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VEHICLE DIAGNOSTIC SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to a diagnostic system 
in a vehicle such as an automobile, and more speci?cally, to 
a vehicle diagnostic system that transmits a diagnostic 
information or signal of a vehicle by means of radio com 
munication. 

DISCUSSION OF THE RELATED ART 

[0002] Vehicle diagnosis pertains to self-diagnosis of an 
abnormality of an engine, a transmission, and the like. The 
OBD II (On-Board Diagnosis II) system of the United States 
is one example of this vehicle diagnostic system. The system 
is particularly suited to detecting deterioration in exhaust 
emissions using an engine electronic control unit, and then 
notifying the vehicle user of the failure. The diagnostic 
information at this time is stored in a memory in the engine 
ECU as a code corresponding to the failure. The diagnostic 
information can be read by connecting an external scan tool 
to the engine ECU via a diagnosis connector at a repair shop. 
In the repair shop, repair in response to the failure code is 
performed. 
[0003] Currently, for reducing diagnostic costs and short 
ening a period from failure to repair, an OBD III system, 
Which is a system further developed from the OBD II 
system, is being revieWed by the California atmospheric 
resource bureau in the United States. The OBD III system is 
characterized in that a monitor station, base station (collec 
tively refer to as “telecommunication equipment”) and the 
like, automatically collects diagnostic information radio 
transmitted from each vehicle. In this regard, the integrity of 
the diagnostic information becomes crucial. Unfortunately, 
either through vehicle operator’s manipulation or diagnostic 
system failure, the diagnostic information is not alWays 
accurate. 

[0004] Conventionally, a mechanism to judge Whether or 
not vehicle diagnostic information is correctly transmitted 
toWard a telecommunication equipment is both costly and 
unreliable due to the numerous components necessitated by 
previous systems. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides a vehicle diagnostic 
system capable of transmitting diagnostic information or 
signal of a vehicle to outside of the vehicle by means of radio 
communication like OBD III, detecting abnormality of the 
vehicle diagnostic system, Which is caused by a failure of the 
vehicle diagnostic system itself or by manipulation of a 
vehicle operator and notifying the vehicle operator and/or a 
telecommunication equipment about the abnormality of the 
vehicle diagnostic system. In addition, the present invention 
provides a vehicle diagnostic system at loW cost Without 
neWly adding a s dedicated radio communication means for 
transmitting diagnostic information or signal of a vehicle to 
a telecommunication equipment by means of radio commu 
nication. In this Way, it becomes possible to produce 
vehicles, Which support OBD III, and the like, While mini 
miZing costs. 

[0006] In an object of the present invention a vehicle 
diagnostic system is provided comprising an electronic 
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control unit for controlling and monitoring vehicle equip 
ment, a radio communication means for transmitting a 
vehicle diagnostic information to a telecommunication 
equipment located outside the vehicle or for communicating 
betWeen the vehicle and the telecommunication equipment 
located outside the vehicle and for transmitting a commu 
nication diagnostic signal to the electronic control unit and 
receiving a response signal to the communication diagnostic 
signal, and a communication line for connecting the elec 
tronic control unit and the radio communication means 
Wherein the response signal is utiliZed to determine if the 
communication line is properly functional. 

[0007] In another object of the present invention a vehicle 
diagnostic system is provided comprising an electronic 
control unit for controlling and monitoring vehicle equip 
ment, a radio communication means for transmitting a 
vehicle diagnostic information to a telecommunication 
equipment located outside the vehicle or for communicating 
betWeen the vehicle and the telecommunication equipment 
located outside the vehicle, and a communication line for 
connecting the electronic control unit and the radio com 
munication means; Wherein the transmitted vehicle diagnos 
tic information is returned back to the radio communication 
means by the telecommunication equipment located outside 
the vehicle and compared to the vehicle diagnostic infor 
mation stored in the electronic control unit to determine if 
the radio communication means is properly functional. 

