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Abstract
To achieve automatic transportation between factories, we make an automatic driving system based on fusion method and 
state machine that moves the car with a fixed route. Based on the GPS algorithm, we optimize the positioning algorithm 
by integrating the model calculation algorithm, and optimize the path tracking algorithm by integrating the lane keeping 
algorithm, which solves the problem caused by the unstable GPS signal to the system and enhances the system robustness. 
During the design process, we improve the algorithm, and design and optimize system functions with actual test conditions 
as feedback.
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1 Introduction

This is a research for practical applications. Therefore, in 
the research process, we have encountered and solved many 
problems that are not in theoretical research or simulation. 
This process also helps us understand the algorithm more 
deeply and optimize it.

During the development process, we gradually tried a 
variety of control methods, GPS tracking control, lane line 
keeping control, and magnetic track tracking control. Each 
control method has its advantages and disadvantages in dif-
ferent scenarios, but a single control method cannot always 
take into account all driving scenarios. After comprehen-
sive testing and comparing the performance of each method, 
we finally used a mode that can be freely switched between 
different control methods according to the scene setting to 
give full play to the advantages of each control method. In 
addition, for various reasons, the feedback provided to the 

control system does not have sufficient accuracy, so many 
algorithms cannot achieve the performance in the simulation 
when measured on a real vehicle. We solved this problem 
to a large extent through the method of algorithm fusion.

The first problem we encounter is positioning. In simula-
tion, we can always get the most accurate position informa-
tion from the simulator, including the coordinates and yaw 
angle in a specific coordinate system. However, in practice, 
we need to obtain location information directly through 
sensors or calculations. Using lidar for SLAM or mapping 
can obtain more accurate location information, but unfortu-
nately, we only have traditional sensors, such as RTKGPS 
and IMU. We can get absolute position via GPS, using the 
coordinates of the position at different time points can cal-
culate a more accurate body orientation. However, due to the 
delay of GPS positioning, using only GPS to calculate the 
yaw angle will result in an output update rate that is too slow 
and has a large delay. Therefore, we chose to use a model-
based calculation method to calculate the yaw angle and 
correct it based on the distance traveled by the vehicle using 
the GPS calculated yaw angle. This combination of calcula-
tion method and GPS eliminates the cumulative error of the 
calculation method, compensates for the discontinuity and 
delay of GPS, and obtains a relatively accurate yaw angle.

Then we also encountered problems in tracking con-
trol. At first, we decided to use GPS to track the waypoints 
recorded in advance. However, due to many objective fac-
tors, we cannot obtain stable GPS signals, such as indoors 
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and under bridges where there is almost no signal, or when 
close to high-rise buildings, signal insufficiency leads to 
unstable location. To supplement the stability of the con-
trol, we added and integrated the lane line keeping control 
and the magnetic sensor-based track tracking control in the 
control algorithm, made evaluation criteria for the data of 
different sensors, and automatically adjusted the weights and 
control parameters under different conditions. To ensure that 
the system can stably control the vehicle to complete path 
tracking in more scenarios.

Different algorithms have their own advantages and dis-
advantages. A full understanding of each algorithm and the 
use of its advantages to complement each other are the main 
points of this research. Algorithm fusion is also a very effec-
tive and practical way to solve practical problems.

2  Location by fusion algorithm

Among the existing positioning methods, it is generally 
believed that the use of lidar for mapping is a method that 
can obtain position information stably and accurately. How-
ever, due to some objective factors, we did not use lidar in 
the project, but chose a cheaper GPS as the main sensor for 
positioning.

In the initial plan, we believe that RTKGPS can directly 
obtain real-time position coordinates and we can use two 
shorter time points to obtain two coordinates to calculate a 
fairly accurate yaw angle. However, the biggest problem we 
encountered after many tests is that when under a bridge or 
eaves, or close to a high-rise building, the GPS signal will 
become weak and disappear due to the obstruction of satel-
lite signals in one direction or multiple directions. This will 
cause us to completely lose our own location information, 
and thus cannot perform GPS path tracking.

Figure 1 is a Google satellite map of the test section. 
There is a beam connecting the two workshops in the red 
circle in the picture. Figure 2 is the data (utm coordinate 
system) obtained by RTKGPS recorded during the test in 
the road section in Fig. 1. It can be seen from Fig. 2 that 

the closer to the beam, the greater the error of GPS due to 
signal deterioration. When it is directly below the beam, the 
GPS signal is completely lost and the current coordinate data 
cannot be obtained.

