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ABSTRACT 

This paper presents the design of wireless communication protocol for a guidance system for visually 

challenged people using RFID & Zigbee technology. The main aim of the system is to establish a strong 

communication interface between the bus driver and the visually challenged human being who needs to take 

the public transport. This system can ease the travelling and movement of visually challenged people. The 

proposed system consists of two subsystems that uses wireless protocol to communicate between each other: 

one in the bus station, which has two purposes i) to get the input from visually challenged people ii) to 

intimate the arrival of bus in its range through speaker. The other embedded unit which is installed in buses 

has two purposes i) the driver receives the information about the number of visually challenged people ii) to 

allow the bus driver to send back the signal to the bus station about the arrival of the bus (this will help the 

visually challenged people to know about the arrival of the bus). Both the embedded systems communicate 

using Zigbee. 
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INTRODUCTION  

According to the 1995 census there are over two million people in the U.S. whose visual impairment is 

severe enough to cause significant impact on the course of their daily living. Specifically they cannot drive or 

read standard print, and their ability to move around may be compromised. About twenty-five percent (25%) of 

that group is totally blind or without usable vision. Worldwide, the visually impaired population is estimated to 

number in excess of 37 million people (World Health Organization, 2003). 

In the U.S. around seventy-five percent (75%) of working age blind adults are unable to maintain 

gainful employment (American Foundation for the Blind). In the population of children born with blindness 

that number rises to about ninety percent (90%). Without employment, it may be impossible to acquire the 

means and resources to participate fully and productively in the world community, resulting in isolation and 
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poverty. This costs the U.S. government over 4 billion dollars annually (Prevent Blindness America). The 

remaining twenty five percent (25%), however, do obtain employment, often finding secure, respectable careers 

in nearly every field. One of the requirements for ease and comfort in life is the ability to move independently 

from one place to another using different transportations such as cars, metro rails, etc., However, not everybody 

can simply depend on their own for travelling like some categories of disabled people. One of these categories 

is visually challenged people who face many problems in mobility from place to another. For example, 

blindness limits the type of transportation a person can use and hence, the visually challenged people may 

suffer additional delay compared to a normal person because of the limited transportation choices. Society 

functions primarily through the smooth exchange of goods, services, and companionship. However, information 

and resources are made most readily available to the eye. The societal infrastructure and exchange network are 

designed to optimize the freedom, functioning, and enjoyment of sighted people - facing the blind with 

exclusion from this network. 

Furthermore, the difficulty of using the public transportation by visually challenged people will make 

them more isolated and unable to live their normal life. There are systems that had been engineered for 

assisting visually challenged people and visually impaired people. However, existing assistive systems for 

mobility of the visually impaired and visually challenged people in public transport are not satisfactory, 

which is the motivation behind this work. This paper presents a system to help visually challenged people 

for travelling smoothly and independently from one place to another by providing complete and clear 

information about the following: the existence of visually challenged people at the bus station to alert the bus 

driver, in the approaching bus station and the buses arrival and their routes at a bus station.   

RELATED WORKS 

Several systems have been proposed for guiding visually challenged people. Here, it is mentioned about 

the most related ones to the theme of this system. One of these systems is a central announcement system based 

on Bluetooth technology. In this system, Bluetooth devices are installed in both the bus and the bus station 

which are connected to a processing subsystem. When a bus approaches the station, the two Bluetooth devices 

of the bus and the station will connect to each other. After that, the Bluetooth device will transmit a message 

containing bus information to the station’s processing subsystem. The transmitted message will be read by a 

text to speech converter which is interfaced with the processing subsystem in the bus station. Then, an 

announcement message that contains the bus information will be generated through a speaker. But there are two 

disadvantages in this system: it allows connection of only two devices at once and the connection between 

devices may be lost under certain conditions.  An RFID-based system to assist the visually challenged, here in 

each bus has RFID tag which contains information about the bus number and the coming destinations. 

