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 Abstract—This paper presents a smooth trajectory A* path 

planning algorithm to improve smooth trajectory and stable 
movement of a guiding robot in the indoor scenes, the improved 
path planning algorithm is made in result the trajectory is 
smoother by giving priority to generating nodes in the same 
direction as the original path and avoiding generating adjacent 
child nodes in the diagonal direction with obstacles. On the other 
hand, the computation time is reduced by removing the CLOSE 
table and judging by the g value of the BestNode in the algorithm. 
Ultimately, the improved algorithm is integrated into Robot 
Operation System (ROS).  The simulation and realistic navigation 
experiment illuminated that the improved A* algorithm can 
reduce the movement time of the robot and optimize path 
planning more secure and smoother. 

 Index Terms—Guiding robot, Improved A* algorithm, Laser 
radar, Navigation system, ROS. 

I. INTRODUCTION 

ecently robots and artificial intelligence became research 
hotspot again [1]. Autonomous mobile robots are a popular 

research topic in the field of robotics where navigation is one of 
the key research questions [2]. With the development of 
advanced sensors, mobile robots have also been widely studied. 
Mobile robots are able to understand their operational 
environment and their operational states based on sensing 
technologies and move autonomously toward the target in an 
obstructed environment to complete the assigned task [3]. Path 
planning is one of the important research questions for the 
intelligent mobile robot in autonomous navigation [4][5].  
Various rules are set to ensure that mobile robots can move 
avoiding any collisions [6]. Trajectory planning is to find a 
feasible non-collision trajectory for the mobile robot in the 
workspace with obstacles. Then according to one or more 
criteria such as time, distance or energy to optimize path 
planning algorithms in intelligent robot and automobile 
navigation [7], such as the rapidly exploring random trees 
algorithm (RRT) [8], the ant colony optimization (ACO) 
algorithm [9], Gelasius bio-inspired neural network algorithm 
(GBNN)[10]. Contrasted to these path planning algorithms, 
standard A* algorithm had the advantages in simple principle 
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and easy implementation, but the actual application scenarios 
were complex and changeable. In order to improve the 
practicability of A* in certain scenarios, many improved A* 
algorithms had been proposed [11] [12] [13] [14]. For instances, 
a cellular decomposition algorithm of coverage path planning 
based on the grid map was presented. According to the 
counter-clockwise direction, A* algorithm of global planning 
based on the grid and V-graph environmental model are used in 
the sub-region’s connection. Therefore, it is very valuable for 
the standard A* algorithm to make some improvements when a 
robot moves in the indoor scenes. 

This paper presents a novel real-time, low cost and smooth 
method of path planner based on ROS combining with the 
characteristics of the modern indoor scenes. Comparing the 
performance of traditional algorithm and A* algorithm, the 
advantages of A* algorithm is illustrated and explained in detail. 
This was mainly reflected in removing the CLOSE table and 
setting up the reward and punishment mechanism. 

II.  OVERALL DESIGN 

The design of a guiding robot navigation system based on 
ROS was completed based on hardware and software 
development. The software part adopted ROS which had the 
advantages of cross-platform, reusable code and distributed 
deployment. In the hardware part, real-time positioning and path 
planning for guiding robot was conducted by the laser radar, 
encoder and inertial measurement unit (IMU). 

A. Hardware development 

The hardware design of guiding robot navigation system 
was mainly composed of three parts: power supply module, 
sensor module and controller module. Sensor module contained 
laser radar, IMU, camera, microphone, motor with encoder, 
infrared and ultrasonic sensors. Controller module included a 
self-designed circuit board based on imbedded CPU 
STM32F103, Windows industrial personal computer (IPC) and 
Linux IPC. The hardware development of guiding robot 
navigation system based on ROS and laser radar is demonstrated 
as shown in Fig.1. 
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Figure 1 Guiding robot hardware diagram 
As for the functions of each hardware, laser radar could 

detect obstacles of about 10 meters and locate itself while 
ultrasonic sensor could detect about 2 meters.  The camera 
sensor was used to control speed for tracking. Encoder and IMU 
provided mileage and attitude to build the motion model of the 
robot through the track deduction algorithm [15]. Microphone 
collected sound data to build a man-machine dialogue. The 
STM32F103 board was used to collect sensor data, control 
motor, communicate with Linux IPC, and process the feedback 
information of ultrasonic sensors. Finally, human-computer 
interface was carried out by Windows IPC. 