To solve the problem of GPS signal instability, we have 
added an algorithm for calculating the position through 
the vehicle model to assist RTKGPS positioning. In other 
words, the two methods are integrated, and each has its own 
advantages.

This chapter will first introduce the separate calculation 
logic of the two methods, and then introduce the fusion 
algorithm.

2.1  RTKGPS location

This time, we are using the open source RTKLIB software 
under the ubuntu16.04 environment. For ease of use and 
calculation, we convert the obtained positioning results from 
latitude and longitude to coordinates in the utm coordinate 
system. After that, the coordinate calculation of the entire 
system will be completed in the utm coordinate system.

After the coordinate conversion, we have obtained the 
coordinates in the position information, and the rest is the 
calculation of the yaw angle. In theory, we obtain the two 
coordinates of the vehicle at two moments, and when the 
two coordinates are infinitely close but not equal to zero, 
the direction from the coordinate at the previous moment to 
the coordinate at the next moment is the moving direction 
of the vehicle. For vehicles, it is approximately equal to the 
yaw angle.

The yaw angle calculation equation is Eq. (1), where xt , 
yt are the coordinates at time t in the utm coordinate system

This method cannot calculate the yaw angle if the vehicle 
is not moving between two times. Therefore, we decided 
to use the distance traveled by the vehicle to determine the 
time point of obtaining the coordinates, rather than a fixed 
time. For example, whenever the vehicle travels b meters, we 
obtain the current coordinates and calculate the yaw angle 
with the coordinates before b meters. The schematic diagram 
is shown in Fig. 3.

(1)Yawt = arctan

[
(yti − yti−1 )

(xti − yxi−1)

]
.

Fig. 1  Google satellite map of the test section

Fig. 2  GPS data in utm coordinate system
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To calculate the traveled distance, we obtain speed data 
at a frequency of 50 Hz from the vehicle’s canbus. And the 
driving distance of the vehicle is calculated by Eq. (2). In 
our case, the �t is 0.02 s

In this way, whether the vehicle is in a stopped state or a 
driving state at different speeds, the yaw angle can be calcu-
lated and updated with the accuracy of b meters. In theory, 
the closer b is to zero, the more accurate the yaw angle, but 
in fact, we can see from Fig. 4, due to the error of the GPS 
signal, the smaller the b, the greater the error of the yaw 
angle will be. However, the larger the setting of b, the slower 
the update frequency of the yaw angle, as the feedback infor-
mation of the control system, which will cause the control 
system to lag.

Since the error of GPS is largely uncontrollable, we 
choose to solve the problem of discontinuous yaw angle 
between b meters. The next section is an introduction to 
how we solve this problem through fusion algorithms.

2.2  Fusion method location

Through the two-wheel kinematics model of the vehicle [1], 
we can use Eq. (3). to calculate the yaw angle change during 
the driving process of the vehicle (Figs. 5, 6).

In Eq. (3), � is the speed direction and it is approximately 
equal to the steering angle of the wheel, lr is front wheelbase, 
and vt is speed

(2)�s = V ∗ �t.

When this method calculates the yaw angle, the vehicle 
speed and wheel steering angle in the integral function are 
real-time feedback data through sensors. There are certain 
errors and discontinuities, which cause some data to be 
lost after integration. As the amount of feedback changes 
increases, and as time increases, the cumulative error in the 
result becomes larger.

The yaw angle equation calculated between b meters is 
added as Eq. (4)

Combining Eqs. (3) and (4), the final yaw angle calculation 
[Eq. (5)] can be expressed as follows:

(3)�t+1 = �t + ∫
(t+1)

t

vt

lr
sin(�).

(4)Yawt = arctan

[
(yti − yti−1)

(xti − yxi−1 )

]
+ (�t − �ti

).

(5)Yawt = arctan

[
(yti − yti−1 )

(xti − yxi−1)

]
+ ∫

t

ti

vt

lr
sin(�).

Fig. 3  Schematic diagram

Fig. 4  Error comparison diagram

Fig. 5  Vehicle two-wheel kinematics model

Fig. 6  Schematic diagram
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The result of the current yaw angle is only related to the 
result calculated by the GPS coordinates at the last time ti 
and the result calculated by the kinematics model from the 
time ti to the current time t. When the car travels more than 
b meters, the GPS calculation part will calculate the new 
yaw angle, and the model calculation part will be cleared to 
recalculate the change.

From a GPS-based perspective, we use the results of the 
model calculation to supplement the gap before the coor-
dinate calculation updates. From the perspective of model 
calculation, we use coordinate calculation regularly as feed-
back, eliminating the cumulative error of model calculation.

