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Abstract

The system uses TM4C123G as the core of quadrotor autonomous vehicle control, which consists of flight
control module, power supply module, motor speed control module, optical flow sensing module, and
target tracking identification module. The flight control module includes angle sensor, gyroscope, and
TLS1401-LF module. The flight control processes the collected data through the chip (TM4C123G), and
processes the data with PID control algorithm, while solving the PWM increment and decrement needed
for the corresponding motor, adjusting the motor in time and adjusting the flight attitude. The binocular
camera identifies the color of the pole tower and measures the distance, so that the distance between the
aircraft and the nearest point of the pole tower is kept within 50+10cm. After detecting the red (green)
tower as the center, fly around the tower clockwise (counter) for one week (top view). Finally, the OV7725
camera is used to identify the solid black circle mark of the landing point and land smoothly and accurately
in the target area, thus realizing an efficient robot around the barrier.
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1. System Solutions

The system mainly consists of flight control module, optical flow sensing module, attitude detection
module, motor speed control module, image processing and computing module, and target tracking and

identification module, and the selection of these modules are discussed below.

1.1 Optical flow sensing module

Solution 1: The TSL14010L's linear sensor array consists of a 128x1 array of photodiodes. The operation
simplifies the internal control logic and requires only one serial input (SI) for the signal and clock. It has
the advantages of simpler operation, less data, and low processing difficulty.

Solution 2: OV7725 is a CMOS camera device, is a color CMOS type image acquisition integrated chip,
providing high performance in a single small package, the device resolution can reach 640X480, the
transmission rate can reach 30 fps. 5V power supply, power consumption <120mW at work, standby
power <10uW.

In a comprehensive comparison, OV7725 is able to identify more site information with abundant

microcontroller resources.
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1.2 Attitude detection module

Solution 1: Using serial reading mode MPU6050 (JY-61), the module internal integrated attitude solver,
with dynamic Kalman filter algorithm, can accurately output the current attitude of the module in a
dynamic environment, attitude measurement accuracy of 0.01 degrees, and the use of high-precision gyro
accelerometer MPU6050, very high stability.

Solution 2: using 12C read mode four-axis flight control sensor module GY-86, module 12C bus mounted
MPU6050 + HMC58831 + MS5611, can measure the three-axis acceleration, three-axis angular velocity,
three-axis magnetic field and air pressure.

In a comprehensive comparison, the GY-86 is more suitable for attitude control of quadrotor during
motion.

1.3 Target tracking and identification module

Solution 1: OV7725 range finding, relatively lightweight, open source, easy to use, low power
consumption.

Solution 2: HBV-1780 binocular ranging. This method is currently generally used for high precision
measurement at close range. The same object obtained from two cameras, based on parallax to measure
the distance, but requires high arithmetic power to achieve.

In a comprehensive comparison, the OV7725 is more suitable for target tracking identification during
the flight around the pole.

2. System theory analysis and calculation

2.1 Analysis of control methods
2.1.1 Flight altitude control

The flight altitude is collected using the optical flow sensor module to achieve, through the optical flow
when issued to start timing, stop timing when the return signal is received, the microcontroller uses the
mathematical relationship between the speed of sound propagation in the air and time to calculate the
time of the aircraft from the ground, so as to control the flight altitude of the aircraft to reach our desired
height. The program flow is shown in Figure 1.
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Figure 1. Flight altitude program flow chart.

2.1.2 Flight attitude control

The three degrees of freedom to control the attitude of the vehicle, the attitude deviation derived from
the given attitude and attitude detection algorithm as input, the input quantity of the controlled object
model as output (e.g. attitude increment), so as to achieve the role of controlling the attitude of the
vehicle, the most commonly used is PID control and its various PID extensions (segmentation, fuzzy, etc.).
PID algorithm is a common algorithm in the control module of quadrotor unmanned aerial vehicle, mainly
used for attitude adjustment of the vehicle, so as to achieve stable flight of the aircraft. The parameters
in the PID algorithm are defined as follows.

(1) P (Proportion), is proportional. It refers to multiplying the input deviation by a constant.

(2) I (Integral). It refers to the integration operation of the input deviation.

(3) D (Derivative). It refers to the differentiation of the input deviation.

The dual closed-loop PID algorithm with angle P and angular velocity PID used in the PID algorithm. The
angular error is input to the angular velocity controller as an expectation. The angular velocity inner loop
occupies an extremely important position in the cascade PID algorithm. After analyzing the physical model
of quadrotor flight, it is known that one of the physical manifestations causing the instability of the system
is the unstable angular velocity. Therefore, if a better closed-loop control of the angular velocity of the
system can be performed directly, the dynamic characteristics of the system and its stability will definitely
be improved, and the angular velocity inner loop is usually referred to as the stabilization link. And the

role of the angular outer loop is reflected in the precise control of the attitude angle of the quadrotor.

