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TRANSFERRING ACCUMULATED DATA FROM 
VEHICLES 

[0001] The present invention relates to transferring accu 
mulated data from a plurality of vehicles to a data processing 
station. 

Introduction 

[0002] Systems for transferring accumulated data from 
vehicles to a data processing station are knoWn and an 
example is illustrated in international patent publication WO 
90/09645. This publication details a system in Which sensors 
on each vehicle continuously monitor sensed parameters, 
Whereafter a record is made in a data store under the control 
of a processing unit. The sensed data may include road 
speed, engine speed, distance travelled, fuel consumption, 
cylinder head temperature, exhaust gas temperature, engine 
and transmission oil pressures and Water temperature. The 
recorded data is transmitted by radio to a base-station as 
desired. The data may be transmitted automatically from 
each vehicle at regular intervals of time or, alternatively, the 
data may be transmitted When called or polled by a base 
station and in a described preferred embodiment, the 
vehicles are polled in turn on demand or at regular intervals. 
The data, therefore, may be transmitted by radio to the 
base-station While the vehicle is on the road and, essentially, 
remote from said base-station. 

[0003] A disadvantage of this knoWn system is that a 
sophisticated radio netWork is required in order to facilitate 
the transfer of data. In many practical realisations, the cost 
of establishing such a netWork Would outWeigh any com 
mercial advantages given by the monitoring system. 

[0004] A haZardous Waste shipment system is described in 
international patent publication number WO 94/07225. The 
system provides monitoring control to verify the location 
and condition of each shipment. TWo-Way base stations 
receive status and identi?cation signals from vehicle 
mounted transponders as the shipments pass by and these 
base stations relay the information to a central databank. The 
vehicle-mounted transponders may receive data from sen 
sors that monitor the load and may actuate alarms or a 
message display for operator intervention. Noti?cations and 
safety instructions are also provided in the event of a mishap 
and the base station may relay instructions or route changes 
to the vehicle-mounted transponders. 

[0005] For the transportation of haZardous Waste, a sophis 
ticated real-time transmission environment may be justi?ed, 
given the potential problems that may arise if anything goes 
Wrong. HoWever, in many environments, such a sophisti 
cated radio system could not be justi?ed and the provision 
of a netWork of base stations Would tend to be restricted to 
particular preferred routes. 

[0006] A solution to the cost of establishing a radio 
netWork of the type required in the aforesaid knoWn system 
is put forWard in the United Kingdom patent publication 
number 2 288 892. In this system, it is proposed to transfer 
data using an existing cellular telephony netWorks Which 
facilitate the transmission of data at regular intervals. Con 
sequently, a system of this type alloWs the transmission of 
data in real-time such that, on a sample-by-sample basis, the 
base-station receives information Which may include fuel 
consumption, global positioning and related parameters 
assisting in the management of a ?eet. 

Feb. 14, 2002 

[0007] A system of this type is technically very attractive 
in that, at any point in time, it is possible to establish the 
position of all vehicles in the ?eet. HoWever, When this 
information is transmitted, it is necessary to effect a tele 
phone call over a cellular or satellite radio netWork Which, 
if samples are obtained at regular intervals, Would again 
signi?cantly add to the cost of operating the system. Con 
sequently, using a system of this type, it is likely that 
samples Would be obtained after relatively long periods 
thereby signi?cantly reducing the operational resolution. 

[0008] A method of transferring accumulated data is 
described in European Patent Publication No 0 239 066. 
This proposal avoids the necessity for radio communications 
by accumulating data and transferring the accumulated data 
in non-real time. The transfer is made by storing the data in 
a removable device, preferably taking the form of a key-fob. 
Thus, as a key is removed from an operational vehicle, the 
data associated With that vehicle is transferred With the key, 
thereby alloWing the data to be doWnloaded into a process 
ing environment. 