So far, we have calculated a relatively stable yaw angle, 
but in actual use, the problem of GPS loss in a short time 
has not been resolved. The next section will introduce how 
we deal with the problem of GPS signal loss.

2.3  Mode switching in the fusion method

Before finding a way to deal with the problem of GPS signal 
loss, we first need an evaluation method to judge whether 
the current GPS signal is stable and usable, and then, we can 
distinguish between normal and unavailable GPS signals.

Every time the vehicle travels b meters, we obtain the 
coordinates before and after b meters. By calculating the 
distance between the two coordinates, the theoretical result 
should be b meters. Therefore, when the result is not equal 
to b meters, it means that there is a problem with the GPS 
signal. When the result is less than b meters, it may be that 
the signal stays in front of b meters after the GPS signal is 
interrupted; when the result is greater than b meters, it may 
be that the GPS signal is interfered and caused a large error. 
According to this logic, we designed a GPS abnormal signal 
“G”, the logic is shown in Eq. (6)

We design a quarter of b meter as the allowable error. In 
fact, the allowable error needs to be adjusted according to 
the equipment used and experience. In this article, the RTK-
GPS which we use has a theoretical maximum error of 0.1 
m when obtaining a fix solution, and we generally set b to 
0.5 m during normal testing, so we think that when the error 
of a point exceeds a quarter of b (0.125 m), the current GPS 
signal is judged to be unavailable, and the output G is equal 
to 1.

When G = 1 , we still set a conservative distance Dis, and 
expect the vehicle to continue driving and wait for the GPS 
signal to recover. When driving in this conservative distance, 
the positioning information is only used by the kinematics 

(6)

G =

⎧⎪⎨⎪⎩

√
[(yti − yti−1 )

2 + (yti − yti−1)
2] < 0.75 ∗ b G = 1√

[(xti − xti−1 )
2 + (xti − xti−1)

2] < 0.75 ∗ b G = 1

else G = 0.

model to continue to calculate the yaw angle change. It can 
be understood that the b meter in the GPS calculation is 
set to a longer Dis at this time. When the driving distance 
exceeds Dis and G is still equal to 1, we believe that the 
current system has no reliable positioning information, to 
ensure safe execution of the stop command.

Figure 7 is the state flowchart. In the figure, Dt is the total 
distance traveled by the vehicle at time t.

After obtaining the location information based on the 
above method, the next chapter introduces the path tracking 
control algorithm based on GPS and lane detection.

3  Path following by GPS and lane

We initially selected the GPS path following algorithm. The 
actual test has the same problem as the GPS positioning, the 
loss of the GPS signal. Therefore, we added lane line keep-
ing control to assist GPS path following control.

This chapter first introduces the GPS path following algo-
rithm, and then introduces the following algorithm of fusion 
lane line keeping control.

3.1  GPS path following control

We are a fixed route following control, so we manually drive 
to record the GPS coordinates of the complete route before-
hand as a reference route.

The logic of the follow-up control is to select a suitable 
coordinate point from the reference path as the target point 
according to the coordinates of the vehicle position. The first 
is the target point’s selection.

We use the vehicle’s own coordinates as the center of the 
circle and set a search range with a radius of 5 m. Because 
the target point needs to be in front of the car, we start from 
the last coordinate point of the reference path and calculate 

Fig. 7  Yaw output flowchart
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the distance between each coordinate point and the vehicle 
position in turn. When the result of the first distance is less 
than 5 m, set this point as the current target point, and out-
put the number of the point in the reference path “No.tp”. 
Figure 8 is a schematic diagram.

Based on the target point coordinates (xNo.tp, yNo.tp) and the 
vehicle’s own coordinates (xt, yt) , with the vehicle yaw angle 
Yaw, we can calculate the target angle � (Eq. (7)).

Figure 9 is a schematic diagram of Eq. (7).
Finally, we use the target angle as the input for PID con-

trol, and the wheel angle as the output for steering control. 
And, according to the number of the target point, we dis-
tinguished the curve and the straight in advance, and set 
different target speeds.

3.2  Fusion with lane keeping control

Similarly, when there is a problem with the GPS signal, we 
added a lane line recognition detection based on deep learn-
ing [2], and made lane line keeping control based on the 
detection results.

This paper proposes a deep convolution neural network-
based lane detection method, which consider the lane detec-
tion task as a pixel level segmentation of the lane mark-
ings. It also propose an automatic training data generating 
method, which can significantly reduce the effort of the 
training phase.