2.2 Calculation of quadrotor autonomous vehicle control
The designed small quadrotor is suitable for indoor low-speed flight, so the effect of air drag is ignored.
Therefore, the simplified dynamic model of the vehicle is

P = U,(sinbBcosPcosp + sin@sing)/m

€ = U,(sinBcosPcosp + sinPcosp)/m

€ = (Uycos@sing —mg)/m

H=Ul/Ix
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2 = Uzl/ly
D =U3/1,

2.3 Landing and flight trajectory control

There is a solid black circle mark at the landing point, so we place the OV7725 camera at the bottom of
the aircraft, the camera identifies the circle and then transmits the location of the center of the circle to
the microcontroller in a high and low level way, the microcontroller reacts to the signal and controls the
ESC, so as to achieve the recognition of the landing effect and thus control the flight trajectory of the UAV.

The flow chart of the program is shown in Figure 2.
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Figure 2. Flow chart of the procedure.

3. Circuit Design

3.1 Overall system block diagram
The overall system block diagram is shown in Figure 3.
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Figure 3. Overall system block diagram.
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3.2 Electronic height display subsystem block diagram and circuit principle

The block diagram of the height demonstration subsystem is shown in Figure 4.
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Figure 4. Block diagram of the height demonstration subsystem.

3.3 Flow chart of bypass procedure
The main program flow chart is shown Figure 5.

4. Test Scheme and Results

4.1 Software test

Vol:-10 No-5, 2022

@Wiggle the gyroscope to judge whether the PID program control is correct according to the PWM

duty cycle returned by the oscilloscope.

@ Shake the gyroscope. Adjust the parameters of MPU 6050 according to the data displayed on the

liquid screen. Convert the returned data into the required number of PID after doing calculation.

@ Simulation of the pitch angle, set the initial pitch angle to 20 degrees, the desired angle is O

degrees, and use the designed attitude control loop to control it under the condition of ignoring the

external
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Figure 5. Main program flow chart.

disturbance.

2) Hardware testing

@ Use the optical flow sensor to set the altitude and use the remote control to control the heading
to make sure it can maintain a certain altitude.

@ Write the camera code to make sure the frame rate is sufficient and the graphics can be judged
correctly.

@ Use the camera to control the flight direction, and complete the design requirements.

Cruise flight into the defense zone. After the landing action, the aircraft will slightly deviate from the
starting point, the height of the body will remain unchanged, hover for 2 seconds, and will move
somewhat within the same height, the color of the tower A will be recognized by the camera and the
distance will be measured, the distance between the aircraft and the nearest point of the tower will be
kept within 50+10cm. After the red tower is detected, it will fly around the tower clockwise for one week
(top view); after the green tower is detected, it will fly around the tower counterclockwise for one week
(top view). Finally, the OV7725 camera is used to identify the solid black circle mark of the landing point

and land smoothly and accurately in the target area.
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4.2 Test conditions

Vol:-10 No-5, 2022

Check several times, the simulation circuit and hardware circuit must be approximately the same as the

system schematic and checked for errors, and the hardware circuit is guaranteed to be free of dummy

solder.

4.3 Test results and analysis

The basic partial index measurement data is summarized in Table 1.

Table 1. Basic partial index measurement data.

Laser pointer trajectory and
) o Response when a tower pole is
Items tower pole safety distance | Take-off to landing time
found
range
Inside or
Total time | Success or Response Success or
Times outside the | Success or failure
/s failure Status failure
safety range
1 Inside Success 110 Success Yes Success
2 Outside Failure 103 Success Yes Success
3 Inside Success 112 Failure Yes Success

The indicator measurement data is summarized in Table 2.

Table 2. Indicator measurement data.

Items Color detection Landing point identification
Identification
Times Detection results Success or failure Success or failure
results
1 Yes Success No Failure
2 Yes Success Yes Success
3 No Failure Yes Success

5. Conclusion

Although the stability of the vehicle meets expectations, there is still a lot of room for improvement in

terms of anti-interference, and we hope to find a new balance in terms of stability.
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Appendix
Appendix 1. Four-axis drive control section circuit schematic.

+
N

R
| R |
| SR |

470Q

|}_' Q

-

l— l FDD6637 PMOS
A+ Rs [) T,

e |j BC817
= PHASE A I

13

R
AL 17 I:} Qs
—
1000 IH_T FDD6635 NMOS
R
| S |
| S|
18kQ -

Figure 6. Four-axis drive control section circuit schematic.

Appendix 2. Power Module Circuit
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Figure 7. Power Module Circuit.
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