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MONITORING VEHICLE POSITIONS 

INTRODUCTION 

[0001] Global positioning systems (GPS) are known in 
Which a plurality of satellites in earth orbit are arranged to 
transmit signals such that a receiver located on the earth’s 
surface is able, by triangulation techniques, to identify its 
location. Advances in such systems has resulted in them 
being included in small and relatively loW cost equipment. 
As a result such technology is noW in Wide spread use in 
diverse equipment, for eXample for identi?cation of the 
position of one or more vehicles. 

[0002] British patent publication number 2 288 892 
describes a system in Which the position of a road vehicle is 
monitored by transmitting GPS positional data from a GPS 
system located on the vehicle to a base station. The data is 
transmitted using a radio link or GSM data link. Data is 
transmitted at closely spaced regular intervals so as to 
provide substantially real-time tracking of the vehicle. 

[0003] With the system described in British patent publi 
cation number 2 288 892, the interval betWeen successive 
transmission events must be relatively short in order to 
enable a remote monitoring station to obtain such real-time 
tracking data. Thus, a communication channel may be 
continuously kept open, tying up the channel, or opened and 
closed at short intervals, in Which case the transmission time 
overhead of the protocol eXchanges in creating the channel 
is signi?cant in relation to the actual transmission time 
required for transmission of positional data. Such substan 
tially constant use of a communications channel is expensive 
and can be inefficient eg in areas of poor reception. 

[0004] French patent publication number 2 670 002 dis 
closes the determination of vehicle position based on satel 
lite signals from Which vehicle position is calculated. A 
situation is described in Which the satellite signals may be 
lost, possibly due to a vehicle entering a tunnel etc. Under 
these circumstances, subsequent vehicle positions are cal 
culated by means of direction and distance measuring sen 
sors. HoWever, the document does not address the problem 
of facilitating the storage of a signi?cant volume of posi 
tional data and is concerned primarily With providing current 
positional data to a driver. 

SUMMARY OF THE INVENTION 

[0005] According to a ?rst aspect of the present invention, 
there is provided a method of monitoring a geographically 
moveable object, comprising the steps of substantially con 
tinuously receiving geographic position data at said geo 
graphically moveable object; and recording a ?rst set of data 
representing the absolute geographic position of said object 
at a ?rst position, characterised by creating relative position 
data from the difference betWeen the absolute position data 
of a given position and the position data of a preceding 
recorded position; and recording a second set of position 
data representing said second position of said object relative 
to said ?rst position. 

[0006] In a preferred embodiment, subsequent sets of 
relative position data are recorded representing subsequent 
positions of said object relative to a preceding recorded 
position. 
[0007] Preferably, the absolute position data comprises 
tWo n-bit Words, Where n may equal, for eXample, tWenty 
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tWo and the relative position data comprises one n-bit Word. 
Preferably, corresponding time and date data are associated 
With the position data. 

[0008] According to a second aspect of the present inven 
tion, there is provided apparatus for monitoring a geographi 
cally moveable object, comprising means for substantially 
continuously receiving geographic position data at said 
geographically moveable object; and means for recording a 
?rst set of data representing the absolute geographic position 
of said object at said ?rst position, characterised by means 
for creating relative position data from the difference 
betWeen an absolute position data of a given position and the 
position data of a preceding recorded position; and means 
for recording a second set of position data representing a 
second position of said object relative to said ?rst position. 

[0009] In a preferred embodiment, the apparatus is 
arranged to record position data at intervals ranging from 
thirty seconds to thirty minutes and preferably the data is 
recorded at intervals ranging from tWo minutes to ten 
minutes. 

[0010] In a preferred embodiment, the moveable object is 
a vehicle and the recording of data is initiated by the vehicle 
ignition being activated. 

