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Abstract—Researchers have been working on odour tracking 

and sniffing robotics research, the purpose of the research is to 

replace sniffer dogs in Odour Source Localisation (OSL) task. 

Sniffer dogs have constraints in performing OSL task i.e. 

indentify the location of suspicious items such as explosives, 

illegal drugs or poison gas, it is actually risking the sniffer dogs’ 

life. Thus far, odour tracking robotics research has shifted from 

single sniffer robot to multi-sniffer robots. It is because 

multi-sniffer robots can perform OSL task cooperatively over 

wireless network communication. Most of the multi-sniffer 

robots use star network topology which has a limitation of short 

exploration distance. It is constrained by the transmission 

distance range of a server transmitter i.e. a server transmitter 

with star network topology has a transmission distance limit; its 

clients (multi-sniffer robots) can only search within the 

transmission distance limit. This paper proposes a network 

topology that extends the exploration distance of multi-robots 

especially for multi-sniffer robots application. The proposed 

method has successfully extended the exploration distance by 

multiplying the transmission distance range with the total 

number of multi-sniffer robots. 

 
Index Terms—Multiple robot systems, sniffer robots, odour 

source localisation, wireless network topology. 

 

I. INTRODUCTION 

In recent years, “Electronic Nose” technology has been an 

important development that can detect and recognize odours 

and smells.  It is not only able to detect drugs and explosives 

but also detects cancer cell through the breath analysis of 

patient’s lung [1]. Conversely, the biggest challenge in sniffer 

robot research is the sniffing strategy or sniffing algorithm. It 

is required to resolve the non-linearity of airflow in outdoor 

environment which could have turbulent airflow as it will 

cause a sniffer robot to derail or fail in its tracking of odour 

plume. Odour plumes are always stretched and twisted by the 

non-linearity turbulence airflow and causing odour plumes 

unpredictable and chaotic [2]. Therefore, OSL tasks are very 

difficult to be accomplished by using a single sniffer robot. To 

overcome the non-linearity problem of OSL task, researchers 

have proposed multi-sniffer robots’ solutions [3]-[6]. The 

solutions can employ certain sophisticate sniffing algorithms 
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and integrated with multi-robot cooperative architecture. It 

enables multi-sniffer robots to communicate with each other 

through wireless network and accomplish OSL tasks 

cooperatively. 

However, there is a need to find out the best wireless 

network topology for multi-sniffer robots, in order to 

maximize the chances of accomplishment of OSL tasks i.e. 

expand the search distance. Unlike other multi-robot systems, 

multi-sniffer robots have a certain characteristic during 

performing OSL tasks which is the formation of robots’ 

coordination must be along to the up-wind direction of odour 

plume. This characteristic needs to be taken into 

consideration for designing the best network topology for 

multi-sniffer robots. Wrong design of network topology could 

cause short exploration distance of multi-sniffer robots and 

ineffective in performing OSL tasks.  

In this paper, a network topology is proposed for 

multi-sniffer robots application in performing OSL tasks. The 

proposed topology is to extend the exploration distance of 

multi-sniffer robots. The remainder of this paper is organized 

as follows: Section II reviews the related work; Section III 

discusses the proposed method; Sections IV discusses the 

results and finally the conclusion of the works is presented in 

Section V. 

 

II. LITERATURE REVIEW 

The most common type of network topology used in 

multi-robot systems is star network topology [7]-[9]. It is due 

to its simple design and less development works are required. 

In star network topology, a main server communicates with all 

its clients (multi-robots). The communication pattern of star 

network is straight forward, where the main server is only 

communicating to a client at any one time, until the 

communication with that client is over, then only switch to 

next client. In brief, the communication is only between the 

main sever with its clients; clients are not able to 

communicate to each other in star topology.  

The use of star network topology in multi-sniffer robots to 

perform OSL tasks has a limitation of short exploration 

distance. It is constrained by the transmission distance limit of 

a server transmitter; therefore, its clients (multi-sniffer robots) 

can only search within the transmission distance limit. If one 

of the sniffer robots goes beyond the transmission distance 

limit, the wireless communication could have poor 

performance.  