[0008] In yet another object of the present invention a 
vehicle diagnostic system is provided comprising an elec 
tronic control unit for controlling and monitoring vehicle 
equipment, a radio communication means for transmitting a 
vehicle diagnostic information to a telecommunication 
equipment located outside the vehicle or for communicating 
betWeen the vehicle and the telecommunication equipment 
located outside the vehicle, and a communication line for 
connecting the electronic control unit and the radio com 
munication means; Wherein the radio communication means 
transmits or receives information other than the vehicle 
diagnostic information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The above advantages and features of the invention 
Will be more clearly understood from the folloWing detailed 
description Which is provided in connection With the accom 
panying draWings. 
[0010] FIG. 1 illustrates a vehicle diagnostic system 
according to the ?rst embodiment of the present invention; 

[0011] FIG. 2 illustrates a vehicle diagnostic system 
according to the second embodiment of the present inven 
tion; 
[0012] FIG. 3 illustrates a vehicle diagnostic system 
according to the third embodiment of the present invention; 

[0013] FIG. 4 illustrates a vehicle diagnostic system 
according to the fourth embodiment of the present invention; 

[0014] FIG. 5 is a block diagram for stopping an engine 
in a case Where a vehicle user does not carry out repair or 
improvement Within a predetermined period of time in the 
vehicle diagnostic system of FIG. 4; 

[0015] FIG. 6 illustrates a vehicle diagnostic system 
according to the ?fth embodiment of the present invention; 
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[0016] FIG. 7 illustrates a vehicle diagnostic system 
according to the sixth embodiment of the present invention; 

[0017] FIG. 8 illustrates a vehicle diagnostic system 
according to the seventh embodiment of the present inven 
tion; 
[0018] FIG. 9 illustrates a vehicle diagnostic system 
according to the eighth embodiment of the present inven 
tion; 
[0019] FIG. 10 illustrates a vehicle diagnostic system 
according to the ninth embodiment of the present invention; 

[0020] FIG. 11 illustrates a vehicle diagnostic system 
according to the tenth embodiment of the present invention; 

[0021] FIG. 12 illustrates a vehicle diagnostic system 
according to the eleventh embodiment of the present inven 
tion; 
[0022] FIG. 13 is a schematic diagram illustrating a 
vehicle Which is equipped With the vehicle diagnostic sys 
tem of FIG. 9; 

[0023] FIG. 14 illustrates a vehicle diagnostic system 
according to the tWelfth embodiment of the present inven 
tion; 
[0024] FIG. 15 is a schematic diagram illustrating a 
vehicle Which is equipped With the vehicle diagnostic sys 
tem of FIG. 14; 

[0025] FIG. 16 illustrates a vehicle diagnostic system 
according to the thirteenth embodiment of the present inven 
tion; 
[0026] FIG. 17 is a schematic diagram illustrating a 
vehicle Which is equipped With the vehicle diagnostic sys 
tem of FIG. 16; and 

[0027] FIG. 18 is a schematic diagram in Which vehicle 
diagnostic information is transmitted from a vehicle, Which 
is equipped With a vehicle diagnostic system of the present 
invention for performing short-distance communication to a 
base station, a monitor station, or the like. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] Exemplary embodiment of the present invention 
Will be described beloW in connection With the draWings. 
Other embodiments may be utiliZed and structural or logical 
changes may be made Without departing from the spirit or 
scope of the present invention. Like items are referred to by 
like reference numerals throughout the draWings. 

[0029] Referring noW to the draWings, the vehicle diag 
nostic system 1 of FIG. 1 comprises an electronic control 
unit 2, a radio communication means 3, and a serial com 
munication line 4 that is connected betWeen the electronic 
control unit 2 and the radio communication means 3. In this 
case, an electronic control unit is a control unit that controls 
various kinds of vehicle equipment including an engine, an 
automatic transmission, and a break, and that diagnoses the 
vehicle equipment. The radio communication means is a 
device that has a radio transmission circuit and/or a radio 
receiving circuit, and an antenna. 

[0030] In the electronic control unit 2, signals of various 
sensors 28 are inputted to an I/O 15 of a microcomputer 10 
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via an input circuit 11 and in response to the input signals, 
a CPU 17 of the microcomputer 10 performs an operation 
according to a control program that is stored in a ROM 18. 
Then, the most appropriate signal is transmitted to an output 
driver 12 via the I/O 15 and the output driver 12 drives 
various actuators 29. 

[0031] Here, While a vehicle is traveling, the microcom 
puter 10 of the electronic control unit 2 controls the vehicle 
equipment as described above. At this time, the microcom 
puter 10 also diagnoses a state of the vehicle equipment 
according to information obtained from diagnostic signals in 
relation to states of the various sensors 28 and states of the 
actuators 29 of the output driver 12, and stores the diagnostic 
information in a RAM 19 as a code corresponding to a 
diagnostic result. When a failure occurs, the microcomputer 
10 lights up a Warning lamp 27 to inform a vehicle user that 
the failure has occurred, and to request the vehicle user to 
carry out repairs. Then, the microcomputer 10 transmits 
vehicle diagnostic information D, Which is the diagnostic 
information of the vehicle equipment stored in the RAM 19, 
to the radio communication means 3 through the serial 
communication line 4. 

