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Abstract :  This paper describes a research on The Adaptive  Bus Systems (ABS) using Zigbee and AM signal  as a 

communication medium. The Adaptive Bus System is a demand responsive transit (DRT) which is more efficient and 

convenient in a sense that it entertains passenger’s demands and gives bus locations in real time with voice communication as 

we employed AM transmission and reception in a Half Duplex way. The real time synchronization of The Adaptive Bus 

System makes it information rich and unique as compared to other DRTs. The Adaptive Bus Systems  is a system that can 

replace the Flexible Bus Systems with its voice communication  and efficiency. This paper discusses the use of wireless 

technologies in The Adaptive Bus Systems and how to make it more reliable using short range wireless technology Zigbee and 

AM transmission. 

 

IndexTerms - ITS, Zigbee, Mobile communication, DRT, RFID,AM Modem, Half duplex 

I. INTRODUCTION 

 

The main objective of this paper is to do a research on the use of short range wireless technology called “Zigbee”  in Demand 

Responsive Transit (DRT), making it much more efficient, reliable and less expensive. This research is not the only way to develop 

this kind of a system and by no means suggested the best solution but it can definitely be one of the better alternatives we have till 

date and can be used in the areas where there are no 3G, WiMax or other long range wireless technologies available. This research 

will also help us understand the potential of Zigbee. Till now Zigbee is being used as in-house or in-vehicle technology but this 

research brings an idea of using Zigbee  as communication tool for Inter-Vehicle and Vehicle to Infrastructure. Using Zigbee to 

communicate between Bus  and the Bus Stop will also reduce the total cost of the system  as Zigbee devices are far cheaper than 

WiFi, 3G and WiMax devices. Due to the fact that Zigbee is low power as compared to other short range wireless technologies like 

WiFi, this system can be deployed in mountainous areas where power is a major concern. The algorithm of Adaptive Bus System is 

devised in a way that this system replaces the scheduled bus lines systems and buses can dynamically change their routes according to 

passenger’s demands. Passengers are informed about the real time location of the buses which makes it easy for the passengers to 

decide whether to ride a particular bus or not making this system passenger friendly. 

 

II. SYSTEM DESCRIPTION 

 
Most of the researches today on DRT are carried out in away that communication medium is long range Wireless technologies like 3G 

(cellular data) as shown in the Fig. 1. Everything in the System is connected to the Control Centre and all the information is shared 

with the Control Centre. Communication between Bus and Control Centre is through 3G; similarly communication between Control 

Centre and Bus Stop is through 3G. Installing the 3G modules on Bus Stop and Bus which are more than 1 in most of the cases will 

greatly increase the total installation cost of the system. Following are some drawbacks to this approach. 

 1. Installation cost is very high. 

  2. Maintenance cost is very high. 

 3. High power consumption. 

 4. Cannot be applied in areas where there are no long range wireless (3G, WiMax) signals available (rural or 

 mountainous areas). 

 5. Licensing can be an issue in some parts of the World. 
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 To overcome these problems we propose a model which is less costly than the system discussed above. We call our proposed 

system “The Flexible Bus System”. This paper will only include the wireless communication part of this system. Control Centre is 

connected to Bus Stops through internet (Wireless or Wired). Fig. 2 shows our proposed system. We are considering both Wired and 

Wireless internet because if this system is to be deployed in cities,wired internet facility is easily available but if this system is to be 

deployed in remote areas the wired internet facility is not easily available so we are considering Wireless internet in those cases. 

 

 

          PAPER 

 

THE ADAPTIVE BUS SYSTEMS USING ZIGBEE AND AM SIGNAL  AS   A COMMUNICATION MEDIUM 

 

                    
Model Bus Stop and Bus are connected through short range Wireless Technology “Zigbee”. An interesting feature here is that Bus 

and Control Centre are not connected to each other directly, they communicate to each other through  Bus Stop, means the 

information from Control Centre is first transferred to Bus Stop and then from Bus Stop to Bus  vice versa. This way there will be no 

need for 3G module installation in Buses. This will greatly reduce the total cost of the system. The Bus Stops in this system are very 

smart and we call them “Intelligent Bus Stops”. These Bus Stops are equipped with different devices like RFID card reader; Touch 
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Screen etc. The passengers carry RFID card which contains all the information about the passenger. Whenever a passenger goes to the 

Bus Stop, he/she will punch his/her RFID card to those RFID card readers installed at Bus Stop and gets recognized by the system. 

After getting recognized by the system, the passenger can enter the destination and will get the response from the system e.g. on 

which Bus to ride and how much is the wait time, leaving the decision of riding the Bus to the passenger. 