Likewise, each visually challenged person should have a portable device. The portable device contains RFID 

reader, headset, and control subsystem.  
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The main idea of this system is that, the RFID reader of the portable device will detect the approaching 

buses to retrieve the bus information from their tags. The bus information will be used to generate an individual 

audio message about the arrived buses for each visually challenged person through the headset. Unfortunately, 

in this proposed system the driver has no idea about the visually challenged people existence in the station. 

Moreover, no alternatives are provided in case the visually challenged person forgets his portable device. An 

assistive system is Wireless Sensor Network (WSN). This WSN-based system operates in two phases:  the 

discovery of visually challenged people and the interaction between the bus and the bus station. The bus station 

is divided into two areas, one for the normal passengers and the other for visually challenged people. The 

visually challenged people area has two sticks in the door in order to link a switch to show if someone is there.  

When the system detects visually challenged people in the station, the station will announce to any 

existing bus in the radio frequency range. Once the bus detects the message, it will announce its number using 

microphone before a few meters of the station. Moreover, the bus has a light system to indicate the existence of 

the visually challenged people in the station. If the light is red, a visually challenged exists and if it is blue, no 

visually challenged is there. One disadvantage of using this WSN system is the difficulty of recognizing if the 

person within the visually challenged people zone is visually challenged or not. People may sit in the wrong 

specified area. Moreover, the sensor cannot detect when a visually challenged person leaves the specified place, 

which will be a waste use of the system from the point of view of unnecessary computation and power 

consumption. In addition, the system provides only the bus number information which is not enough to give a 

clear idea about the next stations. In this proposed system, there is no need to have a special area for the 

visually challenged persons and the visually challenged does not need to go through any setup phase. He simply 

needs to carry an RFID-based ticket. 

SYSTEM DESIGN 

Engineering Requirements and Design Constraints: In order to achieve the marketing requirements 

mentioned above, we need to base our system on engineering view by defining engineering requirements. Our 

engineering requirements are as follows : 

(i) The system will be flexible to be used everywhere by changing the language settings. 

(ii) The system will emit safe radiation level within frequency range of 3 kHz -300 GHz. 

(iii) The system will use unlicensed radio frequency bands reserved internationally for ISM applications 

including RFID. 

(iv) The system will produce an accurate and a clear voice message within frequency range 250Hz-8 

kHz.  

(v) The system will inform the users of the next bus arriving at the station. 

(vi) The system will notify the bus passengers about the next coming stations. 
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(vii) The system will display for the bus driver the number of visually challenged people in the station 

with their required destinations. 

Marketing Requirements: The proposed system should meet the following marketing requirements: 

(i) The system should be generic enough to be applied in different countries. 

(ii) The system should generate a clear guidance message about the buses arriving at the station. 

(iii) The system should generate a clear guidance message about the approached station. 

(iv) The system should be useful for non-visually challenged people (besides the visually challenged 

people). 

(v) The system should be safe to use. 

The advantages of our proposed system: The system enables the bus driver to know the number of 

visually challenged people that need the bus and their required destinations. This ensures that the bus driver 

give special attention to visually challenged people and wait until he is sure that all visually challenged persons 

get into the bus. This tackles the first problem mentioned above in [6]. Moreover, the second of problem of 

forgetting the portable device of the system in [6] is easier to deal with the proposed system since the visually 

challenged person can easily obtain a new RFID-based ticket. The bus subsystem will have a central 

announcement system to inform all passengers in the bus about the coming stations in order to alert bus 

passengers as well as visually challenged people. This will meet our requirement that the system benefits other 

passengers besides the visually challenged people. The station subsystem will have a central announcement 

system about the buses arrival so that all passengers get benefit from this feature. RFID technology match our 

requirement in safety since its radiation is within the standard safe frequency range (3 kHz-300GHz) that is 

recommended by IEEE C95.1 2005.A functional decomposition of the system is shown in Fig.1.  

