the communication task in the process of movement, this design uses RS232 serial 

port to realize communication. The chip is connected with ARM chip s3c2440, and the chip is used.  

MAX3232 level conversion. This design uses FLASH and SDRAM to store information in the 

process of recognition. Storage, can freely expand storage capacity, mass storage of various 

information. The debug interface is implemented by JTAG, which is divided into four  Class: JTD0 

data output, JTD1 data input, JTCK clock, JTMS mode selection. 

2.4 Motor Direct Selection and Gyroscopes 

According to the characteristics of low speed and high torque of three-axis Pan-tilt platform. A torque 

motor is used as a drive element. Passing force according to simulation results, complete motor 

selection after moment calculation, the system azimuth, pitch using J60 LYX01T is the driving 

element, and the peak stall torque is 0.75 N·m. Using J54LYX01L as drive element, the peak torque 

is 0.5 N·m. In order to keep the stabilized platform stable in the vibration environment.  Performance 

ensures that the inner loop of the control system can be better sensitive to external disturbances, six-

axis (three- axis gyroscope, three-axis acceleration)motion processing components with high 

performance digital output, MPU-6050, ICM20608 and ADIS16445, are selected to provide high-

precision rate detection in harsh shock and vibration environments. The nominal sensitivities are 

0.0076°/ sec/ LSB, 0.0076°/ sec/ LSB and 0.0025°/ sec/ LSB. 

2.5 Encoder 

The encoder is used to measure the angular position of the frame relative to the loader, which is 

Ensure the accuracy of angle measurement and the compactness of installation of the position loop,  
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The encoder selects AMT102 super flat incremental angle sensor. This kind of  the structure of rotary 

encoder is thin. 

2.6 Main control module 

Using STM32F405 series ARM processor as control system master processor and gyro acquisition 

module processor. STM32F405 series is based on high-performance ARM®Cortex®-M4, 32-bit 

RISC core, and the operating frequency is up to 168 MHz. Cortex-M4 kernel has a floating point unit 

(FPU) single precision, which supports all ARM single precision data processing instructions and 

data types. It also implements a complete set of DSP instructions and a memory protection unit (MPU), 

which improves the security of the application. All devices provide three 12-bit ADCS, two DACS, 

one low-power RTC, twelve universal 16-bit timers, including two PWM timers for motor control 

and two universal 32-bit timers. True random number generator (RNG). They also have standard and 

advanced communication interfaces. It has these features: flexible Static Memory Controller 

Supporting Compact Flash, SRAM, PSRAM, nor Memory; Universal DMA: 16-stream DMA 

controller, supporting FIFOS and burst; 10/100 Ethernet MAC with dedicated DMA: Support for 

IEEE 1588v2 hardware, MII/ RMI; LED parallel interface, 8080/ 6800 modes; 32 kHz Oscillator for 

RTC with Calibration; USB 2.0 full-speed equipment/ host/ OTG controller with on-chip physical 

interface. 

3. Algorithm optimization of Motor subdivision driver 

Step-motor is driven by electromagnetic force based on electromagnetic principle and controlled by 

pulse force. When PWM wave with different amplitude is applied to the two-phase winding of step 

motor, two groups of magnetic pole coils will produce different magnetic torque, and the rotor of step 

motor rotates under the combined force of magnetic torque. However, the traditional control method 

is prone to the out-of-step and jitter of the motor, which makes the motor produce large errors in the 

execution of tasks. In order to improve the jitter and out-of-step of the Step-motor, the subdivision 

drive can be used to control the motor [12]. The basic principle of subdivision drive: input step by 

step ladder wave to the motor, so that each step-by-step wave of the motor rotates a small step, the 

higher the order of the ladder wave subdivision, the more stable the electric shock rotation, and the 

more accurate the control [13]. For two hybrid motors, the equilibrium equations can be established 

without mutual inductance interference in the ideal environment: 

𝑈𝑎 = 𝑅𝑎𝑖𝑎 + 𝐿𝑎
𝑑𝑖𝑎

𝑑𝑡
+ 𝐸𝑎                           (1) 

In the formula (1), 𝑈𝒂 is a phase voltage, 𝐿𝑎 is a phase equivalent inductance, 𝑖𝑎 is a phase Current, 

