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Abstract— Now a days fatal traffic accidents occur due to 

tire burst, which threats the safety of drivers and 

automobiles. A new kind design scheme of sensing system 

is proposed for car safety. My design comes up with   

predesigned safety systems embedded with in the 

automobiles. Embedded module is implemented through 

Hardware components and software design for measuring 

the tire temperature and pressure. The whole system is host 

module located on the dashboard and another four wireless 

sensor microextensions located in four tires. The four 

wireless sensor microextensions located in tyres continously 

monitors the temperature and pressure of tyres in real time 

and transmits to host module through wireless module. The 

transmitted signals are received, decoded, and processed by 

the receiver to trigger the warning system through an alarm, 

lamp, audible alarm, voice, or pressure display. The 

monitoring host  implements zigbee for receiving data and  

decodes and processes the data through  ARM7 and  when 

the tire comes up with abnormal conditions such as excess 

temperature  or the pressure is high or low, or leaking the 

host  module gives out audible and video signals to the  

driver to avoid fatal traffic  accidents. In addition two IR 

sensors are interfaced with ARM7 to detect any nearby 

nearby vehicles when travelling at high speed to avoid 

severe accidents vehicles when travelling at high speed to 

avoid serious accidents. 
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I. INTRODUCTION 

US Department of Transportation, National Highway Traffic 

Safety Administration estimates that there are about 100000 

traffic accidents and 1500 fatal accidents as a result of tire 

burst from inadequacy tire pressure every year across the 

globe. Maintaining suitable tire pressure can reduce petrol 

cost, which goes up 15% if tire pressure is 35% lower than 

standard tire pressure value. If tire pressure is much high, 

and the petrol cost will go up as tire friction force comes 

down. In addition, motor tire state is directly bound up with 

temperature, the higher temperature is, the weaker tire 

strength is, and the larger changes. Generally, the 

temperature can not exceed 70 C, it will be very dangerous 

when the temperature comes up to 85 C, and the tire attrition 

increases 2% when the temperature goes up 1C, the tire’s 

life cuts down 50 % when the speed is double. 

Standard tire pressure state is beneficial to reducing 

the probability of tire burst accident threatening life, 

improving fuel efficiency, prolonging service life of tire, 

improving safety of driver and vehicle performance. 

II. SYSTEM COMPOSITION 

TPMSs are classified into two categories, namely, direct and 

indirect. In  direct TPMSs, the pressure drop is calculated 

based on actual pressure measurements through sensors.  A 

direct TPMS can inform the driver  about pressure 

deviations as low as +-0.1 bar, that is,+_1.45 psi. second is 

indirect style, which uses wheel speed sensors of ABS on 

vehicles to compare the different rotate speeds among tires 

to come up to monitoring tire pressure. The disadvantage of 

this style is that it can not work in the condition of two 

under-inflation tires and running car whose speed exceeds 

100 km/h. Tire pressure monitoring module with sensor, 

PIC Microcontroller and wireless ZIGBEE modules are 

installed in tire, taking charge of monitoring the pressure 

and temperature of tire and transmitting those data to host 

module through ZIGBEE module. The host module is 

mostly composed of processor lpc2148 ARM Processor, 

Zigbee , LCD and audible and visible alarm module. The 

lpc2148 ARM Processor  is used as the processor of host 

module to build operation center and to correspond each 

peripheral working harmoniously. The zigbee is the data 

receiver to receive data from 4 tire monitoring modules and 

communicate with SPI interface of  lpc 2148 ARM 

Processor.  

 
Fig. 1: 

III. STRUCTURE OF TPMS BASED ON ZIGBEE 

Based on ZigBee protocol have three kinds of networking 

topology: star structure, networking and cluster,star 

structure suits few and short distance equipments, its power 

loss is low.aim at TPMS character and actual need, this 

paper select  star structure with simple control and 

synchronism to reduce the total loss of monitor networking. 

the system consist of ZigBee sensor and net 

harmoniousness, the mainframe is core node to collect and 

process the sensor data and manage the nodes. Four sensor 

nodes send data to net harmoniousness. zigbee is both way 
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communication, it is advanced recently  and has 

performances such as short distance, low complex rate, low 

power loss, low data rate and low cost, it is designed for 

wireless net and control of the compact equipment. It is 

based on IEEE802.5.15.4 standard, can offer flexible and 

mobile networking mode. It can set reliable, high price 

quality and low power loss wireless network of real time 

control and monitor. Compared with other wireless 

technique, it has lower cost, low power loss and stable 

transport signal and suitable for TPMS. This paper mainly 

introduces the design and realization of TPMS,using ZigBee 

wireless networking,it realizes automatic collect and 

transport of tire temperature and pressure.using 

ZigBee[3],the system cost and power loss are cut greatly.the 

long work life is guarantied. By testing we can see the 

system has performance for tire pressure real time 

monitoring and abnormal warning. When the car is moving, 

tire has high speed and can not install wire sensor. Aims at 

this fact and based on ZigBee,this paper gives tire pressure 

real time monitoring system. 