 

     Fig.1 Flowchart for the functional description 
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 This paper deals with two main substations one is implemented in the bus stops and the other is in the 

buses.  The first step in this paper  is to use the RFID as a key to enable the bus station subsystem to respond 

after the RFID tag comes into the range. The desired voice output proceeds to instruct the name of the 

destinations to which the buses on that route are available. The user has to give the desired destinations as 

number inputs using the matrix keyboard. The input for the destination that is selected is taken, the route is 

selected and the bus stops for that particular route are then given as voice output through speakers in that 

system and user has to select the bus stop to which he has to go. Then this input is loaded into the transmitter. 

IMPLEMENTATION AND TESTING 

  To check the functionality of the proposed system, a prototype is to be built and tested. The RFID reader 

should be used with active tags of type. The first step in our testing is to establish communication from PC with 

the reader. Then, the reader software should be used to determine the appropriate settings such as the baud rate, 

frequency band, connection type and the tag mode. These settings were later used in the developed prototype. 

The overall developed system prototype is shown in Fig.5. In the following sub-sections, we present our 

prototype implementation and testing results for various parts of the system.   

A. RFID Reader:  Radio Frequency Identification (RFID) systems use radio frequency to identify, locate and 

track people, assets, and animals. Passive RFID systems are composed of three components – an interrogator 

(reader), a passive tag, and a host  computer. The tag is composed of an antenna coil and a silicon chip that 

includes basic modulation circuitry and non-volatile memory. The tag is energized by a time-varying 

electromagnetic radio frequency (RF) wave that is transmitted by the reader. This RF signal is called a carrier 

signal. When the RF field passes through an antenna coil, there is an AC voltage generated across the coil. This 

voltage is rectified to supply power to the tag. The information stored in the tag is transmitted back to the 

reader. This is often called backscattering. By detecting the backscattering signal, the information stored in the 

tag can be fully identified. 

 

Fig.2 RFID Reader 

 

Fig.3 RFID Reader 

 

   Fig.4 RFID Reader

Product Features  

 Low-cost method for reading passive RFID EM4100 family transponder tags  

 Reading Distance 10-15CM of the reader (Depend card shape)  

 125kHz read frequency 
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 9600 baud RS232 serial interface  

 Standard 2.54mm Pitch Bergstrip connector  

 Bread Board compatible  

 Low power Requirement 7-9V @ 100mA  

 Small Size  

 Built in Antenna  

Key Specifications:  

 Power requirements     :  7-9VDC  

 Current Requirement    :  <110mA  

 Communication            :  RS232 Serial at 9600 baud (8N1)  

 Dimensions                  :  63mm x 98mm x 5 mm  

 Operating temp range   : -40 to +185 °F (-40 to +85 °C) 

B. Matrix Keyboard: The technology that makes up a typical PC keyboard is very interesting. This section 

focuses on all the aspects of keyboard technology and design, including the key switches, the interface between 

the keyboard and the system, the scan codes, and the keyboard connectors.  

 

Figure below is the typical foam element mechanical key switch.  

 

Fig.6 Mechanical switch with spring action 

When the switch is pressed, a foil conductor on the bottom of the foam element closes a circuit on the printed 

circuit board below. A return spring pushes the key back up when the pressure is released.  

C. ATMEGA162V Microcontroller: The ATmega162 is a low-power CMOS 8-bit microcontroller based on 

the AVR enhanced RISC architecture. By executing powerful instructions in a single clock cycle, the 
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ATmega162 achieves through approaching 1 MIPS per MHz allowing the system designed to optimize power 

consumption versus processing speed. 

PINOUT OF ATMEGA162V: 

 

Fig.7 ATMEGA Microcontroller 

 The AVR core combines a rich instruction set with 32 general purpose working registers. All the 32 

registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent registers to be 

accessed in one single instruction executed in one clock cycle. The resulting architecture is more code efficient 

while achieving throughputs up to ten times faster than conventional CISC microcontrollers. 

 The ATmega162 provides the following features: 16K bytes of In-System Programmable Flash with 

Read-While-Write capabilities, 512 bytes EEPROM, 1K bytes SRAM, an external memory interface, 35 

general purpose I/O lines, 32 general purpose working registers, a JTAG interface for Boundary-scan, On-chip  

Debugging support and programming, four flexible Timer/Counters with compare modes, internal and 

external interrupts, two serial programmable USARTs, a programmable Watchdog Timer with Internal 

Oscillator, an SPI serial port, and five software selectable power saving modes. The Idle mode stops the CPU 

while allowing the SRAM, Timer/Counters, SPI port, and interrupt system to continue functioning.  

