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(54) Title: DYNAMIC DISCOVERY OF VEHICLE COMMUNICATION INTERFACE DEVICE AND METHOD

_4g (87) Abstract: A communications system that includes a vehicular diag-
rd nostic tool and a vehicle communication interface (VCI) configured to be
connected to a vehicular computing system. In operation, the vehicular di-
agnostic tool automatically detects the presence of the VCI when the VCI
is proximate thereto. Thereafter, the VCI and vehicular diagnostic tool
communicate through a wireless connection. Also, a method of communi-
cating using the aforementioned vehicular diagnostic tool and VCL
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DYNAMIC DISCOVERY OF VERICLE COMMUNICATION
INTERFACE DEVICE AND METHOD

FIELD OF THE INVENTION

10001

Vrreird,

The present invention relates generally 1o communications systems, components
and methods. More particularly, the present invention relates to communications systems,
componeits and methods that ave configured to communicate with vehicles and/er vehicular

systems,

BACKGROUND OF THE INVENTION

166021 Modem vehicles {2.g., automobiles, watercrafl, aircrafl, trucks, motorcycles
agricultural machinery, industrial machinery, ete.) typically inclnde & plumslity of electro-
mechanical systems that, fogether, allow for operation of the vehicle, For example, modem
vehicles commonly include sophisticated transmission systems, fuel injection systems, anti-lock

systems, air-conditioning’heating svstems, dashbeard

[

braking systems, aiv bag deploymen

elecironic systems, ete. Typically, each of these electro-mechanical systems is confrolled using a

s

separate vebicnlar computing systemy that utilizes a distinet communications protocol.
Unfortunately, even velucular computing systems located in the same vehicle do not generally
wtilize 8 common commurications protocol to transmit data,

88831 In view of the above, a device known as a vehicle communication interface (VCT}
has been developed. The VU is typically electronically connected to 8 vehicle and is configured
to exchange data with a pluraliity of velacular computing systems located within the vehicle. The

V{1 is also typically connected o and configured to exchange dala with & vehicular diagnostic

ool {1.e., a scan tool), The veluepdar diagnostic tool, in turn, is designed to provide a mechanic

ey

a e . . ¢

or technician working on the vehicle {e.g., i a workshop or garage environmer) with hurman-
readable information about the status of one or more of the phurality of vehicular computing
systems in the vehicle,

{1804] When in operation, the VT typicaliv communicates with the plurality of vehicular
i
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computing systems using a plurality of appropriate communication protocals. However, the VI
communicates with the vehicular diagnostic tool using a single communications protocol, which
may differ from sll of the protocols used by the vehicular computing systems. In effect, the VU
acts as a communication protocol translating mechanism between the vehicular computing
systems and the velucular diagnosiic tool, As such, the VI faciiitates the flow of data from the
pluratity of vehicular computing systems to the vehicular diagnostic tool by providing the data
forwarded by the vehicular computing systern in a format useable/readable by the vehicular
IB8058] Although most currently avatlable VO vehicular diagnostic tool combinations are
configured to be connected to sach other via physical cables (e.g., Universal Serial Bus (USB)
cables), some wireless VU /vehicular diagnostic ool combinations are also currently avaiable,
However, In the currently available wircless combinations, both the VUi and the vehicular
diagnostic tool must be manuaily pre-configured to recognize cach other’s respective Iimternst

Protocol (IP) addresses before they may begin communicating with each other. This manual pre-

ondig

X

uration is relatively time-consuming, requires knowledge about wireless networks that

£

ofien not possessed by the mechartic or technician using the vehicular diagnostic tools (1o, 18
relatively complex) and Hmits the ability to add, substitide or remove either a VO or a vehicular

o

diagnostic tool from the resultant wireless network,

SUMMARY OQF THE INVENTION

{8666} At least it view of the above, # would be desirable to provide communications

2

systems wherein vehuonlar disgnostic tools and VCUIs are wirelessly connected to eachother, It

- b=

3

would alse be desirable for the vehicular diagnostic tools and VClIs to either be capable of
automatically detecting cach other’s presence oy for the vehicular diagnostic tools to be capable
of automatically detecting the presence of the VCIs. It would further be desirable 1o provide
communicgtion methods that allow for wirelessly comnected vehicular diagnostic tools and VCis

i avtomaticglly detect each other.
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180871 The foregoing needs are met, 1o 2 great exfent, by cerfain embodiments of the
present invention.  Acvcording o ome such embodiment of the present invention, 2
comumunications system is provided. The commumications systemn includes a vehicular diagnostic
tool configured to wirelessly comumunicate with a vehicular computing systems.  The

conurmications systent alvo includes a vehicle communication interfice (VCT) configured to

orvert a signal received from the vehicular computing system into a signal readable by th

i
&

3

vehicular dizgnostic tool and to wirelessly forward the signal readable by the veldeular diagnostie
ool 1o the vehicnlar diagnostie tool, wherein the vehicular diagnostic wol is configured to
auntomatically detect the VET when the VUi is operating proximate to the vehicular diagnostic
ool

