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(57) ABSTRACT 

A tire pressure monitor method enables the reassignment of 
tire pressure sensors to respective tire locations on the 
vehicle in the event that the sensors are lost or replaced With 
neW sensors having differing identi?cation codes. Apassen 
ger compartment monitor, that normally monitor tire pres 
sures through broadcast transmission from the sensors, is 
manually into a identi?cation entry mode selecting a desired 
tire location, and When the vehicle begins travel, a motion 
sWitch in the neW sensor detects vehicular motion and 
activates the transmission of the neW identi?cation code that 
is received by the monitor that then assigns the presently 
selected tire location to received identi?cation code. 
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TIRE PRESSURE SENSORY AND MONITORING 
METHOD 

REFERENCE TO RELATED APPLICATION 

[0001] The present application is related to assignee’s 
copending application entitled Tire Pressure Sensory and 
Monitoring System, Ser. No. , ?led yy/yy/yy, by the 
same inventors. 

FIELD OF THE INVENTION 

[0002] The invention relates to the ?eld of to a method and 
apparatus for monitoring air pressure in vehicle tires. More 
particularly, the invention relates to an apparatus for auto 
matically sensing tire pressure and methods for operating the 
apparatus. 

BACKGROUND OF THE INVENTION 

[0003] Tire pressure sensors have long been used to sense 
the pressure of tires to indicate When the tire is beloW a 
predetermine tire pressure. These sensors use various means, 
typically diaphragms screWed into tire value stems and 
responsive to tire pressure for activating an electrical sWitch 
for generating an alarm. Various types of tire monitoring 
systems have been used to provide continuous vehicle tire 
pressure sensing and monitoring during vehicular operation. 
Such systems typically include a monitor located in the 
passenger compartment of the vehicle for receiving encoded 
transmitted signals for respective tires and for alerting the 
vehicular operator through the use of audio alarms and 
graphic display indicators. The ability to selectively sense 
the pressure of each tire is desirable so that the subject tire 
can then be in?ated to proper air pressure levels for safety 
and long tire Wear life. The tire sensors unidirectionally 
communicate With the monitor transmitting tire pressure 
values received and processed by the monitor.Hence, these 
systems typically have tire pressure sensors located on the 
valve stems for the respective tires each With an associated 
embedded transmitter for generating respective encoded 
signals identifying the tire. The cab mounted monitor has a 
receiver the graphic display for alerting the operator in the 
event of loW tire pressures. 

[0004] US. Pat. No. 4,814,745 issued to Wang on Mar. 12, 
1989 discloses a cap like signal device attached to the tire for 
sensing tire pressure. The cap includes an electric alarming 
buZZer responsive to a disk actuated by pressure disadvan 
tageously Without a cab mounted monitor. The disk activates 
the buZZer When the tire pressure is too low. US. Pat. No. 
4,814,744 issued to Collins on Mar. 21, 1989 discloses a loW 
tire pressure Warning system having a mechanical side Wall 
sensor With and dash alarm disadvantageous connected by a 
cable. US. Pat. No. 4,804,808 issued to Dal Cero on Feb. 14, 
1989 discloses a pressure sensing devices that senses loW 
tire pressure and signal loW pressure using a transmitter and 
cab mounted receiver. US. Pat. No. 4,694,273 issued to 
Franchino on Sep. 15, 1987 disclose a tire sensing device 
having a movable element Which activates a radio transmit 
ter signal received by a receiver in the passenger compart 
ment to activate visual and acoustic alarms. US. Pat. No. 
5,289,161 issued to Huang on Feb. 22, 1994 discloses a tire 
pressure sensor having a diaphragm in a casing. The spring 
loaded diaphragm is movable betWeen tWo positions. A 
signal producing units is activated in response to the position 
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of the diaphragm. The signal generated is an encoded 
modulated RF signal for communicating an alarm signal to 
a receiver that determines Which tire is loW and activates a 
corresponding indication to indicate Which tire has loW tire 
pressure. Fuses in the sensors are used to generate the 
respective codes to match indicators of a display. US. Pat. 
No. 5,694,111 issued to Huang on Dec. 2, 1997 discloses an 
encoder unit and transmitter circuit for a tire pressure sensor 
device for generating encoded RF signals received by a cab 
receiver operating a display units. US. Pat. No. 4,734,674 
issued to Thomas on Mar. 29, 1988 also discloses a tire 
pressure sensing device that, upon loW pressure, transmits an 
encoded signal to a cab receiver having a plurality of display 
indicators on a front panel that are selectively activated to 
indicate the respective tire. US. Pat. No. 4,737,760 issued to 
Huang on Apr. 12, 1988 discloses another valve stem tire 
pressure Warning device having a pressure sensitive dia 
phragm and spring sWitch for activating a transmitter signal 
communicated to the cab monitor. US. Pat. No. 4,319,220 
issued to Pappas on Mar. 9, 1982 disclose a system for 
monitoring tire pressure of the tires having respective trans 
mitters communicating alarm signals to a receiver in the cab 
monitor. US. Pat. No. 5,001,457 issued to Wang teaches a 
cab mounted monitor having displays With a graphic display 
for visually indicating Which tire is loW through the use of 
digitally encoded signals transmitted betWeen respective tire 
sensor transmitters and the cab mounted central receiver. 
US. Pat. No. 4,970,491 issued to Saint on Nov. 13, 1990 
teaches the use of specially encoded signal for a ?eet of 
vehicle so that the receivers of one ?eet of vehicle Will not 
be activated by encoded signal from a sensor in another ?eet 
of vehicle. 

