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of VDMs received while the VID is operating in the first VDTM are transmitted to the VDR from the VID whereas those same por -
tions would not have been transmitted to the VDR from the VID if the VID was still operating in the prior VDTM.



16

Sk
b5

ke

WO 2017/083457 PCT/US2016/061228

METHODS AND SYSTEMS FOR SWITCHING VEHICLE
DATA TRANSMISSION MODES BASED ON DETECTING
ATRIGGER AND A REQUEST FOR A VEHICLE DATA MESSAGE

CROSS-BREFERENCE TO RELATED APPLICATION
{08011 This application claims priority to United States Patent Application No, 14/938.638,
filed Noverber 11, 204 5, which is herchy incorporated by reference in Hs entirety.
BACKGROUND
{00021 A vohucle scaner devicr may request serial data from g vehicle and receive the
serial dats from the vehicle in rosponse to the request. The vehicle scamner device may
establish a wireless commumnication link with a display device and wansout the received serial
data to the display device over the wircless conmmunication link for displaying the serial data
at the display device. A bandwidth of the wircless comummication link may be defined as ong
or more of awidth of the copynanication Mk and @ capscity o move data hrough the
conunumcation link. The wireless communication Bk may bave one o wmore communication
channels. The width of the communication link may be detined as a frequency range or band,
{0003] A vanety of factors may fluenee a rate at which the communication hnk transfers
the serial data from the velicle scamier deviee to the display dovice. Changes in that transfer
rate oy impact-how the display device displays the serinl data received from the veluele,
OVERVIEW

{8004] Doescribed berein are ong or more example embodiments that pertain fo a device
vonfigured with multiple vehicle data trunsmission modes (VDTM) and an ability o switeh
hetween two different VDTM. For example, a device comseciable to a vehiole, such as o
vehicle mterface devies (VID), may be configured with nultiple VIOTM, The VID may be
configured to detornune which particular VDTM of the mudtiple VDTM s to be used at any
particalar ttore based on one or more conditions associated with the VIR, The VID may be
contigured to select the particular VOTM and 1o swiich its operation to the particular VDTM.
The VID may establish a communication link for ransnutting vehicle dats messages received
front the vehicle fo another device, such as a vehicle data receptor (VDR) The
conunwmcation fink way have 8 maximom data travsfor rate for cansoitting veluele data
messages o the VIR and that data fransfer rate may decrease for various reasons, such as,
but not Hmited 1o, an increase i interforence with the commnunieation Hnk, an inorease in
distance between the VID and the VDR, and changing comnupscation channels feg, 3 high

bamdwidth conwmunucaton channel © a low handwidth conwnutcatiom chanbel), When
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operating belove’ the maxinmam data fransfer rate, the data trawsfer e soross dhe
cominunication Hink may increase from the present data transtor rate wnal the maxioum data
transfer rate 15 obtained, The communication fink may be a wircless communication link, 3
wired communication link, or a combnation of a wireless communication and wired
commnmication links,

{88051  In one respeet. an example embodiment may take the form of a method comprising:
{1) receiving, at a first device, nudtiple instances of veluele data messages, wherem each
vehicle dats message includes a data identificr and a data value, (1) detecting, by a processor
of the frst device, a first tiigger W change a VDTM for wansontting vehicle data messages
over a conumacation hink from the first doviee to a scrond device, (111) determung, by the
processor, & first VOTM based on the first trigger and one or more requests for the vehicle

o

data messages, {iv) switching, by the first device, frony operating ina prior VRTM 1o the fir
VITM, and {v) mansmitting, over the compupucation ink from the frst dovice to the second
device according to the fizst VDTM, at least 5 portron of the vehicle dats messages received
while the first device is operating in the fiest VDTM,

{8006] In another respeet, an example cmbodiment may ke the fonm of 3 gystem
comprising: (1) a service data lok connector configured to establish @ connection with &

vehicle that transmits vehicle data messages, {1} a fivst transesiver configured to cstablish a

SO o Hokowith a second transceiver, (11} a processor; and (v} a computer-readabie
mediom containing computerveadable program Instructions that are exccutable by the
processor to perform a sct of functions, wherein the set of fonctions inchades: (a) detecting a
fivst trigger {o change 8 VDTM for tansmitiing vehicle date wessages over the
communication Hnk, (b} determining 8 first VOTM based on the first trigger and one or more
requests for the vehicle data messages, (&) switching operation of the systom from a priow
VITM to the first VDTM, and () ransmitting, from the first transcgiver, at feast a portion of
the vehicle data megsages recerved from the velucle while the system operates 1 the first
VOTM

{6067 In yet another respest, an example cmbodinent nay toke the form of & system
comprising: {a) a service data Huk connector configured o establish o comsection with a
vehicle that vansouts vebicle data messages, wherein each vehicle data message inclades a
data identifier and 3 data valae, ) a first transceiver configured to establish g
commpnication Hnk with a second transceiver, and {£} a processor that is connected to the
service data hnk connector and to the first transceiver, and is programmed to: 1) detect a first

triguer to change a VOTM for ransmitting vehicle data messages over the communication
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hink, (i) detormmie a first VDTM basad onthe frst irigger and ong or more requests for the
vehicle data messages, (i) switch operation of the system frorm a prior VOTM o the fust
VDTM, and (iv) provide the first transceiver with at least a portion of the vehicle data
messages received from the vehicle while the systemt operates v the first VDTM for

transmission 1o the second transceiver,

L

{8808]  Aspects and sdvantages of these and other described embodiments will become
apparent to those of ordinary skill in the art by reading the following detailed description,
with reference where appropriate to the sccompanying drawings. Further, # should be
understood that the embodiments described in this everview and elsewhere are intonded o be

10 examples only and do not necessarily limit the scope of the imvention,

BRIEF DESCRIPTION OF THE DRAWINGS
{0009 Example embodiments are desceribed heremn with reference to the drawimgs.
{8810] Fimoe 1 B a block diapram of a system in accordance with the example
gimbodinients.

1§ {6011 Figure 2 is a block diagram of a VID i accordance with the example embodiments.
{0612] Figare 3 is 3 block diagram of & computer-readable medivey in aceardance with the
example embodiments.

{00131 Figwe 4 is a block disgram of a VDR in accordance with the exanple
cbodiments.

20 [ Fgae S oo flowehart depicting a set of fonctions that may be camnied out in
sceordance with one of wore exaunple enbodimenis.

{00815] TFigure 6 i3 a depiction of an cxample VDR I accordance with the example
embodiments,

{8016 Figure 7 includes bar graphs showing variabulity of data values within velucle data

$ay
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MRSSRLOS.
DETAILED DESCRIPTION

L. INTRODUCTION

{0617 Tlus desenipnion deseribes several sxarnple ewshodiments including, but not Hmiated
to, embodiments pertaiing to a device, such as a VID, that is configured to switch from one
3 VDTM to another VDTM. The VID may determine which VITM to switch o based, at feast
n part, on detecting a trigger to change 3 VDTM for ransmitting vehicle dats messages over
a conunutication fink. The VID may transmit requests for vehicle data mgssages to a vehicle
and receive vehicle data messages from the vehicle in response to the requests. The VID may
deternuine which vehicle data messages, or soms portioeds) thergof, that are to be transnutted

~
X
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to another device basedion the feosent VOTM wsed by e VID when the vebiele data
messages are reooivied or when the vehicle date messages are to be transmisted. The VID may

also send vehicle data messages that were recgived at the VID prior to the VID swiiching to

the present VDTM. Transmission of a vehicle data message or a portion thereof from the VIR

L

t0 a VDR or a display device nay mclode mansmtting a data valwe of the vehicle data
message o the VDR or the display device with or without the identificr of the vehicle data
ESRARC,
{0018]  In flus desoniption, the amicles ¥a,” “an™ or “the” are wsed to miroduce or refor to
clements of the example embodiments. The mtent of using those articles is that there s one or
10 maore of the elements. The intent of using the conjunction “or” within a described st of at
feast two terms i3 to ndicate any of the listed terms or any combination of the listed terms,
The use of ordinal manbers sach as “frst” “second,” “third™ and so on 15 to distinguish
respective clements rather than o denote'a particudar ovder of those elements.
{0619]  The block diagrams, flow charts, and other data shown 1o the figures are provided
15 merely as examples and are not intended 1o be limiting. Many of the clements sHusteated 1
the figures or deseribed hercin are fanctional clenwents that may be nplemented as disercte
or disiributed components or in conjunciion with other components, and In any suitable
combination and location. Those skilled 1 the art will appreciate that other arrangements and
clements (eg, machines, interfaces, functions, orders; o groupings of functionsy may be
20 used mstead. Furtheomore, various functions described as being parformed at one or more
glernonts may be carried out at a processor executing computer-readable program instructions
{CRPD or at any combinmation of hardware, firmware, or software.
{8028] The description includes examples of data values within various messages or within

a computer-readable medium, The example data values iy inclede hexadecinal data values,

$ay
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The data values in thus deserption contained within square brackets (e, | ) represent
boxadecimal data values. The example data valees may include binary data values and
decimal data valaes. The binary data valoes are identified as being binary data valuses, Any
deseribed data vahue not dentified as a binary or hexadecirond dats value may be considered
o he a decimal data value. The example embodiments are not limited © using binary,
3 decimal, and hexadectmal data valoes.

{0021] Either or both of a vehicle data link connector and & service vohicle datn link
connecter may be referred to niote sinply as a “data hink connector” or a "DLC.” Moreover

a service vehicle data hink connector may be referred to a vehicle DLC connector.
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18 EXAMPLE SYSTEMS
{0822 Figure 1 is 2 bloek diagram of & system 10 m accordance with the exanple
cbodiments described herein. The svstom 100 may nclude all of the components shown in

Figure 1 or any proper subset of the components shown within the system of Figore 1. For

L

example, the system H0 may inclade a vehicle HI2 having an clectronie control want (ECU}
184, an BCL 106, an BCU 108, 3 vehicke dats ok connector {VDLC) 116, and abattery 112
The VDLC 1O may mclude or be referred to as an on-board diagnostics (QOBD) {1 connector.
An OBD H connector may molude slols for retaining wp to 16 connector wrnunsls, but the
VDRLC 110 i not necessandy so hosited, A battery power conductor 128 and a chassis ground
i condactor 130 may connect the battery 112 to the VDLC 116, A device that connects to the
VBLC 110 may draw an electric cumvent provided fo the VDLC 110 from the battery 112 for
operating the device,
HHI23] A vebicle, such ag the vebiele W2 or the vehicle 104, 16 a mobile machine that may
he used to trausport & porson, people, of cargn. As an cxanple, any vehicle described heran
15 may be driven or otherwise guided along a path {2.g., a paved road or otherwise) on land,
water; or in the air of muter sbace. As another example, any vebicle deseribed heroin may be
wheeled, tracked, railed or skied. As yet another exampls, any vehicle described herein may
melude an automobile, a motoreycle, a light-duty track, 3 medimn-duty truck, a heavy-duty
truck, o semi-feactor, ora farm machine. As still vor anothey examyple, any vehicks described
20 heretn oy inchude or ase any appropriate voltage or current source, such as a batltery, an
alternator, a fuct coll. and the Hke, providing any appropriate current or voliage, such as about
12 volts, about 42 volts, and the bke As still yet another example, any of the vehicks
described herein may inchude or use any desived system or engine. Those systems or engines

tay tnchude ttemns that use fossil tuels, such as gasoline, natural gas, propane, and the Hke,

$ay
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clectricity, such as that generated by a battery, magneto, fucl eell, solar cell and the like, wind
and hybrids or combinations thereof A vebicle may include one or wmore vehicle
conununtcation Hinks for carrving vehicle data messages throughout the vehicle: Each vehidle
conynunicntion link (VL) sy wclude one or more conductors. As shown i Figwre 1,
vehicle HI2 includes a VUL 124 and 2 VOL 1360 As an exavople, VCL 124 and VUL 126
30 may inchude one o two conductors of a VCL for camrying veluele data messages
accordance with a vehicle data message (VDM protocol. The VM protocol corresponding
o any VUL within the voldcle 102 may include, bt iz not Hmited to. a Society of
Automotive Enginesrs (SAE) JIRS {pulse width wodulated {(PWM) or variable pulse widih
EVPWY) VDM protocel, an Intermational Qrganization for Standardization (150} 15764-4