{0808 In accordance with ancther cmbodiment of the presemt invention, &
commuynication method is provided. The methed inclndes connecting a vehicle communications
interface (VCT) 1o a vehicular computing system.  The method also includes sutomatically
detecting the VCI with a vehicular diagnostic tool when the VI is operating proximate {o the
vehicular diagnostic teol, In addition, the method also includes wirelessly connecting the
vehicular diagnostic ool to the VUL

{DB69T In accordance with yet ancther embodiment of the present invention, another
vehicnlar communications system is provided. This communication system inclodes means for
connecting a vehicle communcations interface (VI to 2 vehicular computing system. This
communication system also includes means for automatically detecting the VO with a vehicular
disgnostic tool when the VCiis operating proximate 1o the vehicular diagnostic tool. In addition,
this communication system includes means for wirelessly comnecting the vehicular diagnostic
1ol w the VCL

[3818] There has thus been outlined, rather broadiv, certain embodiments of the invention
in order that the detailed description thereof hercin may be better understood, and in order that

o

the present contribution to the art may be better apprecisted, There are, of course, additional

Ey

Lo
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embodiments of the invention that will be described below and which will form the subject
matter of the claims appended hereto,

{0011} In this respect, before explaining al least one embodiment of the nvention in
detail, it is 10 be undersiood that the invention is not Hmited in its application to the details of
consiruction and 1o the arvangements of the components set forth in the following description or

Hustrated in the drawings. The invention is capable of embodiments in addition fo those
described and of being practiced and carried out In various ways. Also, it is to be understood that

o

the phraseology and terminology erploved herein, as well as the sbstract, are for the purpose of

st

deseription and should not be regarded as Hmiting.

10012} As such, those skilled in the art will appreciate that the conception upon which
this disclosure is bssed may readily be utilized a5 a basis for the designing of other structures,
methods and systemss for carrying out the several purposes of the present invention. & is

irnportant, therefore, that the clabms be regarded as including such equivalent constructions

insofar as they do not depart from the spirit and scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

{08131 MG

s

is a schematic diagram lustrating & communications systam according to

-

an embodiment of the present invention,

DETAILED DESCRIPTION

10814} The invention will now be described with reference to the drawing figures, in

S

which like reference mupmerals refer to like parts throughowt. FHG. 1 is a schematic diagram
itlustrating a communications system 10 according to an embaodiment of the present invention.
The communications svstem 10 includes a vehicle communication intevface (VD 12 that s
connected to a vehicular computing system 14, The V(I 12 includes a user interface 16 that

displays configuration parameters {e.g., the Internet Protocol (IP) address and Network Mask) of

the VCI 12, The VI 12 also includes a wireless ransceiver 18,

Hoa
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{5015} The communications system 10 tllustrated in FIG. 1 also includes a vehicular
diagnostic tool 20 {e.g. a hand-held sutomotive scan tool, a properly configured personal
computer with appropriate software, otc.) that is in wireless communication with the VI 12,
The vehicular diagnostic too! 20 includes a wireless transceiver 22 that conumunicates with the

reless transestver 18 found in the VCI 12, The vehicle diagnostic tool 20 also includes a user
interface 24 that is iHustrated 1 FIG.  as Hating a phurality of VCIs therein, More specifically,
the user interface 24 liste VOIT#1, which i the VO flhwstrated in FIG. 1, and VCI#2 and VCEH3,
which are not illustrated o F¥G. 1 but which are located proximate o the vehicular diagnostic
tool 20 {i.e., which are within the range of communication of the wireless transesiver 22).
According to cerisin embodiments of the present invention, when a new VUi begins to operate
proximate o the vehicular diagnostic ioo! 20 or when an existing VCI ceases to operate in that
region, the list on user interface 24 {3 ardomatically updated.