[0005] Typically, these systems teach valve mounted tire 
pressure sensors responsive to respective tire pressures of 
the tires for generating respective encoded signals transmit 
ted to receiver in a cab mounted monitor having graphic 
visual displays and or audio alarms for indicating Which one 
of the tires has loW tire pressure. Typically, these signal are 
modulated at a ?x radio frequency. HoWever, these teaching 
do not address the problem of interference betWeen signals 
from sensor on the same vehicle, Which signals are modu 
lated at the same frequency resulting in poor reception by the 
receiver, Which may cause a failure of the monitoring system 
that fails to provide the operator With expedient current tire 
pressure indications and alarms. Additionally, these prior 
systems do not enable easy methods of modifying the 
assignment betWeen the tire positions and the respective 
code of the valve stem mounted sensors, for eXample, When 
the sensor is dysfunctional, lost or stolen. These and other 
disadvantages are solved or reduced using the invention. 

SUMMARY OF THE INVENTION 

[0006] An object of the invention is to provide a vehicular 
tire pressure monitoring system that synchroniZes radio 
transmissions from tire sensors transmitters to reduce poten 
tial interference betWeen simultaneously transmitted tire 
pressure signals from the tire pressure sensor transmitters 
located on respective tires. 

[0007] Another object of the invention is to provide tire 
sensor motion detection sWitches for synchroniZing tire 
pressure signal transmissions from respective tire pressure 
sensor transmitters to reduce potential interference betWeen 
simultaneously transmitted tire pressure signals. 
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[0008] Still another object of the invention is to method 
for reassigning the tire pressure sensor identi?cation codes 
to respective tire locations. 

[0009] The present inventions are directed to a vehicular 
tire pressure monitoring system that time division synchro 
niZes transmitted tire pressure signals from respective tire 
sensor modules to prevent the transmitted signals from the 
interfering With each other for improved tire pressure moni 
toring. Each tire sensor module is attached to the valve of a 
respective tire. the tire sensor module includes a motion 
detector sWitch that is activated When the vehicle is in 
motion through rotating tires that spin the sensors. Upon the 
detection of motion, battery poWer is routed to sensor 
electronics so that the sensor is poWered during vehicular 
motion but remains dormant during periods of inactive 
vehicular motion so as to conserve sensor battery poWer. 
Each sensor module is individually con?gured to transmit 
respective tire pressure signals, including encoded identi? 
cation codes, at differing non-overlapping time intervals so 
that the transmitted signals are staggered over time for time 
division synchronization. As such, the signals are transmit 
ted at different times so as to prevent cross interference 
betWeen these signals thereby improving the reception of 
these signals by the receiver of the monitor in the passenger 
compartment. 

