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AUTOMATIC VEHICLE RECOGNITION AND 
CUSTOMER AUTOMOBILE DIAGNOSTIC 

SYSTEM 

This is a continuation of application Ser. No. 991,814, 
?led Dec. 16, 1992, now abandoned. 

BACKGROUND 

The present invention relates to a system and method that 
automatically recognizes a vehicle, determines if parts of the 
vehicle are functioning properly, and displays this informa 
tion to the driver at various positions in the service station. 
Additionally, other promotional information about the cus 
tomer or the vehicle can be tracked or displayed. 

In this manner, the customer can decide the necessity or 
frequency of vehicle maintenance, and whether to make 
purchases based on the promotional information displayed. 

SUMMARY OF THE INVENTION 

The present invention is a system and method for iden 
tifying a vehicle in a prescribed area, diagnosing parts of the 
vehicle for defects in this area, identifying the vehicle again 
in another area, and displaying the results of the diagnosis to 
the driver. The system includes several subsystems: an 
automatic vehicle recognition subsystem, a vehicle diagnos 
tic subsystem, a display subsystem, and a data processing 
and control subsystem. 
The automatic vehicle recognition subsystem includes an 

antenna which emits electromagnetic waves at predeter 
mined frequencies. This wave activates a transponder affixed 
to a vehicle, when it is near the antenna. The transponder 
emits a modulated electromagnetic wave that is unique to 
each transponder. The subsystem includes a controller that 
serves two functions, which may be performed by separate 
or combined electronic devices. One function is to energize 
the antenna at the proper frequency and power. The other 
function is to convert the modulated wave received from the 
transponder into data which can be transferred to a com 
puter. Additionally, the controller may send information 
back to the transponder which would be stored for later 
transmission. Electronic equipment that identi?es vehicles is 
well known in the art (see e.g., U.S. Pat. No. 4,782,342 and 
U.S. Pat. No. 4,888,474). 
The vehicle diagnostic subsystem inspects parts of the 

vehicle as the vehicle drives over or near it. This subsystem 
is composed of sensors or sensor assemblies, and associated 
signal conditioning equipment. These sensors convert 
mechanical or electrical signals obtained from the vehicle, 
and communicate these signals to a computer where a 
diagnosis of the condition of the parts of the vehicle that 
were examined is made. Sensors that inspect vehicles that 
drive over or nearby are well known. 

The display subsystem displays a greeting to the cus 
tomer, displays vehicle diagnostic information, and displays 
promotional information. These displays are visible in ambi 
ent sunlight and can be viewed by customers while fueling. 
The data processing and control subsystem comprises a 

network of computer processors that obtain information 
from the vehicle identi?cation equipment and sensor assem 
blies, determine where to display the customer greeting, 
diagnostic, and promotional information, and then generates 
a presentation for the customer. This subsystem maintains a 
customer database which allows for tracking the frequency 
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2 
of customer visits and identi?cation of recurring problems 
with the vehicle. 

The method of the present invention allows for automati 
cally identifying and diagnosing a vehicle, and displaying 
the information to the driver. The method includes the steps 
for identifying a vehicle as it is being examined for mechani 
cal problems, identifying the driver of the vehicle by exam~ 
ining a database which associates the characters emitted by 
the vehicle transponder with the driver’s name, determining 
where the vehicle has stopped for fueling or other services, 
and displaying a greeting, diagnostic information, and pro 
motional information to the customer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an embodiment of the system. 

FIG. 1a shows a schematic diagram of the automatic 
vehicle recognition subsystem. 

FIG. 1b shows a schematic diagram of the data processing 
and control subsystem. - 

FIG. 10 shows a schematic diagram of the vehicle diag 
nostic subsystem. 

FIG. 2 shows one embodiment of the system. 

FIG. 3 shows a ?ow diagram of one method to recognize 
vehicles at the establishment entrance, and associate this 
with vehicle diagnostic information. 

FIG. 3a shows a ?ow diagram of the vehicle diagnostic 
task. 

FIG. 3b shows a ?ow diagram of the data acquisition and 
analysis task. 