 

III. PROPOSED ALGORITHM 

 

The algorithm for this system is devised in such a way that passengers have to wait less on the bus stops and buses drive to the bus 

stops where passengers are waiting instead of driving to the Bus Stops where there are no passengers. Fig. 3 shows the algorithm flow 

for The Flexible Bus Systems. Passenger after reaching the Bus Stop punches  the RFID Card and all the information (Passenger ID, 

Destination etc) is transferred to Control Centre which then sends the info on which Bus to ride. Similarly info for all the Buses are 

transferred to Control Centre through Bus Stops and then Route info for the Buses are transferred to Buses through the Bus Stops. 

Navigation is installed in the buses which guides the Buses about the routes. Fig. 4 shows that a Traditional Bus System has a fixed 

route, it drives from 1~25 and then back from 25~1. The route will remain the same even if there are no passengers on Bus Stop3 and 

Bus Stop4. However in The Flexible Bus System the buses can change the routes dynamically depending upon the demand of the 

passenger. As shown in Fig. 4 every Bus Stop is connected to the Bus Stop next to it. For example Bus Stop1 is connected to Bus 

Stop2 and Bus Stop10. For example if Bus A is on Bus Stop2 and a passenger is waiting on Bus Stop9, then instead of going to the  

 

 

 

 
 

                                Figure 3. Algorithm flow for The Flexible Bus Systems 
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                   Figure 4. Traditional Bus System and the Flexible Bus System Grid Model 

 

 

 

 

 
                   Figure 5. Average Wait Time for Passengers on Bus Stop 

 

Bus Stop9 by driving to all the Bus Stops from 2~9, the Bus will directly drive to Bus Stop9 to pick up the passenger. This way the 

wait time of the passenger waiting on Bus Stop9 will be less as compared to the case in which Bus has to drive from 2~9. The 

Flexible Bus System will not only decrease the wait time of the passengers but it will also decrease the drive time of the Buses which 

will greatly reduce the total cost of the System. A smart algorithm is required to efficiently perform the tasks discussed in Fig. 4. We 

are working on an algorithm that can perform these jobs by keeping the wait time of the passengers on the Bus Stops and Ride time of 

the passengers on the Bus at a low side. Different simulations are been carried out for this purpose using our Simulator called “Konno 

Simulator”. Fig.5 shows the comparison of Wait time of passengerson the Bus Stop in Traditional Bus Systems and The Flexible Bus 

Systems. 
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  PAPER 

THE ADAPTIVE BUS SYSTEM  USING ZIGBEE AS A COMMUNICATION MEDIUM 
 

In Fig. 5 OLD is “Traditional Bus Systems” and DEMAND1 is “The Flexible Bus Systems”. Ratios (25:1,15:2, 5:3 etc) shown in 

Fig.5 are No. of Passenger: No. of Buses. Our simulation results show that using our algorithm total wait time of the passengers 

waiting on the Bus Stops can be reduced. In Fig. 6 OLD is “Traditional Bus Systems” and DEMAND1 is “The Adaptive Bus 

Systems”. Our simulation results show that using our algorithm ride time of the passengers on the buses is also less than tha t of ride 

time of the passengers on the buses in Traditional Bus Systems as shown in Fig.6. 

 

 

  IV. WHY USE ZIGBEE  & AM Modem 

 

Zigbee is low power and low cost which will help this system to be deployed in remote areas as well, where power and cost are major 

concern. 

 A. Zigbee vs. Long Range Wireless Technologies(3G,WiMax) 

 Long range wireless technologies like 3G or WiMax are very expensive as compared to Zigbee, they are expensive to install and 

expensive to maintain. 

 Long range wireless technologies are very much power consuming which make them difficult to install in remote areas. 

 Licensing can be an issue for long range wireless technologies in some parts of the world. 

 Long range wireless technologies are not available in all parts of the world, for example 3G networks are still not available in South 

Asia. Similarly even in the developed countries like Japan and America there are still large rural areas where long range wireless 

technologies 

are unavailable. 

B. Zigbee vs. Short Range Wireless Technologies(Wi-Fi) 

 Range for most of the Short range wireless technologies is very short (only few meters). 

 The range for short range wireless technologies can be increased by adding relays but that will increase the total cost of the system. 

 Short range wireless technologies are more power consuming than Zigbee which makes them difficult to install in remote areas. 

 Noise can be an issue if other Wi-Fi networks are available in the surroundings.The above mentioned reasons are the main reasons 

why Zigbee is preferred in the Flexible Bus Systems instead of other short range wireless technologies and long range wireless 

technologies. 