[0010] In another aspect of the invention, the individual 
sensor modules can be activated preferably by vehicular 
motion to transmit the respective identi?cation code signals 
received by the receiver in the monitor that is manually 
programmed into a code assignment mode that selects, using 
a display panel, the desired tire location and then assigns that 
tire location to the neW identi?cation code upon reception of 
the transmitted signal from a respective sensor module. This 
ability to reassign the sensor identi?cation code enables the 
replacement of sensors that may have become defective, lost 
or stolen. These and other advantages Will become more 
apparent from the folloWing detailed description of the 
preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is draWing depicting a monitor display 
panel. 
[0012] FIG. 2 is schematics for the monitor display. 

[0013] FIG. 3a and 3b are schematics of the monitor 
receiver. 

[0014] FIG. 4 is a schematic of the monitor controller. 

[0015] FIG. 5 is a schematic of the tire pressure sensor 
module. 

[0016] FIG. 6 is a table of part lists indicating component 
values for the monitor display, monitor receiver, monitor 
controller and tire sensor module. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0017] An embodiment of the invention is described With 
reference to the ?gures using reference designations as 
shoWn in the ?gures. Reference is continually made 
throughout this description to FIG. 6 indicating component 
values. The vehicle tire pressure monitoring system consists 
of battery-poWered components that are referred to as the 

Feb. 7, 2002 

monitor and the sensor module, shoWn by Way of schematic 
representation in FIGS. 1 through 4b, and FIG. 5, respec 
tively. Together, these devices monitor air pressure in the 
tires of a vehicle, not shoWn, for alerting the driver in the 
event that the tire pressure drops beloW a preprogrammed 
tire air pressure level. A typical four tire monitoring system 
consists of the monitor that is mounted inside the vehicle 
passenger compartment and four small tire air pressure 
sensor modules respectively securely attached to the valve 
stems of the tires. The sensor modules are encased in a small 
plastic housing, not shoWn, With suitable threads for valve 
stem attachment. The monitor may also be enclosed in a 
small plastic housing, not shoWn, and can be dash mounted, 
if desired, for receiving poWer from the vehicular battery, 
also not shoWn. 

[0018] NoW, referring speci?cally to FIGS. 1 and 2, the 
monitor display panel shoWs a graphic representation of a 
vehicle through the use of light emitting diodes (LEDs) D1, 
D2, D3 and D4 indicating respective tires locations, for 
eXample, indicating back left, front left, front right and back 
right tire locations, respectively, for the exemplar four Wheel 
vehicle. The display panel also includes a light emitting 
diode D5 for indicating a loW battery level of the sensor 
module. A high voltage logic one level through resistors R3, 
R4, R5, R6 and R7 Will light up light emitting Diodes D1, 
D2, D3, D4 and D5, respectively. The monitor display 
further includes a plurality of numerical indicators, such as 
displays U1 and U2, Which may be for eXample, tWo 
conventional seven segment numerical displays for indicat 
ing tWo digit tire pressure values. Displays U1 and U2 are 
used to display the sensed tire pressure and tire pressure 
trigger level When the monitor is in a programming trigger 
mode. Display U1 shoWs the most signi?cant digit and 
display U2 shoWs the least signi?cant digit. The tWo 
numeric seven segment displays U1 and U2 have respective 
activation transistors Q2 and Q3, With respective base resis 
tors R9 and R10. A miniature programming sWitch S1 is 
used for operator programming and for displaying tire 
pressures. A dual color LED LP1 emits a green color 
indicating proper monitor operation and proper operating 
tire pressures, and emits a red color indicating malfunction 
ing of the monitor or improper tire pressures, such as a loW 
tire pressure. The LED LP1 has a drive transistor Q1 With a 
pull resistor R1, base resistor R2 and ground resistor R8. The 
monitor display is typically eXposed for vieWing in a pas 
senger compartment, not shoWn, of the subject vehicle, also 
not shoWn, that is represented by LEDs D1, D2, D3 and D4. 
Connector J1 connects the display panel electronic of FIG. 
2 to a connector J3 of the monitor controller of FIG. 4. 