FIG. 30 shows a ?ow diagram of the vehicle recognition 
task. 

FIG. 3d shows a ?ow diagram of the data communication 
task. 

FIG. 32 shows a ?ow diagram of the customer recognition 
and display tasks at the service positions. 

FIG. 4 shows a ?ow diagram of the database. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shows a schematic diagram of the system. The 
system includes the following sub-systems: an automatic 
vehicle recognition subsystem, a data processing and control 
subsystem, a vehicle diagnostic subsystem, and a customer 
display subsystem. The automatic vehicle recognition sub 
system (1) is used to associate vehicle diagnostic informa 
tion provided by the vehicle diagnostic subsystem (2) with 
a particular vehicle, to keep track of the vehicle’s position 
while it moves within the establishment, and to communi 
cate this information to the data processing and control 
subsystem (3). The data processing and control subsystem 
analyzes the diagnostic information, associates this infor 
mation with the vehicle, and composes a graphical or text 
display sequence, which the customer views on the display 
subsystem (4). 

FIG. 1a shows a schematic diagram of the automatic 
vehicle recognition subsystem (Box (1) in FIG. 1). The 
subsystem includes a number of components: an antenna (1) 
which emits an electromagnetic wave at a predetermined 
frequency; a transponder (2) which emits a modulated 
electromagnetic wave on a different frequency when acti 
vated by the antenna; an antenna (3) which receives the 
modulated electromagnetic wave from the transponder, and 
together with the preampli?er (4) comprise a ?lter which 
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rejects all signals not on the same frequency as the tran 
sponder; the preampli?er, which ampli?es the transponder 
signal, and couples the antenna to the controller (5); the 
controller, which controls the frequency and energy of the 
electromagnetic wave emitted by the antenna (1), and con 
verts the modulated electromagnetic wave from the tran 
sponder into digital data; and a processor (6) which provides 
instructions to the controller, and receives data from the 
controller. 

Another embodiment of the system uses a single control 
ler to activate antennas at the entrance and all service areas. 
When the transponder sends a character sequence that is 
received by an antenna, the controller records both the 
character sequence and the antenna at which the sequence 
was received. The controller then sends this information to 
the data processing and control subsystem so that it can be 
associated with vehicle diagnostic information, if the tran 
sponder is detected at the entrance, or associated with 
customer promotional information if the transponder is 
detected at a service area. 

FIG. 1b shows a schematic diagram of one embodiment 
of the data processing and control subsystem (Box (3) in 
FIG. 1). Component processors of the subsystem commu 
nicate with each other via the communications highway (1). 
These processors can be separate computers or they may be 
combined into a single unit where the processors commu 
nicate over a common bus. The Entrance Sensor Processor 
(ESP) consists of the following hardware components: a 32 
bit single board computer and a number of analog input 
boards interconnected via a standard bus. There are two 
software components: a real-time operating system kernel 
and the applications speci?c tasks. The entrance sensor 
processor (8) controls the part of the automatic vehicle 
recognition subsystem (9) that works in conjunction with the 
vehicle diagnostic subsystem (10). The vehicle diagnostic 
subsystem is controlled by the entrance sensor processor. 
The entrance sensor processor communicates with the 
entrance server (2), which in turn provides the diagnostic 
and automatic vehicle recognition information available to 
the other processors on the local area network. The pump 
server (3) associates the vehicle recognition and diagnostic 
information with customer name and preference information 
in the database (5). The pump server also tracks recognized 
vehicles within the establishment to detemrine where they 
stop for service. The pump island processors (4) control the 
part of the vehicle recognition subsystem (7) ‘that recognizes 
the vehicle in the area where customer services are provided. 
These processors also generate the customer display 
sequence from the information provided by the pump server, 
and these processors control the display subsystem (6). 

