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(57) ABSTRACT 
A method and apparatus are provided for forming a wireless 
communications network using a standard communications 
link between a master controller and at least one slave device. 
In one example, a list of available slave devices for the net 
work is generated, valid slave devices are determined from 
the list of available slave devices based on an identification 
protocol of the standard communications link, and the at least 
one slave device is selected from the valid slave devices. A 
network identification is established between the master con 
troller and the at least one slave device, and the network 
identification is used to establish a network comprising only 
the master controller and the at least one slave device. 
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WIRELESS NETWORKAND 
METHODOLOGY FOR AUTOMOTIVE 

SERVICE SYSTEMS 

TECHNICAL FIELD 

0001. The present subject matter relates to automotive 
service systems, such as wheel alignment systems. The 
present disclosure has particular applicability to wireless 
communications between components of an automotive ser 
Vice system. 

BACKGROUND ART 

0002. A current conventional vehicle wheel alignment 
system uses sensors orheads that arc attached to the wheels of 
a vehicle to measure various angles of the wheels and Sus 
pension. These angles are communicated to a host system, 
where they are used in the calculation of vehicle alignment 
angles. In the standard conventional aligner configuration, 
four alignment heads are attached to the wheels of a vehicle. 
Each sensor head comprises two horizontal or toe measure 
ment sensors and two vertical or camber/pitch sensors. Each 
sensorhead also contains electronics to support overall sensor 
data acquisition as well as communications with the aligner 
console, local user input, and local display for status feed 
back, diagnostics and calibration Support. The four sensors 
and electronics as well as the mechanical housing that makes 
up each head necessarily is duplicated four times, as there is 
one for each wheel. 

0003. In recent years, wheels of motor vehicles have been 
aligned in Some shops using a computer-aided, three-dimen 
sional (3D) machine vision alignment system. In Such a sys 
tem, one or more cameras view targets attached to the wheels 
of the vehicle, and a computer in the alignment system ana 
lyzes the images of the targets to determine wheel position 
and alignment of the vehicle wheels from the wheel position 
data. The computer typically guides an operator to properly 
adjust the wheels for precise alignment, based on calculations 
obtained from processing of the image data. A wheel align 
ment system or aligner of this image processing type is some 
times called a "3D aligner.” An example of a vehicle wheel 
aligner using Such image processing is the Visualiner 3D or 
“V3D, commercially available from John Bean Company, 
Conway, Ark., a division of Snap-on Incorporated. 
0004 Alternatively, a machine vision wheel alignment 
system may include a pair of passive heads and a pair of active 
sensing heads. The passive heads are for mounting on a first 
pair of wheels of a vehicle to be measured, and the active 
sensing heads are for mounting on a second pair of wheels of 
the vehicle. Each passive head includes a target, and each 
active sensing head includes an image sensor for producing 
image data, including an image of a target of one of the 
passive heads, when the various heads are mounted on the 
respective wheels of the vehicle. The system also includes a 
spatial relationship sensor associated with at least one of the 
active sensing heads, to enable measurement of the spatial 
relationship between the active sensing heads when the active 
sensing heads are mounted on wheels of the vehicle. The 
system further includes a computer for processing the image 
data relating to observation of the targets, as well as positional 
data from the spatial relationship sensor, for computation of at 
least one measurement of the vehicle. 

0005 Since each of the above-described wheel alignment 
systems includes a computer and at least two remote sensor 
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units (e.g., alignment heads, cameras or sensing heads), it is 
desirable to provide wireless communications between the 
computer “base station' and the remote sensor units. Typical 
wireless network structures utilized in such automotive ser 
Vice systems are based on proprietary wireless technologies. 
In general, non-indigenous proprietary or sole source tech 
nologies can provide specific Solutions to technical require 
ments, be fast-to-market, and provide low cost product func 
tionality without expending valuable internal development 
resources. Unfortunately, these proprietary technologies also 
generally become obsolete well before the end of a service 
system product life cycle. They may also constrain overall 
product performance and reliability to the specific perfor 
mance and reliability of a sole source device. Often, the 
changes required to replace a proprietary technology can be 
expensive and can lead to reliability and service issues. 
0006. In contrast, standard or multi-source solutions are 
designed for a broad consumer market and often fall short of 
the specific functionality required for automotive service sys 
tems in a garage environment. Following the pressures of a 
consumer market place, standard technologies can also 
change quickly as the market changes and therefore may 
require frequent incremental product design changes. Unless 
these changes are easily accommodated, a hosting product 
can Suffer reliability and service cost consequences. In addi 
tion, many standard technologies are designed to reach across 
a broad market accommodating many different performance 
and functional requirements. This technical flexibility typi 
cally results in complex setup procedures or configurations 
that can be inadvertently modified by an unsuspecting or 
untrained user. Sometimes a user may be somewhat familiar 
with a standard technology and try to modify or adapt a 
configuration to include unintended devices or features that 
can detrimentally affect the performance or render the hosting 
product non-functional. 
0007. There exists a need for an apparatus and methodol 
ogy for a wireless network structure utilizing standard wire 
less technology for low cost, while also providing simplified 
installation to a service system host, ease of service bay 
network setup, and increased network performance. 