[0019] Referring to FIGS. 1 through 3b, and more par 
ticularly to FIGS. 3a and 3b, the monitor receiver obtains 
clean poWer from a ?ve volt DC linear voltage regulator U4. 
The regulator U4 receives vehicular battery tWelve volts DC 
through connector J2 and through a protection diode CR1 
and provides a constant ?ve volt supply voltage VCC5 
distributed Within the monitor to ?lter capacitors C4, C5, C6 
and C7, among other components. The supply voltage VCC5 
poWers the receiver circuits. The receiver comprises an 
antenna AN T1 coupled through an inductor L1 and capacitor 
C8 to a SAW ?lter U7. The inductor L1 and capacitor C8 
function to set for impedance matching betWeen the antenna 
ANT1 and the SAW ?lter U7 and. The SAW ?lter U7 
functions as front-end ?ltering for the received signal and is 
connected through impedance matching components induc 
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tor L3 With capacitor C13 to a loW noise ampli?er U9 for 
demodulating the received signal. The loW noise ampli?er 
U9 is poWered by a three volt reference VCC3 With ?lter 
capacitors C15 and C17 and provides an RF output signal to 
a frequency converter U10 through coupling capacitor C16. 
The received signal is a 433.92 MHZ RF AM signal that is 
picked up by the helical antenna AN T1 and processed by the 
frequency converter U10. The frequency converter U10 is 
connected to an IF tuned circuit consisting an inductor L4 
and capacitors C21, C22 and C23 for providing a tuned 
response While eliminating unWanted cross product signals 
generated Within the frequency converter U10. The fre 
quency converter U10 is further connected to radio fre 
quency (RF) and intermediate frequency (IF) bypass capaci 
tors C18, C19 and C20. The frequency converter U10 uses 
a SAW resonator U11 connected through resistor R28 for 
generating a 423.22 MHZ local oscillator signal Which When 
mixed With the received signal at 433.92 MHZ signal gen 
erates an amplitude modulated signal that is doWn converted 
to 10.7 MHZ. Hence, SAW resonator U11 provides a 423.22 
MHZ RF reference for miXing and doWn converting of the 
received RF signal into an IF signal at the IF output of the 
frequency converter U10. 

[0020] The frequency converter U10 provides an IF output 
signal to a ceramic ?lter U8 through resistor R27. The 
ceramic ?lter U8 provides a sharp band pass response for 
further ?ltering the IF signal. An envelope detector consists 
of a circuit including capacitor C11, resistor R25, inductor 
L2 and a detection diode U6. The output of the envelop 
detector at the diode U6 provides a toggling digital signal 
that is further ?ltered by resistors R22 and capacitor C9 and 
is communicated to a buffering loW pass ?lter ampli?er 
USA. The ampli?er U5a has input capacitors C12 and C14, 
input resistor R26 and a feed back resistor R24 providing a 
loW pass ?ltered buffered signal. The ?ltered buffered tog 
gling signal of the ampli?er USA is communicated to a 
comparator ampli?er U5B that compares the buffered ?l 
tered toggling signal to the compare signal reference to 
square the ?ltered toggling signal into a square Wave digital 
signal Data3 having fast rise and fall times suitable for 
further digital processing. The ampli?er comparator U5B 
uses resistor R23 and capacitor C10 to reduce noise for 
precise toggling of the comparator U5B for reducing jitter of 
the output digital signal Data3. A step doWn voltage regu 
lator U3, With resistor R14, converts the VCC5 reference 
into the three volt voltage reference VCC3 that is ?ltered by 
capacitors C2 and C3. Resistors R11 and R13 and potenti 
ometer R12 divide the reference VCC3 into the compare 
voltage reference having a ?lter capacitor C1 to provide a 
compare threshold to ampli?ers USA and USB to limit 
standby noise. The Data3 signal is converted by transistors 
Q5 and Q4, using bias resistors R15, R16, R17, R18, R19, 
and R20, into a ?ve volt data signal Data5 communicated to 
the monitor controller. Hence, the received RF signal is 
converted into an IF signal that is then conditioned, ?ltered 
and detected into a VCC3 voltage level signal and then 
squared and converted into a VCC5 voltage level signal as 
a square Wave form compatible With the conventional ?ve 
volt logic levels of the monitor controller for communicating 
digital data for decoding and further processing by the 
monitor controller. 