[0009] A problem With this knoWn approach is that it 
requires the physical transfer of a device in order for the 
accumulated data to be doWnloaded. The physical siZe of the 
device Will restrict the amount of data Which may be 
accumulated in this Way and data loss may also become a 
problem, given that the device must carry its oWn source of 
poWer. Furthermore, the device must be robust and requires 
speci?c activities to be performed on the part of drivers and 
other operators in order for the data to be collected. 

Summary of The Invention 

[0010] According to a ?rst aspect of the present invention, 
there is provided a method of transferring accumulated data 
from a plurality of vehicles to a data processing station, 
comprising steps of transmitting a ?rst packet type from 
each vehicle via an open radio channel in response to a 
predetermined operation; detecting said ?rst packet type at 
a receiving station if a transmitting vehicle is Within the 
vicinity of said receiving station; transmitting a request for 
data in the form of a second packet type from said receiving 
station upon detecting said ?rst packet type; and transmitting 
a portion of said accumulated data from a detected vehicle 
in response to said request. 

[0011] An open radio channel is one in Which radio 
transmissions may be made Without obtaining licenses and 
Without using fee-incurring service providers. Proprietary 
equipment is available for use Within these channels, oper 
ating at speci?ed bandWidths and it is appreciated that the 
range of operation is relatively limited. Thus, a transfer of 
data only takes place When a vehicle is Within the vicinity of 
the receiving station. A plurality of vehicles may doWnload 
data in a multiplexed Way. Only portions of the accumulated 
data are transmitted so that any one vehicle is only given 
access to the available bandWidth for relatively short bursts. 
Furthermore, the transmission of data from a vehicle to the 
receiving station is only possible after receiving an instruc 
tion to transmit data from the receiving station. Preferably, 
the accumulated data represents vehicle positions and said 
positional data may be derived by receiving radio signals 
from satellites. 

[0012] According to a second aspect of the present inven 
tion, there is provided apparatus for accumulating data from 
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a vehicle and for transferring said accumulated data to a data 
processing station, comprising means for transmitting a ?rst 
packet type over an open radio channel to request transmis 
sion of accumulated data; means for receiving an instruction 
in the form of a second packet type from a receiving station 
if the transmitter is Within the vicinity of said receiving 
station; and transmitting a portion of said accumulated data 
in response to said received instruction. 

[0013] Preferably, means are included for initiating a 
transmission in response to the ignition of the vehicle being 
turned off. Furthermore, means are preferably provided for 
accumulating position information in response to the vehicle 
ignition being turned on. 

[0014] In a preferred embodiment, means are provided for 
transmitting said packet type after a relatively random 
period so as to minimise the risk of vehicles transmitting 
data at the same time. Preferably, the apparatus includes 
means for detecting Whether a radio channel is available 
prior to transmitting a packet of data. 

[0015] According to a third aspect of the present inven 
tion, there is provided a receiving station for receiving 
accumulated data from a plurality of vehicles, comprising 
means for receiving a ?rst packet type request from each 
vehicle via an open radio channel; transmitting means for 
transmitting an instruction for data in the form of a second 
packet type upon detecting said ?rst packet type; and 
Wherein said receiving means is arranged to receive portions 
of said accumulated data from detected vehicles in response 
to said instructions. 

[0016] In a preferred embodiment, the apparatus includes 
means for detecting Whether a radio channel is available 
prior to transmitting instructions. Preferably, the apparatus 
includes means for identifying neW unique addresses Within 
received packets. 

[0017] In a preferred embodiment, the apparatus includes 
means for prioritising the accumulation of data from a 
plurality of accumulation devices and said prioritising 
means may include means for giving priority to accumula 
tion device having relatively full memories. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 shoWs a depot for commercial vehicles 
having a data processing station and a data collection point; 

[0019] FIG. 2 details the data processing station identi?ed 
in FIG. 2, including a communications interface, a data 
processing system and a map of a geographical area of 
interest; 
[0020] FIG. 3 details the map identi?ed in FIG. 2, shoW 
ing the position of co-operating depots of the type identi?ed 
in FIG. 1; 

[0021] FIG. 4 schematically represents communications 
betWeen data accumulation devices, mounted in vehicles of 
the type shoWn in FIG. 1, the data collection point shoWn in 
FIG. 1 and the data processing station identi?ed in FIG. 2. 