Other than star network topology, mesh network topology 

is also a popular alternative for multi-robot systems. Many 

researchers have adopted mesh network topology for their 
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multi-robot systems [10]–[12]. Mesh network not only allows 

a server communicate with its clients but also allows clients 

communicate to each other. Besides, it is able to allow 

dynamic communication sequences. However, the use of 

mesh network topology in multi-sniffer robots is 

overdesigned. It is because multi-sniffer robots have a certain 

characteristic during performing OSL tasks which is the 

formation of each sniffer robots that must be along to the 

up-wind direction of odour plume and most importantly the 

formation sequence of multi-sniffer robots is always static. In 

this case, a sniffer robot “A’ is assigned at the position of most 

outlet of the searching distance, it is only able to communicate 

to sniffer robot “B” at all time; the sniffer robot “B” is 

assigned at the behind of sniffer robot “A” to support it to 

search in longer distance. Therefore, the formation sequence 

is static and this characteristic makes the mesh network 

topology to be overdesigned, especially dynamic 

communication sequence feature that is very costly and it is 

not needed in multi-sniffer robots application. 

 

III. PROPOSED METHOD 

This paper proposes an optimal solution for supporting a 

network topology of multi-sniffer robots application in 

performing OSL tasks. The proposed method is to extend the 

exploration distance of multi-sniffer robots. Fig. 1 shows a 

multi-sniffer robots system with star network topology, every 

client (sniffer robot) must perform OSL task within the main 

server’s transmission distance range. If a client (sniffer robot) 

moves beyond of the server’s transmission distance range, the 

wireless communication between the server and the client 

could fail as shown in Fig. 2.  

 

 
Fig. 1. Multi-robot system with star network topology. 

 

 
Fig. 2. Sniffer robot cannot go beyond the transmission distance range of 

server transmitter. 

With star network topology, it has a wide exploration area 

but short exploration distance. It is a big disadvantage in OSL 

task application which does not require wide exploration area. 

In contrast, it requires narrow and long exploration distance. 

Multi-sniffer robots have a certain characteristic during 

performing OSL tasks which is the formation of each sniffer 

robots that must be along to the up-wind direction of odour 

plume, therefore narrow but longer exploration distance is 

needed.  

The reason of this characteristic is caused by the odour 

plumes dispersal in the way that flow along wind direction 

which is narrow and long odour plume tails. It is described as 

Gaussian dispersion model as shown in Fig. 4 [13]. To 

identify the direction of long odour plume tail, it is required to 

detect the wind flow direction and it can be achieved by using 

ultrasonic anemometer which is able to accurately measure 

airflow below 0.01 m/s [14]. If a multi-sniffer robot system 

with star network topology is employed, sniffer robot could 

not go along up-wind direction to track the odour plume 

because the rest of the sniffer robots in Fig. 2 are not 

supporting each other in OSL task to travel for longer 

exploration distance. 

 

 
Fig. 3. Multi-sniffer robots with up-wind formation repeater network 

topology. 

 

 
Fig. 4. Gaussian dispersion model [13]. 

 

To overcome the problem, Up-Wind Formation Repeater 

network topology has been proposed. With this proposed 

network topology, each client (sniffer robot) can support each 

other to extend the distance of exploration. As illustrated in 

Fig. 3, the main server communicates with sniffer robot “A”, 

and then sniffer robot “A” will communicate with “B”, sniffer 

robot “B” to “C” and so on so forth, until to the last client. 

Through the same way but reverse order, the last client is able 

to communicate back to the main server. It is important to 
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highlight that the communication sequence of proposed 

network topology with multi-sniffer robots in Fig. 3, where it 

is showed in Fig. 5. First, the main server sends commands to 

sniffer robot “A”, and then “A” will echoing the commands to 

“B”, “B” to “C”, and “C” to “D”. After that, sniffer robot “D” 

will reply its own status back to “C”. “C” will reply back to 

“B” but reply two times for its own status and “D” status. So 

on and so forth, sniffer robot “A” will reply the main server 

for four times, which include all the sniffer robots status. By 

all means, the distance of exploration area has been extended 

because wireless communication distance has been increased. 

 

 
Fig. 5. The communication sequence of multi-sniffer robots with up-wind 

formation repeater network topology. 

 

With the proposed method, the exploration distance of 

multi-sniffer robots can be extended as (1), where Total 

Exploration Distance (TED) is equal to the sum of Server 

Transmission Distance Range (TDRs) with the total 

summation of N number of Client Transmission Distance 

Range (TDRc).  

