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Abstract 

In these days, the troubles in overpopulation seem to be an urgent message. Like 

human, robots exist in real-world not only one but also a group of them. The control of 

multi-robots becomes a key factor to actuate the whole system which scheduling period 

must be taken place initially. In this paper, a modified scheduler scheme to manage 

mobile robots is proposed simultaneously. The planner algorithm dynamically generates 

to update global states whenever robot tracks the reference trajectory. Moreover, the 

traveling distance could be chosen better in concerning with the movement of other 

robots. To verify the proposed method, a multi-agent system was built in hardware model. 

The physical experiments proved that our approach is valuable, feasible and extendible in 

large scale system of logistics, manufacturing and factory automation. 

 

Keywords: swarm robots, multi-agent, scheduling, motion planner 

 

1. Introduction 

Current tendency in industrial factory or warehouse claim that autonomous 

vehicle with high level of autonomy could fulfill the requirements of flexible 

system. The cooperation among vehicles in path planning plays an important role to 

navigate safely and effectively. Doubly, both vehicles start their journey in 

independent manner, the tracking routes result in sub-optimal or infeasible path 

planning solutions. In the view of navigation, the solutions are divided into two 

main methodologies such as global and local planner. In universal motion scheduler, 

it requires a host server to synthesize each robot. Then, the collision free paths are 

computed in respect to vehicle’s configuration status from current pose and location. 

Dissimilarly, the local path planning executes in online routine. Each agent 

periodically creates temporal map as apart of main control loop. Instantly, it forces 

to react to fluctuations in the working map and to deliberate system parameters, for 

instance kinematic constrictions and kinodynamic characteristics. 

For global scheduler, a cloud-based architecture of autonomous system [1-3] in 

industrial environments that moves parts of navigation tasks, particularly off the 

mobile basement to a cloud server enabling cooperative global planning solutions. 

In that situation, each agent needs to sustain the remoted communication with host 

to exchange information. The main purpose of the cooperative tracking of all agents 

was completed in [4,5]. All agents can eventually track the dynamic leader by 

constructing the controller reasonably. The event-triggered control mechanism is 

introduced to effectively reduce the communication burden and improve the 

utilization of system resources. 

Reversely, localizing map provides the independent rules for vehicle to reach 

target. Using coordination scheme in each robot allows its to complete tasks with 

higher complexity. In the distributed control [6-9], the consensus scheme is one of 
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the most popular algorithms. Swarm behavior specifies that in a multi-agent system 

in which each agent acts locally by following simple rules, intelligent collective 

behavior could emerge, unknown to each agent. This algorithm directs each agent’s 

state towards agreement on a certain value. Generally, there are two strategies for 

formation control, such as distance-based control and displacement-based control. In 

distance-based control, each vehicle must keep certain distance with its neighbors 

while it tracks desired position in displacement mode. In [10-12], a new framework 

combining a multi-agent system to interact with humans, other robots and perform 

object identification and path-finder, and real-time motion control to move the robot 

and react in a timely fashion to changes in environment. In the other approach [13-

16], the stability of the system given by event-trigger strategy was proved via 

choosing a suitable Lyapunov function. 

In this paper, a realization of trajectory generation for multi-agent system 

working in warehouse or distribution center is presented. The motion scheduler is 

firstly based on A-star algorithm in order to analyze the pros and cons in Section II. 

To overcome these limitations, the enhanced scheduling scheme is proposed for 

multi-agent in dynamic environment. In Section III, the low-cost and simple 

platform of agent-based system is built to verify our approach. From the 

experimental results in Section IV, it is proved that the proposed algorithm is 

feasible, suitable and applicable in various places such as storehouse, manufacturing 

factory or container port. Some conclusions are carried out in Section V for further 

development. 

 

2. Motion Planner 

In robotics programming, the pathfinding which is the process of finding a path 

between a series of points (named as node) is one of the key issues. The common 

requirements of routing algorithm are real-time performance and accuracy. In 

practical travelling system, a-star scheme seems to be outperformed due to its better 

performance, simple graph-based approach and fast computation. The notations of 

pathfinding structure are listed as below. 

n: node or state 

c(n1, n2): the length of an edge connecting between n1 and n2 

b(n1) = n2: back-pointer of a node n1 to a node n2 

( )f n : evaluation function 

( )g n : operating cost function 

( )h n : heuristic function 

( ) ( ) ( )f n g n h n       (1) 

The above equation shows a relationship among evaluation function, operating 

cost function and heuristic function. The operating cost function ( )g n  represents an 

actual operating cost which it traverses. To find the promising node to traverse, the 

information that is never overestimate the actual trajectory cost, is reflected by 

( )h n  function. 