After image processing, we can get the coordinates of the 
lane line in the image. Then, use the difference between this 
coordinate and the target position (red line) in the image to 
correct the steering angle to achieve lane keeping.

First, we use the camera to record some target lane line 
material videos. Then, cut out the picture from the material 
videos and train the model after calibrating the lane lines in 

(7)� = Yawt − arctan

[
(yNo.tp − yt)

(xNo.tp − xt)

]
.

the picture. Finally, use the model to identify the lane lines 
in the video from the camera in real time.

In Fig. 10, the length and width are pixels of the screen, 
with 1 pixel as 1 unit, and the lower left corner of the screen 
is the far point to establish a coordinate system. The target 
position is measured in advance.

Lane line keeping can also be used as a separate control, 
but because there is no area information, it is impossible to 
accurately distinguish between a curve and a straight road. 
It is conservative to keep driving at a low speed during its 
independent operation. When the GPS signal is unstable, 
a certain weight of the angle of the lane line control out-
put is added to the total angle output. When GPS signal is 
interrupted, switch to separate lane line control and reduce 
driving speed.

Figure 11 is a flowchart in the fusion algorithm. �keep is 
the angle output of the lane line keeping control, and �GPS is 
the angle output of the gpg path following control.

4  Experiment and result

To visually show the difference between the fusion algo-
rithm and the separate algorithm, we run the fusion algo-
rithm and the separate GPS algorithm at the same time dur-
ing the test, and obtain the yaw angle calculation results of 
the two algorithms at the same time for comparison. And 
record the coordinate data in the utm coordinate system 

Fig. 8  Schematic diagram

Fig. 9  Schematic diagram

Fig. 10  Lane detection result
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directly obtained by GPS. It is convenient to see the degree 
of loss of GPS data.

In the test, the parameter b is set to 0.5 m. To see the GPS 
signal condition through the density, the test vehicle speed 
is set to a constant speed of 5km/h throughout the whole 
process.

Figure 12 shows the result of test1. The blue point in 
Fig. 12 is the yaw angle calculated by the fusion algorithm, 
and the orange point is the yaw angle result of the GPS algo-
rithm. It can be seen from Fig. 13 that the GPS signal is 
basically stable throughout the whole process. The results of 
fusion algorithm and GPS algorithm are basically the same 
in GPS steady state.

Figure 14 shows the results of test2. It can be seen from 
Fig. 15 that the GPS signal of some road sections is seriously 

lost during the test process. From Fig. 14, it can be seen that 
the GPS algorithm of the corresponding road section cannot 
calculate the yaw angle result, and the output is 0. The fusion 
algorithm can still calculate the yaw angle of the entire road 
section normally.

Figure 17 shows the results of test3. In this test, we added 
a curve. From the results in the Fig. 16, it can be seen that 
the fusion algorithm can basically maintain the stability 
of the whole process when the continuous steering is per-
formed (Fig. 17).

5  Conclusion

Different algorithms have advantages and disadvantages. 
A good understanding of each algorithm and exploiting 
its strengths complement each other is the focus of this 
study. Algorithm fusion is also a very effective and practi-
cal method to solve practical problems. We use the vehicle 
model calculation method to fill in the instability of the GPS 
algorithm, and make a robust positioning algorithm. At the 
same time, it can be regarded as the accuracy of the GPS 
to eliminate the cumulative error of the model calculation 
algorithm.

Real vehicle testing is different from simulation testing. 
Often, you cannot get the same accurate feedback as the 
simulator, and many unexpected situations will occur. To 
deal with these issues, we need to think about more than 
just the simulation process. This research was born when 
simulation algorithms were put into practical use. In the 
simulated environment, we do not need to consider the 
problem of signal error or loss, or the misrecognition in 

Fig. 11  Angle output flowchart

Fig. 12  Yaw calculation result 
(test1)
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the recognition algorithm and the inability to recognize 
due to external factors such as backlight.

We think how to enhance the robustness of the system 
in practical applications is a very worthy question. In the 

follow-up research, we will also try to add sensors such as 
radar to the system, expand the function of the system to 
adapt to more road conditions, and try to run the system 
on non-fixed routes.

Fig. 13  GPS data in utm coordi-
nate (test1)

Fig. 14  Yaw calculation result 
(test2)



224 Artificial Life and Robotics (2023) 28:217–225

1 3

Fig. 15  GPS data in utm coordi-
nate (test2)

Fig. 16  Yaw calculation result 
(test3)
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