 
Fig. 2: Sensor module and its fittings 

 
Fig. 3: Pressure sensor being Embedded in to the valve 

IV. TIRE MONITORING 

A. Pressure Sensor 

The plug–in module shown in Figure is designed to supply 

pressure and temperature inputs to a sensor development 

controller. The sensor output is filtered and buffered with a 

unity gain rail to rail amplifier. If desired, jumpers on the 

board allow direct connection of the sensor output to the 

controller.Connections are made through a DB–9 connector, 

which allows this board to be plugged directly into its 

controller. If physical separation is desired, a standard 9 

wire straight–through serial cable can be inserted between 

the two boards. Alternately, connections for 5 volts, ground, 

and the output signal can be made through screw terminals 

at the top of the board. A socket for sensor connections 

makes changing from one pressure range to another 

relatively easy.Pressure sensor output voltage range varies 

from 200mv to 4.7v for zero pressure and full scale.full 

scale pressure for mpx 5999 is 1000kpa with full scale span 

of 4.5v. 

 
Fig. 4:  

B. Temperature Sensor 

The sensor is constructed using conventional bipolar 

epitaxial linear processing The LM35 series are precision  

integrated-circuit temperature sensors, whose output voltage 

is linearly  proportional to the Celsius (Centigrade) 

temperature. The LM35 thus has an advantage over linear 

temperature sensors calibrated in ˚ Kelvin, as the user is not 

required to subtract a large constant voltage from its output 

to obtain convenient Centi-grade scaling. The LM35 does 

not require any external calibration The LM35’s low output 

impedance, linear output, and precise inherent calibration 

take interfacing to readout or control circuitry especially 

easy. It can be used with single power supplies, or with plus 

and minus supplies. As it  draws only 60 µA from its supply, 

it has very low self-heatingLow cost and high accuracy are 

maintained by performing trimming and calibration 

procedures at the wafer level. The device may be operated 

with either single or dual supplies. Various sensors have 

been developed with outputs which are proportional to the 

Celsius temperature scale, but rather expensive and difficult 

to calibrate due to the large number of calibration steps 

which have to be performed. 

C. PIC Micrrocontroller 

PIC is High performance RISC CPU with  Only 35 single 

word instructions to learn and performs all single cycle 

instructions except for program branches which are two 

cycle with Operating speed: DC - 20 MHz clock input DC - 

200 ns instruction cycle and has memory Up to 8K x 14 

words of FLASH Program Memory, Up to 368 x 8 bytes of 

Data Memory (RAM) Up to 256 x 8 bytes of EEPROM 

Data Memory.PIC receives the temperature and pressure 

values and\converts to digital and\drives the display. 

The Analog-to-Digital (A/D) Converter module has 

five inputs for the 28-pin devices and eight for the 40/44-

pindevices.The conversion of an analog input signal results 

in a corresponding 10-bit digital number. The A/D module 

has high and low-voltage reference input that is soft- ware 

selectable to some combination of VDD, VSS, RA2or RA3. 

The A/D converter has a unique feature of being able to 

operate while the device is in Sleep mode. To operate in 

Sleep, the A/D clock must be derived from the A/D’s 

internal RC oscillator. 
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The A/D module has four registers. These registers are: 

 A/D Result High Register (ADRESH) 

 A/D Result Low Register (ADRESL) 

 A/D Control Register 0 (ADCON0) 

 A/D Control Register 1 (ADCON1) 

V. TIRE MONITORING MODULE PROGRAM DESIGN 

ZIGBEE starts to work after power on, and initializes 

sensor, then works in standby mode. In this mode, OUT pin 

of sensor sends out a negative edge, and then goes into 

STOP mode. ZIGBEE wakes up every 3 seconds, and 

forbids key interrupt, reads the pressure and temperature 

value of tire, and sends them out after Manchester coding, 

and permits key interrupt to let sensor go into standby mode, 

meanwhile, ZIGBEE goes into STOP mode. It goes into 

power off state once the voltage of power supply is lower 

than pre-set one, under these circumstances it can be woke 

up no other than sending a low voltage to the enable signal 

pin. 

VI. HOST MODULE 

A. Lpc2148 

The LPC2141/42/44/46/48 microcontrollers are based on a 

16-bit/32-bit ARM7TDMI-S CPU with real-time emulation 

and embedded trace support, that combine microcontroller 

with embedded high-speed flash memory ranging from 32 

kB to 512 kB. A 128-bit wide memory interface and a 

unique accelerator architecture enable 32-bit code execution 

at the maximum clock rate. For critical code size 

applications, the alternative 16-bit Thumb mode reduces 

code by more than 30 % with minimal performance penalty. 