FIG. 1c (Box (2) in FIG. 1) shows a schematic diagram of 
the components of the embodiment of the vehicle diagnostic 
subsystem. This subsystem performs a diagnostic procedure 
such as determining tire pressure. The sensor assemblies (1) 
contain electrical, acoustic, and mechanical transducers such 
as load cells, strain gauges, microphones, video cameras, 
and ultrasonic emitters and receivers. The signals provided 
by these sensors are ampli?ed and ?ltered by the signal 
conditioning electronics (2). The conditioned signals are 
digitized by the analog to digital converters (3), which can 
either be part of the data processing and control subsystem 
or the vehicle diagnostic subsystem. The digitized signals 
are analyzed for diagnostic information by the data process 
ing and control subsystem. The data processing and control 
subsystem can control the sensor assemblies and signal 
conditioning electronics with digital to analog converters. 
The display subsystem comprises audio and visual equip 

ment that are controlled by the data processing and control 

10 

20 

25 

30 

35 

45 

50 

55 

60 

65 

4 
subsystem. The displays include video display terminals, 
video projection terminals, and printers for providing the 
customer with a permanent record of the diagnostic test. 

FIG. 2 shows one con?guration of the overall system. The 
automatic vehicle recognition subsystem is installed at the 
driveway entrance. These two subsystems are in communi 
cation with the data processing and control subsystem. The 
automobile (8) enters the driveway entrance where it is ?rst 
recognized and a diagnostic service is perfonned. For 
example, the driveway entrance may include appropriate 
sensors and electronics to measure tire pressure as the 
automobile drives through. The automatic vehicle recogni 
tion subsystem is also installed in the service area for 
re-recognizing the vehicle, where it communicates with the 
data processing and control subsystem (12) The service 
pump area, hereinafter referred to as pump position is used 
for illustration only, since any service area, such as a 
vending or convenience store area, car wash area, or the area 
where compressed air and/or water is provided, can be used 
for displaying information to the customer. Antenna (1) is 
located at or near a gasoline dispensing pump. The antenna 
(1) is energized and produces electromagnetic radiation. The 
antenna (3) is made in a manner which allows for transpon 
der detection regardless of the direction of vehicle travel. 
Antenna (1) and antenna (3) can be the same physical 
device, they can be separate physical devices, or they can be 
multiple physical devices that are connected together. The 
electromagnetic radiation produced by the antenna (1) must 
comply with government regulations regarding power, fre 
quency, and spectral purity. 
The transponder (11) is attached to the vehicle (8) and is 

activated when it is within the “read distance” of antennas 
(1) and (3). The “read distance” is adjustable so that vehicles 
at adjacent or nearby fueling positions are not detected. 
Upon activation, the transponder errrits an electromagnetic 
wave that is modulated in a way that conveys a unique 
sequence of data to the controller (5). The emitted signal is 
received by antenna (3), and is ?ltered and ampli?ed by the 
preampli?er (4). The processed transponder signal is then 
passed to the controller (5) for detection and decoding. 
The controller detects and decodes the electromagnetic 

wave, and transfers the decoded digital sequence to the data 
processing and control subsystem (12), where the data is 
stored and utilized. Additionally, the processors that com 
prise this subsystem may instruct the controller to send 
information to the transponder, which can receive this 
information while at the fueling position, and save it for later 
use. Communication from the controller to the transponder 
can only occur if the transponder is within the “write 
distance”. This distance may be the same as, or diiferent 
from the “read distance”. Furthermore, the controller may 
send messages to the transponder using antenna (1), antenna 
(3), or an additional antenna. 

The data sequence received from the vehicle transponder 
is utilized to associate vehicle diagnostic information with a 
particular customer. In this manner a processor in the data 
processing and control subsystem can compose a display 
sequence that includes, but is not limited to, a customer 
greeting, the results of the vehicle diagnostic tests, and 
promotional information tailored to the desires of that par 
ticular customer. The desired promotional infonnation is 
stored in the system database and is also associated with the 
vehicle identi?cation sequence emitted by the transponder. 
The customer views the display sequence shown by the 

display subsystem (7) located at or near the gasoline dis 
pensing pump (9), or in another area where customer service 
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is provided. The display subsystem may also allow for 
customer input, and in this case customer input will be 
communicated from the display equipment to the data 
processing and control subsystem. Additionally, the display 
subsystem may show information obtained from the gaso 
line dispensing pump, such as fuel cost per gallon, the rate 
of fuel dispensing, the total amount of fuel purchased, and 
the cost of the fuel purchased. 