3816 The velitcular disgnostic tool 20 Hlusirated in FIG. 1 is configured to wirglessly
communicate with the vehicular computing system 14 using the VCI 12 as an intermediary, The

vehicular diagnostic tool 26 is also configured to communicate with other vehicular computing

systems {not itustrated) that are either connected to the VOT 12 or that are conneeted to VCis that

~

ot

Gl L

g

are not Hustrated in

.

{00171 The VT 12 illustrated in FIG. 1 is configured to convert a signal received from

the vehicnlar computing system 14 also illustrated in FIG. 1 indo 8 signal thet is readable by the
vehividar diagnostic tool 20, The VI 12 15 also configured to convert signals from any number
of other velicular computing systems which, slthough not illuswrated in FIG. 1, may nonetheless
also be connected to the VCT 12, The V is further configured to wirelessly forward the

.~ FTAY 1Y

converted signal(s) to the vehicular diagnostic tool 20,
{0818} The vehicular diagnostic tool 20 is configured to automatically detect the VI 15

when the VU 12 is turned on andfor operating proximate to the vehicular diagnostic tool 20, For

exampie, according fo certain embodiments of the present inverdion, the veldcular dingnostic tool

20 15 configured 1o multicast g guery for available VCis (2.g., using the User Datagram Protocel
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{UDP)). According to some of these embodiments, available VUIs {e.g., the VO 12 filustrated in

.

i

Ford
i

. 1} are configured to respond to the query by wirelessly comununicating a configuration
parameter to back to the vehiculw diagnostie tool 20, Depending upon the particular
embodiment of the present invertion, the configuration parameter may include the connection
status of the VI 12 {e.g. "available,” "unavailable™ or "busy™), an [P address of the VCI 12, &
network mask of the VCI 12 and a senal number of the VCI 12, Also, depending upon the
embodiments of the present invention in guestion, more than one of the above-listed
configuration parameters may be wirelessly communicated to the vehicular diagnostic tool 240

{58191 As mentioned above, de vehicular diggnostic tool 20 includes the vser interface
24 iHustrated in FIG. 1. The user interface 24, in turg, is configured to Hst one or more VCis
therein, depending upon whether only a single VO or a plurality of VCis is detect as operating
proximate to the veluoular diagnostic tool 20, According to certain emibodiments of the present
invention, the user imterface 24 provides a user-readable drop-down menu that displays
information about one or mare of the multiple VCis detected. For example, the user interface 24
may list the serial number of sach VUi detected, the connection status of each VU and/or one or
more other VCI-distinguishing parameters.

108241 Although only one vehicular computing system 14 is Hustrated in FIG. T as being
connected to the VI 12, a plurality of vehicudar computing systems are typically connected to
the VI 12, Also, although only the single VCI 12 is illustrated in FIG. 1 as being located
proximate {o the vehicular diagnostic tool 20, additional VCis are often located proximate to the
vehicular diagnostic tool 20 when in a gavage or workshop environment. Two such additional
Vs are Hsted i the user interface 24 illustrated in FIG. 1 {fe, VCI #2 and VCI #3).

{8021 According to certain embodiments of the present fnvention, a communication
metied is provided. This method may be implemented, for example, using components such as
the VI 12 and/or the vehdeular diagnostic tool 20 lustrated in FIG. 1. According o certain
embaodiments of the present invention, this methed includes connsecting ong or more Vs toa

vehicular computing system. In order to implement this step, the above-discussed VT 12 may
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be comected not only o the vehicular computing svstem 14 but also to additional vehicular

computing systems. Typically, each vehicular computing system is slect nected to

o
"".
&
e
fé
¥,
=
S
posed

P
L]
-

the VI via a standard automotive connector {e.g., a 11962 connector).

188221 Depending upon the embodiment of the present invention in question, the above-
mentioned method may also include anomatically detecting one or more VUis with a vehicular
diagnostic tool when the one or more VCIs are operating proximate to the vehicnlar dagnostic

tool. According o certain embodiments of the present invention, this automatically detectin

’JQ

step includes multicasting a query for available Vi using the vehicular diagnostic tool.
Although this multicasting step may be performed a single time {e.g., when the vehicular
diagnostic tool is turned on), according to some of these cmbodinents, the multicasting step is
performed periodically untif a least one VClis detected. Forexampie, the multicasting step may
be performed every one second, 10 seconds, 30 seconds or any other time increment desired.
Then, once one or more Vs are detected, the guery may still be periodically mudticast (or at
least sent to one or more of the known VCIS) in order to, for example, update the status of the
VCis located proximate to the vehicular diagnostic tool.

