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(57) ABSTRACT 

An improved scan tool, e.g., for OBD II, for use With vehicle 
computer networks. The improved scan tool determines the 
proper protocol to use to communicate With a vehicle 
computer netWork. The proper protocol is determined by 
requesting information from the vehicle computer netWork 
using a plurality of protocols and selecting the protocol that 
returns the most pieces of information. In addition, the 
improved scan tool determines a communications drop-out 
With one or more modules and automatically recovers from 
a the communications drop-out. 
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SCAN TOOL WITH DROPPED 
COMMUNICATIONS DETECTION AND 

RECOVERY AND IMPROVED PROTOCOL 
SELECTION 

BACKGROUND OF THE INVENTION 

[0001] “Off-board devices,” such as scan tools, are known 
in the art and are testing devices that interface with vehicle 
diagnostic systems to access, display, and/or print vehicle 
diagnostic information. OBD II (On-Board Diagnostics ver 
sion II) Scan Tools are one commonly known type of scan 
tool and are governed by a number of standards, e.g., SAE 
J1978 Rev. 1988-02 and SAE J1979 Rev. 1997-09. 

[0002] There are a number of problems with the existing 
scan tools and scan tool speci?cations. For example, in 
certain vehicles, e.g., various model years of HYUNDAI, 
VW, DODGE, and VOLVO vehicles, the known scan tools 
have communications drop-outs. One minute the user will 
be using a scan tool and be examining e.g., 28 different 
parameters, and the next instant there is no response for all 
but e.g., three, of the parameters. What the user does not 
know is that one or more controllers, e.g., the engine 
controller, which is typically the main ODB II controller, has 
dropped out, leaving only a secondary controller, e.g., a 
transmission controller, talking with the scan tool. The 
known scan tools must begin the entire session over again, 
which can take half a minute or more and must be prompted 
by the user. As another example, sometimes following the 
speci?cations for determining the proper protocol does not 
result in using the protocol that provides the most relevant 
information (e.g., the most emissions information). Follow 
ing the speci?cations, a scan tool might select a protocol that 
ends up with far less emissions data than another protocol. 

[0003] More speci?cally, protocol determination is auto 
matic (hands off) determination of which communication 
protocol the vehicle is using for the OBD II functions. Some 
vehicles have multiple modules and these modules may use 
different communication protocols. But only one of these 
protocols contains all the OBD II information for the 
vehicle. Therefore, the scan tool must be able to determine 
which protocol is the correct one to use for OBD II purposes. 
This automatic determination is speci?ed in a SAE J1978. 
Furthermore in section 6.4.1 and 6.4.2 the SAE has spelled 
out a procedure for trying the four (4) protocols and deter 
mining which one is the OBD II protocol supported by the 
vehicle to relate the appropriate functions. In section 6.4.1 
the speci?cation spells out that only one protocol is allowed 
to be used in any one vehicle to access all the supported 
OBD II functions. This does not mean than a vehicle cannot 
support more that one protocol, but that only one may be 
used as the OBD II link. The SAE has published a suggested 
method for determining the OBD II protocol in J 1978 
section 6.4.2. 

[0004] Through on-vehicle testing the inventors of the 
present invention discovered that this recommended way has 
?aws: one ends up selecting the wrong protocol as the OBD 
II link. Therefore a scan tool following the recommendation 
is unable to determine the correct protocol and therefore 
unable to use all the covered OBD II functions and read all 
the available information from the vehicle. One of the 
vehicles in question, for example, is one that supports both 
ISO 9141-2 (ISO) and ISO 14230-4 (Keyword 2000). The 
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engine control module uses ISO 14230-4 as its protocol and 
the transaxle control module uses ISO 9141-2. The engine 
controller is the module that supports the OBD II functions 
for the vehicle. But the SAE suggested procedure directs that 
one test for ISO 9141-2 ?rst and if one receives a reply, then 
that was the protocol to use for the link. It is the same with 
ISO 14230-4, if it replies. This causes the scan tool to 
incorrectly choose the protocol being used by the transaxle 
as the OBD II protocol for this type of vehicle rather than the 
protocol being used by the engine controller. Now that the 
scan tool is using the wrong protocol, ISO 9141-4, it is only 
talking to the transaxle controller. The engine controller (and 
all the emissions information it has to offer) is not found. 
This type of problem can happen in other protocol combi 
nations also. 

[0005] Also, certain vehicles employ multiple modules 
that communicate using the same protocol. This type of 
system is subject to one or more of the modules to losing 
their active communication with off-board devices, like scan 
tools. If the scan tool does not realiZe that one or more of the 
modules has dropped the link, it will not be showing 
complete/correct data. 