[0021] Referring to FIGS. 1-4, and more particularly to 
FIG. 4, the monitor controller includes a microprocessor 
U12 having outputs RCO-6 connected through respective 
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resistor R35, R34, R33, R32, R38, R37 and R36, through the 
display connectors J3 and J2 for respectively driving the 
segments f, a, b, c, , g, e, and d of the displays U1 and U2. 
Output RC7 drives the LED LP1. Output RB7, RB6, RB5 
and RB4 respectively drive LED D1-5, and outputs RB3 and 
RB4 respectively drive transistors Q2 and Q3 for activating 
the displays U1 and U2, respectively. The input RAO 
receives an input from the sWitch S1. The digital signal of 
Data5 is received at the input RB1. The microprocessor U12 
is clocked by a oscillator consisting of a 4 MHZ crystal 
oscillator Y1 connected to oscillator capacitors C25 and 
C26. AbuZZer LS1 is a pieZoelectric ceramic device driven 
by transistor Q6 having a base resistor R29 connected to and 
controlled by the microprocessor U12 at an RA2 output. The 
buZZer LS1 is energiZed by the microprocessor U12 to alert 
the driver When the RF receiver picks up and decodes a loW 
tire pressure message from a tire sensor module. A one kilo 
bit serial electrically erasable programmable read only 
memory (EEPROM) U13 stores user-programmed loW tire 
pressure trigger values, sensor module identi?cation codes 
and other important parameters. The EEPROM U13 is 
connected to the microprocessor U12 at RA3 and RA4 data 
and clock inputs respectively using pull up resistors R30 and 
R31. The microprocessor U12 is poWered by the reference 
VCC5 having ?lter capacitor C24. The microprocessor U13 
is a high performance eight bit CMOS microprocessor With 
internal 2K EPROM program memory, and one hundred and 
tWenty eight bytes of RAM data memory. On poWer up, 
resetter U11 resets the microprocessor U12 to start execution 
of an operating program stored in the microprocessor 
EPROM. Under program control, the microprocessor U12 
Will illuminate each numeric display device by setting 
respective outputs to a logic one and by simultaneously 
turning on the transistors Q2 and Q3 connected to the 
numeric displays U1 and U2. Similarly, the microprocessor 
U12 can control the light emitting diodes D1-4, D5, and 
LP1. 

[0022] Referring to all of the Figures, and more particu 
larly to FIG. 5, the tire pressure sensor module is housed in 
a tubular miniature enclosure, not shoWn, and is securely 
fastened to a respective tire valve stem, also not shoWn. The 
tire pressure sensor module electronics enable sensory, logic 
and transmitter functions. A pieZoresistive pressure sensor 
U18 comprises four strain resistive sensitive resistors dif 
fused in silicon. These resistors are connected in a Wheat 
stone bridge con?guration Whereby tWo resistors increase 
With positive pressure While the other tWo decrease in 
resistance. When pressure is applied to the sensor U18 the 
resistors in the arms of the bridge of sensor U18 change by 
an amount directly proportional to the pressure applied. 
When a voltage is applied to the bridge, there Will be a 
resulting differential output voltage indicating sensed tire 
pressure. Sensory logic consists of a loW poWer dual ampli 
?er U17A and U17B connected to the sensor bridge U18 and 
to resistors R45 through R50, consists of a voltage regulator 
U14 having ?lter capacitor C28, and consists of another high 
performance CMOS eight bit microprocessor U15 With an 
attached EEPROM U16 using a pull resistor R42 on an GP1 
input. A nine VDC battery BAT1 having ?lter capacitor C27 
is connected to a tire motion detection sWitch S2. The 
motion detection sWitch S2 senses any motion of the respec 
tive vehicular tire. The sWitch S2 detects motions and closes 
sWitch contacts Within 100 milli seconds after the vehicle 
reaches ?fteen miles per hour. Gravitational forces activate 
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the motion switch S2. Pure hydrogen gas is contain is a small 
glass container, not shoWn, encapsulating ?rst and second 
electrical contacts. Under gravitational forces, mercury dis 
posed on the ?rst electrical contact ?oWs to make contact 
With the second electrical contact to thereby close the sWitch 
S2. Those skilled in the art are adept at making motion 
detection sWitches siZed to a small valve stem plastic casing. 
The battery BAT1 output voltage level is divided by resistor 
R40 and R41 to provide a battery voltage level reference to 
the microprocessor U15 to monitor the +9V battery level. 
Themicroprocessor U15 can sense the battery voltage ref 
erence through an input GP2 coupled to the voltage divider 
resistors R40 and R41. The ampli?ers U17A and U17b 
condition the sensed tire pressure voltage signal for driving 
an analog-to-digital converter Within the microprocessor 
U15 to provide the microprocessor U15 With an indication 
of the tire pressure sensed by the sensor U18. The radio 
frequency transmitter consists of transistor circuit Q7, resis 
tors R39 and R44, inductor antenna L5, capacitors C29, 
C30, and C31 and a SAW resonator Y2 for providing a 
transmitter frequency signal at 433.92 MHZ that is modu 
lated by the microprocessor U15 through resistor R43. The 
GPO-5 terminals of the microprocessor U15 are bidirectional 
inputs and outputs. The terminal GPO is used to receive the 
dataI/O signal. The terminal GP1 is used to send or receive 
data to the EEPROM U16. The terminal GP2 receives the 
battery voltage level reference and can output a digital clock 
signal to the EEPROM U16. The terminal GP3 is connected 
to the output of the regulator U14. The terminal GP4 is an 
output that is used to poWer the sensor U18 and the ampli 
?ers U17A and U17B. The terminal GP5 outputs data to the 
Y2 oscillator for amplitude modulation of the 433.92 MHZ 
radio frequency carrier signal. Under program control, the 
microprocessor U2 outputs an encoded digital message 
string DataI/O for pulsed amplitude modulating the carrier 
signal from the RF transmitter circuit. 