FIG. 3 shows one embodiment of the method used to 
acquire data from vehicle diagnostic subsystem and the 
vehicle identi?cation subsystem using the data processing 
and control subsystem. When the system is started, the 
hardware components of the subsystems are reset and a real 
time kernel is loaded into the entrance sensor processor’s 
memory. This processor is shown as (8) in FIG. 1b. It in turn 
loads and starts four application tasks. 

The Data Acquisition Task (dagq) (1) continuously exam 
ines the conditioned signals (7) from the sensor array (8) that 
are digitized by the analog to digital converters (9), in order 
to determine if a vehicle has passed over the sensor array. If 
a vehicle has passed over the array, the task passes the 
acquired data to a raw data buffer (10). One embodiment of 
this method uses commercially available analog input 
devices which contain analog circuitry, analog to digital 
converters, and internal memory buffers to perform the 
analog to digital conversion (9). In this embodiment the data 
acquisition task initializes the analog input devices and starts 
scanning the current values of the digitized signals from the 
sensor array for tire traces. When a possible trace is found, 
the Data Acquisition Task transfers the raw data from the 
analog input device’s memory to an internal raw data buffer 
(10). It queues a pointer to this buffer in a global message 
queue (2). It then waits until a raw data buffer is free and 
restarts the acquisition process. 

The Data Reduction and Analysis Task (dra) (3) waits for 
noti?cation by the kernel that a raw data buifer has been 
queued. It dequeues the message and extracts the trace data 
for an axle from the raw data buffer. It then analyses the trace 
data to produce a set of “parameters” that serve as input to 
an algorithm that calculates tire pressure. The output is 
formatted and queued to a second global message queue (5). 
The Vehicle Identi?cation Task (avr) (4) initializes the 

entrance’s vehicle identi?cation subsystem (11) and waits 
until it receives a vehicle identi?cation character string. It 
validates the character string and queues the vehicle iden 
ti?cation information to the second global message queue 
(5). 
The Server Communication Task (set) (6) waits for noti 

?cation by the kernel that a message has been queued by 
either the Data Reduction and Analysis Task or the Vehicle 
Identi?cation Task. It dequeues the messages and performs 
the processing necessary to associate an identi?ed vehicle 
with its diagnostic data. When a valid set of data is 
assembled, it is formatted and sent as a character string to the 
Entrance Server shown as (2) in FIG. 1b. 

The tasks in FIG. 3 are discussed in more detail below. 
FIG. 3a describes, in more detail, Box (1) in FIG. 3. FIG. 3a 
shows a method of implementing the Data Acquisition Task. 
When the task is started (1), it requests the kernel to allocate 
resources (memory for raw data buffers, message queues and 
semaphores). It then enters a loop where it sets the con?gu 
ration pararneters on the analog input boards (2) and starts 
them in a continuous acquisition mode (3). It then blocks 
and waits for a periodic activation by the kernel (4). Upon 
activation, it scans the current raw data values to determine 
if valid diagnostic data are being acquired. If not, it contin 
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6 
ues to wait. If valid data are available, the task waits for the 
acquisition to complete (6) and transfers the data from the 
analog input device’s memory to a raw data buffer (7). The 
task activates the Data Reduction and Analysis Task (8) by 
queuing a pointer to the raw data buffer (7). It then waits for 
the kernel to free a raw data buffer (9) and the loop 
continues. ’ 

FIG. 3b describes, in more detail, Box (3) in FIG. 3. FIG. 
3b shows a method for implementing the Data Reduction 
and Analysis Task. When the task is started, it waits until the 
kernel has allocated the necessary resources to the Data 
Acquisition Task (1). It then performs any local initialization 
(2). The task enters a loop and blocks until noti?ed that a raw 
data buffer is available for processing (3). The task extracts 
and validates the diagnostic information from the raw data 
(4). Steps (5) and (6) further reduce the data into a form that 
can be processed by an algorithm (7). A message indicating 
either valid or invalid data is then queued (8) in the message 
que shown as (5) in FIG. 3 and the loop continues. 