[0011] In a preferred embodiment, the apparatus includes 
means for transmitting recorded data to a base station to 
provide a history of the movement of the object at said base 
station. Preferably, position data is transmitted in response to 
a signal generated as a result of an operation of the moveable 
object, possibly, in response to the ignition being deacti 
vated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Referring to the draWings herein; 

[0013] FIG. 1 illustrates a plurality of global positioning 
satellites in orbit around the earth; 

[0014] FIG. 2 illustrates a plurality of moveable vehicles 
and an overvieW of a monitoring apparatus for monitoring 
the vehicles according to a preferred embodiment and 
method of the present invention, 

[0015] FIG. 3 illustrates a vehicle ?tted With a data 
collection unit and associated sensors and actuators com 

prising the preferred embodiment; 

[0016] FIG. 4 illustrates an arrangement of the data col 
lection unit of FIG. 3; 

[0017] FIG. 5 illustrates a GPS receiver comprising the 
data collection unit of FIG. 3; 

[0018] FIG. 6 illustrates the format of data accumulated 
by the data collection shoWn in FIG. 3; 

[0019] FIG. 7 details the data collection method identi?ed 
in FIG. 6, con?gured to store data using the format identi 
?ed in FIG. 7; 

[0020] FIG. 8 illustrates transmission of positional signals 
in accordance With a preferred embodiment of the present 
invention; 

[0021] FIG. 9 lists a selection of stimuli initialing pro 
cesses of the preferred method; 
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[0022] FIG. 10 illustrates further operations of the data 
collection unit; 

[0023] FIG. 11 illustrates an operation of the data collec 
tion unit in response to an aperiodic stimulus; and 

[0024] FIG. 12 illustrates a remote monitoring station 
apparatus according to the preferred embodiment of the 
present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0025] A preferred embodiment and method according to 
the invention Will noW be described by Way of eXample only 
With reference to the accompanying draWings identi?ed 
above. 

[0026] FIG. 1 illustrates a section of the earths surface 
100, around Which are continuously orbiting 24 operational 
satellites including 3 spare satellites of the Navstar type 
space based radio navigation system satellites developed by 
the US Department of Defense. The satellites are placed in 
siX orbital planes at a distance of around 20,200 kilometers 
above the earth’s surface. The satellites orbit With a 12 hour 
orbital period and an inclination angle of 55°. Each satellite 
continuously broadcasts an RF signal at a centre frequency 
of 1575.42 MHZ (L1 Band). The RF signal is modulated by 
a 10.23 MHZ clock rate precise ranging signal, and by a 
1.023 MHZ clock rate coarse acquisition code ranging 
signal. At any one time at a position 105 on the surface of 
the earth, a minimum of 5 satellites are in line of sight vieW. 

[0027] At the paint 105 on the earth’s surface, provided 
there are at least three satellites Within direct line of sight 
and therefore it is possible for a GPS receiver equipment 
positioned at that point 105 to calculate the precise geo 
graphical position of the point 105 by means of the RF 
signals transmitted by the satellites. 

[0028] Referring to FIG. 2 there is shoWn a plurality of 
moveable objects, for eXample trucks 200-203 traveling 
over the earth’s surface, and a monitoring apparatus com 
prising a base station 204 for receiving signals transmitted 
from the moveable objects 200-203, and a monitoring sta 
tion 205 in communication With the base station 204 over the 
pubic sWitched telephone netWork 206. 

[0029] Each truck communicates With the base station 204 
via a radio link. The monitoring station 205 is in commu 
nication With the base station 204 over the PSTN 206 for 
sending signals from the monitoring station for transmission 
by the base station 204, and for communication radio signals 
received by the base station 204 back to the monitoring 
station 205. 

[0030] Referring to FIG. 3 herein, there is shoWn a truck 
?tted With items of monitoring apparatus according to the 
preferred embodiment of the present invention. Monitoring 
apparatus ?tted to the truck comprises a data collection unit 
300, a plurality of sensors 301-307 for sensing operations of 
the truck, the sensors connected to the data collection unit 
300; and a radio receiver 308. 

[0031] The sensors positioned around the truck may sense 
operations of the truck such as fuel level; opening and 
closing of vehicle body doors; operation of a vehicle refrig 
eration unit; temperature Within individual compartments of 
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a vehicle body; engine oil temperature; oil pressure; 
tachograph readings; tire pressure; odometer readings. 