S



WO 2017/083457 PCT/US2016/061228

controtier aven notwork (CAN) VDM protocol, sn 15 9141-2 K-Line VDM protecol, or an
IS0 14230-4 KWP2000 K-Ling VDM protocol.
{0024 The VDLC 110 nay mclude conductor terminals that conneet to a conductor in the

vehiele 102 For instance, the VRLO 110 may inclade @ conneclor terminal connected to a

L

conductor 128 that connects fo a positive ternuinal of the battery 112 and a conduetor 130 that
cORNECIONS 10 8 nogative terminal of the battery 112,
{0028] The ECU 104, the ECU 106, and the ECU 108 may control various aspects of
vehiche operation or components within the vohicle 102, For oxample, the ECU 104, the BECU
106, and the BCU 108 wmay melude o powerain system BOU, an engine ECUH, a
10 supplemental intlaiable restraint (SIR) systom (e, an air bag systomy ECUL an entertainment
system ECLL or some other BCUL The ECU 1M, the ECU 106, and the ECL TS may receive
mputs (e, a sensor input), control ontput devices (eg . a solenoid), generate a vehicle data
message {(such aga VDM based on g recetved input or 3 controlied output), and detect'a fault
or failure conditton within the vehicle 102 and set a diagnostic rouble code (DTC) as bemg
18 setive or hustory. Two or more BECU, such as the ECU 106 and the ECU 108, may send a
VDM o cach other and receive a VDM from the other BECUS). Transmission of those VDM
may occur ever a VOL, such as VCL 126,
{0026]  The system 100 also mcludes a vehicle interface device (VID) 114, 3 vehicle data
receptor device 18 {or more simply, “vebicle data receptor” or "VDR™), a display 120, and &
20 aetwork 122 A communication ik 132 may connect the VDR {18 and the display 128 A
connmunication ik 134 may comect the VIR 118 and the network 122 The netwirk 122
may mclude one or more of the communication links 132 and 134, The display 120 may
imclhede a computer monitor, a display of a tablet device, 8 display of a smart phone or some

other type of display. The display 120 mav be configured to display any data described herein
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as being displaved or displayable st 2 VDR, As an example, any display or display device
deseribed herein may inclode or be configured as (1) a capacitive touchscreen display, (i) a
resistive touchscreen display, (18} a plasma display, (1v) 8 light coutting diode (LED) display,
{v}) as & cathode ray tube display, (vi) an organic light-omitting diode (OLEDY display, such
as an achive-matrix OLED or a passive-natrix OLED, {vi1) a touch-sorcen display such a8 a
3 color touch sorcen used on a MODIS™ ultra integrated dingnostic system {reforence mumber
EEMS328W) available from Soap-on Incorporated of Kenosha, Wisconsin, {viil} a backins
color fiquid crystal display {LCD) baving a resistive touch soroen or panel, or {(ix) some other

display.
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{08271  The network 122 may include a local aven network (LANY withinea velacle vepaw
shop, the Internet, or some other type of netwark, The network 122 may inchude 2 wireless
network, 3owied network, of & combination of a wircless network and a wired network.

{0281 The VID 114 mayv be configured to establish a commection o the vehicle 102 and to

L

the VDR 118, That connection to the VDR R may include & communication link 116 The
commuonication Hnk 116 may inclede a wircless conmmunication tink, a wired communication
link, or a combinstion of a wirgless conumumication link and 2 wired compranication Ik, A
gateway ot access pomt may be used 1o link a8 wireless communication ok and 8 wired
communication link. The communication link 116 may provide a massnnan data transfer rate
10 for transmitting requests for vehicle data messages to the VID 14 and for trapsmitting
vehicle data messages to the VOR 118,
{3829]  The commuonication link 116 may carry owt communications according to any of a
variety of conwmmication protocols or starndards. As an example, the compamication
protocol used by the communication link 116 may be an Institute of Electrical and Electronic
15 Eagmecrs (JEEE) 802,151 standard for wireless personal arca networks (PANg) or a
Bhaetooth version 4.1 standard developed: at the Bluctooth Special Intorest Group (SIG) of

Kirkland, Washingion. As another example, the  conunusication protocol used by the

sometimes referred to as 8 Wi-Fi standard, As another example, the comamsancation protocol
20 used by the commuanication link 116 may be a celhdlar phone standard, such as standard for
3G o1 4G cellular phone compumivations. As yet another example, the compusucation
protocol wsed by the communication Hnk 116 may include an IEEE 3023 Ethernet standard,
Other examples of the commumication standards or protocols used by the comnumication link

116 are also possible.

]
N

{0030] The VDR 118 may transmit requests for vehicle data messages to the VID 114 over
the conumunication link 116, The VID 114 may transmit the received requests for vehicle
data messages, of some portion thereot, fo the vehicle 102, The VID 114 may recetve vehicle
daty messages in response to the requests for velucle data messages transmitted 1o the vehiele
102, The VID 114 may transmit the received vehicle data messages, or some porhion thereof,
3 wthe VRR 118 over the communieation hink 118

{0031] Figure 1 shows a connection 136 that connects the VDLC 1160 and the VID 114
together, The connection 136 may include torminals i the VDLC 110 and terminals tn the

wireless communination link established beiween the VDLC 110 and the VID 114, The

)
!
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conntetion 136 may mchude g wired commuumcation Iink hotween the VDLO B and the
Vi 14
{0032 Next, Figure 2 15 3 block diagramn of a velucle interface device 200 in accordancs

with the example embodiments described hevein. The VIR 200 may operate within the

L

system 100 place of or i addition to the VID 114, The VID 114 nay be arranged like the

VID 200, sach that the VID 114 operates like the VID 200, The VID 114 may include the
ssrne nwanner asthe VID 114,
{8633] The VID 200 may melude all of the components shown in Figure 2 or any proper
i subset of the componpnts shovwn within the VID in Figwwe 2. For example, the VD 200 may
inclade & processor 202, a computer-readable mediian 204, & service data hnk counector
(SDLC) comnector 206, a VDM wansceiver 208, a transcebver 210, a battery 212, and a power
interface 214 One or more of the battery 212 and the power nterface 214 may provide an
glectric cuwrrent o one ot more of the processor 202, the compuier-readable medivm 204, the
15 VDM wansceiver 208, and the transcetver 210by way of a power bus 218, The VID 200 sy
inchede @ power bus 216 for providing electric aurent from the SDLO 206 to the ‘povwer
mtertace 214, One or move of the power busses 216 and 218 may include an electrical ground
cireuit.
{80834 A porson skilled in the art will understand that the VID 2080 may be configwred with
20 varous power sourcs arangements other than that shosvn in Figwre 2. For example, the Vi
200 vay melude o power source arrangement that includes the power miterface 214, but does
not nclade the battery 2120 Ag another exaple, the VID 200 nwy include a power
ayrangement that includes the battery 212, gt does not inchude the power interface 214, For

any power avangement imchddmg the power interface 214, the power miterface 214 may

$ay
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mchude a power cord for conpestion oy transtormer for conmection of the VID 200 to a typical
alternating current {AC) power source {e.g., a 120 volt AC, 60 hertz, power source).

{8035 A procossur, such as processor 202 or any other processor discussed herein, may
inclade oue or more general purpose processars {2, INTEL® single core mieroprocessars
or INTEL® multicore microprocessors) or ane of more speoial purpose provessovs {e.g.,
3y digital signal processors). Addivonally or alternatively, a processor may include an
application speeific integrated circuit {ASIC). Provessor 202 may be configured to exevute
compuicr-readable program imstructions, such as the CRPU 222 shown in Figwe 3

Furthermore, any processor desertbed herein may be progranmimed to perform any function ov
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any combimation of functions deseribed horem as being performed by that processor or
performed by the device that meludes that processor.
{0036] A computer-readable miedium, such as the computer-readable mediunt 204 or any

other computer-readable mediom discussed or shown herein, may include 8 non-transitory

L

computer-readable mediom. A non-transitory computer-readable medivm nay include
vodatife o non-velatile storage components, such as optical, magnetie, organic or other
memory or disc storage, which may be mtegrated n whaole or in part with a processor, or
which may be separate from g processor. A non-fransitory computer readable medhon may
include, but 1s not hited 1o, a random-~access memory {(RAM), a read-only memory (ROM),
10 a progranmmable readrondy memory {(PROM), an crasable programmable read-only memory
{EPROM), an electrically erasable progranymable readvonly memory (EEPROMY, a compact
disk read-onty memory (CD-ROM), or any other device that is capable of providing data or
executable instractions that may be accessed by a processor, sach as processor 202 A
computer-readable medium may be referved 1o by other terms such as, but not limited to. a
15 “conputer-readable storage medium,” & “data storage device,” & “memaory devige,” a
“miemory,” of a “compuier-raadabls date storags deviee”
{0637]  Additionally or aliernatively, & computer-readable mediam may include a transitory
computer-readable medinm, The transitory computer-readable medium may clude, for
example, CRPI provided over 3 conmmunication link, such as a communication ik which is
20 conngcted to-or npart of the network 114, The comummication ok may include a digital or
analog compupucation link. The communication hink may mchide a wired compusucation
hink or a wireless compnamication fink. The computer-readable medium may be readable by a
PIGCOSSOL,

{8838] The SDLC 206 may include g connector thay provides a releasable connection of the

$ay
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VI 200 to the vehicle 102, In one respest, that relcasable conngetion may be carried ont, at
feast o part, by wired vonductors of the connection 136, In that respect, the SDLC 206 may
nclade a conneotor with tenminals that ave seleasably conncetable to eminals within the
VDLC 110, As sn example, the SDLC 2066 may include sn OBD I connecior that metis the
SAE J1962 specification such as the connector 16M, part number 121102352, available from
3 Delphi Astomotive LLP of Troy, Michigan. In another respect, the releasable connection
between the VIR 200 and the vebicle 102 mav be carried put using g wircless conncotion of
the connection 136, In that respect, the SDLC 206 may include a wircless transceiver to
transmit VDM 1o and receive VDM from a version of the VRLC 110 configured for wircless

conununication. of VDM, The SDLC 206, and omg or more of the processor 202, the
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computor-readable mediem 204, the VDM transcetver 208, and the Wansceiver 210 may
connect 1o 8 data bus 220 configured for ttansmussion of VM received froma vehicle.
{0039]  The VDM wansceiver 208 may fransmit 8 VOM for transmission over a vehicle
conunwmcation Hnk, such as VOL 124 or VCL 1260 VDM mansceiver 200 may receive a
VDM transmitted over a VUL, such as VCL 124 or VCL 126,

{6840] The transcetver 210 may include one or more transceivery, such ag {i) one or more
wired trapsceivers that transmit and recoive comnmmicanions by way of @ wired
communiention hink or network, or (3} oneor more wireless franseoiver that transmit and
reoeive communications by way of g wircless conmmuncation itk or netwerk. A witeless
transceiver may include one or more antennas. A wircless tanscoiver may be configured to
carry out  wireless  commmwncations  {(Le, transmifting  and  recenving  of  wireless
conunwmeations) according to one or move wireless conwnunication protocols or standards.
Ax an example, a wircless transcoiver may carry ouf conwnunications according to an IEEE
ROI15.1 standmd or g Bluctooth vorston 4.1 standard. As avother exanple, a wireless
ITAnSCEiver May carry out comnwinications according to an IBEE 802,11 standard. As another
example, a wircless transcelver may carty ont compunications accordmy fv a cethidar phong
standard. Other examples of & wireless conununication protocel or standard used by a
wircless ransceiver are also possibile.