FIG. 30 describes, in more detail, Box (4) in FIG. 3. FIG. 
3c shows a method of implementing the Vehicle Identi?ca 
tion Task. When the task starts, it initializes local structures 
(1) and it begins a continuous loop. It issues a read request 
(2) to the vehicle identi?cation subsystem and blocks until 
a reply has been received. Upon activation, the task parses 
the reply (3). If the vehicle identi?cation subsystem is 
looking (4) for a valid vehicle identi?cation sequence 
received from a vehicle transponder, the task restarts the 
loop. If the vehicle identi?cation is not looking for a 
transponder, the system resets (7), and a new read is issued . 
(2). If the task receives a properly formatted vehicle iden 
ti?cation reply (5), it queues the identi?cation character 
sequence (6) in the message queue stack, shown as (5) in 
FIG. 3, and restarts the loop (7). If the task does not receive 
a properly formatted vehicle identi?cation reply, the task 
immediately resets (7). 

FIG. 3d describes, in more detail, Box (6) in FIG. 3. FIG. 
3d shows a method of implementing the Server Communi 
cations Task. When the task is started, it waits until the 
kernel has allocated the necessary resources to the Data 
Acquisition Task (1). It then performs any local initialization 
(2). The task enters a loop and blocks until noti?ed that 
either diagnostic data or a vehicle identi?cation sequence is 
available (3). The task associates the vehicle identi?cation 
with the diagnostic data (4), formats it into a transaction and 
transmits it to the Entrance Server. 

FIG. 3e describes the tasks performed by Boxes (3) and 
(4) in FIG. 1b. FIG. 3e shows a ?owchart of the method used 
to perform the preferred embodiment in the area where the 
vehicle is fueled, or the customer is provided with some 
other service. In this embodiment, some functions are per 
formed by the Pump Island Processor, shown as (4) in FIG. 
1b, and some by the Pump Server, shown as (3) in FIG. 1b. 
The method starts with an initialization of the controller (1), 
in which the vehicle identi?cation system is powered, 
cleared of any fault, and readied for activation. The pump 
island processor then checks its input buffer for input (2). If 
there is no input buffer activity, the pump island processor 
keeps checking the buffer at regular intervals (3). If there is 
input in the buffer, the pump island processor reads the 
contents, character by character (4), until the end of message 
(5). Once the entire message has been read, it is parsed (6). 
If the message indicates that the controller is looking (7) for 
a transponder, the pump island processor returns to the start 
of step (2). If the message is any other sequence of charac~ 
ters, a transaction ?le is created (8) which includes the 
location of the vehicle, the vehicle identi?cation character " 
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sequence. The pump island processor then resets the con 
troller (9) and returns to step (2). The pump server processor 
then examines the customer information ?le (10) to deter 
mine the customer name and other information associated 
with that vehicle identi?cation sequence. If no associated 
information is found, this processor waits for another trans 
action ?le. If associated information is found, the pump 
server processor waits a period of time to see if another 
transaction ?le is created with a redundant vehicle identi? 
cation sequence. In this manner the vehicle is tracked from 
one service area to another. If the pump server detects the 
presence of a ?le that contains a different location, and the 
same vehicle identi?cation sequence within the time period, 
the processor waits for the duration of the time period again 
(12). If there is no other transaction ?le written containing 
the same vehicle identi?cation sequence during the time 
period, the pump server writes a display information ?le (13) 
that contains the vehicle identi?cation sequence, the result 
of the vehicle diagnostic tests, the date and time. The pump 
island processor periodically checks to see if a new display 
information ?le has been generated. If one has been created, 
the pump island processor formats the data contained in the 
display information ?le, and then displays the formatted 
information as a sequence of graphics and text screens to the 
customer. When ?nished, it waits for a new display infor 
mation ?le. 