B. Software Development 

The sensor data was visually displayed to allow the users to 

see the state of the guiding robot. To ensure the users safety and 

improve stability of guiding robot, initial self-test is applied to 

check all the sensors function before the robot performs 

navigation tasks. In case the initial self-test failed the robot 

stops moving with an alert. The design diagram of the guiding 

robot human-computer interaction system is shown in Fig.2. 

 

(a) 

 

 (b) 

Figure 2 The image (a) is the flowchart of guiding robot 

human-computer interaction, and (b) is the navigation user 

interface 

III. PATH PLANNING ALGORITHM 

A. Standard Path Planning Algorithm 

Traditional path planning algorithms mainly includes 
Dijkstra, RRT (Rapidly exploring Random Tree) and A*. 
Dijkstra is a typical shortest path algorithm, which is used to 
calculate the shortest path from one node to another node [16] 
[17]. Its main feature is to extend from the starting point 
(breadth first search ideas) to the end point [18]. RRT searches 
the blank area through random sampling points in the state space 
to plan the path between the starting point and the target point, 
which is suitable for the path planning of multi-dof robots in 
complex and dynamic environments [19] [20]. The standard A* 
algorithm is a heuristic path planning algorithm [21] [22]. 
Through the evaluation function to guide the search direction 
and calculate the value of the evaluation function of each node. 
Then select the lowest cost node as the extension node. Repeat 
the process until the final node is found [23]. 

The general form of the evaluation function in A* algorithm 
is: 

                    )()()( ngnhnf +=                              (1) 

where )(ng represents the actual cost from the start node 

0S  to the current node nS ,  )(nh represents the estimated cost 

from the current node  nS to the target node tS .  

Fig.3(a), (b) and (c) shows the results of Dijkstra, RRT 
algorithm and A* algorithm respectively under the same 
environment simulation. The green and red dots in the figure 
represent starting and end point respectively. The black area is 
the obstacle, the blue area and branches of the random tree are 
all the searched areas when planning the path, and the pink line 
is the planned path in the end. According to the comparison in 
Fig.3, A* algorithm is much better than the other two algorithms 
in terms of both search range and path planning speed. 
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(a) 

 

(b) 

 

(c) 

Figure 3 effect diagram of path planning under different 

algorithms 

B. Improved A* Algorithm 

The standard A* algorithm generally only considers the 
surrounding 8 nodes or 24, 48 adjacent nodes expansion 
sub-nodes in the path planning, and the generated nodes are 
equal in cost [24]. The minimum turning radius of guiding 
robot, width information and trajectory characteristics of the 
guiding robot motion is not considered in an indoor 
environment such as a shopping mall.  In this paper, an 
improved A * algorithm is proposed to make it more suitable 
for indoor scene requirements of guiding robot path planning. 
The basic ideas were as follows: 

(1) Considering the width information and trajectory 
characteristics of the guiding robot, a sub-node generation 
strategy of the reward and punishment mechanism was 
adopted. That is, nodes in the same direction as the original path 
were preferentially generated to avoid the adjacent child nodes 
of diagonal direction and obstacles. The methods as below: 

a. In the case of obstacles in the horizontal or vertical 
direction, the guiding robot would not generate nodes near the 
obstacles. If there were fewer obstacles, the corresponding 
node would be generated. 

b. If the vector direction of the temporary node and the 
current node was consistent with the direction of the parent 
node and the current node vector, the g value would be reduced. 
Otherwise no processing was performed. 

c. Apply different strengths to the angles of different sizes 
of corners. The greater the turning force, the greater the penalty. 

(2) For the Standard A* algorithm, it is impossible to apply 
in indoor scenarios such as factories efficiently and 
permanently. In other words, the standard A* algorithm creates 
the OPEN table and the CLOSE table. And the OPEN table 
stores the nodes that are not traversed, CLOSE table stores the 
nodes that have been traversed. When performing path 
planning, it is necessary to traverse all the nodes in the OPEN 
table. Normally, the same node often needs to be repeatedly 
calculated many times, resulting in an algorithm that is not 
efficient enough. The proposed improving A* algorithm used 
the grid map to establish an approximate optimal path, each 
node only needs to be accessed once without establishing a 
CLOSE table. Based on the g value of the BestNode to judge 
the processing and closing state of the path planning. The basic 
methods as below:  

a. Establish an OPEN table, put the starting point into the 
OPEN table, record the g value of the starting point as zero, and 
the g value of other points as infinity, then calculate the h value 
and the "f"  value. 