[0006] Once again during on-vehicle testing the inventors 
discovered that multiple module vehicles present certain 
problems. For example certain VW models that use an 
engine control module and a transaxle control module 
presented a problem. After determining the OBD II protocol 
and initializing both modules for communications, it was 
noticed that one or the other module would occasionally stop 
communicating. This problem could be seen while request 
ing information on several functions, such as the “View 
Data” function (also known as the “Live Data” function). 
For example, user might notice during one View Data 
session that two modules report the state of the Malfunction 
Indicator Lamp (“MIL”) and might notice on a subsequent 
View Data session on the same vehicle that only one module 
reports the MIL’s state. The MIL’s state from the other 
modules is now unknown. What happened is that, unknown 
to the user, one of the controllers dropped the communica 
tions link, so it did not respond to the request for the state 
of the MIL. These problems can result in OBD II informa 
tion being misreported. 

[0007] There is a need, therefore, for an improved scan 
tool. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed toward an 
improved “off-board device.” In one embodiment, the “off 
board device” of the present invention is a scan tool. 
According to one aspect of the present invention, the 
improved scan tool uses a novel method of determining the 
proper protocol to use to communicate with a vehicle 
computer network. 

[0009] According to another aspect of the present inven 
tion, the improved scan tool determines and automatically 
recovers from a communications drop-out. The scan tool of 
the present invention preferably, but not necessarily, 
includes both the novel method of determining the proper 
protocol to use to communicate with a vehicle computer 
network and the determination and automatic recovery from 
a communications drop-out. 
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[0010] It is therefore an advantage of the present invention 
to provide an improved scan tool that determines the pro 
tocol that provides the most relevant vehicle information 
(e.g., the protocol that provides the most emissions infor 
mation). 
[0011] It is also an advantage of the present invention to 
provide an improved scan tool that determines When a 
module has had a communications drop-out. 

[0012] It is another advantage of the present invention to 
provide an improved scan tool that automatically recovers 
from a communications drop-out. 

[0013] It is a further advantage of this invention to provide 
an improved scan tool that automatically recovers from a 
communications drop-out Without requiring that the proto 
col be re-determined. 

[0014] It is yet another advantage of the present invention 
to provide an improved scan tool that determines When a 
module has had a communications drop-out and that auto 
matically recovers from a communications drop-out. 

[0015] These and other advantages of the present inven 
tion Will become more apparent from a detailed description 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] In the accompanying draWings, Which are incor 
porated in and constitute a part of this speci?cation, embodi 
ments of the invention are illustrated, Which, together With 
a general description of the invention given above, and the 
detailed description given beloW, serve to eXample the 
principles of this invention, Wherein: 

[0017] FIG. 1 is a high-level block diagram of a scan tool 
according to the present invention; 

[0018] FIG. 2 is a block diagram of a speci?c implemen 
tation of a scan tool according to the present invention; and 

[0019] FIGS. 3-7 are How charts shoWing the novel meth 
ods used by the scan tool of the present invention to select 
the proper protocol, determine Whether a communications 
drop-out has occurred, and recover from a communications 
drop-out. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] Referring to FIG. 1, a high-level block diagram of 
both a typical scan tool and a scan tool 10 of the present 
invention is shoWn. Such a scan tool 10 comprises a pro 
cessor system 12 in circuit communication With a commu 
nication circuit 14, a display 16, 20 one or more input 
devices 18, and optional additional storage device(s) 20. 

[0021] “Circuit communication” as used herein indicates a 
communicative relationship betWeen devices. Direct elec 
trical, electromagnetic, and optical connections and indirect 
electrical, electromagnetic, and optical connections are 
eXamples of circuit communication. TWo devices are in 
circuit communication if a signal from one is received by the 
other, regardless of Whether the signal is modi?ed by some 
other device. For eXample, tWo devices separated by one or 
more of the folloWing—ampli?ers, ?lters, transformers, 
optoisolators, digital or analog buffers, analog integrators, 
other electronic circuitry, ?ber optic transceivers, or even 
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satellites—are in circuit communication if a signal from one 
is communicated to the other, even though the signal is 
modi?ed by the intermediate device(s). As another eXample, 
an electromagnetic sensor is in circuit communication With 
a signal if it receives electromagnetic radiation from the 
signal. As a ?nal eXample, tWo devices not directly con 
nected to each other, but both capable of interfacing With a 
third device, e. g., a CPU, are in circuit communication. Also, 
as used herein, voltages and values representing digitiZed 
voltages are considered to be equivalent for the purposes of 
this application and thus the term “voltage” as used herein 
refers to either a signal, or a value in a processor represent 
ing a signal, or a value in a processor determined from a 
value representing a signal. 