{41 At least a portion of ong or more of the computsr-readable median 204, the VM
transceiver 208, and the transceiver 210, may be included within the procossor 282,

{842]  The processor 202 may execute computer-readable prograny instructions so that the
VID 200 operates in a particular data acquisiion mode. As an example, the VID 200 may
operate in a pull data acquisition mode in which the VID 24K requests specific data messages
from the vehicle 12, The pull data acquisition mode may be used for instances i which the
vehicle 102 commmnicates vehicle data messages according to an ISO standard {8763 &
controller area networks, or sonwe other standard or protocol. Any request for a vehicle data
message desertbed herein may mohide 8 request for a vehicle dats parameter. Any request for
8 vohicle data paruneter may intlude a data identifior {e.g., a parameter identificr (PIDY)
{0643}  As another example, the VID 260 may operate n o push data acquisition mode in
which the VIE 200 travsmits 1o the velicle 162 a vequest for data parameters o be streamed
to the VID 200 and the VID sclects the particular data messages that are to be sent to the
VDR 118 As an oxample, the request for data messages may be 2 request for alf data

another example the reqoest for data message may be a request for all dafa messages for each
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dateidentifior assocrated with diagnosing a partiealay symptom (e g a falere mode) on the
vehicle 1092, The push data acquisition may be used for instances in which the velucle 102
comunicates vehicle data messages according to a diagnostic data fink (DDL) protocol

fe.g, DDLT or DDLY) wsed on vehicles built by Nissan Motor Company Ltd., Nishivku,

L

Yokohama, Japan, or some other protocel. The VID 200 may stmultancously operate in both
3 data acquisition mode and & VDTM.
{0044] Figurc 3 shows example data that may be stored in the computer-readable medium
204, That data may melude, but are not Hmited to, CRPE 222, VDM 224, pairing data 226,
prior VDM data values 228, and thresholds 230, The CRPL 222 naay mmelude program
10 mstructions that are executable by the processor 202 to carry vut, at least i part, any of the
functions descrtbed herein as being performed by the VID 114 or the VID 206 or by any one
or more of the components thereof.
{H045] The VIIM 224 may inchide the VDM received from onge or sasore vehicles, The VID
200 may delete the VDM received from a prior vehicle that is vot preseatly conngeted to the
15 VID 200, but the VID 200 is not necessartly so hinuted. The VID 200 may delete the VIM
feveived from a vehicle presently comected tothe VID 200, That deletion can, for example,
ocour after the franseetver 21 ransmits at least & portion of stored VDM 1o the VOR 118 or
after the processor 202 determines that no portion of the VDM is o be sent to the VOR 18,
jod6]  The pairing data 226 may include a Hink key assoctated with another devics {e.g, 2
20 “socond deviee™ deseribed horetn, or @ VDRY, and a hink key for any other deviee that has
paired with the VID 200, The link key or any other portion of the patring data 226 moay be
used when the VID 200 establishes a wiveless communication hink with another device.
{80477 The prior VDM data values 228 mav include data values and corresponding data

identificrs of instances of VDM that the VID 260 fransmitted to the VDR 118, Examples of

$ay
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the prior VDM data values ave shown i, and diescribed with respect to, Table 1 below,

{B48]  As apother example, the prior VDM data values 228 may include maltiple data
values pertatning to a particudar data identifier, and a data value reprosenting an aggregation
of the multiple data valucs. For instance, the multiple data values may include cngine RPM
date values equal to 730 RPM, 750 RPM, LU0O RPM, 1,000 RPM, and L 100 RPM. The
3 aggregation value may cqual an average RPM data value equal to 920 RPML

{0049]  The prior VDM data values 228 may tnclude some, but not all, data of the data
values of a VDM reccived by the VID 114, For instance, 3 VDM fromn an ECU for an SIR
system may inchude data values that indicate whether the vehicle bragke pedal is heing

apphied, whether an occupant is detected in 8 passenger seat, and whether one or more sead
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belis i the vehicle 112 are connectad. A prior VDM data value may wclude data that
midicates some but not all of those items of SIR system VDM,
{0050 The thresholds 230 nay include one or more thresholds for comparing to a VDM

data valee, which may melode comparing the VOM data value to a threshold, A result of

L

such comparison may indicate the VDM data vahse s less than the threshold, equals the
threshold, or exceeds the threshold, Determining a result of sach comparison may be weed as
8 trigger to store the compared VDM data value within prior VDM data values 228 oras a
trigger to transit the VM data value to the VDR 1R
{8051 The thresholds 230 may include oue or more thresholds pertaimng 1o data transfer
i rates. A paw of those thwesholds pertaining to data transfer rates may define & range of daty
travsfer rates. The processor may determine a data transfer rate for the commumication link
116 and compare the determined data transfer rate to the defined ranges of data wansfer rates
to determine whether a change i data transfer rate for tanumitting VDM bas oceurred. A
YVIXTM may be associied with ong ot more of the defined ranges of data wransfor rates. A
15 VITM may be selected upon determinuing that a prosent data transfer rate 18 within a range of
data transfor rates associated with the selccted VDTM. Any one or more other threshold
described herein may be stored within the thresholds 230,
{0052 Next, Figwre 4 is a block diagram of 2 vehicle data receptor 400 in accordance with
the example embodiments described herein. The VDR 400 may operate within the system
20 1 moplace of orin addition to the VDR 118, The VDR 118 may be arranged ke the VDR
400, such that the VDR 118 may perform one o1 more of the Aimctions deseribed heorein as
bewng performed by the VDR 400, The VDR 118 may inclade the VDR 400 or any one or
more of the components thereof. The VDR 400 may porform one or more of the functions

described herein as being performed by the VDR 118,
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{0033]  The VDR 400 may welude all of the components shown in Figure 4 or any proper
subset of the components shown within the VDR in Figwee 4. For cxample, the VIR 48 may
wclude a processor 432, a computer-readable median 404, 3 wansceiver 406, a network
inferface 408, a battery 410, o power mterface 412, and a user mterface 414, two or more of
which may be compuicatively coupled or hinked together wia g system bas, network, or
30 other comection mechamism 415, One or more of the battery 410 and the power interface 412
may provide an cleciric current to one or more of the processor 402, the conputer-readable
medinm 404, the transceiver 406, the network interfice 408, and the user interface 414 by
way of a power bus (not show). The power mderface 414 mav, but is not limied, 10

receiving electric current from an altemating current power outlet.
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{0054].  The procossor 402 way cxecate CRPY stored withi the computer-readable medivm
404 to carry ouwt, at least in part, any of the functions described herein as being performed by
the VDR 118 or the VDR 400 or by any one or nore of the compouents thereof. The CRPY

within the computer-readable medinm 404 may include progrant instruction 1o cause 8

L

display 416 (shown in Figure 6} to display any data described herein ag being displaved or
displayable by the VOR 118 or the VDR 400
{0058 The vanseeiver 406 may include one or move transeeivers, such as (1) oue ov more
wived trapsceivers that transmit and recoive comnwmicanons by way of @ wired
commmunication hok or network, or G ong o more wirgless towscenver that transost and
10 receive conumunications by way of & wircless communicanon fink or network. The
transeeiver 406 may include ong or more antenmas. The transceiver 406 may be configured to
carry out wireless commmanications according to ong or more wiveless communication
protocols, sumilar o the transceiver 210, The tansceiver 406 may be wed o establish a
wircless connection with gnother deviee, such as the VID 114, the VID 200, or the display
) 126
{8056] The notwork tterface 408 may intecface (g.g, conneet by way ofa wied o
wireless communication Hak) to any of a variety of conponénts, conununication lnks, or
132 that is comnected o the display 120, which is located remotely from the VDR 400, As an
20 example, the display 120 may display the VDM {or any portion thercof} the VDR 400
receives from the VID 114, As another example, the display 120 may display requests for
VDM that the VDR 400 will or has travamitted to the VIDY 114, A¢ another example, the
network interface 408 may interface to a network 122 (eg., the Intemet) by way of the

comnmnmication link 134, The VDR 400 may tranamit the VDM it recelves to a computor-
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readable medium conneeted o the network 122, That computer-readsble medivm may
mchade a database of the VDM,

{80571 The wer interface 414 may melude the display 416, The display 416 may display
iterns to made selection of 8 VIIM 1o request from the VID 114, The display 416 may display
the VIIM received from the VID T The VDM recetved from the VID 114 may inchude
3 only a portion of the VDM that the VID 114 recetved from the velicle 102, For instance, the
portion of the VM may include some or all of the data values contained with the VOM.
{0B38]  The user interface 414 may melude one or more conmponents (e.g., a touch soreen, 8
mouse, o kevhoard) configured for entering data, such as selection of a VDM, into the VDR
44,

13
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{0859 Ouw ormore of the VDR 1S snd the VDR 400 mayv inchude, be donfigured as, ot
melude components of a suwart phone (such as an PHONE® smartphone from Apple Inc. of
Cupertino, Californta, or 8 GALAXY S% smartphone from Samsung Electronics Co., Lid. OF
Mactan-Dong, Yeongtong-Gu Sewon-8i, Gyeonggi-Do, Republic of Korea), a tablet device
{ouch as an IPADH tablet device from Apple e, or a SAMSUNG GALAXY TAB fablet

device from Samsung Electronics Co., Lid), or a vehicle diagnostie tood, such as a

L

VERSUS® PRO diagnostic and mformation system {model number EEMS327 or
EEMS327W) available from Snap-on Incorporated, Kenosha, Wisconsin,
{8660] Nexi, Figure 6 15 & depction of the VDR 40 m accordance with the example
18 ombodiments. As shown in Figure 6, the VDR 400 melodes the user interface 414, the
display 416, and tput elements 417, 418, 419, 420, and 421. Those input clements may be
reconfigurable based on the content being displaved or to be displayed by the display 416, As
an example, the input sloment 417 may bewsed to inpuot data for requesting a data vahe from
the vehicle 102, As another example, the mput cloment 418 may be used to reguest g DTC
18 from the veluclke 1020 As another example, the input clement 419 may be used o adjust a
threshold sssociated with 2 VDM data valec.
{0061]  As shown in Figure 6, the display 416 may display an fndivator 422 that indicates
which data values displaved by the VDR 400 are present data values, an ndicator 424 that
indicates which data values displayed by the VDR 406 are aggregated data values, and ag
20 indicator 426 that indicates which data valued displaved by the VDR 404 are historical data
vahies. A data value 438 is 2 present data valve indicating engine RPML A data value 430 15
an aggregated data value indicating a throtile position. The display 416 may indicate how
many data valves the ageregated data value ¥ based on, such as 5 consecutive data valves for

the data value 430, A display value 432 13 2 historvical data vahue for an oxygen sengor, The
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display 416 may display a time {e.g, 3 sceonds). The time may indicate when the historizal
data valoe was recerved by the VDR 416 of some other time associated with the data value
432, The display 416 may display a threshold associated with 3 historical data valee. As
shown in Figawe 6, a displayed value may molude o data identifier (e g, ongine REM), ora
units (e g, percent ov volts) associated with a dats valoe.

3y [8662] The display 416 may display an indicator 434 o mdicate that the VIR 4 or the
VD 200 has changed VETM or 1o indicate which VDTM the VID 14 or the VID 200 i

presently usuig,

14
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L EXAMPLE OPERATION
{0063]  Noxt, Figwe § 18 a flowehart depicting a set of functions 500 {or more simply “the
set 3007} that way be carnied out i accordance with one' o more example embodiments

dosortbed heroin, The ser 300 includes the functions shown i biocks labeled with oven

L

members 502 through 510 inclasive. The following deseription of the set 300 inclades
references to clements shown in other figurcs in this application, but the functions of the st
304 ave not Hmited to be carmed out by the reforenced clements. A varicty of methods may be
performed using all of the functions shown i the set SO0 or any propoer subset of the
functions shown in the set SO0, Any of those methods may be performed with other fmcbions
i such as one or more of the other functions described herein,
{64l Block 502 ipcludes receiving, at a fivst devive {eg, the VID 114), multiple
nstances of vehicle data messages. Each VDM may inclode a data identifier and a data value.
The data identificr may mclode one or more data identifiors. The data value may inelude one
or more datg values, Each VDM may be gencrated by an ECU in g vehicle, such as any one
15 of the BECU 104, the BECU 106, and the ECU 108 10 the velucle 102, A VDM received by the
VID 114 may be receiveddn response to iy request for the VDM that the VID 114 sont o the
vehicle 102, That roquest may be amanged in accordance with o push data scquisition mode
or a pull data scquisition mode (both of which are desoribed elsewhere in this description),
bt the request is not necessarty so Hmited. Alcmatively, @ VDM recctved at the VID 114
20 may be recoived in an wnsolicited manner i that the VID 114 did not request the VDM In
this altermative arrangement, the VID 114 may cavesdrop on data being coonpumicated i a
VL between multiple ECU within the vehicle 102
{80651  As an oxample, a VDM may comprise a VDM in aceordance with one or more SAE

standards, such gsan SAE JI97% standard regardmp EE Dhagnostic Test Modes and an SAE
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J1850 standard regarding 3 Class B Dats Communisations Network Inferfsce. For instance, 8
VDM may melude & respouse to a present powertrain diagnostic data request message {e.g., 8
read PID valve message) that includes a service identifier (e g, [411), a pavameter dentifier
{egn, [00] or {011}, and onc or movre data bytes reprosenting the data value {e.z, a payload of
the VDM, For this example, the data wdontifier may inclade one or niore of the service
3 identfier and the parameter sdentifier, and the data valee may inchade the payload of the
VM. In some tnstances, a service identitior i a VOM may oquate to a service identifier in a
request for a VDM {eg, [011) plus a fixed value {eg, 401} such that the VDM service
identifier is (41} Other examples of standards for arranging a VDM  are also possible.