𝐸𝑎  is reverse electromotive force. The back electromotive force 𝐸𝑎  can be approximated by a sine 

function reflecting the rotor position. As follows: 

𝐸𝑎（𝜃） = −𝑝𝜓𝑚 𝒔𝒊𝒏( 𝑝𝜃)
𝑑𝜃

𝑑𝑡
                        (2) 

𝑝 is the number of teeth of the magnetic pole, and 𝜓𝑚 is the maximum flux of the stepper motor, 

aiming at two Electromagnetic torque of phase hybrid stepping motor can be expressed as: 

𝑇𝒆 = −𝑝𝜓𝑚[𝑖𝑎 𝒔𝒊𝒏( 𝑝𝜃) − 𝑖𝑏 𝒔𝒊𝒏( 𝑝𝜃 −
𝜋

2
)] − 𝑇𝑑𝑚 𝒔𝒊𝒏( 2𝑝𝜃)           (3) 

Two-phase hybrid stepping motor mechanical dynamics equations: 

𝑇𝒆 = 𝐽
𝑑𝑤

𝑑𝑡
+ 𝐵𝑤 + 𝑇𝐿                           (4) 

𝑤 =
𝑑𝜃

𝑑𝑡
                                  (5) 

The above formulas constitute the mathematical model of the Step-motor, 𝑇𝑒, 𝑇𝐿 are electromagnetic 

torque and negative torque, 𝐽 is the load moment of inertia of the stepper motor, 𝐵 is the damping 

coefficient of the motor, 𝑤 is the angular velocity of the motor, 𝜃 is the displacement angle of the 

motor. 
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4. Software Design of Control System 

The C-language is used to design the software of the control system of the three-axis laser pan-tilt 

platform. In order to facilitate the expansion and maintenance of the system function, the modular 

design method is used. The software design of the control system includes the servo control software 

design of the Pan-tilt platform and the design of gyro acquisition software. As the main controller of 

the system, the servo control of the Pan-tilt platform completes the control and management of the 

whole system. The gyro module provides angular velocity information and completes the downward 

motion instructions to the servo-controller of the Pan-tilt platform. The Pan-tilt platform completes 

the following functions: power up to complete the system self-check. Get ground station or receiver 

instructions and parse. Get the encoder position information and gyro velocity information for 

decoupling. Complete position stability loop and speed stability loop calculation output. The state 

information of the Pan-tilt platform is regularly sent to the ground station. The specific 

implementations are as follows: 

1) System self-test. The first step is to detect whether the external equipment is normally connected, 

that is, whether the azimuth encoder, pitch encoder and gyro accelerometer modules are normally 

connected. The second step is to find the mechanical zero points of azimuth, pitch and roll shaft. After 

the failure of self-test motor without torque output, continue to self-test, until self-test through. 

2) Instruction receiving. It can receive the ground station cloud control software issued by the servo 

control instructions. Data acquisition: the data of azimuth, pitch, roll encoder and azimuth, pitch, roll 

gyroscope accelerometer sensor are collected at regular intervals [14,18]. 

3) Operation execution. According to the received instructions and collected data, the gyroscope 

decoupling and the calculation of speed loop and position loop are completed, and the motor control 

instructions are sent to the azimuth-driver, pitch-driver and roll-driver. 

4) State Feedback: Working State Parameters of Timed Ground Station Feedback System. 

5. Conclusions 

In this paper, the control system takes ARM embedded system as the core, and comprehensively uses 

the technology of motor drive speed, space solution, gyro stability control, gyro drift suppression 

algorithm and electronic circuit. The design of laser Pan-tilt platform control system for three-axis 

video tracking, which can ensure that the stability accuracy of the aiming line is less than 2 mrad 

(RMS) and the angle measurement accuracy is less than 0.05°. The laser Pan-tilt platform has good 

dynamic performance and high pointing accuracy in aircraft flight. Under the premise of ensuring the 

stiffness of the system, the weight and size of the equipment are minimized. Reasonable and feasible 

transmission and data feedback are selected to improve transmission accuracy. 

In summary, the system can be applied to scenes with high accuracy requirements. For example, UAV 

target tracking and UAV automatic aerial photography, which has certain practical value and low 

cost.  
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