[0022] The scan tool 10 is placed in circuit communication 
With a vehicle computer netWork 30 having one or more 
interconnected computers (“modules”) via a connection link 
carried by a communication cable 32. The connection cable 
32 typically has a connector 34 af?Xed thereto that connects 
to a mating connector 36 in circuit communication With the 
vehicle computer netWork 30. 

[0023] The processor circuit 12, also referred to herein as 
just processor 12, may be one of virtually any number of 
processor systems and/or stand-alone processors, such as 
microprocessors, microcontrollers, and digital signal pro 
cessors, and has associated thereWith, either internally 
therein or externally in circuit communication thereWith, 
associated RAM, ROM, EPROM, clocks, decoders, memory 
controllers, and/or interrupt controllers, etc. (all not shoWn) 
knoWn to those in the art to be needed to implement a 
processor circuit. FIG. 2 shoWs a high-level block diagram 
of an exemplary scan tool using an MC68306 processor to 
implement a scan tool having a generic vehicle interface and 
a speci?c vehicle interface, and a cartridge EPROM. 

[0024] The communications circuit 14 typically generates 
one or more communications protocols With Which the scan 
tool 10 and the vehicle computer netWork 30 communicate 
With one-another. The communications circuit 14 can be 
implemented either in hardWare, or in softWare, or in a 
combination of hardWare and softWare. Typical communi 
cations protocols generated by the communication circuit 14 
of scan tools include but are not limited to: SAE 11850 

(VPW), SAE J1850 (PWM), ISO 9141-2, and ISO 14230-4 
(“Keyword 2000”). The present invention is not intended to 
be limited to any speci?c protocol or even to electrical 
communications protocols. Other present and future proto 
cols, such as ?ber optic and Wireless communications pro 
tocols, are also contemplated as being Within the scope of 
the present invention. The display 16 can be one or more of 
virtually any type of display, e.g., teXtual displays (such as 
n character by m line LCD or plasma displays, etc.), binary 
displays (such as LEDs, lamps, etc.), graphical displays 
(such as LCD displays that can display teXt and bar graphs 
and the like), etc. The input device(s) typically comprise one 
or more keys or a keyboard, but may be one or more of 

virtually any type of input device, such as touch screens, etc. 
The optional additional storage device(s) 20 can comprise, 
for eXample, cartridge memories (such as those containing 
EPROM, EEPROM, or Flash PROM memories), cartridge 
memories, PC cards, stick memories (such as SONY brand 
MEMORY STICK packaged memory semiconductors), so 
called ?oppy diskettes, etc. 
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[0025] The processor 12 typically executes a computer 
program stored in its RAM, ROM, Flash memory, and/or its 
EPROM (all not shown) and/or stored in any of the addi 
tional storage device(s) 20, using data stored in any one or 
more of those memories. For example, the processor 12 may 
execute a computer program from a ROM (not shown) using 
data (e.g., codes) stored in a cartridge memory 20. In 
general, the computer program executed by the processor in 
typical scan tools initialiZes the scan tool and generates a 
user interface (e.g., using the input device(s) 18), through 
which a user causes the scan tool to communicate with the 

vehicle computer network 30 to read certain data from the 
vehicle computer network 30, format such read data, and 
display the formatted data on the display 16. At this high 
level, the scan tool 10 according to the present invention 
works the same: the computer program executed by the 
processor 12 initialiZes the scan tool 10 and generates a user 
interface (e.g., using the input device(s) 18), through which 
a user causes the scan tool 10 to communicate with the 

vehicle computer network 30 to read certain data from the 
vehicle computer network 30, format such read data, and 
display the formatted data on the display 16. A fundamental 
difference in the present invention is how the scan tool 10 of 
the present invention selects a protocol through which it 
communicates with the vehicle computer network 30. 
Another fundamental difference is how the scan tool 10 of 
the present invention detects and recovers from a dropped 
communications link. 