[0023] To minimiZe poWer consumption, the sensor mod 
ule operates in a dormant mode and is only poWered When 
the tire is in motion detected by motion sWitch S2 that 
operates to connect the battery BAT1 to the electronic 
components of the sensor module. The microprocessor U15 
is programmed to have an internal clock that regularly reads 
the air pressure in the tire from the sensor U18 through the 
ampli?ers U17A and U17B. If there has been a signi?cant 
pressure change from the previous reading, the sensor mod 
ule transmits a pulse modulated radio frequency signal to the 
monitor using the inductor L5. The RF message identi?es 
the sensor module and contains pressure and battery data. 
The monitor controller receives data indicating the current 
tire pressure for display and comparison. Upon receiving the 
RF message, the monitor controller compares the tire pres 
sure value received to a programmed value stored in the 
memory. If the received value is less than a predetermined 
loW pressure trigger value, the monitor controller alerts the 
driver by ?ashing the loW tire pressure value on the displays 
U1 and U2, by ?ashing one of LEDs D1-D4 for the 
respective tire, and by sounding an alarm using the buZZer 
LS1. 

[0024] The communication betWeen the tire pressure sen 
sor module and the monitor is unidirectional from the sensor 
module to the monitor controller. Transmitted signals are a 
logic one When the amplitude modulation level is high for 
tWo T and loW for one T, or a logic Zero When the amplitude 
modulation level is high for one T and loW for tWo T, Where 
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T preferably equals 1/3 bit period, for eXample, T=270 
microseconds. Messages are preferably transmitted With the 
most signi?cant bits ?rst. A message from a tire sensor 
module preferably consists of, in order, a preamble, a synch 
signal, three bytes of identi?cation data, one byte of pressure 
data, one byte of full scale data, and one byte of battery data. 
The preamble is a 5.0 millisecond high level signal. The 
synch signal is a ten T pulse of loW level signal. The three 
identi?cation bytes is an identi?cation number of the respec 
tive sensor module, and therefore of the respective tire to 
Which the respective sensor module is attached. The full 
scale data is a calibration value indicating a maXimum 
pressure read value. The battery data is a numerical value 
indicating the voltage level of the sensor module battery 
BAT1. The message is transmitted as an encoded RF mes 
sage string. 