 

V. ZIGBEE COMMUNICATION 

Zigbee Communication between Bus and Bus Stops are the major concern of this paper. The reason Zigbee is given priority over the 

other short range wireless technologies like WiFi is that in this research only few bytes of data is to be transferred using short range 

wireless technologies, no heavy data like Audio or Video is transferred so Zigbee seems to be a good alternative to Wi-Fi. With heavy 

data  comes more power consumption which can be a concern in rural areas where power is not easily available. As described  earlier 

Buses and Bus Stops are going to communicate with each other through Zigbee. Since control Centre is aware 
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                                    Figure 6. Average Ride Time for Passengers on Bus 

 

 

 
                         Figure 7. Data Transfer Sequence between Buses and Bus Stops 
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of all the ongoing and carrying all the information about all the buses and bus stops, the information is first transferred to 

corresponding bus stop about the upcoming bus. Bus Stops and Control Centre are always connected to each other through the 

internet (Wired or Wireless) so information between Bus Stops and Control Centre can be easily shared. Major concern is the transfer 

of information between the Bus Stops and Buses and that is to be done through Zigbee. This is the core of this research and so the 

information transfer between the Buses and the Bus Stops are carefully thought of. Fig. 6 shows the sequence of information transfer 

between Buses and the Bus Stops through Zigbee. As soon as Bus enters the communication range of the Bus Stop, information 

exchange starts. The numbers 1~8 in Fig. 7 are described below. 

1. Bus sends the Bus ID to Bus Stop. 

2. Bus Stop authenticates the request and requests the Bus to Stop or Don’t Stop at current Bus Stop. 

3. If Bus is requested to stop at current Bus Stop, Bus sends the stopping signal to Bus Stop. 

4. If Bus is requested to pass the Bus Stop without stopping, it sends the Non-Stop passing signal to Bus Stop and requests Next Bus 

Stop ID. 

5. Bus Stop sends the Next Bus Stop ID to the Bus. 

6. In case of Bus stopped at current Bus Stop, after the Passengers rode the Bus, Bus Stop requests for the No. of Passengers in the 

Bus. 

7. Bus sends the No. of passengers in the Bus to the Bus Stop and requests for Next Bus Stop ID. 

8. Bus Stop sends the Next Bus Stop ID to the Bus. 

 

PAPER 

THE ADAPTIVE BUS SYSTEMS USING ZIGBEE AS A COMMUNICATION MEDIUM 

 

The decision of stopping at Bus Stop is made by Control Centre and is to be made on following conditions 

  No. of passengers to get off on this Bus Stop 

  No. of passengers to ride on this Bus 

  Seats available in this Bus 

  Destination of the passengers 

Each time information/request is sent by the Bus to the Bus Stop, the information is sent to the Control Centre by the Bus Stop. The 

Control Centre checks for the validity of the data and sends it back to the Bus Stop from where the data is sent to the Bus. Fig. 8 is a 

flow chart depiction of Fig. 7 showing an easy to understand flow of information transfer between the Bus and the Bus stop. All the 

information received from Bus (No. of passengers in the Bus) which is now carried by the Bus Stop will be transferred to the Control 

Centre through the internet after the Bus leaves the Bus Stop. 

 

 

VI. CONDUCTED EXPERIMENTS 

 

Different experiments are performed to check whether Zigbee is suited for this kind of System (Intelligent Bus Systems) or not. 

Below are the details of experiments. All the experiments are conducted using Max Stream Xbee Pro. Below are the conditions in 

which experiments are conducted. 

  Maximum distance between Xbee Bus and Xbee Bus stop is 100m with maximum height of 2m. 

  Maximum No. of Bytes sent is 7 Bytes. 

  Experiments are conducted using the Data Transfer Sequence shown in Fig. 6 and Fig. 7. 

  Fig.9. describes the targets for the experiments. As shown in Fig.9 the communication range of Zigbee Modules (Bus and 

the Bus Stop) is 100m, so whenever the Bus enters this range from the Bus Stop, it will start communicating with the Bus Stop. The 

communication between the Bus and the Bus Stop should complete (finish) before a safe distance so that Bus can easily stop at the 

upcoming Bus Stop if the passenger is available or can easily take an alternative route if no passenger is available on the upcoming 

Bus Stop. We consider this Safe distance to be 50m as shown in Fig.9. Figure 
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                           Figure 8. Data Transfer Flow Chart between Buses and Bus Stops 

 
                                        

Three types of experiments are conducted to check the eligibility of Zigbee for The Flexible Bus Systems. 