[0026] Referring now to FIG. 3, a high-level ?ow chart 
100 showing the code executed by processor 12 to determine 
the proper communications protocol with the vehicle com 
puter network 30 is shown. In general, the protocol deter 
mining routine of the present invention determines which 
protocol results in the most relevant data (e.g., the most 
OBD II emissions data) being available to the scan tool 10 
from the vehicle computer network 30 and selects that 
protocol as the protocol to use. This necessarily involves 
checking all (or at least many) of the available protocols (or 
merely selected protocols) and not merely using the ?rst 
protocol with which the scan tool establishes a communi 
cations link with the vehicle computer network 30. Of 
course, the scan tool 10 must be connected to the vehicle 
computer network 30 via a suitable cable 32 or other 
communications medium, e.g., ?ber optic or wireless 
medium. The code begins at step 102. First, at step 104, a 
?rst protocol is selected. 

[0027] In the case of an ODB II scan tool according to the 
present invention, the ?rst protocol to test might be the SAE 
J 1850 (PWM) protocol. Next, at 106, the processor 12 
causes the communications circuit 14 to attempt to establish 
a communications link with the vehicle computer network 
30 using the ?rst protocol. If any modules answer, at step 
108, the processor 12 causes the communications circuit 14 
to request data from the module(s) using the ?rst protocol, 
at 110. The data, if any, transmitted by the module(s) is 
stored by protocol and module. More speci?cally to an OBD 
II scan tool according to the present invention, at step 110, 
a request that will result in most if not all of the modules 
responding (such as a Mode 1 PID 0 request, or a Mode 1 
PID 1 request) is issued and the number of pieces of 
information (in the case of a Mode 1 PID 0 request, the 
supported PIDs; in the case of a Mode 1 PID 1 request, the 
number of “monitors”) for all the modules is stored for that 
protocol. Then, or if no modules responded at test 108, the 
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code tests, at step 112, whether all the protocols have been 
tested. If not, the code branches at 113 to step 114, where 
another communications protocol is selected to be tested. 
The protocols can either be tested in a predetermined 
fashion, or a random fashion, or a combination of predeter 
mined and random. Then the code executes again from step 
106 through step 112 with the next protocol until all the 
protocols (or selected protocols) have been tested. If none of 
the protocols generated a response from any modules, then 
the code preferably informs the user of this fact and provides 
the user with guidance and a number of options, as discussed 
below in the text accompanying tasks 338 and 426. If one of 
the protocols did generate a response from a module, then 
the code branches at 115 to step 116 where the requested 
data is analyZed to determine which protocol should be used. 
In general, the protocol resulting in the most pieces of 
relevant data being available or transmitted is selected. If 
there is a tie, a predetermined list of priorities, such as those 
provided in the OED II speci?cations or those predeter 
mined by some other means, can be used to break the tie. For 
example, suppose that the vehicle computer network 30 
responds to a Mode 1 PID 1 request by reporting 7 monitors 
for the ISO protocol and by reporting 8 monitors for the 
Keyword 2000 protocol; the Keyword 2000 protocol would 
be chosen. Supposing that the vehicle computer network 30 
responds to a Mode 1 PID 1 request by reporting 7 monitors 
for the ISO protocol and by reporting 7 monitors for the 
Keyword 2000 protocol; the ISO protocol would be 
selected, because that protocol takes precedence over the 
Keyword 2000 in the speci?cations. Thereafter, the com 
munications circuit 14 communicates with the vehicle com 
puter network 30 using that selected protocol, as shown at 
task 118. As shown at step 120, the scan tool 10 then reads 
and displays data from the vehicle computer network 30 in 
response to user commands, using the selected protocol. 

[0028] Another important aspect of the present invention 
is how the scan tool 10 of the present invention handles 
communications drop-outs. In general, the present invention 
determines whether a module has dropped out or has merely 
ignored a request for data. 

[0029] Additionally, after a communications drop-out is 
detected, the present invention preferably communicates 
with the vehicle computer network 30 using the protocol 
determined by the code shown in FIG. 3. The scan tool 10 
preferably does not re-determine the proper protocol after a 
drop-out. The resulting time-savings of half a minute-or-so 
might seem to be trivial, but to a user it can be signi?cant, 
especially in a situation when communication drop-outs are 
frequent. 