[0022] FIG. 5 details a data accumulation device of the 
type illustrated in FIG. 4, including a micro-controller and 
a radio packet controller; 

[0023] FIG. 6 illustrates operations performed by the 
micro-controller included in FIG. 5, including a data col 
lection process and a data doWnload process; 
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[0024] FIG. 7 illustrates the formatting of data accumu 
lated by the data accumulation device shoWn in FIG. 5; 

[0025] FIG. 8 details the data collection process identi?ed 
in FIG. 6, con?gured to store data using the format identi 
?ed in FIG. 7; 

[0026] FIG. 9 illustrates the formatting of packets for 
application to the radio packet controller shoWn in FIG. 5, 
under the data doWnloading process identi?ed in FIG. 6; 

[0027] FIG. 10 identi?es particular packet types 
assembled by data accumulation devices of the type shoWn 
in FIG. 4; 

[0028] FIG. 11 illustrates particular packet types 
assembled by the data processing station illustrated in FIG. 
4; 
[0029] FIG. 12 details procedures performed by the 
micro-controller shoWn in FIG. 5 for packet communica 
tion; 
[0030] FIG. 13 details procedures effected by the data 
collection point and the data processing station shoWn in 
FIG. 4 for packet communication, including a step of 
Writing data to a safe ?le; 

[0031] FIG. 14 details the Writing step identi?ed in FIG. 
13, in Which data is Written to a plurality of ?les; 

[0032] FIG. 15 identi?es a table of ?les Written to under 
the procedures identi?ed in FIG. 14; and 

[0033] FIG. 16 shoWs further operations of the processing 
system identi?ed in FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0034] The invention Will noW be described by Way of 
eXample only With reference to the previously identi?ed 
draWings. 

[0035] It is has been appreciated for some time that the 
ef?ciency With Which ?eets of vehicles are operated may be 
enhanced if information about the vehicles may be collected 
and processed, so as to facilitate planning and ?eet man 
agement and also to ensure that vehicles and their drivers are 
operating as intended. Ideally, it Would be preferable to 
continually relay information back from vehicles to a central 
system so that information is instantaneously available in 
real-time concerning parameters of interest. HoWever, the 
infrastructure resources required in order to achieve this 
Would often far outWeigh any ?nancial advantages gained 
from an analysis of the information so obtained. Thus, for 
eXample, an instantaneous real-time system is capable of 
identifying Where vehicles are. HoWever, in many practical 
realisations, an operator is more concerned as to Where the 
vehicles have been. Consequently, the present embodiment 
is concerned With the transfer of accumulated data from a 
plurality of vehicles for subsequent analysis. 

[0036] The preferred embodiment is directed toWards the 
accumulation of positional information derived from global 
positioning satellites, for Which proprietary detection equip 
ment is readily available. HoWever, it should be appreciated 
that other types of data may be collected and the particular 
data sets accumulated for subsequent doWnloading may be 
signi?cantly dependent upon the type of Work being per 
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formed by the vehicles. Thus, in addition to positional 
information, information may also be accumulated relating 
to the mechanical operation of the vehicle and the Way in 
Which the vehicle is being driven. In addition to this, user 
speci?c information may be included Which, for eXample 
may relate very speci?cally to a particular emergency ser 
vice, possibly identifying particular modes of operation for 
that service. Furthermore, systems of this type could be used 
to monitor the use of the particular roads, for eXample Where 
tolls are required for using motorWays, bridges and tunnels 
or When accessing particular urban areas. 