[0025] When an encoded RF message string from the tire 
sensor module is received by the monitor antenna AN T1, the 
RF signal is passed through the saW ?lter U7 and through the 
loW noise ampli?er U9. The output of loW noise ampli?er 
U9 is transmitted to the single conversion super heterodyne 
frequency converter U10 that converts the received ?ltered 
signal into the modulated intermediate frequency signal at 
10.7 MHZ. The IF output is passed through a Wide-band IF 
?lter U8, and communicated to the amplitude detector U6 
for demodulating the received signal. The demodulated 
digital data is then further processed by the DC ampli?ers 
USA and comparator U5B for generating the Data3 digital 
output. The digital output signal from USB is passed to the 
voltage converter buffer of Q5 and Q4 for converting the 
voltage level from three volts to ?ve volts. This ?ve volt 
digital signal is then ?nally communicated to the micropro 
cessor U12 for decoding, veri?cation and further processing. 
If the message is determined to be from a sensor module 
With and ID Code belonging to one of the vehicular tires, 
then the tire pressure value in the message is compared With 
a loW tire pressure trigger value previously stored in the 
EEPROM U13 as a loW pressure comparison. If loW pres 
sure value comparison result is positive, the controller lights 
up the corresponding tire location LED D1-4, turns on the 
red color for LED LP1, and displays the tire pressure reading 
of the displays U1 and U2 While activating the buZZer LSI 
that is momentarily turned on for a predetermined period. 

[0026] When a tire reaches a predetermine rotational rate 
corresponding to a predetermined vehicular speed, for 
eXample, ?fteen miles per hour, the motion sWitch S2 closes 
to connect the battery BAT1 that poWers up the electronics 
in the tire pressure sensor including the pieZoresistive pres 
sure sensor U18 that senses the tire air pressure level. The 
tire pressure is sensed by sensor U18 and the ampli?er U17A 
ampli?es the resulting differential voltage as an ampli?ed 
analog signal. The ampli?ed analog signal is fed into the 
ampli?er U17B that converts the ampli?ed analog signal 
into a digital signal communicated to the microprocessor 
U15. The microprocessor U15 compares the digital pressure 
value With a previous tire pressure reading, Which is stored 
in the RAM of the microprocessor U15. The result of the 
comparison determines Whether the microprocessor U15 
Will encode a message and communicate that message 
through output GP5 to the RF transmitter comprising reso 
nator Y1 for broadcasting to the monitor antenna AN T1. The 
transmitted message, if any, is transmitted by inductor L5 
and received by the antenna ANT1. 
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[0027] At the end of this transmission, the microprocessor 
U15 sWitches to a poWer saving mode of operation until the 
neXt Wake up call. The microprocessor U15 has an emulated 
internal clock that counts to aWaken and interrupt the 
microprocessor U15 at regular time intervals of time T1 to 
take a neW tire pressure reading. The microprocessor U15 is 
also awakened at intervals of time T2 to transmit an all-is 

Well-With-the-sensor signal to the monitor. The duration of 
T1 is less than the duration of T2. To conserve poWer 
consumption, the tire pressure sensor module is poWered 
doWn When the tire motion detection sWitch S2 detects no 
motion in the tire When the vehicular speed drops beloW the 
predetermined vehicular speed, and is poWered back up 
again When S2 detects motion in the tire When the vehicle is 
traveling in eXcess of that predetermined speed. The micro 
processor U15 also monitors the battery voltage level at 
input GP2 to alert the monitor controller When the battery 
BAT1 has dropped beloW a level that may result in a 
inaccurate tire air pressure reading by the sensor U18. The 
tire pressure sensor U18 can be calibrated at the factory to 
compensate for pressure reading imprecision betWeen 
pieZoresistive pressure sensor U18 When eXposed to extreme 
temperatures. For this purpose, the microprocessor U15 can 
store pressure offsets values in the integrated non-volatile 
EEPROM. The values are programmed into microprocessor 
U15 through inputs GPO receiving DATAI/O signal and a 
clock signal at GP1. 