[0030] Referring now to FIG. 4, a high-level ?ow chart 
200 showing the code executed by processor 12 to determine 
a communications drop-out and recover therefrom is shown. 
The code begins at 202 with the scan tool 10 of the present 
invention determining how many modules respond to the 
protocol (e.g., OBD II protocol) being used and stores the 
IDs of the modules. Then whenever requesting data or 
communicating with the vehicle computer network 30, such 
as at task 204, the scan tool 10 checks to be sure that all the 
modules that previously responded at step 202 answer the 
request, at 206. If all of the modules answer, at 208, then 
there has been no communications drop-out and the code 
branches and can continue at 209 either accessing more data 
or displaying the data, etc. On the other hand, if at 208 one 
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or more of the previously identi?ed modules does not 
respond, the code next determines Whether that speci?c 
module lost the link or Whether that module merely ignored 
the request issued at step 204, e.g., that module does not 
support the request sent. On the one hand, if the scan tool 10 
determines that the module that did not respond is still 
communicating via that protocol, the scan tool 10 of the 
present invention assumes that that module merely ignored 
the request, e. g., it does not support the request. On the other 
hand, if the non-responsive module is also not communi 
cating in response to more basic requests, then the scan tool 
10 of the present invention concludes that there has been a 
communications drop-out. More speci?c to FIG. 4, if at 208 
one or more of the previously identi?ed modules does not 
respond, the code branches at 210 to step 212, Where the 
code checks and determines again Which modules are still 
linked, preferably using exactly the same method as used in 
step 202. In the context of an OBD II scan tool according to 
the present invention, if a Mode 1 PID 0 request Was issued 
at step 202, then a Mode 1 PIED 0 request is preferably also 
issued at step 212. If at 214 the same modules are still linked 
in response to the request issued at step 212 as Were linked 
at step 202, then there has been no communications drop-out 
and the code branches at 216, and can continue at 218 either 
accessing more data or displaying the data, etc. On the other 
hand, if at 214 the same modules are not still linked in 
response to the request issued at step 212 as Were linked at 
step 202, then there has been a communications drop-out 
and the code branches at 220, Where the code responds to a 
communications drop-out at 222. At 222, a number of things 
can be done, such as re-initialiZing the communications link 
and/or trying the request at step 204 again. 
[0031] Trying the request at step 204 again should not be 
repeated inde?nitely, or the code might end up in an endless 
loop (as might happen, e.g., if the transmitted communica 
tion/request at 204 Was causing one or more of the modules 
to stop communicating). Also the physical connection or 
poWer to the modules might have been lost, causing one or 
more modules to stop linking. Therefore, eventually, it 
should be reported to the user that the scan tool 10 has 
detected a communications drop-out, as shoWn at 222. 

[0032] The code shoWn in ?oWchart form in FIG. 4 is 
intended to be relatively general. An example of code more 
speci?cally tailored to an OBD II environment 300 is shoWn 
in FIG. 5. Referring to that Figure, the code 300 begins at 
302 With the processor 12 determining the protocol to use as 
taught in FIG. 3 and the text accompanying that Figure. If 
the protocol has previously been selected, then the process 
can skip to task 310. (As should be apparent, the protocol 
need not be determined each time the user uses the device 10 
to request information from the vehicle computer netWork 
30, i.e., steps 302-308 are preferably done once each time 
the device 10 is connected to the vehicle computer netWork 
30, With subsequent accesses being done at 312 using the 
protocol previously determined at 302 and the baseline 
determined at 308.) Next, at 304, the processor 12 initialiZes 
all modules in the netWork 30 using the selected protocol. 
Then at 306, the processor causes the communications 
circuit 14 to send a request that all modules in the netWork 
30 should respond to, such as a Mode 1 PID 0 request. Then 
the processor saves the IDs of the modules that respond to 
the request, at 308. Then at task 310 Whenever requesting 
data or communicating With the vehicle computer netWork 
30, such as at task 312, the scan tool 10 checks to be sure that 
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all the modules that previously responded at step 308 ansWer 
the request, at 314. If all of the modules ansWer, at 314, then 
there has been no communications drop-out and the code 
branches at 316 and can continue at 318 either accessing 
more data or displaying the data, etc. On the other hand, if 
at 314 one or more of the previously identi?ed modules does 
not does not respond to the request issued at 312, the code 
next determines Whether that speci?c module lost the link or 
Whether that module merely ignored the request issued at 
step 204, e.g., that module does not support the request sent. 
If the scan tool 10 determines that the module that did not 
respond is still communicating via that protocol, the scan 
tool 10 assumes that that module merely ignored the request, 
e.g., it does not support the request. If the non-responsive 
module is also not communicating in response to more basic 
requests, then the scan tool 10 concludes that there has been 
a communications drop-out. More speci?c to FIG. 5, if at 
314 one or more of the previously identi?ed modules does 
not respond, the code branches at 320 to step 322, Where the 
code checks and determines again Which modules are still 
linked, preferably using exactly the same method as used in 
step 306, e.g., by issuing a Mode 1 PID 0 request. If at step 
324 the same modules are still linked in response to the 
request issued at step 322 as Were linked at step 308, then 
there has been no communications drop-out and the code 
branches at 326, and can continue at 328 either accessing 
more data or displaying the data, etc. On the other hand, if 
at 324 the same modules are not still linked in response to 
the request issued at step 322 as Were linked at step 308, then 
there has been a communications drop-out and the code 
branches at 330, Where the code increments a counter 
(previously Zeroed) at 332. If at 334 the counter has reached 
a predetermined threshold, e.g., three (3), then the code 
branches at 336 and user is advised of the situation at 338 
(because there have been n (e.g., three) unsuccessful 
attempts at communicating With that module). The user is 
preferably prompted to do one or more of the folloWing: 
check the physical connections (e.g., the connection 
betWeen connectors 34, 36), ensure that the ignition key is 
on, ensure that the PCM poWer and ground are OK, turn the 
ignition key off for ten seconds or so, and restart the entire 
process. If at 334 the counter is less than the predetermined 
number, the scan tool 10 of the present invention does one 
or more of the folloWing things to try to automatically 
respond to the communications drop-out, such as quieting 
the link or Waiting for an idle period of time (e.g., on the 
order of from about 8 to about 10 seconds) at 342 and 
attempting to perform a complete or partial initialiZation of 
the modules via the selected protocol (or possibly reinitial 
iZing all the protocols) at 344. In either event, the code 
branches at 346 to attempt the same request again, prefer 
ably using the same protocol determined at step 302 Without 
re-determining the protocol. 

