
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 01, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 335 

Axiomatic Design of a Vehicle Tracking System 
Surender Singh1 Dr. R.M. Belokar2  

2Associate Professor  
1,2Department of Production and Industrial Engineering 

 1,2PEC University of Technology, Chandigarh, India 
Abstract— This paper is focused on a new approach to track 

vehicles based on GPS (Global Positioning System) 

technology. The vehicle tracking system is designed overall 

supported by Axiomatic Design theory. This tracking system 

is composed of a GPS receiver, Microcontroller and a GSM 

Modem. GPS Receiver gets the location information from 

satellites in the form of latitude and longitude. The 

Microcontroller processes this information and this processed 

information is sent to the user/owner using GSM modem. In 

this paper the various Functional Requirements (FR’s) and 

Design Parameters (DP’s) are selected by using Axiomatic 

Design Theory.  
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I. INTRODUCTION 

In this urban life transportation is very common. A lot of 

mishappenings occur on the road everyday .Therefore the 

need of security and monitoring is developed. To resolve such 

problems, a system is developed using GPS and GSM 

technologies and an application is introduced in this research 

work. 

Various problems that we face: 

1) In critical condition (when vehicle is stolen), one is 

confused what to do 

2) If one has something expensive and he wants to check it 

regularly 

3) To find the shortest path available 

All these problems are overcome by the system. This system 

has Global Positioning System (GPS) which will receive the 

coordinates from the satellites among other critical 

information. Tracking system is very important in modern 

world. This can be useful in soldier monitoring, tracking of 

the theft vehicle and various other applications. The system 

is microcontroller based that consists of a global positioning 

system (GPS) and global system for mobile communication 

(GSM). This project uses only one GPS device and a two way 

communication process is achieved using a GSM modem. 

GSM modem, provided with a SIM card uses the same 

communication process as we are using in regular phone[1]. 

 Thus, this paper aims to the methodology of tracking 

vehicle based on GPS. Axiomatic Design (AD) is introduced 

to help design the tracking system. An architecture of the 

vehicle tracking system based on GPS and the process of 

tracking vehicle are presented[2]. 

II. AXIOMATIC DESIGN THEORY 

Axiomatic Design (AD) theory, presented by Professor Nam 

Pyo Suh of MIT [2], provides a standardized logic framework 

for general design. It defines the design world as four 

domains: the customer domain, the functional domain, the 

physical domain, and the process domain, and thinks 

designing is a top-down zig-zagging process of 

decomposition and translation between the close two 

domains. The customer domain describes the needs or 

benefits that the customers or end users are looking for. In the 

functional domain, the customer needs are interpreted in 

terms of functional requirements (FRs) and constraints (Cs). 

Then solutions, design parameters (DPs) are created and 

selected in order to satisfy the specified FRs, in the physical 

domain. Finally, to produce the product specified in terms of 

DPs, we develop a process that is characterized by process 

variables (PVs) in the process domain [3].For each mapping 

between two adjacent domains, the left domain represents 

"what we want to achieve," while the right one represents the 

design solution of "how we propose to achieve it, where the 

design matrix (DM) equation is introduced to describe this 

process and the mapping just like: 

{FRs} = [A]{DPs}   

    (1) 

here A is a DM. Three types of DMs are generally involved 

in Axiomatic Design, as shown in Figure 1, where it is 

supposed there are three FRs and DPs, X or 0 in a cell 

indicates whether the columns DP affects the rows FR or not. 

It is important to satisfy the independence axiom firstly when 

applying AD, which requires keeping FRs independent, 

namely avoiding functional coupling. Thus only the design 

whose DM is diagonal or triangular like Figure 1 (a) or (b) 

satisfies the independence axiom. Axiomatic Design now has 

been used to design physical products, software development 

and management programming and so on [4]. 

 
Fig. 1: Three types of Design Matrices 

III. AXIOMATIC DESIGN OF THE VEHICLE TRACKING 

SYSTEM 

A. Axiomatic Design Process: 

The analysis above is based on tracking a vehicle by 

obtaining the position of a vehicle, here defined as extended 

requirements which can be integrated into the basic 

requirement, tracking vehicles, to satisfy the independence 

axiom.  

The functional Requirements for this process is 

stated as, 

FR1 = Collecting Position Information of Vehicle 

FR2 = Transforming the Position information 

FR3 = Transferring the position information 

FR4 = Handling the position information 

              The main conditions that the functional requirements 

have to satisfy are that they be independent of each other, and  
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be more or less equally important with respect to the design 

objective. 

 In general we would like to obtain the position of a 

vehicle to track the vehicle. Thus the Design Parameters for 

this process is stated as, 

DP1 = GPS Satellite 

DP2 = Local Mobile Service Tower 

DP3 = Tracking Server 

DP4 = Mobile Phone/Client PC 

And then the design equation relates to these FRs and DPs 

can be expressed as 

 
Fig. 3: Design Matrix for Vehicle Tracking System 

B. Basic Steps of Vehicle Tracking Based On GPS System: 

The software programming is done in ‘C ‘language. Data 

received by GPS from the satellites is defined in the software. 

Decoding the NMEA (National Marine Electronics) 

Association) protocol is the main purpose of developing this 

software. The mobile number of the user should be included 

in the software programming in order to receive the location 

values from the SIM card which we are using in GSM 

modem. The NMEA protocol consists of set of messages. 

These messages are ASCII character set. GPS receives data 

and present it in the form of ASCII comma – delimited 

message strings. ‘$’ sign is used at the starting of each 

message. 

The locations (latitude and longitude) have the 

format of degrees minutes and decimal minutes. The software 

protocol consists of the GGA (global positioning system 

fixed data) and GLL (geographic position latitude/longitude). 

But in this system we are using GLL only. The flow chart of 

the system is given as: 

 
Fig. 4:  Flow chart of vehicle tracking system 

IV. HARDWARE DESIGN 

 
Fig. 5: Hardware Design 

In this project we are using a 40 pin ATmega16 

microcontroller. It has four input–output ports. ATmega16 

microcontroller is the heart of the project that is used for 

interfacing. Two pins are VCC pins and other two pins are at 

ground. Pin 9 is reset pin. A crystal oscillator of 13 MHz is 

connected to the microcontroller. RS-232 protocol is used as 

serial communication between the microcontroller, GPS and 

GSM modem. A serial driver MAX212, 16 pin IC is used for 

Converting RS-212 voltage levels into TTL voltage levels. 

There are four electrolytic capacitors which are used with 

MAX212. A 6V battery is used to power the circuit. A 7806 

regulator is used to convert 6V into 3V. The microcontroller 

and MAX212 are powered by 3V. Red light indicates the 

presence of power supply. 

V. WEB APPLICATION 

The web application named as ‘Tracking System’ is shown in 

figures that represents the complete output of the system. In 

this system end user will receive the different co-ordinates 

(longitude and latitude) of the present location of the vehicle. 

The co-ordinates will be sent to the mobile of the user and by 

locating these co-ordinates on the internet or map end user 

can find the exact location of the vehicle. The message 

received by the end user in his mobile is shown in the figure 

6. 

 
Fig. 6: Position Co-ordinates (Latitude, altitude) 

VI. CONCLUSIONS 

This paper suggests an approach for combining axiomatic 

design theory and vehicle tracking system in order to improve 

product quality. This paper develops the basic steps of 
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tracking vehicles by GPS system, and puts forward an 

architecture of the vehicle tracking system based on GPS. 
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