10423] According fo certain embodiments of the present invention, the above-diseussed
antomatically detecting step includes responding {o the guery by wirelessly communicating a
configuration parameter of the VCIto the vehicular disgnostic teol, This responding step may be
implemented, for example, by wirelessly communicating the connection status of the VOL an IP
address of the VI g network mask of the VT, a serial number of the VI as the configuration
parameier or some other unique VCI-identifying parameter. According to other embodiments of
the present invention, more than one configuration parameter is wirelessly commumicated.

100241 The above-mentioned responding to the query step may be performed substantially
at or immediately subsequent to the start-up of the VCIL. However, the responding 16 the guery

step may alse be performed at any other convenient time (e.g., when a vehicular diagnostic tool is

turned on.or positioned proximate to the VI,
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[6825] In addition to the above, the connnunication method may also include providing
an operator interface that is configured to list multiple VCis therein when more than one VI is
detected as operating proximate to the vehicular diagnostic tool. The operator interface may ke
any form that allows for the display of such e list. For example, the operator interfsee may be a
touch-sereen, an LCD display, ete. The operator interface, according to certain embodiments of
the present invention, also Hsts one or move of the above-mentioned configuration parameters
and/or ontgue VI identifiers,

{8826 Also, according 1o certain embodiments of the present invention, a drop-down
meny is included in the operator interface. According to some of these embodiments, the drop-
down menu displays unique identification information abowt one or more of the multiple VCis
operating proximate to the vehicular diagnostic tool. From this drop-down menu {or some other
tist provided in or on the vehicular diagnostic tool) a technician or mechanic may select one of
ihe VCis in order to communicate therowith,

{08277 Onee a VU has been selected, some of the above-discussed communication
methods include esiablishing an exclusive communication channe] between the selected VU and
the vehicuiar diagnostic tool. Onee such an exclusive communication channel is established, the
vehicnlar diagnostic ol and the VO may cease multicasting and sensing for muliicast signals,
respectively, until the channel is broken or until otherwise nstructed by a mechanic, technician,
wireless network adminisivator, efe. As an alternative, multicasting may continue even afler an
excluosive commumication channel has been ostablished.  Among the advantages of such a
continyation of the muiticasting are the ability to continue to monitor the availability of VCis that
are operating proximate to the multicasting vehicnlar diagnostic tool and the ability to monitor

the presence of Vs that are either starting or ceasing to operate proximate to the vehicular
diagnostic tool over time.

{8028} According to certain embodiments of the present invention, the above-discussed
method slso includes assigning individual IP addresses to the vehicular diagnostic tool and/or to

the VCis using Dynamic Hest Counfiguration Protocol (DHCP)  Because, in the method
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discussed above, the Vs are discovered dynamically by the vehicular diagnostic tool, one or
more of the assigned IF addresses may be allowed o change, without reconfigyring the VI
and/or the diagnostic tool. For example, a VI may be turned off and may remain unused for a
specilied period of tirue. Then, when the VU1 is turned on, the VCI may receive a different TP
address than was previously sssigned to it. With the dynamic discovery used according to certain

X

embodiment of the present invention, the changed 1P address invelves no configur

,w
" o
M.
&'
=
3
fosas
w
o=t
=

{3
7
a1

ins either the VO or the diagnostic tool. This is in drastic contrast 1o cwrrently available wircless
VT vehicular dingnostic tool combinations where IP addresses cannot reasonably be allowed to
change without reconfiguring the VT andfor the diagnostic tool.

[0829] In addition to the above steps, the above-discussed methoed may alse include
displaying a unique host name on g {irst operator interface Iocated on onc of the Vlisand ona
second operator interface located on the vehicular diagnostic twol. The displaving of such
information facilitates a technician or mechanic selecting the sppropriate VI with which to
communicate. For example, when implementing this step using the comnyunications system 10

itustrated i FIG, 1, the IF address and Network Mask of the VI 12 may, for example, be

o <
X

displayed in the nser interface §

o,

{0038] According to certain embodiments of the present invention, VCIs communicate
and/or establishy exclusive communication channels with vehicular diagnostic {ools on a frst-
come-fivsi-served basis. As such, a VCEmay deny access o a vehdcular disgnostic tool pursnant
{0 recetving & status query by responding that it (Le., the VI in question) is unavailable,
However, as will be appreciated by one of skill in the art upon practicing one or more
embodiments of the present invention, particularly when a vehicudar diagnostic tool queries

*

criodically, 2 communication with a presently unavailable VO may nonctheless be established

ko

Bosa

at a later time, should the VI eventaally become available.