[0032] There may also be provided one or mare actuators 
controlled by the data collection unit 300, for eXample an 
engine immobiliser unit, or an alarm unit actuator (not 
shoWn). 
[0033] Referring to FIG. 4 a data collection unit 300 
comprising a GPS receiver 400 connected to an antennae 
401; a non volatile read-Write memory 402, a micro con 
troller 403, a radio receiver 404 and radio transmitter 405 
connected to a data communication antennae 406; the micro 
controller being connected to a plurality of peripherals 407 
comprising the aforementioned sensors and actuators (not 
shoWn). 
[0034] Referring to FIG. 5, the GPS receiver 400 com 
prises an analogue front end ampli?cation section 500 
capable of receiving signals from 12 satellites simulta 
neously, and a digital signal processor 501 receiving signals 
from the analogue front end ampli?er and outputting a serial 
data stream at 9,600 baud rate, from output 502 the serial 
data including geographical positional data in terms of 
latitude, longitude and altitude co-ordinates, and time and 
date data 503-507 respectively. 

[0035] Referring to FIGS. 4 and 5, the micro controller 
403 continually receives the position and time data from the 
GPS receiver 400 as the truck travels and parks and peri 
odically stores the position and time data in the memory 402 
at predetermined intervals. Sensor data from each of the 
sensors on the truck is available to the micro controller 403 
either continuously, or in response to poll signals. In the 
preferred embodiment, the memory 402 comprises a 32 
kilobyte non volatile read Write memory for eXample a 
62256 static RAM With loW leakage reservoir capacitor. The 
micro controller in the preferred embodiment comprises an 
Intel 8CC51 micro controller. 

[0036] Position data comprising a latitude data and a 
longitude data, and time and date data is abstracted from the 
byte stream data produced at the output 502 of GPS receiver 
400 by the micro controller 403. The micro controller 403 
has a set of registers into Which the position and time data 
is Written once every second. The set of registers alWays 
contains the most recent position and time/date data. The 
micro controller is con?gured in accordance With settable 
control instructions to log the current position and date/time 
data held in the registers, in the non volatile read Write 
memory 402. The read Write memory 402 accumulates a set 
of records, each comprising a position data and a corre 
sponding time/date data. Each record, in addition to con 
taining position and time/date data may also include data 
concerning other operational parameters of the vehicle, for 
eXample a fuel level data, an engine temperature data, door 
open/close data, vehicle body temperature data, fridge oper 
ating/non-operating data or the like, as contained in signals 
received from the on-board sensors of the vehicle. 

[0037] As mentioned above, the time interval betWeen 
successive loggings of the position and time/data data in the 
memory 402 ay be pre-set. In the preferred embodiment, 
data is stored at intervals of one minute, but the interval can 
be varied in the range for eXample 30 seconds to ten minutes, 
the period being selected so as to provide the required 
positional resolution of the tracking of the vehicle. Addi 
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tionally, position data may be stored in the memory 402 in 
response to an aperiodically occurring event such as a sensor 
signal. In this case, a record of the sensor signal along With 
the appropriate position and time data is stored in memory 
402. 

[0038] Positional data is logged in the memory 402 as 
24-bit Words. Each Word represents a particular information 
type and a set of information types is illustrated in FIG. 6. 
The information types comprise a date 601, a start 602, a 
stop time 603, an absolute latitude 604, an absolute longi 
tude 605 and a relative latitude and longitude combined into 
a single 24-bit Word, 606. In the preferred embodiment, the 
altitude data contained in the GPS data is discarded. 

[0039] A ?rst grouping of its represents the information 
type, With a second grouping representing the information 
itself and a division betWeen these tWo groupings is illus 
trated by line 607. An absolute latitude 604 and an absolute 
longitude 605 require a total of 22-bits, represented as T bits 
and G bits respectively. An absolute longitude is identi?ed 
by type code 10 and this distinguishes it from an absolute 
longitude having type code 11. 