[0028] The above system functions to monitor tire air 
pressures using respective sensor modules. The tubular 
sensor modules are preferably marked, for eXample, FL, FR, 
BL and BR markings respectively indicating the front left, 
front right, back left and back right. The sensor modules are 
placed on the valve stem of the tire in the respective location. 
The monitor is preferably preprogrammed at the factory to 
assign the respective identi?cation code of the sensor mod 
ules to the respective tire location. Each sensor module type, 
indicated by the sensor markings, has a different prepro 
grammed staggered time value. Each sensor module of the 
same marking type is preprogrammed at the factory to 
transmit messages at predetermined amount of staggered 
time after motion is detected by the motion sWitch. For 
eXample, sensor module marked FL transmits messages at 
0.0 seconds and repetitively every 16.0 seconds thereafter 
after motion detection, sensor module marked FR transmits 
messages at 4.0 seconds and repetitively every 16.0 seconds 
thereafter after motion detection, sensor module marked BL 
transmits messages at 8.0 seconds and repetitively every 
16.0 seconds thereafter after motion detection, and sensor 
module marked FL transmits a message at 12.0 seconds and 
repetitively every 16.0 second thereafter after motion detec 
tion. In this manner, every 16.0 seconds is time divided into 
four non-overlapping staggered time segments. As such, 
cross interference betWeen the transmitted messages is 
reduced. 

[0029] In a further aspect of the invention, the monitor 
system can be programmed to set the loW tire pressure 
trigger level. The sensors have respective identi?cation 
codes assigned to respective tire locations for referencing a 
received message to the respective tire. To enter a trigger 
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programming mode, upon the application of poWer to the 
monitor, an operator presses the sWitch S1 for a predeter 
mined amount of time, for eXample, three second. After 
entering the trigger mode, the operator can repetitively press 
the sWitch S1 to cycle through air pressure values, for 
eXample, betWeen 18.0 psi and 50.0 psi, to thereby set the 
loW pressure trigger level. In the event that any one of the 
pressure values of the received messages drops beloW this 
trigger level, the respective LED D1-D4 is ?ashed as the 
LED LP1 is illuminated red and the buZZer LS1 is activated. 

[0030] In yet a further aspect of the inventions, the moni 
tor system can be programmed to reassign the identi?cation 
codes to different tire locations. For eXample, if a sensor is 
lost, stolen and becomes defective, the operator could order 
a replacement sensor module preprogrammed With the cor 
rect staggering time, but noW having a neW identi?cation 
code so that all of the sensors may have respective unique ID 
codes so that monitors Will only response to sensor modules 
on the subject vehicle. Upon the application of poWer, the 
user can hold press the sWitch S1 for a longer predetermined 
amount of time, for eXample siX seconds, to enter the 
assignment programming mode. After entering the assign 
ment mode, the operator can repetitively push the sWitch S1 
to cycle through the tire location D1-D4 to select the tire 
location for the neW sensor module. After the sensor module 

is placed on the valve stem of the subject tire, With the other 
sensors removed from the remaining tires, and With the 
monitor in the assignment mode, the vehicle can be driven 
into motion to activate the motion sWitch of the sensor 
module to activate the transmission of a message containing 
the neW ID code. Upon reception of the message, the 
monitor controllers assigns the received ID code to the 
selected tire location. In this Way, neW sensors can replaced 
if lost, stolen or defective. 

[0031] The above system and methods describe a pre 
ferred embodiment using eXemplar devices and methods that 
are subject to further enhancements, improvement and 
modi?cations. HoWever, those enhancements, improve 
ments and modi?cations may nonetheless fall Within the 
spirit and scope of the folloWing claims. 

What is claimed is: 

1. A method for reassigning a sensor module for sensing 
tire pressure of a respective tire in a tire pressure monitor 
system comprising a monitor panel, the method comprising 
the steps of, 

displaying tire locations on the panel, 

selecting one of the tire locations, 

transmitting an identi?cation code identifying the sensor 
module, and 

assigning the identi?cation code to the selected tire loca 
tion. 

2. The method of claim 1, further comprising the steps of, 

installing the sensors on a tire of a vehicle, the transmit 
ting step is activated to transmit the identi?cation code 
When the vehicle is in motion. 
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3. The method claim 1 wherein the identi?cation code 
uniquely identi?es the sensor module. 

4. A method for reassigning a sensor module for sensing 
tire pressure of a respective tire in a tire pressure monitor 
system comprising a monitor panel, the method comprising 
the steps of, 

displaying tire locations on the panel, 

selecting one of the tire locations, 
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transmitting an identi?cation code identifying the sensor 
module, When the vehicle is in motion, and 

assigning the identi?cation code to the selected tire loca 
tion, the identi?cation code uniquely identi?es the 
sensor module among many possible identi?cation 
codes. 