D. Voice Module:  

MP3 mode , Pushbutton one on one mode , Parallel mode , One record one play key mode , e-book 

mode, two-wire serial mode and three-wire serial mode.  

These control modes make WTV-SR can be applied in many cases. And you can change different 

control modes by setting the short contact at the bottom of WTV-SR. 

PARALLEL PORT MODE:  

Parallel mode descriptions  

 In the Parallel Port Mode , Module can record 32 Group of voice . P03 ,P04 ,P05,P06,P07 for setting 

addresses . P00 for Record ,P01 for Play ,P02 for Erase (Keep Low 15ms erase current address voice file , Keep 

Low 3 seconds erase all the voice files)  
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PIN Description: 

PIN DESCRIPTIONS FUNCTIONS PIN DESCRIPTIONS FUNCTIONS 

1 P14 Key 15 CS SPI-FLASH_CS use for 

downloading data 

2 P15 Key 16 P05 Key 

3 P16 Key 17 P04 Key 

4 NC Blank 18 P03 Three-line DATA/On 

e-line DATA/ Key 

5 P17 Key 19 P02 Three-line CLK/ Key 

6 NC Blank 20 P01 Three-line CS/ Key 

7 RESET Reset pin, keep low level 

10ms 

21 P00 Key 

8 AUDIO-L Positive, external 

amplifier audio output 

22 3.3V Positive 

9 SP- Negative, 

Drive speaker directly 

23 NC Blank 

10 SP+ Positive , Drive 

speaker directly 

24 MIC+ Microphone recording , 

positive port 

11 DI SPI-FLASH_DI，use for 

downloading data 

25 NC Blank 

12 DO SPI-FLASH_DO， use 

for downloading data 

26 LINE-IN LINE-IN input port 

13 CLK SPIFLASH_CLK 

use for downloading data 

27 P06 Key 

14 GND GND 28 P07 Key 

Table 1 Pin description 

E. Support MIC & Line-In Recording: SPI-FLASH is up to 32M, recording time is up to 12 minutes;  

 Support USB (with programmer); 

 Support downloads voice from PC and play recording voice with high quality;  

 Support uploads recording voice to computer. 

 

Fig.8 Mic 

 

Fig.9 Internal segmentation 

 

Fig.10 Mic with polarities & 

connections

F. WORKING MODES: MP3 mode , Pushbutton one on one mode , Parallel mode , One record one play key 

mode, e-book mode, two-wire serial mode and three-wire serial mode. These control modes make WTV-SR can 

be applied in many cases.  
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Fig.11: Table of working mode 

And it can be changed with different control modes by setting the short contact at the bottom of WTV-

SR. These control modes make WTV-SR can be applied in many cases. We can change different control modes 

by setting the short contact at the bottom of WTV-SR.MP3 mode , Pushbutton one on one mode, Parallel mode 

, One record one play key mode , e-book mode, two-wire serial mode and three-wire serial mode.  

HARDWARE OUTPUT

 

Fig.12:Bus station system 

 

Fig.13: Embedded system on 

Buses 

 

Fig.14MicrocontrollerUnit 

CONCLUSION 

The number of blind people without having anyone for personal assistance are in large numbers, but by 

using this system the burden of the visually challenged can be reduced. This system can work as a perfect 

replacement for a human assistant during the time of bus travels and transits because of its interactive nature. 

This embedded system can get the input information from the visually challenged people and transmit the 

signal to the particular bus driver which is more efficient than the personal assistance. This system can be a 

further improved by making the interface easier and simpler. 
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FUTURE WORK 

In future, for a better distance coverage the Zigbee can be replaced with Xbee communication protocol. 

And in the further the keypad can be replaced with an advanced interface like voice interface or gesture control 

or anything that will be comfortable for the visually challenged people to work with. 
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