15
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{08661 TFigare 7 shows bar graphs represcnting data values of VDM having paramater
wlentifiors ropresonting an engine coolant temperatire or an engine RPM over time from ¢l to
114, The bar graph for the engine coolant temperature shows that the data values for some

VDM, at least over the time pertod 11 1o (14, may bave loss varabibity with rogpect to other

L

VDM with the same parameter identifier. The bar graph for engine RPM shows that the data
values for some VDM, at least over the tine period 11 to 114, may have greater variability
with vespect to other VM wath the same parameter identifier. A person having ordinary skill
i the art will waderstand that over another given period of time, such as the frst three
minutes after 3 vehicle has been stwted afier being twned off for an sight-hour pertod, the
i data values representing enging coclint may have mote vanability than the data values
representng the engine RPM if the velicle runs at a constant idle speed, because the engine
coolant temperatare will steadily nerease daring those fivst three minutes.
{8867 T a mannor akin fo samgling data of an analog signal In aceordance with the
Nyquist theorem (e, using a sampling rate at least twice the bighest waveformn frequency),
15 the data values of the cagine coolant temperature and the engine RPM shown m Fiawe 7
show that 8 may be desirable to sample the data values of diffrent paranwter-at differont
rates in order 1o be able to display an accurate representation of the data valaes at the display
120, For cxample, during the time penod of t4 to tH, the engine coolant termperature remaing
steady at 90% €, whereas during that same fime period, the cogme RPM increases and
20 decreases multiple times. The proecssor 202 may be programmed with computer-readable
gxperience-based information such that the processor 202 samplex the data values of some
requested VOM more frequontly than the data valoes of other requested VDM, The
experienced-based information may indicate muoltiple sets of vehicle operating conditions and

which VDM should be tequested when and at what rafe when the processor detects cach set

$ay
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of operating conditions is occmring. The experienced-based information may, for example,
be arranged 1o the form of CRPL or other processor logic.

{08068  The multiple nstances of vehicle data messages may nchede multiple instances of
VI having an weotical data identifier and no other VDM, Alematively, the multple
instances of vehicle dats messages may melude at least two VIM having different da
30 identifiers.

{0069]  In response to receiving the multiple tnstances of vehicle data messages, the VID
114 rogy stove at least a poriion of one or more of the vehicle data messages i the computer-
readable medium 204 a8 prior VDM data values 228 The prior VDM data values 228 may

include metadata associated veith vach instance of storing at feast a portion of a3 VOM, As an
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example, the motadata may ochade data that indicates a vehicle wdontifiey (3D) of o vehicle
that wansautied the VM, an ECU 1D that indicates an BCU that generated the VDM, and
data that indicates a ttme, such as 3 time the VDM {s received at the VID 114 or g time the

data is stored at the priov VIIM data values 228, A stored time may include a calendar date

L

and is not Hmited o times representing an howr, minute, and seconds of a day, as shown in
Table 1. The stored portion{a) of the VDM may be stored in relation to the metadata. Table 1

includes example data that may be stored 1 the prior VOM data values 228

Vehicle ID | ECUID Time | Mede D | Parasetg IDBiIDY | Data valucis)
VIN 1 PCM [ 12:51:38 | [01] 101] (A7) { (binary)
VIN 1 PCM_ | 13:07:13 | [01] [01] (B0, B4) 1.0 (binarv)
VIN 1 PCM | 13:05:00 | {01] [05] [5B]
VIN 1 PCM | 12:55:40 | [01] [0C] [12 FO]
VIN 1 PCM | 13:08:04 | [01] [A] [45]
VIN 2 PCM_ | 10:41:06 | [01] i (78]
VIN 2 PCM 14544 {011 12F1 {3A]

Table 1

{80701 As shown in Table I, VDM data vahses 228 stored o the computer-readable
I medben 204 may welude data that identitics a vehicle identifior, sueh as 3 webicle
wdentification number {(VIN} associated with a vehicle, or a portion of a VIN. VIN | may be
associated with velicle 1020 VIN 2 may be assotiated with mother velicle. An ECU
identiticr may represent 3 poweriain control modude (PCM) ECU or anuther type of ECU
within g vebicle, An ECU 1D may represent o numenie identifier associated with an ECU, The
1§ three right-most cohmnns in Table 1 show example mode 1D, parameter 10, and data values
that may be stored w the prioe VBM dats valugs 224 The example data values represent a
data value of a paramcter that corresponds to the parameter 1D in the row incladmy the dala
value,
{0878 The mode 1D [01] may mdicate present vehicle data. A mode ID [02] may indicate
3 freeze-frame data that existed at the time an ECU detected a fault, Qther examples of a mode
1 are also possible.
{8072 The pumrameter 1D [T may indicate monitor data. The data valves for-some
parameter 10, such as {011, mav be bitwise encoded {(as shown in the second and thivd rows

of Table 1} The A7 Int may represent whether a maltuncton indicator lamp in vehicle 102 18

)
]

on or off. The BO and B4 bits may represent whether a cylinder musfire test for the vehicle
112 38 available and wcomplete, respectively, The parameter 1D {08] may indicate s engine
cookant temperature. The parameter 1D {0C] may indicate engine revolutions per minute

(RPM). The paramcter 1D {1A] may indicate an oxygen sensor voltage value for oxygen
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sonsor 8¢ bank 2. The parameter ID {1 may indicate a throttle positon, The pwameter 1D
2K} may indicate a fuel fovel mput. Other examples of a parameter 2 are also possible.
{0073 Storing one or nore data values of a VOM may include storing the data value(s)

fron the VDBM that was most recently transmitted to the VDR 118 front the VID 114 Storing

L

one o more data values of & VDM may alse nchude storing the data valuefs) from the VDM

most recently reccived at the VID,

{0074]  Next, block 504 includes detecting, 8t a processor 202 of the first device (e g, the

VID 1143, a first tigger to change a VOTM for wansmitting veluele data messages over a

communication hok {eg., the communication Bnk 116} from the fivst devige 10 2 second

10 device {eg, the VDR 118). Processor 202 may excoute CRPY 222 i make the detection of
block S04 Execntion of the CRPI 222 may cawse the processor 202 o detect the first trigger
to change the VOTM for transnsitting vehicle data miessages. Detecting the first trigger may
inclade detecting one or more detectable triggers {e.g,; trigger events), such as one of more of
the following example wigger events listed below,

1§ [8073] As an cxample, detecting the fvsl trigger may nclude the processor 202
determiing that the VID 114 8 recelving vehicle datn messages from the vehicle M ats
rate that exceeids a rate at which the VID 114 s ansnuitting the vehicle data messages to the
VDR 8 I the VID 114 iy prosently reosiving vehicle data messages from the vehicle 102
at a raty that exceeds the rate at which the VHED 114 is transmitting the vehigle data messages

20 to the VDR 1S, then detecting the first trigger may mchude the processor 202 determining

that the VID 114 is reeoiving vehicle data messages fram the vebicle 102 at a rate that does

not exceed (Fe, less than) a rate of which the VID 114 is travsmitting the vehiele data
messages to the VDR IR As an example, the rate(s) reforred (o in this and other examples

tmay be bits per sccond, bytes per sccond, messages per second, or sommeother rate.

$ay
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{0076]  As mnother example, detecting the first trigger may include the processor 202
determining that the VID 114 has not received an acknowledgement from the VDR & for
one o more VDM wansmitted from the VID 114 1o the VDR & The lack of wecciving ag
scknowledmment may oceur as & result of o distance between the VID 114 and the VDR 1S
increasing. If the VID T4 fas previousty determined 1 has not received an ackvowledgement
MM from the VIR I8 forone o more VDM gangmitied Bom the VID 114 © the VDR 118,
then detecting the fivst tigger may include determining that the VID 114 has received an
acknowledgement from the VDR L8 for one or more VDM transmitted from the VID 114 t0
the VDR 118
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{0877 In . a frst rospoet, defecting the fivst tngger to change the VDTM may clude
receiving, af the first dovice, 3 mode selection entered at the first device, or a mode selection
entered at the second device and subsequently transoutted o the fiest device, A manual or

agtomatic mode for the VDR 118 may be selected though use of a user tuterface {o.g., the

L

user interface 414). As an example, the manual miode may be selected along with ong ov more
inpass,. such as a VDM data identifior, 3 data rate, or 3 dats value threshold, The aomatic
mode may be sclocted such that the VIR 114 or the VDR 118 sclect at least one of a VOM
data identifier, a data mie or 3 data value threshold to sot parsmcters at the VID 14 for
ransnmiting VDM 1o the VDR TN
10 {0078] I another respest, detecting the first trigger to change the VDTM may include
receiving, at the first device {e.g., the VID 114) from the second device {e.g., the VDR 118),
data indicating whether a nser is looking at a display of the second device. Tlser interface 414
mayv inchude 3 camera for detecting whon the user v looking at a display of the user intarface
414. 1f the user s mot looking at the display, a VDTM may be selected to send fower VM ot
15 semd VDM less often 1o the VDR 118 Then, when the user 15 looking at the display, a
VDM may be selected to send more VEM or send VM more offen tothe VOR HE Use
of these VDTM may be beacticial when the VID 114 or the VDR 118 use an slectric current
from 3 battery for their operating power 8s the processing of VDM {eg, transmitting 3
reguest for a VM or recetving a VOM) may fead to depletion of the battery charge for
20 processing VM the user will not see.
{879]  Tn vet another respet, detecting the first trigeer 1o change the VDTM may inchide
determining, at the first device, a change 1o speed of a vehicle that provides the vehucle data
messages fo the first device. As the speed of the vehicle increases or exceeds a speed

threshold, a VDTM may be sclected & send fower VEM so that there are fower VEM w
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vigw vig user iterface 414 i the event 8 user of the VDR 118 15 deiving the vehicle, As the
speed of the velucle decreases or goes below a speed threshold, a VDTM may be selected to
send more VDM as compared to the quantity of VOM sent with higher vehicle speeds.

{6080  In sull yet another respect, detceting the first tigger to change the VOTM may
inchude detecting & change 1 signal strengeh of a sigmal transmitted from the VDR T8 A
3 change in signal strongth may allow for or requure o change in the data transfer rate between
the VI 114 and the VDR 118, For example, detecting an increase in signal strength woay
allow for mereasing the dats transfor rate between the VID 114 and the VDR 118, whereas
detecting g decregse i signal strongth may require decregsing the data wansfer rate bepween

the VID 114 and the VDR 18
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{0081 Nowt, block S06 hrcludes determining, st the processor 202, a fust wohicke data
transmission mode based on the first trigger and one or more requests for vehicle data
messages. Mudtiple examples of making this deternunation are deseribed below. Two or more
of those example determinations nay be contbined to carry out the determiiation of block

S,

L

{80821 As an exaople, the one or more requests for VOM may include at least one of one
or more requests for veluele data messages that the VID 14 receives from the VOR 18 As
snother example, the one or more vequests for VDM may inchude one or more requests for
VM that the VID 114 ravsmits w the vehigle 102, The velicle 102 may transmit the VDM
10 moresponse (o those one or more requests. The one or more requests for VDM may be, but is
not reguired to be, arranged according to a request for a VDM while the VID 114 i operating
i a push data sequisition mode or a pull data acqasition mode. The one or more requests for
VM miay remain ‘active contintally ungil such time that the VID 14 changey the one or
niore requests for VDM (e, until the VID 114 transmits another one or nore requests for
15 VDM) OF cowrse, ong or more requests for VDM may cease if an eleciric current being
provided o one or more of the VID 114 and the vehicle 102 18 interrupted.
{0083}  As another example, detersaiving the first VDTM may include detcrmining a
threshold for cach VIIM requested by the VDR 118, Processor 202 may detormune the
threshold from the thresholds 238 based on a determined data teansfor rate. The threshokds
20 230 may inclade one or more thresholds that is associated with both a common VDM and 2
respective data ansfer rate. Processor 202 may detersune the dweshold by modifving (g,
inereasing o decreasing} a thveshold used for a particolar VDM for a prior VDTM. For
nstance, if a prior threshold for an oxygen semsor voltage VDM was 0.2 volts and the data

wansfer rate for transmitting VBM decresscs, then the processor 202 sway increast the
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threshold for the oxygen sensor voltage VM o 0.3 volts or some other voltage value greater
than 0.2 volts. In other words, the processor 202 may determune an inereased threshold when
the data fransfor rate for transmiting VDM decreases and detormine a decreased threshold
whin the dita transfer rare for transinitting VIV oreases.