[0033] Another example of code speci?cally tailored to an 
OBD II environment is shoWn in FIGS. 6-7. More speci? 
cally, FIG. 6 shoWs a code subroutine that is used in FIG. 
7. In this examples, a more basic request is issued to test 
Whether there has been a communications dropout, and 
Whether any additional modules have linked, before sending 
a more speci?c request. Referring ?rst to FIG. 6, the 
subroutine 400 shoWn is essentially steps 322 through 342 of 
FIG. 5, With an additional test 404 to see if any more 
modules responded than had previously responded. The 
code 400 begins at step 402 Where the code checks and 
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determines again Which modules are still linked, preferably 
using exactly the same method as used in step 506, e.g., by 
issuing a Mode 1 PID 0 request. Next, at 404, the code 
determines whether any additional modules have linked to 
the device 10. If at step 404 the same modules are still linked 
in response to the request issued at step 402 as Were linked 
at step 508, then no additional modules have linked and the 
code branches at 406, and can continue at 408 With a test to 
see if any modules have been dropped. On the other hand, 
if at 404 one or more additional modules have linked to the 
device 10 than Were linked at step 508, then the code 
branches at 410, Where the code adds the module IDs of the 
neWly linked modules to the list of module IDs previously 
generated and continues to step 408. At step 408, the code 
determines whether any modules have dropped their corn 
rnunication link With the device 10 by comparing the list of 
devices responding to the request issued at step 402 to the 
list of module IDs that Was previously generated at step 508 
and possibly rnodi?ed at step 412. If so, then there has been 
no cornrnunications drop-out and the code branches at 414, 
and returns at 416 and can continue either accessing more 
data or displaying the data, etc. 