b. Find the node with the lowest "f"  value in the OPEN 
table as the BestNode and remove it from the OPEN table. 

c. If the OPEN table was empty and the g value of the 
BestNode existed, that means the path planning was successful. 
If the OPEN table was not empty then find all neighboring child 
nodes of BestNode and calculate their "f"  value, g value and h  
value. 

d. If the g value of the neighboring child nodes were not 
existed, return to step c to determine whether the OPEN table 
was empty. If the g value of the neighboring child nodes 
existed, update the g value of the BestNode in the OPEN table 
with the g value of the neighboring child nodes. And join the 
neighboring child nodes into the OPEN table. 

The flow chart of the standard A* algorithm and the 
improved A* algorithm flow chart are shown in Fig.4. This 
paper proposed a reward and punishment mechanism that 
preferentially generated nodes in the same direction as the 
original path, avoided the occurrence of adjacent child nodes in 
the diagonal direction with obstacles. This made the resulting 
trajectory smoother. On the other hand, removed the CLOSE 
table and judged the processing and closing state of path 
planning by the g value of BestNode, thus saving computation 
time. 
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(b) 

Figure 4 Comparison between the standard A* algorithm and 

the improved A* algorithm. The image (a) was the flowchart of 

standard A* algorithm, and (b) the flowchart of improved A* 

algorithm 
 

IV. EXPERIMENTAL RESULTS AND ANALYSIS 

A. Experimental Platform and Environment 

The experimental platform was a guiding robot which was 
independently developed by ourselves. The appearance and 
driving mechanism of the guiding robot were shown in Fig.5(a) 
and Fig.5(b). The actual navigation site was selected in the 
corridor of the second floor of Shanghai normal university 
Fengxian campus and its two-dimensional grid map, as shown 
in Fig.5(c) and Fig.5(d). Fig.5(e) represented the simulated 
scene which divided into 50 × 50 grids with a grid of length 1 
m. Each grid represented a state where the robot could stay. The 
black regions were known obstacle locations while the white 
regions were known free space locations. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 
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(e) 

Figure 5 Experimental platform and site. The image (a) showed 

the appearance of the experimental platform, (b) was the 

guiding robot driving mechanism, (c) and (d) displayed the 

real-world experimental site, and its grid map, and (e) was the 

simulated and experimental environment 

B. Simulation and Analysis 

To demonstrate the practicability of A* path planning 
algorithm with smoother trajectory, this paper simulated on 
Matlab R2015b platform. The Matlab code was used for 
programming within the Windows 7 professional operating 
system and on a personal computer equipped with a 2.50 GHz 
Intel Pentium(R) Dual-Core E5200 CPU and 8 GB RAM. The 
simulation experiment was summarized in Fig6. S (3, 5) was the 
localization coordinates of the initial position and G (46, 47) 
was the localization coordinates of the goal position. The task 
target was to find out an optimal path of the guiding robot from 
S to G. To analyze the smooth performance, this paper adopted 
the method proposed in [25] to search for the optimal path. 
Finally, the experimental evaluation index was summarized in 
Table I. 

 

(a) 

 

(b) 

Figure 6 Comparison between the standard A* algorithm and 

the improved A* algorithm. The image (a) was the flowchart of 

standard A* algorithm, and (b) the flowchart of improved A* 

algorithm 
 

TABLE I 

EVALUATION INDEX COMPARISONS OF THE STANDARD A* AND IMPROVED A* 

Parameter Standard A* Improved A* 

Path length (m) 66.15 66.45 

Computation time (s) 0.36 0.31 

Length of dangerous 

path (m) 
30.83 10.16 

Sum of turning angles 

(degree) 
630.00 168.97 

   

 

It could be concluded by analyzing Fig.6(a) that the 
trajectory planned by the standard A* algorithm had many 
turning points and it was close to the obstacles; accordingly, it 
was dangerous to the real-world navigation of the guiding robot. 
The Fig.6(b) demonstrated that the smooth trajectory planned by 
the improved A* algorithm had smaller turning angles and 
fewer turning points than the path planned by the standard A* 
algorithm. Table 1 summarized that the comparisons between 
standard A* algorithm and improved A* algorithm in evaluating 
performance indicators. Contrasted to the standard A* 
algorithm, although the improved A* algorithm only grew up 
the path length by 0.5%, it decreased the sum of turning angles, 
the length of the dangerous path, the computation time by 
73.17%, 67%, and 13.8% respectively. 