{0084]  As another example, deternuning o VOTM, such as the first VDTM, may include
3 determining a prionity associated with a date dentifier of a VDM and either adding or
removing the VM including the data identitier 1o a Hst of VIIM 1o be transnutied 1o the
VDR 118 while the VID 114 operates m the VDTM, For instance, 8 VOM including the data
identifier may be added to the list in response 1o determining an increase in the data transfer
rate for transmitting VBM or 2 VOM incloding the data identifier may be removed from the

20
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st in response to dotermining a decrease tn the data-transfor vate for transmitting VDM The
VM added to the list may melude 3 requested VDM having the fowest priority not presently
being sent to the VDR HE, The VDM removed from the list nwy include a requested VDM

baving the lowest priovity presently bemng sent fo the VDR 15,

L

{OR83]  The respective priovity assoclated with one or more VDM may be based on
experienced-based intornation (EB1) The EBI may indicate which VDM are most pertinent
(e, having a highest or greater priority) to & symptom being disgnosed or a vehicle pat
suspected as bemg faulty s compared to other VDM The EBI may be stored i the
computer-readable medium 204 for use by the processor 202 w determine the respective
i prierity of the VOM identificd by the one or more requests for the VDM, Additionally or
alternatively, the ERI may be stored i the computerreadable mediian 404 for use by the
processor 402 to determine the respective priosity of the VDM identified by the one or more
requests for the VBM. Again, additiomally or alternatively, the EBI may be stored i1 4
computer-readable medivm within or connected o the network 122, The VIR 14 or the
15 VDR 118 may request the EBI from a server within or connected to the network 122 and
having access to the EBL Either ong or both of the VID 114 and the VDR 118 may vraester
the EBI to the ather.
{0086]  As yot snother cxample, detornuning 8 VDTM, such as the first VDTM, wmay
include determining that a2 VEM swhading a first data dentifier, that is recoived while the
20 fust devies is operating in the VDTM, will be travsmitied from the VID T4 te the VOR 118
if & difference hetween (1) the data value of the VDM including the fiest data identifier that 15
recetved while the VID 114 is operating m the VDTM, and (i) a data value of a VDM
inchuding the first data identifier that was most recently transmitted from the VID 114 o the

VDR LR, exceads a threshold value within the thresholdy 230, The threshold value iy
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associated with the VDM,

{OR87]  As still vet avother example, determuning 8 VDTM, auch ag the first VDTM, may
include determining that the VID 11 will tansot a8 status message, such a5 a heastbeat
message or a keep-nlive roessage, to the VDR 118, This VOTM may be selected when a data
ransfer rate for ransmitiing VDM to the VDR 118 s relatively low as compared to the other
3 VDTM desertbed heremn. Sending or receiving the status message or an acknowledgment
response thoreto may be camied outl to prevard the VID 14 and the VDR 11§ from
disconnecting a conununication Hnk cstablished between those devices, and from baving io

repeatedly reestablish the commumication Hed if the link were to disconnect as a result of at

ot
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least ohe of the VID 114 and the VBR 118 discomnccting from the other based on 2
determination that the other is no longer near the other,

{0088]  The first VDTM may be say of the VDTM deseribed horein, or some other VDTM,
The prior VITM may be a VDTM other than the first VDTM. A second VOTM may be a
VDTM other than the first VITM.

{8089 Next, block 308 includes switching, at the first device {eg., the VID 114}, from

L

indication that indicstes the VID 114 has switched or is switching from operating i the prioy
VIXTM fo-the frst VDTM, snd simtlagdy transont such indications any othet thive # switehes
i VDTM, Several examples regarding operating in the prior VDTM and in the first VRTM arg
tisted below. These examples are referred to as example VDTM. Any example VDTM that
inclades wavamitting @ VDM mav inclode transmitting the entive VDM or 3 portion of the
VM. Each VDM transmitied of received in the example embodiments may inchude a data
wdentifier. For clarity of describing the examples, the data identifier of the VDM discussed in
15 the examples {e.g., a set of VM) is a first data identifier unless specified otherwise. The fiest
data identifier may wmclude a ficst identifier value (e [O1D for requasting data or a second
wentifier value (e.g.. [41]) for reporting data. A person skilled in the art will vnderstand that
the example VETM may be carnied out for cach sgt of VDM with difforent data identificrs
feg.a seb of VOM with & second dats identificr, aset of VEM with athird data identifier,
20 efceterad and for omdtiple sets of VDM,
{890]  The prior VIYTM referred to i block 308 may melude, but s not limited Yo, any one
or more of the example VDTM desenbed berein. Any two o more of the example VDTM
may be carried out in combination for the prior VDTM unless domng so would cause conflict.

Sionalarly, the fivst VOTM reforred to in block S08 may include, but is not himited to, any one
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or more of the other example VOTM described heretn. Any two or more of the example
VRTM may be carried owt iy combination for the first VITM unless doing so would cause
conflict.

{0091]  For fivst, sccond, third, fourth, fifth, and sixth cxample VDTM deseribed heveafier,
operating in the prior VOTM may include transoutting, over the compunicabion luk 16
MM from the VID 114 1o the VDR 11K & VDM including a date identifier that is recewved while
the VI 114 iz operating in the prior VITM. Simulardy, operating in the fust VOTM may
modugde fransnuitiing, over the communication fink 116 from the VID 114 to the VDR 118, 5
VM ncluding a data identifier that 1s received while the VID 114 15 operating m the firss
VITML

e
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{0093  In accordance with the first-example VDTM, one of the pror VDTM and the first
VDTM may be a conditional VOTM 1o which the VID 14 tansmits the VDM only i the
data vatues of the two mostreeently-reccived VDM with the first identifier we different,
whereas the other of the prior VIITM and the first VDTM may cowse the VDM 1o be
travamitted rogardiess of whether the data valees of the two mostrecently-received VDM
with the first idensifior are the same or difforent, Switching operation o the conditional
VDTM of the first example may be boneficial when a decrease in the date traasfer rate has
heen detected or when the data transfor e has deoreased at g threshold amount, Table 2
itlustrates example data showing whether the data value gets wansmitiod when the VID 114 &5

operating in the conditional VITM of the first examyple VIYIM.

Engine RPM Earligr data Mostreoont | Mostrecent data valoe  gebs
identifier value data value. | wansmitted for conditional VDTM
[0C] 4000 RPM | 4,000 RPM No
,,,,,,,,,,,,,,,, €] | A000RPM | 3750RPM | 0 Nes
Table 2

{8693  In accordmwe with the second example VDTM, one of the prior VODTM and the first
VITM may be a conditional VOTM in which a VDM is tansmitted 1o the VDR 118 by the
VD 14 only if a data value of the most-recentiv-recetved VM of the two mostrecently-
received VM with the same data identifier as compared to the data value of the other most-
recenthy-recetved VIM has changed by an amount greater than a display value resolution
fe.g 1,2, or 3 decimad positions {e.g., tonthy, hundredths, or thousandths)}, whereas the VIE
114, for the other of the prior VITM and the first VIVTM, transrails the twa mostrecently~
seceved VDM regardless of whether a differcuce of the data values of those two VDM i
grester thay the display value resolution. The display resolution may pertain to the resolution
ased to display decimal values on the display 416, Table 3 dflustrates example data values of
the two mostrecenthereceived VDM with respect o example display resolations and
whether the mostrecent data value gets transmitted when the VID 114 i3 operating in the

conditional VOTM of the sceond example VOTM.

2 sensor Display Earlier data Most Most-recent data
voltage data Resolution value recent valoe gets
wdenufier data value fransmitied for
conditional VDTM
{14] Tenths 1.010 volis 1.030 No
[14] Tenths 1.010 volts 0.870 Yes
[14] Hundredths 1.010 volts 1015 No
{141 Hundredths 1.010 volts 1.047 Yes
Tahle 3

Iy
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{0094]  In adcordance with the third example VETM, vue of the prior VITM and the first
VM may bea conditional VDTM iy which & VDM is transmitied o the VDR HE by the
VID 114 only if a data value of the most-recentbyv-received VM of the two mest-recontly-
rocoived VIIM widh the same data identifier as compared to the data value of the other most-
recentlyrecetved VOM has changed by an amount greater than a prodetermined data value
amount based on prior experience of diggnosing a vehicle, The prior expericncs may be an
experience of one or more diagnosticians or EBE The computer-readable medium 404 may
stove a predetermined data value for a dutn identifier. The compuierreadable medmm 404
may store different data values (for use as the predetermined data value) for a copunon data
wentificr, where the different data values are dependent upon one or mote charactenistics of 3
vohicle, such as a make, model, and vear of velucle 112, Table 4 sllustrates an example of

experience data that may be stored for four different data dentfiers and two different

vehieles
Data dentifier | Dala ldentifior Beseription | Vehiele#l 1 Vehicle#2
{631 Enging coolant tenmperature 4°C
BES Throttle position 3.0%
(3¢ __Engine oil tenperature 5°C
15D Fuel injection timing 8°
Table 4

{0095 In accordance with the fourth example VITM, one of the prior VOTM and the fust
VETM may be a condittonal VOTM by which & VDM 5 transnstted to the VDR 115 by the
VIEr 114 only if 3 data value of the most-recentby-received VDM of the two most-recently-
received VDM with the same data identifier as compared to the data value of the other most~
recenthy-received VDM has changed by an amount greater than a certain percentage {8g., a
propottion) of the data value of the of the other most-recently-received VDM Two or more
of v various data identifiers may be associated with the same or different percentages o
regard to the fourth exsunple VDTM. Table § shows an cxample of data values for some

example data ienuficrs in regard 1o the fourth example VITM.