[0037] It can be seen that, particularly in emergency 
environments, the information is considered to be of very 
high grade and therefore a relatively high cost may be paid 
to effect the transfer of this data. Similarly, much data may 
be seen as advantageous but can only be realistically pro 
cessed if the information may be retrieved at modest cost 
and With little additional inconvenience to operators and 
drivers. Ideally, and as achieved by the preferred embodi 
ment, the doWnloading of accumulated data is essentially 
transparent to vehicle operators and, in this Way, does not 
hinder the professional activities of operators, While mini 
mising opportunities of mis-use. 

[0038] A depot for commercial vehicles is illustrated in 
FIG. 1, in Which vehicles 101, 102, 103, 104 and 105 are 
eXamples of vehicles Which have been temporarily parked, 
possibly overnight, While their drivers attend to other mat 
ters. 

[0039] When vehicles are parked at designated areas 
Within the depot, they are Within the vicinity of a data 
collection point 106 and each vehicle, in response to a 
predetermined operation such as the vehicle ignition being 
turned off, Will transmit a ?rst packet type request in an 
attempt to establish radio communication With a data col 
lection point 106. 

[0040] The data collection point 106 communicates With a 
data processing station housed, in the eXample shoWn in 
FIG. 1, Within office location 107 and a communication 
channel betWeen data collection point 106 and the data 
processing station 107 is established, as appropriate, 
depending upon the distance betWeen these tWo locations. In 
combination, the data collection point and the data process 
ing station may be considered as a receiving station Which 
may detect packets of the aforesaid ?rst type, issued by a 
transmitting vehicle such that, in turn, they may transmit an 
instruction for data in the form of a second packet type. In 
response to receiving this second packet type, an addressed 
vehicle may transmit a portion of its accumulated data and 
this process may continue until a requesting vehicle has 
doWnloaded all of its accumulated data. 

[0041] As illustrated in FIG. 1, situations arise in Which 
many vehicles may Wish to doWnload accumulated data. 
This situation arises more often than one may imagine, given 
that, very often, vehicles Will endeavour to reach a particular 
depot by a particular time, possibly a lunch time or an end 
of shift etc. Even When vehicles are covering relatively large 
distances, it is possible that their journey may originate from 
a ?rst depot and terminate at a second depot. Again, even 
under these circumstances, it is highly probable that the 
arrival of vehicles, With accumulated data to transfer, Will be 
relatively clustered such that, if the data transfer is to be 
successful, the receiving station must be capable of com 
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municating and maintaining a conversation With many if not 
all of the vehicles over a period of time. Furthermore, it is 
appreciated that some vehicles may arrive at the depot for a 
relatively short period of time and, if their accumulated data 
is to be received, it is appreciated that transfers must not take 
too long. Vehicles may also move Within the depot therefore 
procedures are required for re-establishing communications 
or establishing a neW communication Without ambiguity. 
Similarly, sophisticated procedures may be included for 
prioritising vehicles, possibly With large amounts of data to 
doWnload so as, overall, all of the accumulated data is 
doWnloaded from the vehicles and the overall integrity of 
the system is maintained. 

[0042] The global positioning satellite system depends 
upon tWenty-four orbiting satellites of the NAVSTAR type 
space-based radio navigation system. The satellites are 
placed in siX orbital planes at a distance of around 20,200 
kilometres above the Earth’s surface. The satellites orbit 
With a tWelve hour orbital period and an inclination angle of 
55 degrees. Each satellite broadcasts a radio frequency 
signal at a centre of frequency of 1575.42 megahertZ, knoWn 
as the L1 band. The transmitted signal is modulated by a 
10.23 megahertZ clock to provide a precise ranging signal, 
in addition to a 1.023 megahertZ clock, to provide a course 
acquisition code ranging signal. At any time and at any 
position on the Earth’s surface, a minimum of ?ve satellites 
are in line of sight vieW. Provided that at least three satellites 
are Within line of sight, such that a receiver can receive a 
signal from said satellites, it is possible for the GPS receiver 
equipment to calculate the precise latitude and longitude 
positions of the device on the Earth’s surface. 