 

s c

n

TED TDR TDR                         (1) 

 

where TED = Total Exploration Distance, TDRs = Server 

Transmission Distance Range; TDRc = Client Transmission 

Distance Range; N = Number of Client Robots. 

 

IV. DISCUSSION OF RESULTS 

The wireless communication devices employed in the 

experiments are Zigbee modules. Just like other wireless 

communication devices, the packet arrival rate of the Zigbee 

modules drops as the transmission distance increases. The 

first experiment is to find out the best transmission distance of 

the wireless communication device, which is the maximum 

transmission distance that still within an acceptable 

performance of packet arrival rate. As for rule of thumb, an 

acceptable performance of packet arrival rate has to be greater 

than ±95% or packet loss has to be less than ±5% [15]. Table 

I shows that when the transmission distance is greater than 5 

meters, the packet arrival rate has dropped until unaccepted 

performance. Therefore, the transmission distance of 4 meters 

with the packet arrival rate of 98.80% has been chosen as the 

best transmission distance. This will be the interval distance 

between each client for the following experiments.  

TABLE I: TRANSMISSION PERFORMANCE-PACKET ARRIVAL RATE VERSE 

DISTANCE 

Transmission 

Distance (meters) 

Packet Arrival  

Rate (%) 

1 100 

2 100 

3 99.20 

4 98.80 

5 82.80 

6 76.20 

7 71.40 

 

The second experiment is to test the performance of star 

network topology for multi-sniffer robots. In the experiment, 

the total number of client is five and each client has an interval 

distance of 4 meters (according the best transmission distance 

of Table I), where client 1 , 2, 3, 4 & 5 are located at 

transmission distance of 4, 8, 12, 16 & 20 meters. Table II 

shows the packet arrival rate of star network topology is 

dropped beyond unacceptable range after transmission 

distance of 8 meters, which it has only 81.40% packet arrival 

rate or packet loss of 18.60%. The packet arrival rate is 

further dropping as the transmission distance increase.  

 
TABLE II: STAR NETWORK TOPOLOGY PERFORMANCE 

Total Number of 

Client 

Transmission 

Distance (meters) 

Packet Arrival 

Rate (%) 

1 4 98.60 

2 8 81.40 

3 12 75.00 

4 16 65.00 

5 20 56.30 

 

The third experiment is to test the up-wind formation 

repeater network topology for multi-sniffer robots. In this 

experiment, there are five clients and each client is located in 

the same position as experiment 2. Table III shows the packet 

arrival rate maintains within ±95% even though the increase 

of the number of client and transmission distance. However, 

the packet arrival rate has slight dropped as the number of 

client increase. As compared to Table II, the packet arrival 

rate of Table III has made a significant improvement because 

the packet loss is within ±5%, which is within acceptable 

performance range. 

 
TABLE III: THE PROPOSED UP-WIND FORMATION REPEATER NETWORK 

TOPOLOGY PERFORMANCE 

Total Number 

of Client 

Transmission 

Distance (meters) 

Packet Arrival 

Rate (%) 

1 4 98.60 

2 8 97.40 

3 12 96.10 

4 16 95.50 

5 20 95.10 

 

 
Fig. 6. The performance of star network topology for multi-sniffer robot. 
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Fig. 7. The performance of up-wind formation repeater network topology for 

multi-sniffer robot. 

 

Fig. 6 and Fig. 7 show the graph of number of the client & 

transmission distance versus packet arrival rate for star 

network topology and up-wind formation repeater network 

topology. Fig. 6 shows the significant improvement of packet 

arrival rate even with longer transmission distance. 

 

V. CONCLUSION 

Multi-sniffer robots have a certain characteristic during 

performing OSL tasks which is the formation of each sniffer 

robot that must be along to the up-wind direction of odour 

plume.  This characteristic has been taken into consideration 

when designing the best network topology for multi-sniffer 

robots. Based on the conducted experiments, the proposed 

method has successfully extended the exploration distance of 

multi-sniffer robots by multiplying the transmission distance 

range with the total number of clients (multi-sniffer robots). 

Besides, it also maintains the packer arrival rate of the 

wireless communication. In future work, the proposed method 

can be implemented in movable repeating router networking 

system, whereby using multi-robots as movable repeating 

router to deliver wireless signals to some narrow and 

cavernous restricted environments such as cave, underground 

basement, tunnel and etc. 
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