[0034] On the other hand, if at 408 the same modules are 
not still linked in response to the request issued at step 402, 
then there has been a communications drop-out and the code 
branches at 418, Where the code incrernents a counter 
(previously Zeroed) at 420. This counter is tested at 422 and 
if the counter has reached a predetermined threshold, e.g., 
three (3), then the code branches at 424 and user is advised 
of the situation at 426 (i.e., there Was a failure to determine 
a protocol because none of the protocols of FIG. 3 resulted 
in a module providing any data or there has been a link 
failure because there have been n (e.g., three) unsuccessful 
attempts at communicating with that module). The user is 
then preferably prompted to do one or more of the folloWing: 
check the physical connections (e.g., the connection 
betWeen connectors 34, 36), ensure that the ignition key is 
on, ensure that the PCM poWer and ground are OK, turn the 
ignition key off for ten seconds or so, and restart the entire 
process. The user is also preferably given the option of 
exiting or restarting the process. If the user Was using either 
VieW Data or Live Data, then the user is preferably given the 
option of continuing the VieW data or Record Data With only 
the modules that are responding. The value of n that triggers 
user intervention could be user-selectable, as could the 
counter at 332 that is tested at 334. If at 422 the counter is 
less than the predetermined number, the scan tool 10 of the 
present invention does one or more of the folloWing things 
to try to automatically respond to the communications 
drop-out, such as quieting the link or Waiting for an idle 
period of time (e.g., on the order of from about 8 to about 
10 seconds) at 426 and returning at 428 to attempt to 
perform a complete or partial initialiZation of the modules 
via the selected protocol (or possibly reinitialiZing all the 
protocols). 
[0035] The example of FIG. 7 is intended to be used in 
rnodes Where data is repeatedly acquired from the vehicle 
computer network, such as With the VieW Data (also knoWn 
as Live Data) and Record Data functions. Referring noW to 
FIG. 7, the code 500 begins at 502 With the processor 12 
determining the protocol to use as taught in FIG. 3 and the 
text accornpanying that Figure. If the protocol has previ 
ously been selected, then the process can skip to task 510. 
(As should be apparent, the protocol need not be determined 
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each time the user uses the device 10 to request information 
from the vehicle computer network 30, i.e., steps 502-508 
are preferably done once each time the device 10 is con 
nected to the vehicle computer network 30, With subsequent 
accesses being done at 512 using the protocol previously 
determined at 502 and the baseline determined at 508, 
possibly rnodi?ed at 412.) Next, at 504, the processor 12 
initialiZes all modules in the netWork 30 using the selected 
protocol. Then at 506, the processor causes the communi 
cations circuit 14 to send a request that all modules in the 
netWork 30 should respond to, such as a Mode 1 PID 0 
request. Then the processor saves the IDs of the modules that 
respond to the request, at 508. Then at task 510 Whenever 
requesting data or communicating with the vehicle computer 
network 30, such as at task 512, the scan tool 10 checks to 
be sure that all the modules that previously responded at step 
508 (possibly rnodi?ed at step 412 of FIG. 6) ansWer the 
request, at 512. HoWever, prior to sending a request at 512, 
the code tests Whether all of the previously identi?ed rnod 
ules are still responding, at 514, by executing the subroutine 
of FIG. 6. If the routine of FIG. 6 returns via task 428, then 
at least one module has lost its communications link and the 
code continues at 516 to task 518, Where the code attempts 
to perform a complete or partial initialiZation of the modules 
via the selected protocol (or possibly reinitialiZing all the 
protocols). In either event, the code branches at 520 to 
attempt the same test again, preferably using the same 
protocol determined at step 502 Without re-deterrnining the 
protocol. If at 514 the routine of FIG. 6 returns via task 416, 
then the code continues at 522 to send a request at 512. If all 
of the modules ansWer, at 524, then there has been no 
cornrnunications drop-out and the code branches at 526 and 
can continue at 528 either accessing more data or displaying 
the data, etc. On the other hand, if at 524 one or more of the 
previously identi?ed rnodules does not does not respond to 
the request issued at 512, the code branches at 530 and next 
determines whether that speci?c rnodule lost the link or 
Whether that rnodule rnerely ignored the request issued at 
step 512, e.g., that rnodule does not support the request sent, 
by re-executing the routine of FIG. 6, at 532. If the scan tool 
10 determines that the module that did not respond is still 
cornrnunicating via that protocol, i.e., the routine of FIG. 6 
returns via task 416, the scan tool 10 assumes that that 
rnodule rnerely ignored the request, e.g., it does not support 
the request, and the code continues at 534 either accessing 
more data or displaying the data, etc. If the non-responsive 
module is also not communicating in response to more basic 
requests, i.e., the routine of FIG. 6 returns via task 428, then 
the scan tool 10 concludes that there has been a communi 
cations drop-out and the code continues via 535 to task 536 
to perform a complete or partial initialiZation of the modules 
via the selected protocol (or possibly reinitialiZing all the 
protocols). In either event, the code branches at 538 to 
attempt the same request again, preferably using the same 
protocol determined at step 502 Without re-deterrnining the 
protocol. As discussed above, the example of FIG. 7 is 
intended to be used in rnodes Where data is repeatedly 
acquired from the vehicle computer network. As With FIG. 
5, the code of FIG. 7 can be used With functions that use a 
one-time access. Preferably, hoWever, only a subset of the 
code of FIG. 7 is used for functions involving a one-time 
access of the vehicle computer network 30, such as reading 
diagnostic trouble codes (DTCs), reading oxygen rnonitors, 
reading any pending codes, erasing codes, reading vehicle 
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information, etc. In the case of these one-time accesses, one 
preferably uses only tasks 502 through 522, and uses What 
ever data is returned in response to the request at task 512, 
Without performing the functions of tasks 524 through 536. 