Data Drata Identifier Description Earlier | Mostrecent | Percenfage
{dentifier dats value hange
[dentif) data valug change

VVVVVVVVV i}? ) 1s. 3 "

17 113 volts

117 113 volt

if a threshold porcontage associated with the VDM incleding data identifier {17} 1 thinty
percent (f.e., 30%5), then for the conditional VIDTM of the fourth cxample VDTM, the most

rocont data vabue of .03 volts would by transmitied to the VDR 1 18as the percentage change
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for that data valee is 200% aad s greator than the threshold percentage. Conversely, the most
recent data value of 113 volts would not be transmitted for the conditional VDTM of the
fourth ecxample VDTM as the petcentage change is 2.7 % and is loss than the threshold

percentage. For the other VDTM of the fourth example VDTM, both of the most recent data

L

values would be sent to the VDR HE
{6096]  In accordance with the fifth example VDTM, one of the prior VDTM and the first
YVDTM may be s conditions] VDTM n which a VDM s trangmitted to the VDR 118 by the
ViD 114 ouly W a data value of the mostreconthy-received VDM is not associated with a data
identifier on a list of restricted data identifices. The bist of restricted identificrs oy be
10 changed dynanucally to add data identifier(s} if the determined the data transfer rate fiw
transmitting VDM bas deoreased and o remove data dentifier(s) if the deternined the data
grausfor rate for gassmitting VDM has inereased. The various data identifiors may be
prioritized so that the processey 202 may determine which daty identifier{s} to add back of to
remove from the list of data identifiers. The prioritization of data Wdentifiers mny be selecied
15 based on the experience of one or more diagnosticians or on EBL nuned from vehicle service
records regarding the servicing of muoltiple vehicles, The processor 202 may be programed o
make the forcgoing determination based on that selected prioritization of data identificrs.
{0097 Multiple lists of prioritized data identifiers may be stored in the computer-readable
medinm 204, One or more of those Hsts may be assoeiated with a vehicle charaeteristie or a
20 vehiole symptom such that the processor 202 may select an appropriate Hist of data identifiors
fir dyoamically changing the list of restricted identifiers hased on the VIS 200 being
connected o a particular vehicle or being used 1o resolve a particular vebicle sympton
{0898] In accordance with the sixth example VDTM, one of the prior VDTM and the first
VDTM may be a conditional VDTM w which a VDM s/ ransmitied to the VDR 11X by the
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VID 114 ondy if & threshold tume value has passed sinee the VID 114 last transmitted a dats
value of & VDM with the same data identifier. The other of the prior VDTM and the first
VOTM may include ransouitting the VDM 1o the VDR UHS upon receipt of the VDML The
various data identificrs may be associted with the same or different threshold times. &s an
example, a daia idenufier [0C] for engine RPM may have a short threshold tme {eg., 03
3 seconds) and a data identifier {65] for engine coolunt temperature may have a long threshold
thoe {e.g., 30.0 seoonds), relatively speaking. The provessor 202 may dynantically shange the
threshold times in rosponse to determining an incregse or deercase in the data transter rate for

transmitting VDM,

o
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{0899 Carrving out the sondional VDTM of the sixth example VDTM may include
changing a thne mterval between occurrences of the VID 114 requesting, from the vehicle
102, a vehicle data message including a poarticudar data dentifier. In one case, changing the

time interval may inchede increasing the thme mterval if the difference between () the data

L

vahue of a mostrecently recetved vehicle data message inclading the particular data rdentifier
and (it} a throshold associated with the vehicle data message including the particalar data
identifier, s less than the difference between {a) the data value of e carhiervecetved vehicle
data pessage inchuding the particular data identifier and (b} the dweshold nssocmted with the
vehicle dala message including the particalar data sdentifier. In another case, changng the
10 tme mierval may include decreasing the time interval if the difference between (1) the data
vahie of the mostrecently received velucle data message ncluding the particelar data
wentifier and (31} the threshold associated with the vehicle data message teluding the
particular data identificr, i greater than the' difference between (&) the data value of the
carhier-received vehicle date message inchuding the particular data identifier and (b) the
18 threshold associated with the vehicle data message michuding the particular datn idennfier.
{80108] The processor 202 may switch fo one o more the deseribed conditional VITM of
the example VOTM in order to restrict or further resirict transmission of data from the VID
Lid to the VDR 118 and to decrcase the data transfer rate for transmitting such data
Conversely, the procossor 202 may stop using one or more of the described conditional
20 VETM and switch to one of the other exampie VDTM in order to transnut more data from
the VID 14 to the VDR 112 and 1o increase the data transfer rate for transmitting such data
The condional VRTM may be prioritized in the following order from greatest to lowest
priovity: the first example VOTM, the sccond example VDTM, the third example VOTM, the
fourthy example VIOTM, the Gt example VETM, abd the sixthexample VEOTM, Any other
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permutation of those example VDTM or a proper subset of those example VDTM may be
used to prioritize the VDTM.

{0101 In one respedt, switching from the prioe VETM to the first VETM may reselt in
increasing o data transfer rate of the VM. The miereased data tromsfor rate may result in the
VID 114 receiving relatively more acknowledgments from the VDR 1IN over a given tinme
3y period as compared to a priov dme period of cqual o substintially equal time, or receiving a
particulyr amount of acknowlediments over a relatively shorter thme period as conpared o
an amount of Hime it took o previously receive the ssme number of acknowledgments from
the VIR 118, Also, the increased data transfer rate may allow the VDR S 1o reguest an

increased amount of data, such as {8 an wersased pumber of VOM relative to a number of

s
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VDM previously requested by the VDR 1IE, (i) transmitting VDM at an inereased rate
relative 0 @ most-recent request for transmitting VOM af a parnicular vate, or {1} VDM that
have a larger pavioad than the VDM previously requested by the VDR LIS

{8102] I switching to the frst VOTM resudts inoswitching to 3 VDTM with 8 decreased

L

data transfer rate, then the first VEOTM sy include @ VOTM inowhich at {east some of a set
of VDM received during the prior VDTM {or the VDM requested by the active one or more
requests for VDM) ave not to be transinitied from the VID 114 1o the VDR 118, The one or
more requests for VOM may be wsed to determine whieh VDM belong to the set of presently-
recerved VDM For exanmple, the déternunation pay be based on an mmonnt of data (e, a
i number of data bits or bytes) that is to be transmitted to the VDR 118 in order to provide the
requested VDM, As another example, the determination nay be based on how often each
request for the requested VDM s being recenved or 3 requested nterval for providing the
regussted VML
{00183 If switching to the first VOTM resulis in switching 0 a VOTM with ao increased
18 data wansfer e, then the first VOTM may clude 8 VITM 10 whach VDM in addition to a
sef of VDM received denng the prior VETM {or the VDM requested by the active ong or
more requests for VOMY may be transmitted from the VID 114 to the VDR U8, The one or
mre requests for VDM may be used o determing which VDM belong to the set of received
YOM. Ina fird rospect, trapsmitting the VDM may inclede transmitting all data values ofall
20 the VDML In a second respect, transmitting the VDM may inclede transmitting all data valoes
and data idontifiers of all the VDM, In 3 tlurd respect, fransputting the VOM oy inchude
wansoutting cach VDM of all the VDM in its entivety.
{80184} In another respect, switching from the prior VOTM to the first VDTM may resalt in

decreasimg a data transter rate of the VM. The decreased data transfor rase may result in the
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VID 114 receiving relatively fower acknowledements from the VDR 118 over a given time
period as compared to a prior time period of equal or substantially equal time, or recerving &
particular amount of acknowledgmenis over a relatively longer time period as comparad to an
smount of fime i ook to previously receive the same number of VDR acknowledgments
from the VDR 118, Also, the decreased data travsfer rate may couse the VDR 118 to request
30 an decreased amount of data, sech as (1) an deoreased nomtber of VDM relative 1o 2 number
of VDM previousty reguested by the VDR IR, (1) transoutiing VDM at an decreased rafe
relative o @ most-recent roguest for transoutting VM at o particular vate, or (1} VM thas

have a smaller payioad thay the VDM previously requested by the VDR 118.

B
~J



WO 2017/083457 PCT/US2016/061228

{08185] In vet another respoct, switching from the peior VDTM dothe first VDTM may
resudt i changing the data transfer rate such that an amowunt of time between the VID 114
transmitting two consecutive VM to the VDR V1¥ or an average {Le., mean} time between

the VID 114 transmitting two conscentive VDM fo the VDR 118 for a nomber of VEM

L

excoeding two VDM, for the fivst VDTM hags inereased or decreased by at {east a threshold
st with respect to the prior VOTM,
{00186] Iv yot suother vespect, switching from the prior VDTM 1o the first VDTM may
data rate that exceeds a threshold data transmission value dunng the pror VDTM 1o the VID
10 114 pansmitting vehicle data messages to the VDR 118 at a data rate that does not exceed
(¢, 18 feas than} a threshold data transmission value for the first VDTM.
{08107] Moreover, switching from the prior VOTM to the fivst VETM way result in the
VID 114 switching from transpuBing VDM wsing a first commumication protocol to
wansnuRting VDM using & second communigcation protocol that is different than the first
15 communication protocol. The first comwmumcation protocol may be a commumication
protocol 4n accordance with ome of an IBEE 802151 standard and a 3G celhdar phome
comnumication standard and the sevond communication protocol may be a conumsication
protoca! in accordance with the other of those two standards. Other exanples of the first and
secomd communication protocals are alse possible,
20 {80108] Nexi, block 310 includes transmitting, over the comsmumication Hak {(e.g., the
communication Hnk 116) frone the first deviee {eg., the VID 114} to the seeond device (e g,
the VDR 118} accordmg to the first VIDTM, at least a portion of the vehicle data messages
recetved while the first device 18 operating in the first VDTM. Upon receiving the ot least a

portion of the vehucle data messages, the VDR 118 may display the recebved portion and
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transmoit an ackeowledgment (o the VID 4 to confirm that the portion was received af the
VDR 118

{08 As indicated above, other methods may be carntied out asing one o more of the
functions of the sct 300 plus one or more other functions. Exmuoples of at least some of the
ane or more other functions are now deseribed.

3 [00118] Avother exmmple function includes deternuning, by the processor 202, a second
change in the data transfor rate for transmutting vehicle data messages over the network from
the first deviee to the sceond device.

{00111} Another example functuon includes determiming, by the processor 201, a second

VETM based on the second change i the data transfor rate and the one or more requests for

s
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the vehicle data messages. In accordance with this and the follovwing oxbmple, the first
VETM may be any of the example VDTM described herein or some other VOTM and the
second VDTM nay be any other of the example VDTM deseribed herein or some other

VETM.

L

{R112] Another example function imcludes switching, by the first device (eg., the VID
114}, from operating in the first VOTM 1o the second VOTM, The first dovice may transmit
to the second device {eg, the VDR 118) an indication the first device switched from
operating in the first VDTM o the secoud VDTM.
{80113] Another exmmple hunction includes transautting, over the network from the first
10 devies to the sevond device ascording to the seeond VITM, at least a portion of the vehicle

data messages, recetved while the fivst device is operating in the second VDTM.

{8114] Another example function includes determining a difference between a prior data

vahse and another daty vatee of o mwst-recently recetved vehicle data message inclading the

particular data wdentifier sud decrmining whether to pansnut the other dats valoe 1o the
15 ranscetver of the VDR 118 based on whether the difference exceeds the theeshold that is

masociated with the particelar data identifier.

V. EXAMPLE COMPUTER-READABLE MEDIUM

{00115 As indicated above, the conputer-readable modium 204 includes CRP 222,

Accordingly, & computer-teadable medivm may stors program losingetions, that whes
20 excomted by a computing device (e.g., the procgssor 2023, cause a sot of functions o be
performed. For purposes of tux deseription, the program instructions that perform this set of
functions to be porformed when exeouted by the conputing device is refored o herein as
“the set of example CRPLT

{80116] As anexample, functions perfortied by exetution of the set of example CRPI by the
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processor 202 may include: (1) receiving, ot a first device (a2, the VID 114}, muitiple
mstanees of vehicle data wessages, wheretn each VDM includes 8 data identifier and a data
vahee, (i1} detornuning, by the processor 202 of the firgt devies, a first tgger for ransmitting
VM over o conununication link from the first device 1o a sccond device {ag., the VDR
3 rate of the VDM and one or more requests for the VEM, (1v) switching, by the first device,
front operating in a prior VDTM to the first VDTM, and {v) tonsmitting, over the
commnication fink from the first device 1o the sccond device sccording to the first VDTM,

at least @ portion of the VDM received while dhe first device is operating in the first VOTM.
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{08117] As another exarple, the set of cxample CRPY may melude ol or any proper subset
of the functions (1), {1), (), Gv), and {vy Hsted in the previous paragraph and af least one
othet function of any of the functions described herein as being performed by the VID 114,

the VID 240, or any component of the VID 200,

L

{R1I8] A person baving erdinary skill 1 the artwill understand that the functions of the st

S0 may be repeated, for cxample, in response fo recriving additional VDM, When repeating
wits switched 1o in block 508 prior to repeating the funetion of block 508,
V. CONCLUSION
18 {0119] Embodiments of the present discloswre may thus relate to one of the enumerated
example embodiment (EEEs) Hsted below,
{08126] EEE | is o method comprising: recerving, & g fivst device, nudtiple instances of
vehicke data messages, whercin cach vebicle data message mcludes a daty identifier and a
data value; detecting, by a processor of the first device, a first ingger 1o change & vehicle data
15 mansnussion mode (VDTM) for mansputting vehicle data messages over a compumication
link from the first device to o sccond device; determining, by the processo, a first VRIM
based on the first trigger and one or more requosts for the vehicle dae messagey; switching,
by the first device, from oporating in 8 prior VDTM to the st VDTM; and transimnitiing,
over the compumication link from the first device to the second device according to the first
20 VDTM, at least a portion of the velucle data messages received while the first devies is
operating in the first VITM.
{06121} EEE 2 is the nethod of EEE 1, fuvther comprising: detecting, by the processor, a
second trigger to change a VDTM  for pansmitting vehicle data messages over the

communication link from the firet device w0 the second devive; determinmg, by the

$ay
45

processor, a sccond VDTM based on the seeomd trigger and the one or more requssts for the
vehicle data messages: switching, by the fivst deviee, from operating in the first VRITM to the
seeond VOTM! and transmitting, over the commmanication link from the first device o the
second device according to the second VIXTM, ot Ieast a portion of the vehicle dats messagss,
recetved while the first device ts operating i the second VITM.