5]

10831} The many features and advaniages of the invention are apparent from the detatled
~ Yy

specification, and thus, it s intended by the appended elaims to cover all such features and

achvantages of the invention which fall within the true spirit and scope of the inverstion. Further
el i

G
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sinee numercus modifieations and varistions will readity ocour to those skilled in the art, itisnot
desired 1o limit the invention to the oxact construction and operation illustrated and deseribed,
gnd accordingly, all suitable modifications and eguivalents may be resorted to, falling within the

seope of the invention.
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What is claimed 18

-

A communications s ‘SE‘ i, 01’3’&]3“351

a vehicular diagnostic tool configured to wirelessly communicate with a vehicular
computing system; and
a veliele communication interface (VD) configured to convert a signal received

from the vehicular computing systent into a signal readable by the vebicular diagnostie

oy

tool and to wirelessly forward the signal readable by the vehieudar diagnostic tool to the
veidcnlar diagnostic tool, wherein the vehicular disgnostic ool is configured to
automatically detect the VI when the VCI is operating proximate 1o the vehienlar

diagnostic tool.

The communications system of claim 1, wherein the vehicular diggnostic tool i3
3 :

configursd to multicast a query for avatlable V{is.

The communications system of olaim 2, wherein the VO is configured to respond to the
guery by wirelessly communicating a configuration paraneter of the VClito the vehicudar

diagnostic tool

The conymnusnications system of claim 3, wherein the configuration parameter comprises
at least one of a connection status of the VCI, an Internet Protoco! (IP) address of the

Y, a network mask of the VI and a serial number of the VCL

The communications system of claim 1, wherein the vehicular diagnostic tool comprises
a user configured to list multiple VCis therein when more than one VU iz detecied as

hag

operating proximate (o the vehicular diagnostic ool

The communtcations sysiem of claim 3, wherein the user interface comprises a drop-

down menu that displays information about one or more of the muliiple VCis

ponde
bk
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7. A communication method, comprising:

connecting a vehicle communications interface {VCI) to a vehicular computing
system;

automatically detecting the VO with o veloular dizgnostic tool when the V(I is
operating proximate to the vehicular diagnostic tool; and

o3

wirelessty connecting the vebicular diagnastic 100! to the VCL

8. The method of elaim 7, wherein the sutomatically detecting step comprises:

wuiticasting a query for available VClis using the vehicular diagnostic fool.

9. The methed of claim 8, wherein the nnlticasting step is performed periedically wtil the

V{1 is detected.

19, The method of claim 9, further comprising:

N

veriodically updating the query after the VCI has been detected.

11, The methoed of claim 8, wherein the automatically detecting step father comprises:
gsponding to the guery by wirelessly comnunicating a configuration parameter

of the VI to the vehicular diagnostic tool.

12, The method of claim 11, wherein the responding step comprises:
wirelessly communicating at least one of a connection status of the VCI, an

~

Internet Protoco! {IP) address of the VI, a network mask of the VI and 3 serial number

of the VI as the configuration parameter.
13, The method of claim 11, wherein the responding to the guery step i performed

substantially at startup of the VCL

14, The method of ¢lamm 7, further conmpyising:
> PrIsiig.

providing a user ierface conlignved to st multiple VUis therein when more than
one V{1 is detected as operating proximate to the vehicular diagnostic tool.
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¥

The method of claim 14, further comprising:
incloding a drop-down ment in the user interface, wherein the drop~-down menu

displays unigue identification information about one or more of the muitinle VCls.

The method of claim 7, further comprising:
eatablishing sn exclusive communication channel between the VOT and the

vehicular diagnostic (ool

The methed of claim 7, further comprising:

assigning lnternet Protocol (IP) addresses to the vehicular diagnostic tool and to

The method of claim 17, wherein the assigning step comprises &t icast one of assigning
protocol addresses statically and using a Dyvnamic Host Configuration Protocel (RHUP)

SETVET,

The methed of clain 17, further comprising:

allowing one or more of the I addresses to change when ummsed for a specified

period of time without requiring reconfiguring of the VI or the diagnostic teol.

The methad of claim 7, further comprising:

§

displaying a unigue host name on g first user interface located on the V{land on

- A vehicular communications sysiem, comprising:

means for connecting a vehicle communications interface (V) 0 a velicular
compuiing system

means for automatically detecting the VCI with a vehicular diagnostic tool when
the VUI is operating proximate to the vehiculsr diagnostic tool; and

means for wirelessly connecting the vehicular diagnostic tool to the VCL

s
s
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