FIG. 4 shows a ?owchart of the customer database. 
Personal information about the customer, vehicle and dis 
play format preferences is entered into the database via a 
data entry form (1). Such information may include recording 
the number of previous visits to the establishment, in order 
to provide promotional awards such as price discounts to 
frequent customers. The information is communicated to the 
database management system via the computer network. 
The entered data is maintained in separate internal database 
?les, and all ?les are indexed by the vehicle identi?cation 
sequence (2). Log ?les generated by the entrance server 
processor and the pump server are read and integrated into 
the database (3). Whenever a database entry is made, a new 
customer information ?le (4) is made. This ?le is then 
transferred to the pump server processor and is used to 
validate vehicle identi?cation sequence numbers provided 
by the pump island processors and the entrance server. 
What is claimed is: 
1. A service station method for recognizing a vehicle and 

displaying remotely taken diagnostic information compris 
ing: 

(a) recognizing a vehicle that enters said service station; 
(b) making a diagnostic measurement of said vehicle; 
(0) associating said diagnostic measurement with said 

recognized vehicle; 
(d) re-recognizing said vehicle as it moves to and stops at 

a service area, which is at a different position from 
where said diagnostic measurement is made, of said 
service station; 

(e) associating said diagnostic measurement with said 
re-recognized vehicle; and 

(f) presenting said diagnostic measurement at said service 
area in view of said vehicle. 

2. The method of claim 1 further comprising the step of 
tracking said vehicle from service area to service area. 

3. The method of claim 1 wherein said step for recogniz 
ing said vehicle of step (a) and step of re-recognizing said 
vehicle of step of (d) includes one or more antennas and one 
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controller at each of the service areas and the diagnostic 
area. 

4. The method of claim 3 wherein said step (a) and step 
(d) includes one controller for all service areas and diag 
nostic area. 

5. The method of claim 1 wherein said diagnostic mea 
surement is tire pressure. 

6. The method of claim 1 further comprising the step of 
associating and displaying personalized information to the 
driver of said vehicle. 

7. The method of claim 6 wherein said information 
includes personal names. 

8. The method of claim 2 wherein said tracking step is 
performed by monitoring said vehicle’s identi?cation at 
positions of the pumps and determining where said vehicle 
comes to a stop. 

9. The method of claim 1 wherein said step for displaying 
includes a video display tube. 

10. The method of claim 1 wherein said step for display 
ing includes a video projection system. 

11. A service station system for recognizing a vehicle and 
displaying remotely taken diagnostic information compris 
ing: 

(a) means for recognizing a vehicle that enters said 
service station; 

(b) means for making a diagnostic measurement of said 
vehicle; 

(0) means for associating said diagnostic measurement 
with said recognized vehicle; 

(d) means for re-recognizing said vehicle as it moves to 
and stops at a service area, which is at a different 
position from where said diagnostic measurement is 
made, of said service station; 

(e) means for associating said diagnostic measurement 
with said re-recognized vehicle; and 

(f) means for presenting said diagnostic measurement at 
said service area in view of said vehicle. 

12. The system of claim 11 further comprising the step of 
tracking said vehicle from service area to service area. 

13. The system of claim 11 wherein said means for 
recognizing said vehicle of step (a) and means for re 
recognizing said vehicle of step (d) includes one or more 
antennas and one controller at each of the service areas and 
the diagnostic area. 

14. The system of claim 13 wherein said means of step (a) 
and step ((1) includes one controller for all services areas an 
diagnostic area. ‘ 

15. The system of claim 11 wherein said diagnostic 
measurement is tire pressure. 

16. The system of claim 11 further comprising a means for 
associating and displaying personalized information for the 
driver of said vehicle. 

17. The system of claim 16 wherein said information 
includes personal names. 

18. The system of claim 12 wherein said vehicles is 
tracked by monitoring said vehicle’s identi?cation at pump 
positions and determining where said vehicle comes to a 
stop. 

19. The system of claim 11 wherein said means for 
displaying includes a video display tube. 

20. The system of claim 11 wherein said means for 
displaying includes a video projection system. 

* * * * * 
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