3 {06122} EEE 3 is the method of EEE 1 or 2, wherein one of the first VDTM and the second
VDTM uses a dooressed data transfer rate and the other includes an inercased data transfer
rate, wherein the deoreased data fransfer rate resudts in the first device detenmining at least
some data values of a first set of presently-received vehicle data messages are not o he
transmitied from the first device o the secomnd device, and wherein the mcreased data transter
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cate results o the fest dovice dotorminang that all dara values of g socond st of presently-
revceived vehicle data messages are to be transmitted from the first device to the second
device,
{8123] EEE 4 is the nwthod of any one of EEEs 1 or 2, wherein deternvining the first
trigger inclades detormining the first device 1§ recerving vehicle dats mossages at 8 rate that
cxcoeds 8 rate al which the first device by transmifting vebicle data miessages to the second
device.
{80124] FEFE 5§ 1 the method of any one of EEEs 1 or 2, whercin determimung the first
trigger includes determining that the first device i transynitting vehicle data messages 1o the
second device at a rate that exceeds a threshold data transfer rate.
{01251 EEE 6 is the method of any one of EEEs 1.5, wheremn switching from operating in
the prior VDTM to the first VOTM inclodes switching from transnstting vehicle data
messages using a first communication protocol o ramsmitting vehicle data messages ‘oshg @
sccond commuication pmtewi that 1s different than the first commumication protocol.
hem,gm the VIITM includes recoiving, by the first devics, & manual mode selection satered at
the first devies or at the second device,
{00127 EEE R is the method of any one of EEEs 1-7, wherein detecting the #irst trigger to
change the VOTM inchudes recetving, by the first dovice from the second device, data
indicating whether a user 1s looking at a display of the second devics.
{38128} EEE 9 is the method of any one of EEEs 1.8, wherein detecting the fst frigger to
change the VDTM includes determining, by the first device, a change i speed of & vehicle
that provides the vehicle data messages to the first device.
{80129 EEE 1} 1s the method of any one of EEEs 1-9, wherein determining the fust VEOTM
moludes detenminmg that a vehicle dats message including a fist data wdentificr, that is
received while the first device 15 operating in the first VDTM, will be transnutted from the
first device to the second device if a differcnce between the data valee of the vehicle data
message including the first data identitior that is recetved wiile the fivst device 15 operating in
the first VDTM and a data value of a vehicle data message including the first data identfier
that was most recently transmitted from the first device 1o the second device exvecds a
threshold value,
{08138 EEE 11 is the mothod of any one of EEEs 1-10, wherein oporating in the prioy
VITM ncludes transmitting, over the conynunication link from the first device to the second

device, a vehicle data message including a first data identifier that s received while the first
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devics is operating i the pror VEIM ondy if a difforonce betwoen the data value of the
vehicle data message mncluding the first data identifier that is recetved while the first devige 18
operating i the prior VDTM and a data value of anether vehicle data message including the

first data identifier that was most recently transmuitted from the first device to the second

L

dovice exceeds a threshold value, and wherein operating in the first VDTM inclades
ransmiging, over the communication Hnk from the st device to the second devics, a
vohicle dats message including the first dats identifier that 1s reccived winle the fivst device i
opernting in the first VOTM regardless of whether or not a difference between the data value

of the vehicle data message meluding the first data identifior that s receved while the first

[

i device is operating iy the fiest VDTM and a data value of another vehicle dats message
inclading the frst data identifier that was most recently transmitted from the fivst device o
the second device exceeds a throghold value.

{0131] FEE 1249 the mothad of any one of EEEs -1, fimther compriging: tramsmitting,
over the comnmumcation Huk from the first devies 1o the second device, an indication the first

18 devige switched from operating 1 the prior VIITM 1o the fivst VODTM,

{86132] EEE 13 is the mwthod of any one of EEEs 1-12 wherem the one or mote requests
for the wvehicle data messages include one or more requests, for vehicle data messages,
transimitied from the first device to & vehicle that provides the multiple mstances of vehiclke
data messages recsivad by the fivst device.

20 {B#8133] EBEE 14 is the method of anv one of EEEs 1-13, wherein the one or more requests
fr the vebicle data messages inchide ane o nuwe requests, for velucle data messages,
recetved by the first device from the second device.

{80134] EEE 15 is the method of any one of EEEs 1+14, wherein the data identifiors of the

mudtiple nstances of veldcle daty messages inchade a plurality of different data identifiers,
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and whergin deterntining the fivst VOTM is forther based on a priowity assoctated with sach
data wdentifier of the plurality of data identifiers.

{801358] EEE 16 1 the method of EEE 13, further comprising: storing, by a computer-
readable medium of the fivst device for cach of the plurality of different data identifiers, the
date value of the vehicle data message meluding the difforent data identfier that was most
30 recently travsnutted from the fivst device to the second device.

{00136] EEE 17 is the method of any one of EEEs 1-16, wherein the first device comprises 8
vehicle interface device, and wherein the second device comprises a vehicle dats recepton

mncluding or connected to a display device.

(e
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{06137] EEE ¥ s the method of any oneof EEEs 1-17, whoerein switching from oporating
i the prior VIXTM to the first VDTM mcludes changing a time mierval between occurrences

of the processor requesting, from  vehiele, a vehicle data message including a particalar data

wentifier, wherein changing the thme imterval inclades ereasing the time interval if the

L

difference between 1) the data value of a mostaecently received vehicke data message
including the particular daty identifier and (1) a threshold associated with the vehicle data
message including the particular data dentifier, is less than the difforence between (i) the
data velue of an carlier-received vehicle data message including the pavticular data idennfier
and 1) ‘the threshold associated with the vehicle data message including the particular data
10 wdeatifier, and wherein changing the time interval includes decreasing the time interval if the
differenice between (1) the data value of the most-recently received vebicle data message
inclading the particular data identifier and (1) the threshold associated with the vehicke data
message including the particudar datasdentifier; 35 greater than the difference between (1) the
dats value of the carher-revcived velucle data wessage including the particular data idennfier
18 mnd (1) the dweshold associated with the vehicle data message including the partiaular data
identifier.
{06138] EEE 19 is a system comprising: a service data Hnk connector configured to establish
a vonnection with a veliicle that transmits vehicle data messages, whorein cach vehicle data
message includes a data identifier and g data-value, a fisst transeeiver configured to cstablish
20 a communication link with a sccond transceiver; a processor and a computer-readable
mediom confaming computer-teadable program instructions that are executable by the
processor to perform a set of functions, wherein the set of functions ncludes: detecting a first
trigeer to change & vehicle data transmission mode (VDTM) for transitting vehicle data

messages over the commmication link, determining 3 fist VOTM based on the fivst trigger
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and onee or more requests for the vehicle data messages, switching operation of the system
from @ prior VDTM to the first VDTM, and vansoutting, from the fivst transeeiver, ot least a
portion of the vehiele daty messages received from the vehicle while the systom operates in
the first VINTM.

{08139] EEFE 20 s the system of EEE 19, further comprising: a vehicle data message (VDM)
30 pansceivey connected o the service data hnk comsector, wherein the VDM transceiver i
confipred to transmit a request for a VDM to the vehicle via the serviee data bok connector,
{08148 EEE 21 s the systenn of EEE 19 or 20, wherein the service data ink conneetor
inchudes 8 connector configured o connect to a vehicle data bink connector in the vehicle, and

wheretn the servies data link connector is configured to establish at least one of a wired
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connection o 8 vehicle via the vehicle data hink connector and a wireless connection 1o the
vehicle via the vehivle data link connertor.
{00141} EEE 22 is the system of any one of EEEs 19-21, further comprising: at least one of

£1) a battery, and {11} a power interface connected to the service data link connector, wherein

L

the at least one of the battery and the power interface provides an electnie current to operate
the proceasor and first franscetver,
systemy from the prior VOTM to the first VDTM includes changing a time micrval between
occurrences of the system requesting, front the vehicle, a vehicle data message including a
10 particals’ data identifier, wherein changing the time interval includes increasing the time
mterval 1f the difference between {i) the data vahue of 3 most-recently received vehicle data
message nchiding the particolar data sdentifier and (i) a threshold associated with the
vehicle data message including the particelar data identifier; is lesy than the difference
hetween (1) the data value of an carlier-reeeived vehicle data message including the particular
18 data wentifier and (1) the threshold assocmted with the vebicle data message including the
partivalac dats idertifier, and wherein changing the time miterval mchades decreasing the e
mterval if the difference between (1) the data value of the mostrecently recoived vehicke data
message nchuding the particelar data identifier and (31) the threshold asseciated with the
vehicle data message mcluding the particelar data identificr, 18 groater than the difference
20 between (1) the data value of the carliersrecsived velucle data message including the
particular data identifier and (1) the theeshold associnted with the vebicle data woessage
inchuding the particudar data identifier.
{86143] EEE 24 is the systom of any one of EEEs 19-23, wherein the computer-readable

medin contains 2 threshold assoctated with a partioudar dasa identifier receivable m vebiele
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data messages from the vehicle, wherein the computer-readable medium contains 3 prior dats
value associated with the particular data sdentifior mostrecently transmaitted from the first
transcaiver to the second transceiver, and wherein the set of Amctions Buther mchudes:
detormining o difference between the prior data value and another data value of & mose-
recently received vehicle data message including the parbiowlar data identifier, and
3 determining whether to transmit the other data valug to the second wansceiver based on
whether the difference exceeds the threshold.

{00144} EEE 23 i the systom of any ong of EEEs 19-24, whercin the fivst transceiver does
not transmit at least some date values of the vehicle data messages received from the vehicle

while the system operates in the first VDTM.
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{06145] FEE 264y the systepyof anyone of EEEs 1925, wherein detecting the first trigger
motudes ab least one of (1) receiving & manual made selection entered at user interface of the
systen on from the second teansceiver, (i) receiving data indicating whether 3 user is looking
at a display associated with the second transeciver, and (41} determuning a change i 8 speed

of thevehicle.

L

{18146] EEE 27 is the system of any one of EEEs 19-26, wherein the first data transcetver
comprises & first wircless nanscetver, and wherein the sccond data transegiver comprises a
second wireless transceiver.
{00147] EEE 2875 a system comprising: a sevvice data link conpector configured 1o establish

18 aconngction with & vehicle that transmits vehicle data messages, wherein cach vehicle data
message mclades @ data identifier and o data value; a frst transceiver configured o establish
3 conmuncation vk with a second transceiver, and a processor that is comected to the
service data tink connectorand to the first fransceiver, and 35 programimed to: {1 detect a fivd
trigger to change & vebicle data tonswnssion mode (VDTM) for transmutting vehicle data

15 messages over the compnnnication Huk, (i) determine a first VOTM based on the fivst trigger
and one or more regquists for the vehicle data messages, (i) switch operation of the system
from a prior VITM to the first VIOTM, and (1v) provide the first transeeiver with at least a
portion of the velicle data messages reccived from the vehicle while the system oporates in
the first VOTM for ransoussion to the sccond transcsiver.

20 {B83148] Example embodiments have been describod above. Those skilled in the art will
understand that changes and modifications sy be made to the described ersbodiments
without departing from the troe scope and spivit of the present inmvention, which is dofined by

the claims.