[0040] After an absolute longitude and an absolute latitude 
have been recorded, subsequent positional data is stored as 
a relative latitude and longitude, by subtracting the absolute 
values previously recorded from a present position. This 
provides a level of compression such that only 11-bits are 
required for the relative latitude With a further 11-bits being 
required for the relative longitude. A Word of this type s 
identi?ed by Word type code 01. 

[0041] Word type code 00 precedes the other three types 
of Words Which are then uniquely de?ned by loWer signi? 
cant bits 17 to 21. It can be appreciated that the provision of 
this number of bits for identifying Word types alloWs other 
types of Words to be recorded, Which may be reserved for 
user-speci?c information. Thus, bits 17 and 18 are used to 
distinguish a date, a start time and a stop time, With bits 3 to 
16 being used to convey the associated data. 

[0042] As shoWn in FIG. 6, a typical data set Would be 
initiated With the recording of the date. This Would be 
folloWed by a start time Which is then folloWed by an 
absolute latitude and an absolute longitude. While the 
vehicle remains in motion, relative values may be recorded 
and, under normal operating condition, Words of type 606 
Would constitute the bulk of the stored information, thereby 
obtaining maXimum advantage from the compression pro 
vided by this Word type. When the vehicle stops, the device 
Would record a ?nal absolute latitude and an absolute 
longitude and the data set Would be terminated by a stop 
time and again the date. Thus, short journeys result in 
relatively small data sets With larger journeys producing 
larger data sets. 

[0043] Although the data stream issuing from the GPS 
receiver 400 contains absolute geographical positional data 
in terms of data describing a full latitude and longitude 
co-ordinate, by storing difference data instead of absolute 
latitude and longitude positional data, the memory require 
ment for storing a record can be reduced. In addition, an 
absolute positional data may be stored in the memory in 
response to an aperiodic stimuli for eXample a signal issued 
by the truck ignition When the ignition is turned on, and used 
as a reference from Which to determine absolute position 
data from the difference data. 
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[0044] The process according to the preferred embodi 
ment by Which the micro-controller governs the logging of 
data in the memory 402 is shoWn in FIG. 7 in Which, at step 
701, the micro-controller Waits for a signal to indicate the 
start of a journey. This signal may be manually indicated eg 
by the driver operating a button or may be automatically 
detected by the monitoring, by the micro-controller, of a 
door or ignition sWitch. When the appropriate signal is 
received, the process moves to step 702 at Which the date 
and time contained in the GPS data is logged in the memory 
402. Next the process moves to steps 703 and 704 at Which 
the absolute latitude and longitude data is logged in the 
memory 402. From step 704, the process moves to step 705 
Where the process enters a Wait state. When a stimulus is 
received, as described above, indicating that further data 
should be logged then the process moves to step 707 at 
Which the process checks Whether the ignition sWitch is on. 
If the ignition sWitch is on this indicates that the journey is 
continuing and so the process moves to step 708 at Which the 
relative positional data is logged as described above. After 
step 708, the process returns to step 705 to Wait for the neXt 
stimulus indicating that data should be logged. 

[0045] Eventually at step 707 the ignition sWitch Will be 
detected as being off the process moves to step 709 at Which 
point the stop time along With the absolute position data is 
stored in the memory 402 and the process returns to step 
701. 

[0046] Referring to FIG. 8 herein, there is shoWn trans 
mission of data in accordance With the preferred embodi 
ment in Which real-time positional and time/date data 
together With optional sensor data are accumulated in the 
memory records 402 on board the vehicle. The data collec 
tion unit 300 accumulates data substantially in real-time 
until a transmission of accumulated data is triggered. Trig 
gering of the transmission of accumulated data may occur in 
response to a periodic stimulus, e.g. every hour. 

[0047] In addition to the transmission of stored real-time 
data from the memory 402 at the regular periodic transmis 
sion intervals, as mentioned above, data may be transmitted 
under control of the processor from the memory 402 in 
response to aperiodic events or operations of the vehicle. 
Such events or operations Which occur aperiodically may 
include events such as opening of the rear doors of the 
vehicle, a temperature of a vehicle body eXceeding a pre 
determined limit, fuel levels eXceeding a predetermined 
limit, turning on or turning off the ignition of the vehicle, or 
other predetermined events measured by sensors attached to 
the vehicle. Examples of such conditions are shoWn in FIG. 
9. 