C. Integration in ROS and Analysis 

To demonstrate the Practicability and effectiveness of the 
proposed path planners in real-world scenarios. The improved 
A * algorithm was integrated into ROS as a global path planner, 
replacing the default global path planner. The plugin method in 
ROS was used and integrated the improved A* algorithm into 
the original navigation framework. As shown in Fig.7.  

 

(a) 

 

(b) 

Figure 7 The image (a) is the move-base navigation stack 

integrated into ROS and (b) is the name of the global planner 

plugin 
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Considering the place of the real-world navigation 
experiment, we chose the corridor as the realistic navigation 
experiment site and used different corridor types to verify the 
real-world path planning effect. The short l-shaped corridor 
with a length of about 7 meters and the medium u-shaped 
corridor with a length of about 95 meters were selected. In the 
l-shaped corridor, the standard A* algorithm and the improved 
A* algorithm are respectively presented in Fig.8(a) and 
Fig.8(b). In the u-shaped corridor, the standard A* algorithm 
and the improved A* algorithm are respectively presented in 
Fig.8(c) and Fig.8(d). Finally, we respectively calculated the 
parameters of the l-shaped corridor and the u-shaped corridor, 
and summarized them into Table II. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 8 Comparison between the standard A* algorithm and 

the improved A* algorithm. In the l-shaped corridor, the image 

(a) is navigation results of standard A*algorithm and (b) is 

navigation results of improved A*algorithm. In the u-shaped 

corridor, the image (c) is navigation results of standard 

A*algorithm and (d) is navigation results of improved 

A*algorithm. 
 

 

 

 

 

 

 

TABLE II 

EVALUATION INDEX COMPARISONS OF THE STANDARD A* AND IMPROVED A* 

Type Parameter Standard 

A* 

Improved 

A* 

L-shaped 

corridor 

Path length (m) 6.15 6.33 

Computation time (s) 0.033 0.027 

Length of dangerous 

path (m) 

3.61 1.58 

Sum of turning angles 

(degree) 

88.21 67.97 

U-shaped 

corridor 

Path length (m) 92.55 96.16 

Computation time (s) 0.51 0.43 

Length of dangerous 

path (m) 

33.56 10.12 

Sum of turning angles 

(degree) 

405.0 245.0 

   

 

The planned path generated by the standard A* algorithm 
has created more turning points toward the destination. it is not 
a smoother path, and too close to obstacles. In contrast, the 
planned path designed by the improved A* algorithm keeps a 
certain distance from obstacles to ensure the safety of the robot. 
Table II shows the detailed parameters of the evaluation 
indicators for the four paths shown in Figure 8. In a U-shaped 
corridor with a length of 95 meters, although the improved A* 
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algorithm increases the path length by 3.9%, it reduces the 
length of the dangerous path by 69.8%, the sum of the turning 
angles is reduced by 39.5%, and the calculation time is reduced 
by 15.7% %. In an L-shaped corridor with a length of 7 meters, 
although the improved A* algorithm increases the path length 
by 2.9%, it reduces the sum of the turning angle, the length of 
the dangerous path and the calculation time by 22.9%, 18.1% 
and 56.2%, respectively.  

Through the above analysis and summary of experimental 
evaluation index, contrasted to the standard A* algorithm and 
the improved A* algorithm, it could be concluded that the 
improved A* algorithm find out a smoother trajectory and less 
computer time in indoor scenes for guiding robot and also could 
approve the practicality and feasibility of the improved A* path 
planning algorithm. 

V. CONCLUSION 

This paper presents a smooth trajectory A* path planning 
algorithm to improve smooth trajectory and stable movement of 
a guiding robot in the indoor scenes, the improved path planning 
algorithm is made in result the trajectory is smoother by giving 
priority to generating nodes in the same direction as the original 
path and avoiding generating adjacent child nodes in the 
diagonal direction with obstacles. On the other hand, the 
computation time is reduced by removing the CLOSE table and 
judging by the g value of the BestNode in the algorithm. 
Ultimately, the improved algorithm is integrated into Robot 
Operation System (ROS). Based on the results in simulation and 
realistic navigation experiment, the improved A* algorithm can 
reduce the movement time of the robot and optimize path 
planning more secure and smoother. The future work will be 
focused on robust design based on improved A* algorithm in the 
indoor scenes.   
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