[0036] While the present invention has been illustrated by 
the description of embodiments thereof, and While the 
embodiments have been described in some detail, it is not 
the intention of the applicant to restrict or in any Way limit 
the scope of the appended claims to such detail. Additional 
advantages and modi?cations Will readily appear to those 
skilled in the art, for example, using ?ber optic or Wireless 
protocols. Of course, in the OED II conteXt, a Mode 1 PID 
0 request need not be used; other codes might ?ush out the 
available modules and monitors. As another eXample, the 
teachings of the present invention are not limited to scan 
tools, per se. They can, for eXample, be implemented in 
other off-board devices, such as in PC-based emissions and 
maintenance test systems, such as those found at many state 
EPA testing centers and in end-of-line testers used by 
automobile manufacturers. Therefore, the invention in its 
broader aspects is not limited to the speci?c details, repre 
sentative apparatus and methods, and illustrative eXamples 
shoWn and described. Accordingly, departures may be made 
from such details Without departing from the spirit or scope 
of the applicant’s general inventive concept. 

I/We claim: 
1-44. (canceled) 
45. A method of operating an off-board device to com 

municate With a diagnostic system of a vehicle, the diag 
nostic system having one or more modules, comprising the 
steps of: 

(a) determining a number of pieces of information 
received from one or more modules using a ?rst 
communications protocol; 

(b) determining a number of pieces of information 
received from the one or more modules using a second 
communications protocol; and 

(c) selecting from the plurality of communications pro 
tocols a communications protocol to use for commu 
nications betWeen the off-board device and the diag 
nostic system using at least the number of pieces of 
information received from the one or more modules 
using the ?rst communications protocol and the num 
ber of pieces of information received from the one or 
more modules using the second communications pro 
tocol. 

46. The method of claim 45 further comprising: 

(a) requesting data from one or more of the diagnostic 
system modules using a ?rst communications protocol; 

(b) Waiting a selected length of time; 

(c) requesting data from the one or more of the diagnostic 
system modules using a second communications pro 
tocol upon eXpiration of the selected length of time. 

47. The method of claim 45 Wherein the pieces of 
information are indicative of monitors. 

48. The method of claim 45 Wherein the pieces of 
information are indicative of trouble codes. 

49. The method of claim 45 further comprising establish 
ing a link With the diagnostic system using the selected 
communications protocol. 
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50. The method of claim 49 further comprising sending a 
request using the selected communications protocol to the 
vehicle diagnostic system and comparing the number of 
pieces of information received in response to the request 
from the one or more modules to the number of pieces of 
information previously received from a similar request from 
the one or more modules. 

51. The method of claim 50 further comprising determin 
ing Whether one or more modules has stopped communi 
cating With the off-board device as a function of the com 
parison of the number of pieces of information received in 
response to the request from the one or more modules to the 
number of pieces of information previously received from a 
similar request from the one or more modules. 

52. The method of claim 51 further comprising re-estab 
lishing the communications link With the diagnostic system 
using the selected communications protocol. 

53. The method of claim 45 Wherein the ?rst communi 
cations protocol is an SAE J 1850 communications protocol. 

54. The method of claim 45 Wherein the ?rst communi 
cations protocol is an ISO 9141-2 communications protocol. 

55. The method of claim 45 Wherein the ?rst communi 
cations protocol is an ISO 14230-4 communications proto 
col. 

56. The method of claim 45 Wherein the ?rst communi 
cations protocol is a CAN communications protocol. 

57. The method of claim 45 Wherein the ?rst communi 
cations protocol is a Wireless communications protocol. 

58. The method of claim 45 Wherein the second commu 
nications protocol is an SAE J 1850 communications proto 
col. 

59. The method of claim 45 Wherein the second commu 
nications protocol is an ISO 9141-2 communications pro 
tocol. 

60. The method of claim 45 Wherein the second commu 
nications protocol is an ISO 14230-4 communications pro 
tocol. 

61. The method of claim 45 Wherein the second commu 
nications protocol is a CAN communications protocol. 

62. The method of claim 45 Wherein the second commu 
nications protocol is a Wireless communications protocol. 

63. The method of claim 45 Wherein the pieces of 
information received are indicative of the identities of the 
one or more modules that responded to the request. 

64. The method of claim 45 Wherein selecting from the 
plurality of communications protocols is a function of the 
most number of pieces of information received from the one 
or more modules. 

65. The method of claim 45 Wherein selecting from the 
plurality of communications protocols is a function of the 
least number of pieces of information received from the one 
or more modules. 

66. The method of claim 45 further comprising storing the 
number of pieces of information received from the one or 
more modules using the ?rst communications protocol. 

67. The method of claim 45 further comprising storing the 
number of pieces of information received from the one or 
more modules using the second communications protocol. 