Besides, the pathfinding machine needs two lists to store information about 

nodes. The opened list listO  manages nodes for expansions whilst the closed list listC  

saves nodes to explore. The algorithm 1 specifies to treasure a suitable path to the 

goal by expanding a tree of nodes in the priority queue. However, there may exist a 

shorter trajectory by modifying level of priority. Assuming non-negative arc costs, 



International Journal of Control and Automation 

Vol. 13, No.1, (2020), pp. 343 - 352 

345 ISSN: 2005-4297 IJCA  

Copyright ⓒ 2020 SERSC 
 

nodes with a lower priority than the goal cannot yield a better travel. Furthermore, 

the exponential growth of search space with respect to the length of solution 

becomes system limitations. The burden computation may cause memory inefficient 

problem. The evaluation of path cost impacts on optimal solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To deal with a partially known environment or dynamic surrounding, the 

enhanced motion planner is suggested. In this case, the centralized topology 

including host server and slaves, is proper to apply. The idea is to regenerate the 

known map in a period based on the update information from slaves. The Algorithm 

2 demonstrates an update version of previous work. The system constraints involve 

to inform data communication between slave and host simultaneously. Through 

synthesizing from different agents, the host computer could monitor system 

globally. As well, the powerful ability of computer and the appropriate period helps 

to improve the overall performance. 

 

3. Agent-based Hardware Architecture 

The hardware assembly and technical specifications of mobile agent is illustrated 

in this section. Fig. 1 shows the design of one agent and its different modules. The 

basic architecture under block diagram type is demonstrated in Fig. 2. The agent 

uses Arduino Mega 2560 board as central processor unit and other input or output 

peripheral devices together with communication module and power supply source. 

The mobile agent is equipped with Atmel ATmega-2560 microprocessor with 

other components which has 256KB in flash memory, several input and output pins 

including analog pins and digital pins. With small size and light-weight, it is a better 

selection in open source platform to handle all tasks during its operations. The 

movable parts are two geared motors that controlled by direct current. This drive 

mechanism allows agent to move forward, backward with similar speeds in both 

Algorithm 1: Path generation 

1 while 
listO  is not empty 

2 |   Pick 
bestn  from O     

3 |   if    bestf n f n      

4 |   |   Remove 
bestn  from O  

5 |   |   Add it to C  

6 |   end if     

7 |   if bestn  != goal 

8 

|   |    Expand all nodes x that are next to bestn  

and not  

 |   |     in C  

9 |   |     if x is not in O  

10 |   |     |   Add x to O  

11 |   |     else 

12 |   |     |  if    , ( )best bestg n c n x g x   

13 |   |     |  |  Update   bestb x n  

14 |   |     |  end if 

15 |   |     end if 

16 |    end if 

17 end while 
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wheels; or turn left and right depending on different velocities in wheels. The 

geared motor can provide a large moment to force more easily. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Mechanical design of an agent. 

This vehicle has various sensors utilized for different applications. Firstly, each 

agent must follow reference trajectory by tracking line on the floor. It is attached the 

photo-transistor and LED module under the basement. This sensor returns high level 

if color is detected, otherwise it gives low level back. Moreover, since a photo-

transistor has own range, a test to identify how many sensors are needed, should be 

done as Fig. 3. The distance from line color to sensor is also tested to select the best 

one.  

In multi-vehicle system, the data collection from slaves plays an important role. 

Separately, the agent obliges to contact to server in a period. Then, the inter 

communication media could be shared information in system and helps to make a 

collective decision. The wireless data is transferred by bluetooth module HC-05. 

Due to wide frequency range of 2.4 GHz, maximum transferring distance 10 meters, 

and easy to implement, this module brings more benefits, reliable communication 

and low-cost. But not least, every vehicle must have a sufficient power to finish a 

pre-determined mission. It carries a rechargeable battery to supply 12 Volts power. 

When receiving an alarm of empty power, an agent should use external charger or 

changing battery tray if required.  