[0048] FIG. 10 shoWs the micro controller process When 
arranged to transmit the stored data at predetermined time 
interval. At step 1001, the micro controller 403 determines 
Whether the appropriate interval has passed and, if so, then 
at step 1002 transmits the stored data records via the radio 
transmitter 405 and data communication antennae 406. 

[0049] Thereafter, control is returned to step 1001. 

[0050] FIG. 11 shoWs the micro controller process When 
arranged to transmit data in response to an aperiodic stimu 
lus, such as a sensor signal as mentioned above. At step 1101 
the process Waits for the stimulus and When such a stimulus 
is received, moves to step 1002 to transmit stored data from 
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the memory 402 via the radio transmitter 405 and data 
communication antennae 406. 

[0051] By transmission of the contents of the memory 402 
in accordance With the above conditions, data transmissions 
can be reduced. Thus, occupancy of communication chan 
nels betWeen the vehicles and the base stations may be 
optimised and the ratio of positional, time and sensor data 
transmitted in proportion to the protocol overhead of the 
transmission channel can be improved. It Will be appreciated 
that Where there are a large number of moveable objects to 
be monitored, reduction in the amount of connections and 
disconnections of communication channels per unit of data 
transmitted is desirable from a technical point of vieW in 
simplifying processing requirements and complexity of 
equipment. 

[0052] Referring to FIG. 12, there is shoWn an arrange 
ment of the monitoring apparatus at the monitoring station 
205. The apparatus comprises a modem 1201 for receiving 
data over the public sWitch telephone netWork 206 from the 
control centre 204. The monitoring apparatus further com 
prises a central processor 1202 for processing received data, 
a storage device 1203 for storing the received data and map 
data, and a user interface 1204 comprising a display device 
in the form of a monitor, a keyboard entry device, and a 
pointing device. 

1. A method of monitoring a geographically moveable 
object, (200) comprising the steps of 

substantially continuously receiving geographic position 
data at said geographically moveable object; and 

recording a ?rst set of data representing the absolute 
geographic position of said object at a ?rst position, 
characterised by 

creating relative position data from the difference betWeen 
the absolute position data of a given position and the 
position data of a preceding recorded position; and 

recording a second set of position data representing said 
second position of said object relative to said ?rst 
position. 

2. A method according to claim 1, further comprising the 
step of recording subsequent sets of relative position data 
representing subsequent positions of said object relative to a 
preceding recorded position. 

3. A method according to any claim 1, in Which said 
absolute position data comprises tWo n-bit Words and said 
relative position data comprises a one n-bit Word. 

4. A method according to claim 3 in Which n=22. 
5. A method according to claim 1, further comprising the 

step of recording corresponding time and data data associ 
ated With said position data. 

6. A method according to claim 1, Wherein said position 
data is recorded at intervals ranging from 30 seconds to 30 
minutes. 

7. A method according to claim 1, Wherein said position 
data is stored at intervals ranging from 2 minutes to 10 
minutes. 

8. A method according to claim 1, Wherein the movable 
object is a vehicle and recording of said data is initiated by 
the vehicle ignition being activated. 
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9. A method according to claim 1, in Which a further set 
of data representing the absolute geographic position of said 
object is recorded in response to the movement of the 
vehicle ceasing. 

10. A method according to claim 1, in Which further data 
is recorded in response to operational events of said movable 
object, said data representing said operational event. 

11. A method according to claim 10, in Which position 
data is recorded in association the operational event data, 
said position data representing the geographical position at 
Which said event occurred. 

12. A method according to claim 1, further comprising the 
step of transmitting said recorded data to a base station to 
provide a history of the movement of said object at said base 
station. 

13. A method according to claim 12, Wherein said 
recorded positional data is transmitted in response to a 
periodic or an aperiodic signal. 