[0043] Vehicles 101 and 102 are ?tted With aerials 108 
con?gured to receive transmission from the GPS satellites 
such that positional information, in terms of longitude and 
latitude, may be determined from the received signals. At 
speci?ed intervals Within the vehicle’s journey, this infor 
mation is recorded and accumulated locally Within the 
vehicle by means of a data accumulation device. 

[0044] When the ignition of a vehicle is turned off, the 
data accumulation device Will Wait for tWenty seconds 
before broadcasting a request packet via a second aerial 109. 
If the vehicle is Within the vicinity of a data collection point 
106, the transmitted radio signal Will be received by an aerial 
110 at the data collection point and relayed to the data 
processing station, at location 107. This in turn may then 
initiate a conversation betWeen the data accumulation device 
and the data processing station so as to effect a doWnload of 
the data accumulated by the vehicle. 

[0045] Data collection point 106 includes a poWer supply 
111 con?gured to supply poWer to a radio interface 112 and 
a communications interface 113. The radio interface 112 is 
substantially similar to data communication devices Within 
the vehicles and facilitates radio communication With said 
vehicles. Communication to and from the radio interface is 
effected via a conventional serial RS232 interface Which in 
turn communicates With the communication interface 113. 
Communications interface 113 provides for a current loop, 
transmitted via cables 114, so as to facilitate communication 
With the processing station 107. 

[0046] Processing station 107 is detailed in FIG. 2, 
arranged to receive current loop cables 114 Which are in turn 
supplied to a second communications interface 201. Inter 



US 2002/0019689 A1 

face 201 includes a serial RS232 interface Which is in turn 
connected to a data processing system 202, preferably 
operating under the control of WindoWs NT or a similar 
multitasking operating environment. 

[0047] The accumulation of data by the data processing 
system 202 may be effected essentially as a background 
process, thereby alloWing said system to be used, for 
example, for general purpose office activities. In this Way, 
the information is readily available to an operator as and 
When required. The operator may print results and maps etc 
via an appropriately interfaced laser printer 203 and a map 
204 of the geographical area of interest may be made 
available for conventional marking etc. 

[0048] Map 204 is detailed in FIG. 3. In this example, the 
?eet operator has a main depot in Leeds 301, With subsidiary 
depots in Brighton 302, Cambridge 303 and SWindon 304. 
At depots 302, 303 and 304 data may be collected from 
vehicles using equipment similar to that shoWn in FIG. 1. 
HoWever, the main data processing system is present at 
location 301 and the information obtained from locations 
302 to 304 is relayed to the station at location 301 over a 
public telephony netWork. For example, the information 
could be relayed over the Internet, over the PSTN or over an 
ISDN connection, depending upon the quantity of data and 
the speed of transmission required. 

[0049] A vehicle may enter a depot belonging to another 
contractor or may accidentally be in the vicinity of a data 
collection point provided by another operator. Under these 
circumstances, the vehicle Would generate a ?rst packet 
upon its ignition being turned off. Data collection points in 
the vicinity Would detect this ?rst packet but, subsequent 
analysis by an associated data processing system Would not 
recognise the calling packet therefore no further doWnload 
of information Would be initiated and the vehicle’s accu 
mulated data Would not be cleared. All data accumulation 
devices are provided With a unique address upon manufac 
ture and data processing stations are then programmed so as 
to be aWare of speci?c data accumulation devices sold or 
leased to that particular customer. 

[0050] Operation of the data accumulation and transmis 
sion system is illustrated in FIG. 4. In this example, ?ve data 
accumulation devices 401, 402, 403, 404 and 405 have 
accumulated data to transmit to a data collection point 406. 
The data collection 406 relays information to and receives 
information from data processing system 202, having an 
output display device 408, an input device 409, a central 
processing unit 410 and a permanent storage device 411. The 
processing system communicates With the data collection 
point via interface 201. 