[0032] The radio communication means 3 modulates by 
the frequency the vehicle diagnostic information D using a 
radio transmitting/receiving circuit 33, and then radio-trans 
mits the modulated vehicle diagnostic information D as a 
diagnostic information signal from an antenna 34 to tele 
communication equipment or a base station 6 (hereinafter 
referred to as telecommunication equipment). 

[0033] In this manner, When a failure occurs in the vehicle 
equipment, a status of the vehicle equipment, Which has 
been diagnosed by the electronic control unit 2, can be 
radio-transmitted to the telecommunication equipment 6 as 
diagnostic information of the vehicle equipment. The diag 
nostic information of the vehicle equipment includes means 
the diagnostic code and a vehicle code (VIN) speci?c to each 
vehicle. 

[0034] In this connection, not only in a case Where a 
failure occurs in the vehicle equipment as described in this 
embodiment, but also in a state in Which there is no failure, 
the diagnostic information may be alWays radio-transmitted 
to the telecommunication equipment 6 at certain time inter 
vals. In addition, When receiving a diagnostic information 
request signal of the telecommunication equipment 6 as a 
radio signal, said diagnostic information may be radio 
transmitted to the telecommunication equipment 6 in 
response to this request. Unless otherWise speci?ed, each 
embodiment is described assuming that said diagnostic 
information is automatically transmitted When a failure 
occurs in the vehicle equipment. 

[0035] The vehicle diagnostic system 1 of this embodi 
ment has a function of checking Whether or not communi 
cation betWeen the radio communication means 3 and the 
electronic control unit 2 is being performed normally. Spe 
ci?cally, the radio communication means 3 transmits a 
communication diagnostic signal Q to the electronic control 
unit 2 as necessary and in response to it, the electronic 
control unit 2 sends back a response signal A to the radio 
communication means 3. Then, the radio communication 
means 3 decrypts or utiliZes this response signal A and 
determines Whether or not the communication is being 
performed normally. In other Words, Whether the commu 
nication line 4 is properly functional. 
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[0036] As the communication diagnostic signal Q, for 
example, an instruction for performing an operation of a 
plurality of numerical values appropriately, a different roll 
ing code for each transmission, and the like, may be used. In 
the case of the former, the electronic control unit 2 performs 
a speci?ed operation. In the case of the latter the electronic 
control unit 2 searches an appropriate code from among a 
plurality of codes stored in an EEPROM 14, and sends the 
code back to the radio communication means 3. Next, the 
radio communication means 3 determines normality or 
abnormality of the communication by comparing the code 
With a ?xed value stored in a memory 32. If the radio 
communication means 3 judges that the communication is 
not being performed normally, the radio communication 
means 3 lights up a Warning lamp, or takes other actions, in 
order to Warn the vehicle user of abnormality of the vehicle 
diagnostic system and thereby requests the vehicle user or 
operator to repair the vehicle diagnostic system and at the 
same time, the radio communication means 3 also reports to 
the telecommunication equipment 6. 

[0037] Referring noW to FIG. 2, it is assumed that the 
electronic control unit 2 is an engine ECU for controlling 
fuel injection, ignition, and the like, of a vehicle’s engine. 
The vehicle diagnostic system is con?gured to carry out a 
function of stopping the engine to prevent undue in?uence 
in the eyent that communication betWeen the radio commu 
nication means 3 and this engine ECU 2 is not normally 
performed. 

[0038] The engine ECU 2 inputs signals from a engine 
speed sensor 21 for measuring an engine speed, an air ?oW 
sensor 22 for measuring a quantity of intake air into the 
engine, a knocking sensor 23 for detecting ?ame-out of the 
engine, an oxygen sensor 24 for measuring oxygen concen 
tration in exhaust gasses, and the like, to the I/O 15 of the 
microcomputer 10 via the input circuit 11. In response to the 
input signals, the CPU 17 of the microcomputer 10 performs 
an operation according to a control program that is stored in 
the ROM 18. Then, the CPU 17 transmits the most appro 
priate control signal to the output driver 12 via the I/O 15. 
After that, this output driver 12 drives an injector 25 and an 
igniter 26, and the like, Which are actuators. 