14. Amethod according to claim 12, in Which said step of 
transmitting said position data is activated in response to a 
signal generated in response to an operation of said move 
able object. 

15. A method according to claim 13, Wherein said step of 
transmitting is activated in response to a received interro 
gation signal. 

16. A method according to claim 13, Wherein said trans 
mission of data from said geographically moveable object 
commences in response to a received geographical position 
data. 

17. A method according to claim 13, in Which the trans 
mitting of said recorded data is performed at predetermined 
time intervals. 

18. A method according to claim 13, Wherein the trans 
mitting of recorded data is performed over an open radio 
channel. 

19. A method according to claim 13, Wherein the trans 
mitting position data comprises transmission over a Global 
System for Mobile Communications (GSM) channel. 

20. A method according to claim 1, in Which said geo 
graphic position data is data created by a Geographic 
Positioning System (GPS). 

21. Apparatus for monitoring a geographically moveable 
object (200), comprising 

means (400) for substantially continuously receiving geo 
graphic position data at said geographically moveable 
object; and 

means (403, 402) for recording a ?rst set of data repre 
senting the absolute geographic position of said object 
at said ?rst position, characterised by 

means (403) for creating relative position data from the 
difference betWeen an absolute position data of a 
given position and the position data of a preceding 
recorded position; and 

means (402) for recording a second set of position data 
representing a second position of said object relative 
to said ?rst position. 

22. Apparatus according to claim 21, further comprising 
means for recording subsequent sets of relative position data 
representing subsequent positions of said object relative to 
the immediately preceding recorded position. 
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23. Apparatus according to claim 21, in Which said 
absolute position data comprises tWo n-bit Words and said 
relative position data comprises a one n-bit Word. 

24. Apparatus according to claim 23, in Which a number 
n of said n-bit Words is equal to a value of tWenty-tWo. 

25. Apparatus according to claim 21, further comprising 
means for recording a corresponding time/date data associ 
ated With said position data. 

26. Apparatus according to claim 21, arranged to record 
said position data of intervals ranging from 30 seconds to 30 
minutes. 

27. Apparatus according to claim 21, arranged to record 
said position data at intervals ranging from 2 minutes to 10 
minutes. 

28. Apparatus according to claim 21, Wherein the movable 
abject is a vehicle and the recording of said data is initiated 
by the vehicle ignition being activated. 

29. Apparatus according to claim 21, arranged to record a 
further set of data, representing the absolute geographic 
position of said object, in response to the movement of the 
vehicle ceasing. 

30. Apparatus according to claim 21, in Which further data 
is recorded in response to operational events of said movable 
object, said data representing said operational event. 

31. Apparatus according to claim 30, in Which position 
data is recorded in association the operational event data, 
said position data representing the geographical position at 
Which said event occurred. 

32. Apparatus according to claim 21, further comprising 
means for transmitting said recorded data to a base station to 
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provide a history of the movement of said object at said base 
station. 

33. Apparatus according to claim 32, Wherein said trans 
mitting means is operable to transmit recorded positional 
data in response to a periodic or an aperiodic signal. 

34. Apparatus according to claim 32, in Which said 
transmitting means is operable to transmit said position data 
in response to a signal generated as a result of an operation 
of said moveable object. 

35. Apparatus according to claim 32, Wherein said trans 
mitting means is operable to transmit said data in response 
to a received interrogation signal. 

36. Apparatus according to claim 32, Wherein said trans 
mitting means is operable to transmit said data in response 
to a received geographical position data. 

37. Apparatus according to claim 32, in Which the trans 
mitting means transmits said data at predetermined time 
intervals. 

38. Apparatus according to claim 32, Wherein the trans 
mitting means utilises an open radio channel to transmit said 
data. 

39. Apparatus according to claim 32, Wherein the trans 
mitting means utilises a Global System for Mobile Com 
munications (GSM) channel to transmit said data. 

40. Apparatus according to claim 32, in Which said 
geographic position data is data created by a Geographic 
Positioning System (GPS). 