Algorithm 2: Enhanced path generation 

1 while the goal is not reached 

2 

|   Mark_1: Construct a path from a known map 

using    

3 |                  Algorithm 1 

4 |   Mark_2: Move a robot along the path  

5 |                  if robot reach the goal 

6 |                  |   break; 

7 |                  else  

8 |                  |    if discrepancy 

9 |                  |    |    Update map 

10 |                  |    |    goto Mark_1; 

11 |                  |    else  

12 |                  |    |    goto Mark_2; 

13 |                  |    end if 

14 |                  end if  

15 end while 
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Figure 2. Block diagram of various modules. 

 

Figure 3. A practical test of tracking sensor. 

4. Realization of Multi-agent System 

To validate our approach, the mechanical platform is set up as virtual 

environment in warehouse. In this test, there are two agents that handle numerous 

missions, import cargo to inside or export cargo to outside, transfer cargo internally. 

The flow of missions is continuous and mixed; hence, the agents must have ability 

to track reference path dynamically. In global map, there are three storage areas. 

Most of roads are unique direction unless it stays in storage zones. The agent which 

want to avoid the collision must turn to idle status in current location or follows the 

rounded line. In the working routine, the agents are executed in multi-agent mode 

simultaneously or in single-agent sequentially. 

In Fig. 4, the graphical user interface of control program is plotted. The global 

map that programmed in Visual Studio 2015 visualizes current status of agents. 
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Inside the program, a proposed algorithm was implemented in host personal 

computer with Windows operating system. By collecting data from agents, server 

could update present information (position, velocity, detecting obstacle or mission 

state). Thus, the operator can stay to monitor in central control room. 

 

 

Figure 4. Graphical user interface of software design. 

 

Figure 5. Experimental tests in single-agent mode. 

In single-agent mode, it denotes planning manner in static environment as Fig. 5 

where the working condition is fixed. The planner does not need to concern on the 

other agents when it controls one. It seems to have the separated schedulers to 

search the best trajectory. 

In dynamic situation, the problems of generating route become more serious. The 

searching path may be unavailable at the moment t0 owing to the others occupied. 

The selected solution is not only short travel but also possible movement. Two 



International Journal of Control and Automation 

Vol. 13, No.1, (2020), pp. 343 - 352 

349 ISSN: 2005-4297 IJCA  

Copyright ⓒ 2020 SERSC 
 

agents start at the same time, nevertheless they keep informed each other. Whenever 

the first agent dwell in a storage sector which duplicates the chosen path, the others 

must explore the remaining one. In Fig. 6, our proposed method requires to remap in 

a period. From experimental results, it guarantees the free-collision and real-time 

performance. 

 

Figure 6. Experimental tests in multi-agent mode. 

Table 1. List of tracking errors 

Mode 
Tracking Error 

Maximum  Minimum RMS 

Multi 29.3 0.62 7.14 

Single 29.15 0.48 6.81 

 

Incessantly, each agent feed-back their speeds to host. Via this supervision, it can 

be valued that the agent works in which state and how to accelerate it. In Fig. 7 and 

Fig. 8, the statistics performance in multi-agent and single-agent method are figured 

respectively. In synchronizing control of agents, the first agent and second agent 

perform in the same way. Since host creates the routing path in advanced, the slave 

agents only peaked at corner. In linear direction, the agent maintains constant speed. 

The sampling time is 0.5ms in a cycle in order to ensure the real-time characteristic. 

It is seen clearly that the proposed scheme is superior in multi-agent system. 
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(a) 

 
(b) 

Figure 7. Performance of tracking errors in multi-agent mode, (a) agent 1, 
(b) agent 2. 

Table 1 exhibits the results of tracking errors in both modes. The values consist 

of root-mean-square (RMS), maximum and minimum cost. The tracking reactions in 

multiple vehicles are larger than in solitary one. As the agents require more time 

transmission and computation when managing multi-vehicle, the whole system gives 

the impression of excellent action to accomplish the specified tasks. 

 

5. Conclusion 

In this paper, an enhanced routing algorithm for multi-agent system in dynamic 

storehouse was presented. The idea to develop is based on remap the known 

environment. Simply updating and comparing with previous states, the agent 

distinguishes the changing things in map. By adjusting the proper sampling time, it 

was proved that the proposed approach is feasible, expandable and applicable in the 

fields of logistics, warehouse management and manufacturing.  
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(a) 

 
(b) 

Figure 8. Performance of tracking errors in single-agent mode, (a) agent 1, 
(b) agent 2. 
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