[0039] In this case, concerning a method for transmitting 
the vehicle diagnostic information D to the telecommunica 
tion equipment outside vehicle 6 in the event of a failure in 
the vehicle equipment is the same as that described in the 
?rst embodiment. Additionally, in this embodiment, an igni 
tion sWitch (IGN SW) signal, Which noti?es the radio 
communication means 3 of ON or OFF of an ignition key, 
is inputted. When this ignition key becomes ON, transmit 
ting an engine-operation enable signal E to the engine ECU 
2 by the radio communication means 3 permits the engine to 
start. Also, the above-mentioned rolling code may be used as 
the engine-operation enable signal E. In this case, the engine 
ECU 2 compares the transmitted code With an appropriate 
code from among a plurality of codes stored in the EEPROM 
14. As a result of the comparison, only When both codes are 
the same, the engine ECU 2 drives the injector 25 and the 
igniter 26 to start the engine. 

[0040] Beyond the method for inputting the ignition 
sWitch (IGN SW) signal to the radio communication means 
3, as shoWn in the third embodiment of FIG. 3, after starting 
the engine, the engine ECU 2 transmits an engine-operation 
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enable request signal EQ to the radio communication means 
3 and continues the engine operation by receiving an engine 
operation enable signal E from the radio communication 
means 3. In this case, after transmitting the engine-operation 
enable request signal EQ, if the engine-operation enable 
signal E is not returned Within a predetermined period of 
time, the engine is stopped. In addition, transmitting an 
engine-operation disable signal to the engine ECU 2 by the 
radio communication means 3 may also disable the vehicle 
from traveling. 

[0041] In FIG. 4, if a failure of the vehicle equipment 
occurs, the electronic control unit 2 stores vehicle diagnostic 
information D in the RAM 19, and transmits the vehicle 
diagnostic information D to the radio communication means 
3. Then, the radio communication means 3 radio-transmits 
vehicle diagnostic information D1 to the telecommunication 
equipment 6. When receiving the diagnostic information D1, 
the telecommunication equipment 6 sends vehicle diagnos 
tic information D1, Which is the same as the received 
diagnostic information D1, back to the radio communication 
means 3 of the vehicle. 

[0042] The radio communication means 3 transmits the 
diagnostic information to the electronic control unit 2. After 
that, the electronic control unit 2 compares diagnostic infor 
mation D2, Which has been transmitted, With the transmitted 
diagnostic information, in other Words, With the vehicle 
diagnostic information D stored in the RAM 19 to check 
Whether or not the radio communication means 3 is properly 
functional. 

[0043] Also, even if communication betWeen the elec 
tronic control unit 2 and the radio communication means 3 
is not normal due to a breakage of the serial communication 
line 4, or the like, it is judged that the radio communication 
means 3 is abnormal. Hence, Whether or not the communi 
cation betWeen the electronic control unit 2 and the radio 
communication means 3 is being performed normally, is 
checked by using for the communication diagnostic signal Q 
and the response signal A as described in the ?rst embodi 
ment. 

[0044] In this embodiment, in the event of a failure in the 
antenna 34, if the antenna 34 is removed on purpose, if 
shielding the antenna 34 causes the communication to 
become disabled, or if data is overWritten When transmitting 
the data to the telecommunication equipment 6, then the 
diagnostic information D2 is not received Within a prede 
termined period of time, or the diagnostic information D is 
varied from the diagnostic information D2. As a result, the 
electronic control unit 2 judges that the radio communica 
tion means 3 is abnormal. The electronic control unit 2, 
therefore, Warns the vehicle user of abnormality of the 
vehicle diagnostic system by lighting up the Warning lamp 
27, and thereby requests the vehicle user to repair the vehicle 
diagnostic system. 

[0045] Here, as opposed to the ?rst embodiment, if a 
failure occurs in the radio communication means 3, the 
failure cannot be reported to the telecommunication equip 
ment 6. Hence, even a defective vehicle is continuously 
alloWed to travel Without penalty and the like. FIG. 5 shoWs 
an embodiment con?gured to prevent this problem from 
occurring. 
[0046] In FIG. 5, if the CPU 17 in the microcomputer 10 
of the electronic control unit 2 judges that a failure has 