[0051] Each data accumulation device 401 to 405 trans 
mits a packet of type Zero, shoWn schematically as 431, to 
the data collection point 406. Information is relayed to the 
data processing system 202 Which Will ?rst be checked to 
determine Whether the accumulation device belongs to its 
associated group of accumulation devices. If this question is 
ansWered in the affirmative, to the effect that it is legitimate 
for a doWnload of information to take place, the data 
processing system issues an instruction to the requesting 
accumulation device in the form of a “send ?rst packet” 
instruction 432. Upon receiving this instruction the 
addressed accumulation device issues its ?rst packet of data, 
illustrated as 433. After receiving this ?rst packet of data, the 
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data processing system issues a further instruction 434 
instructing the addressed accumulation device to send a 
second packet of data. The accumulation device again 
responds to this instruction by sending its second packet of 
data 435 and in this example it is assumed that this repre 
sents the ?nal packet of data. The data processing system is 
aWare of this being the ?nal packet of data and therefore 
subsequently issues an instruction 436 for the addressed 
accumulation device to clear its memory, so that further data 
may be accumulated on a subsequent trip. 

[0052] The transfer of packets in FIG. 4 illustrates a 
conversation betWeen the data processing system 202 and 
one of the data accumulation devices 401 to 405. The data 
processing system 202 is con?gured to maintain many 
communications of this type and the transmission of packets 
belonging to different conversations is effectively multi 
plexed. This is achieved because, With the exception of the 
type 1 data packet, requesting a conversation to be estab 
lished, all conversations are initiated by the processing 
system 202. Thus, the data accumulation device may make 
a request to initiate a conversation but, thereafter, it is the 
data processing system Which generates instructions and the 
data accumulation devices may only respond after receiving 
such instructions. Furthermore, the amount of data Which 
may be supplied in a single packet transmitted by a data 
accumulation device is restricted such that no one data 
accumulation device may saturate the available bandWidth 
and the distribution of transmission bandWidth is maintained 
under the control of the data processing system 202. In this 
Way, the data processing system 202 may be con?gured to 
allocate substantially similar bandWidth to the data accumu 
lation devices or it may include more sophisticated instruc 
tions to identify prioritised accumulation devices, Where an 
attempt Will be made to doWnload information from these 
devices in preferences to devices Which are not considered 
to have such a high priority. Thus, for example, the data 
processing system may give priority to accumulation 
devices Which have a relatively large amount of data stored 
therein or priority may be given to accumulation devices 
Which are not seen very often. 

[0053] Data accumulation device 401 is detailed in FIG. 
5 and includes a GPS receiver 501, a micro-controller 502, 
a radio packet controller 503 and a data storage device 504. 
GPS receiver 501 is a RockWell Jupiter 12 channel device 
and the output from the GPS receiver 501 is analysed by the 
microcontroller 502 Which in turn Writes data, in the form of 
24-bit Words, to storage device 504. The storage device 
includes battery back-up such that the integrity of any stored 
data is maintained in case of vehicle poWer failure. 

[0054] The radio packet controller is typically an RFC 418 
manufactured by LoW PoWer Radio Solutions Limited of 
Witney, Oxfordshire, GB. The controller includes a standing 
acoustic Wave FM transmitter in combination With a super 
heterodyne receiver and may operate upto a range of 120 
meters over open ground. It is con?gured to transmit packets 
having upto 27-bytes at a rate of 40 kilobits per second, half 
duplex. Packets of upto 27-bytes are assembled by the 
micro-controller 502 and supplied to the radio packet con 
troller 503. The packet controller includes collision avoid 
ance measures such that it listens for other transmitted 
packets before transmitting itself. 

[0055] A data packet received by the radio packet con 
troller 503 is decoded and stored in a incoming packet 