Due to their tiny size and low power consumption, 

LPC2141/42/44/46/48 are ideal forapplications where 

miniaturization is a key requirement, such as access control 

and point-of-sale. Serial communications interfaces ranging 

from a USB 2.0 Full-speed device, multiple UARTs, SPI, 

SSP to I2C-bus and on-chip SRAM of 8 kB up to 40 kB, 

make these devices very well suited for communication 

gateways and protocol converters, soft modems, voice 

recognition and low end imaging, providing both large 

buffer size and high processing power. Various 32-bit 

timers, single or dual 10-bit ADC(s), 10-bit DAC, PWM 

channels and 45 fast GPIO lines with up to nine edge or 

level sensitive external interrupt pins make these 

microcontrollers suitable for industrial control and medical 

systems. 

The Figure below is the tyre monitoring module 

program flow chart as follow. 

 
Fig. 5:  

VII. ZIGBEE 

ZigBee is an open global standard providing wireless 

networking based on the IEEE 802.15.4 standard and taking 

full advantage of a powerful physical radio this standard 

specifies. IEEE 802.15.4 is a standard defined by the IEEE 

(Institute of Electrical and Electronics Engineers, Inc.) for 

low-rate, wireless personal area networks (WPANs). This 

standard defines the ”physical layer” and the “medium 

access layer.” The specification for the physical layer, or 

PHY, defines a low-power spread spectrum radio operating 

at 2.4 GHz with a basic bit rate of 250 kilobits per second. 

There are also PHY specifications for 915 MHz and 868 

MHz that operate at lower data rates. Reliable data delivery 

is critical to ZigBee applications. The underlying 802.15.4 

standard provides strong reliability through several 

mechanisms at multiple layers. For example, it uses 27 

channels in three separate frequency bands. The 2.4 GHz 

band is used worldwide and has 16 channels and a 

maximum over-the-air data rate of 250 Kbps. Lower 

frequency bands are also specified. The 902–928 MHz band 

serves the Americas and much of the Pacific Rim, with 10 

channels and a burst rate of 40 Kbps. European applications 

use one channel in the 868–870 MHz band, which provides 

20 Kbps burst rate. This rich assortment of frequencies lets 

applications with the appropriate hardware configuration 

adjust in real time to local interference and/or propagation 

conditions. Once on a specific channel, the 802.15.4 radio 

relies on a number of mechanisms to ensure reliable data 

transmission, including binary phase shift keying (BPSK) in 

the 868/915 MHz bands and offset quadrature phase shift 

keying (O-QPSK) at 2.4 GHz. You can expect battery 

lifetimes from a few months to many years as a result of a 

host of system’s powe r-saving modes and battery-optimized 

network parameters, such as a selection of beacon intervals, 

guaranteed time slots, and enablement/disablement options. 
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Fig. 6: Host Module Program Flow Design 

VIII. AUDIBLE ALARM CIRCUIT 

There is an essential audible alarm circuit to make a sound. 

Because of the PWM interface on the abundant   lpc2148 

ARM Processor, it is easy to extend a buzzer, which can let 

out a variety of frequency sound.  

 
Fig. 7: 

IX. SOFTWARE DESIGN 

Software design is founded on hardware design, and is the 

important parts of feature implementations, including 

communication protocol, data format, program design of tire 

pressure monitoring terminal and host module 

Data format 
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Table 1: 

a) Preamble, 16bit in all, the front 4 bits (1111) are 

essential to wake up receiver. The next 8 bits are the 

configuration value of register CR2 in receiver to start 

Data Manager. The last 4 bits (0110) activate receiver 

and show that the valid data is coming with ID 

beginning 

b) ID, 32 bits in all, after the preamble, are to distinguish 

different transmitters 

c) Pressure and temperature value, each one occupies 8 

bits 

d) State signal, 8 bits in all 

e) 8 Check-bits and 2 Stop-bits 

The whole data frame includes 82 bits in all. 8 

State-bits are  Just  used 3 bits in this design, the rest 5 bits 

are retained to use in other design. The Checksum can help 

reduce interferences led in by other factors and make sure 

the data is completeness and accuracy. The 2 Stop-bits 

express that data transmission is completive. 

X. CONCLUSION 

The intelligent tire safety pre-alarm system can directly 

detect the tire pressure and temperature, and find out hidden 

danger to take effective measures, and make sure that 

vehicles driving stability when the tire appears abnormal 

symptoms, especially when vehicles are running at high 

speed. It is very easy to extend other functions because of 

the abundant resource on LPC2148, for example, car 

telephone, GPS navigation, video reverse radar and car 

multimedia. We just add essential hardware, drivers and 

application programs, then implement relevant functions. 
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