"
Loy



WO 2017/083457 PCT/US2016/061228

CLAIMS
We elainn
i. A method comprising:

receiving, at & first device, nushtiple instances of vehicle data messages, wherein each

L

vehiclke data message includes a data identifier and a data vahe;
deteeting, by a processor of the first device, a first trigger to change a vehigle data
transnussion mode (VDTM) for mansnutting vehicle data messages over a compnancation

ink from the first device to 8 second devies;
determimig, by the processor; a fisst VDTM based on the first trigger and one or

10 more requests forthe velucle data messages:
switching, by the first device, from operating i a prior VRTM to the first VDTM,;

and

tranamitting, over the conumenication Hnk from the first device to the second device
secording fo the first VDTM, at legst a portion of the vehicle data messages received while

18 the first device is operating i the st VOTM,

2 The method of claim 1, farther comprising:
detecting, by the processor, a svcond figger to change a VDIM  for manshutting

vehicle data messages over the compmatcation link from the first device to the second
20 device;
deterotning, by the processor, a second VIDTM based on the second trigger and the
one ov more requests for the vehicle data messages:

switching, by the first device, frons operating iy the fivst VDTM (o the second VDTM;

and
25 transmitting, over the comamucation link from the first deviee to the sceond device
according fo the sccond VDTM, at least a portion of the vehicle data messages, recenved
while the first device s operating i the second VDTM,
3 The methodofelabw 1,
33 whereint one of the first VDTM and the second VDTM uses a decreased data transfor

vate and the other meludes an increased data transfer rate,

wherzin the decreased data transtor rate rosults in the first device detormining at least
some data values of a first set of presenthy-received vehicle data messages are not to be
transmitied from the first devier to the second device, and
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whoeréin the increased data pramsfor rate roselts by the first devics determining that sl
data values of a second set of presently-received vehicle data messages are to be transmuitted

fronythe frst dovice o the seoond device,

L

4. The method of clabm. 1, wherein determining the first trigger includes
determining the first device is receiving vehicle data measages at a rate that exceeds 8 rate at

which the first device is transnutting vebicle dats messages to the second device.

5 The method of claim 1, wherein determining the first frigger inchudes
10 determining that the first device is transmitiing vehicle data messages to the second device at

a rate that exceeds a threshold data transfer rate.

6. The method of clam 1, whercin switching from operating i the prior VDTM
to the first VRTM mcludes switching from transmitting velucle data messages using a first
15 communication protocol to transmitiing velucle data messages using a second compumiication

protocot that-is differvat than the first comamumnication protocol.

7. The method of clatm 1, wherein detecting the first trigger fo change the
YOTM ncludes rocciving, by the fisst device, a mansal mode selection entored at the first

20 device or at the second deviee,

& The method of clum 1, wherein detecting the first wrigeer w0 change the
VDTM fnchudes recerving, by the first device from the second device, data indicating

whether a user 18 looking at a display of the second deviee.

23
9, The method of claim 1, whereln detecting the first migger to change the
VETM inchades determuining, by the fast deviee, o change in speed of a vehicle that provides
the velucle duta micssages to the first doviee.
34 10, The wethod of clam 1, whereln determung the first VDTM mchudes

determining that a vehicle data message including a first data idetificr, that is recoived while
the firstdevice is operating in the fivst VOTM, will be ransnuitied from the first dovice to the
seood device if a difference between the data value of the vehicle data message including

the first data dennfier that is vecetved wiile the first device 18 operating in the first VDTM
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mnd 3 data vahio of a velucle data message ticluding the fivst data wdentifior that was tost

recently transmitted from the first device to the sccond device exoceds a threshold value,

11, Themethod oficlam 1,

L

wherein operating in the prior VDTM includes transwmitting, over the communication

tink from the first device to the second device, a vehicle dafs message inchuding g fivst data

identifier that is received while the first device is operating W the priov VDTM only if a

difference between the data value of the velucle data message ncluding the fust data

identifier that 18 vecetved while the first device is operanng v the prior VDTM and a data

18 value of ancther vihicle dats message including the fivst data identifier that was muost recently
transmitted from the first device to the second device exceeds a threshold value, and

wherein operating ¥ the first VDTM includes transnuitting, over the communication

tink from the finst device 1o the second device, a vehicle data message inclading the first data

identifier that is recetved while the first device 15 operating i the fust VDTM regardless of

18 whether or not a difference between the data value of the veluele data message meluding the

first data identifier that is received while the firsdt deviceis oporating fo the a0 VETM and o

data vahue of another vehicle data message including the first data identifier that was most

recently ransmitted from the first device o the second device excends 3 threshold value
20 12, The method of claym {, Rather comprising:
ransnytiing, aver the conwmmication hink from the fust device 1o the second device,

an indication the first device switched from opetating in the prior VDTM o the first VDTM,

13, The method of clatm 1, wherein the oue or more requests for the vehicke data

$ay
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messages include ong or more requests, for vehicle data messages, transmitied from the firs

device (o a vebicle that provides the multiple instances of sehicle data messages received by

the first devige.
14, Themethod of elaim 1, wherein the one o more reguests for the veluele data
3 messages inchude one or more vequests, for vehicle data messages, received by the first

device from the second device,

15, Themethod of el 1,

7
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wherain the data-identifions of the maltiple mstances of vehicle dats méssages inchude
a plurality of difterent data identificxs, and
wherem determining the first VETM is further hased on a priority associated wath

cach data identifier of the plurality of data identifiers.

6. The method of claim 15, futher comprising
storing, by a computer-readable medium of the first device for cach of the plurality of
different data identifiors, the dats value of the vehicle data message including the different
data identifier that was wost recently transiitted from the first device to the second device.
17, The method of claim 1,
wherein the first device comprises a vehicle interface device, and
wherein the second device comprrises a vehicle data receptor including or connected to
a display device,
15
i% The metheod of olais 1,
wherein switching from operating i the prior VDTM to the first VDTM inchudes
changing a time interval botween occurrences of the processor requesting, from a vehicle, 3
vehicle dats message mcloding a particular data identifier,

20 wherein changing the tme interval mehudes ncreasing the time iterval if the
difference between {§ the data value of & mostrecontly received vebiole data moessage
including the partienlar data dentifier and () a threshold associated with the vebicke data
message ncluding the particnlar data identifier, i {ess than the differonce between (i) the

data value of @ earher-received vebicle data message ncheding the particular data identificr

$ay
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and {11} the thresholid assoctated with the velucle data message meluding the partienlar dats
wentifier, and

whereln changing the time interval meludes decreasing the time mterval it the
differonce bepween (1) the data value of the wastrecently recetved vehiele data wvssage
inchiding the particular dats identifier and (B the treshold associated with the velicle data
3 message incheding the pavticalar data identifier, is greater than the difference between (D the
data value of the carlier-recnived vehicle dats message including the particudar data identifior
angd {11} the threshold associated with the velicle data message including the particular data

wentifier,
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19, A sysiowm comprising:
a service dats Hnk connector configured to establish 3 connection with a vehicle that
transioits vehicle daty messages, wherein each vehicle data micssage inchudes a data identifier

and a data value:

3 a first transceiver configored to establish a compmumication Hok with a second
transceiver;
a processor; and
scomputer~readable medivm containing computer-readable program fustructions that
ave exceatable by the processor to perfornt a set of functions,
10 wherein the set of functions inchudes:
detecting & first tipger to change a vehicle data transmission mode {(VDTM}
for transnuitting vehicle data messages over the conmmuonieation link,
determining a first VETM based on the fivst trigper and one or more reguests
for the vehicle data messages,
18 switching operation of the system: from a prior VOTM to the first VRTM, and
transmitting, from the fist wansceiver, at fcast 2 portion of the vebicle data
messages received from the vehicle while the system operates in the fisst VDTM.
20, The system of claim 19, further comprising:
20 a vehicle data message (VDM travsceiver connected fo the service data link
connectin,
wherein the VDM transeetver is contfigured © paramit a request for & VDM to the
vehicle via the service data Hnk connector.
25 21, Thesystemofelaim 19,

wherein the service data Hink connector includes a connector configured to connect to
a vehiole data Ik connector i thevehicle, and

wherent the servies. data hink conncetor 1 configured to establish at loast wie of a
wired connection 0 8 vehucle via the velucle data Huk connector and a wireless connection to

3 the vehieles via the vehicle data link connector,

22, The systew of elaim 19, further comprising:
at least one of (i) a battery, and (i) & power interface connected to the servige data

fink connector,
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whorein the at feast one of the battery and the power wterface provides an electric

current to operate the processor and first transosiver,

23, The systewof claim 19,

L

wherein switching operation of the system from the prior VDTM to the first VDTM
includes changing a time intorval between soamrences of the system requesting, from the
vichicle, a vehicle data message including s particular data wdentifier,
wherein changing the tme interval includes inorcasing the tme mterval if the
difference between (1) the data value of a mostrecently received vebicle data message
i mchuding the particelar data wlentifier and (1) & threshold associated with the velicle daty
message mchuding the particular data dentifier, 15 less than the difforence between {8) the
data value of an carlier-received vehicle data message including the particudar data rdentifier
and (11} the threshold associated with the vehicle data message including the particular data
identificr, and
18 whereln changing the ume mterval includes decreasing the time mterval i the
differcncs’ batwesn (i} the dada value of the mostrecently moogived vehicle data message
mchiding the particular data identifier and (1) the threshold associated with the veldcle data
message including the particalar data identifier, is greater than the difference between (i) the
data vahe of the earlicr-regeived vehicle data message incloding the particular data wdentifier
20 and (i} the threshold associated with the vehicle data message including the particular data

identitier.

24, Thesystem of clamm 19,

wherein the computer-readable nmwdian contains a threshold associated with 3

25 particular data idemtifier reesivable fin vehicle data messages from the vehicle,
wherein the computerreadable mediom contains & prior data value assoclated with
the particalar data identifier most-recently transmitted from the first transceiver to the second
franseciver, and
wherein the set of functions further includes:
33 determining a difference between the prior data value and another data value of a

most-recently received vehicle data message including the particular data identifier, and
deternuning whether to transmit the other data value to the sccond transeeiver based

on-whether the difference exceeds the threshold.
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2

T

3 The system of claim 19, wherein the fivst transceiver doos mot trasmit at lcast

1

some date values of the vehicle data messages recoved from the vehicle while the svstem

operates in the fust VRTM.

L

6. The system of claim 19, wheredn detecting the first trigger includes at least one
of {1} receiving 3 maneal mode selection ontored at user interface of the svstem or from the
second  trapseciver, () recciving data indicating whether a user is looking at a display
associated with the sccond trassceiver, and (U1 delenmining a change 10 a speed of the
vehicle.

10
27, The system of clain 19,
wherein the first data transceiver comprises a first wireless transceiver, and

wherein the second dafa trimscelver comprises a sceond wireless transceiver,

18 28, A systom comprising:
aservice data link connector confipned to cstablish & contection with a vehicle that
fransmits vehick data messages, wherein each vehicle data message includes a data identificr
amt o data valus;
a first wanseelver configured fo extablish o conumatication link with. 2 sccond
20 transceiver; and
& progessor that iz connected to the service data bink connectow and to the first
transeetver, and is programmed to;
(i} detect a first trigger to change a vehicle data transmission mode (VDTM} for

transmiting vehicle data messages over the eommunication link,

$ay
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(i) determine a first VITM based on the first wigger and ong or more requests for
the vehicle data messages,

(i) switch operation of the system from a prior VITM to the first VETM, and

{iv)  provide the first tradséeiver with at losst a portioniof the velucle data mossages
recetved from the vehicle while the systenvoperates in the first VDTM for tansmisgion (o the

My second transceiver.
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RECEIVING, AT A FIRST DEVICE, MULTIPLE

INSTANCES OF VEHICLE DATA MESSAGES
v ~ 502

DETECTING, BY A PROCESSOR OF THE FIRST

DEVICE, A FIRST TRIGGER TO CHANGE A VEHICLE

DATA TRANSMISSION MODE (VDTM) FOR
TRANSMITTING VEHICLE DATA MESSAGES OVER A

COMMUNICATION LINK FROM THE FIRST DEVICE TO A
SECOND DEVICE

I ~504

DETERMINING, BY THE PROCESSOR, A FIRST VDTM
BASED ON THE FIRST TRIGGER AND ONE OR MORE
REQUESTS FOR THE VEHICLE DATA MESSAGES

7 =506

SWITCHING, AT THE FIRST DEVICE, FROM OPERATING
IN A PRIOR VDTM TO THE FIRST VDTM

7 <508

TRANSMITTING, OVER THE COMMUNICATION LINK
FROM THE FIRST DEVICE TO THE SECOND DEVICE
ACCORDING TO THE FIRST VDTM, AT LEAST A
PORTION OF THE VEHICLE DATA MESSAGES
RECEIVED WHILE THE FIRST DEVICE IS OPERATING IN
THE FIRST VDTM
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