1) Zigbee Communication on straight road with clear Line of Sight 

                     

 

Figure 10. Zigbee Communicate with Clear Line of Sight 
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2) Zigbee Communication on curve with No Line of Sight (Trees as Hurdles) 
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HALF DUPLEX TECHNIC 
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As shown in Table I, there are no errors when Zigbee Data transfer is checked on the straight road with clear line of sight which 

shows that Zigbee can be used on straight roads with clear line of sight without any doubts. Table II shows the data collected for 

Experiment 2 when there is no clear line of sight and there is a curve/turn on road which has some rough trees around. 

 
 

Table II shows the data which is still quite encouraging although there are a few errors, but the average shows that every 6 times data 

is sent 4.67 times it is received. As described earlier if the data is received even only once the communication can be done easily and 

bus can get to know if it has to stop on the upcoming Bus Stop or not but as data is received more than 1 times, in this case 4.67 times 

which is far more times it should be received, so there shouldn’t be any problem in data communication. 

Table III shows the data collected for Experiment 3 when there is no clear line of sight and there is a curve/turn on road which has 

some buildings around. 
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The data shown in Table III is not very encouraging as error percentage is at high side. Table shows that at distance of 100m error rate 

is 66.67% which means that data is received only 2 times out of 6 which is at a risky side Similarly at a distance of 80m on average 

data is received 3.6 times out of 6 which is better than that at 100m but still below par. At a distance of 50m the data is encouraging 

getting received 4.8 times out of 6. If we concentrate on data for 50m, it seems as if data communication can be done easily as data is 

received quite frequently but the problem with 50m is that if Bus is sent a signal by the Bus Stop to stop at this Bus Stop when Bus is 

just 50m away from the Bus Stop, it will be difficult for the bus to stop with a speed of 60km/h which is the maximum speed limit 

here in Japan. 

 

VII. EXPERIMENTS OUTCOME 

The conducted experiments showed the following results 

  Different experiments showed that the main factor affecting Zigbee communication is the distance between the Zigbee 

 modules (Xbee Bus and Xbee Bus Stop in this case). The more the distance the less efficientis the Zigbee  communication. 

  The bigger and denser the hurdles, more difficult it is to communicate between the Zigbee Modules. 

  The straighter the roads, the better it is to communicate between Zigbee Modules. 

  If Bus Stops are close to each other (within 100m) Zigbee modules can cause interference. 

  A suitable height of about 2m can increase the efficiency of Zigbee Data Transfer. 

  Speed of the Bus has no significant effect on Zigbe Data Transfer. 

  Weather has no significant effect on Zigbee Data Transfer. 

  Signals of other wireless technologies like Wi-Fi, 3G and Bluetooth have no distraction for Zigbee signals. 

 

VIII. PROBLEMS AND PROPOSED SOLUTIONS 

 

The outcome of the experiments shows some problems which can affect the Flexible Bus System. Below are the problems and their 

proposed solutions:- 

 

A. Problems 

1. Strong hurdles like trees and buildings affect Zigbee communication. 

2. Zigbee modules on other Bus Stops can interfere with each other. 
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B. Proposed Solutions 

1. The problem of Strong Hurdles affecting Zigbee communication can be solved by 

a) Using Zigbee Relays to increase the line of sight of the Zigbee modules. 

b) Building the Bus Stops at the places where there are less hurdles and less noise. 

2. The problem of Zigbee modules interfering with each other can be solved by 

a) Using Unidirectional Antenna for Zigbee Modules. 

b) Using the software approach and making Bus Stop communicate only with the Buses which Control Centre asks it to communicate 

to. 

                                                                     

     THE ADAPTIVE BUS SYSTEMS USING ZIGBEE AS A COMMUNICATION MEDIUM 

 

IX. SUMMARY 

 

The Adaptive Bus Systems is an efficient and a smart Demand Responsive Transit (DRT). It is Adaptive in a sense that it can change 

dynamically according to the demands of the passengers. The system can fulfill the demands of the passengers in a way that they have 

to wait less on the Bus Stops and even if they miss the Bus they can be entertained by the next bus without waiting for very long. The 

use of Zigbee for communication between the Buses and the Bus Stops greatly reduce the total cost of the system. Everything is 

connected to the Control Centre which is the brain of the system. Control Centre and Bus Stops are connected through the internet and 

Buses and Control Centre are  connected to each other through Bus Stops. All the characters (Buses, Bus Stops and Passengers) are 

updated with latest information all the times which makes The Flexible Bus Systems more information rich and reliable. 
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