SUMMARY OF THE INVENTION 

0008. The teachings herein improve over conventional 
wireless automotive service systems by implementing a wire 
less network utilizing standard technologies, while including 
a custom wireless access point to manage the configuration 
and setup of the network as well as providing a connection to 
the host service system. 
0009. According to the present disclosure, the foregoing 
and other advantages are achieved in part by a method for 
forming a wireless communications network, using a stan 
dard communications link, between a master controller and at 
least one slave device. The method comprises generating a list 
of available slave devices for the network having the standard 
communications link; determining valid slave devices from 
the list of available slave devices based on an identification 
protocol of the standard communications link; selecting theat 
least one slave device from the valid slave devices; establish 
ing a network identification between the master controller 
and the at least one slave device; and using the network 
identification to establish a network comprising only the mas 
ter controller and the at least one slave device. 
0010. In accord with another aspect of the disclosure, a 
vehicle service system comprises a main processor, a master 
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controller and at least one slave device. The master controller 
is for wirelessly communicating with the at least one slave 
device using a standard communications link, and the at least 
one slave device is for gathering vehicle service data and 
transmitting the data to the master controller via the standard 
communications link. The master controller includes a pro 
cessor configured to preliminarily process the data. The main 
processor and the master controller are in communication 
with each other, and the processor of the master controller 
sends the preliminarily processed data to the main processor 
for further processing. 
0011 Additional advantages and other features of the 
present disclosure will be set forth in part in the description 
which follows and in part will become apparent to those 
having ordinary skill in the art upon examination of the fol 
lowing or may be learned from the practice of the invention. 
The advantages of the disclosure may be realized and 
obtained as particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 Reference is made to the attached drawings, 
wherein elements having the same reference numeral desig 
nations represent like elements throughout, and wherein: 
0013 FIG. 1 is a functional block diagram of a wheel 
alignment system according to the present disclosure. 
0014 FIG. 2 is a function block diagram of a master con 

troller for use in the system of claim 1. 
0015 FIG. 3 is a flow chart illustrating an exemplary 
method of establishing a wireless network according to the 
present disclosure. 
0016 FIG. 4 is a flow chart illustrating another exemplary 
method of establishing a wireless network according to the 
present disclosure. 

DESCRIPTION OF THE INVENTION 

0017. The examples shown in the various drawings pro 
vide a proprietary, low cost, high performance, reliable wire 
less network consisting of embedded wireless devices and a 
wireless access point connected to the service system host. 
The disclosed wireless network is “non-adaptable' insofar as 
only a limited number of pre-approved wireless devices can 
be used to form the network, and after the network has been 
established, the wireless access point does not normally 
search for such additional wireless devices. In a dedicated 
service system, such as a wheel alignment system, it is advan 
tageous to only allow known devices or standard components 
of the service system to establish wireless links as part of a 
proprietary closed or non-adaptable wireless network. As an 
element of this disclosure, the wireless access point will 
manage these links as part of a closed pre-established propri 
etary wireless network. 
0018. In certain disclosed examples, the wireless access 
point preprocesses sensor data and/or calculates alignment 
angles, then sends the information to the system host for 
display and user interaction. The wireless access point can 
also implement a proprietary interface or, alternatively, a 
standard web server interface capable of providing web pages 
for service system network setup, as well as provide service 
data and results to a browser based client or host. 
0019 More particularly, certain examples shown in the 
drawings implement a wireless network utilizing standard 
technologies, but include a custom wireless access point to 
manage the configuration and setup of the network as well as 
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provide a connection to the host service system via a well 
established, standard communications means such as Ether 
net. One purpose of the custom wireless access point is to 
configure the standard wireless technology in Such away as to 
establish a specific (e.g., proprietary) non-adaptable network 
configured for robust passive master/slave based communi 
cations. The custom wireless access point also creates a layer 
of abstraction between a standard well-established long term 
communication technology Such as Ethernet, and a standard 
but potentially changing wireless network technology Such as 
Bluetooth, whereby changes in the wireless technology are 
managed by the access point and not by the service system 
host. It will be understood that other radio technologies 
besides Bluetooth can be used in the disclosed wireless net 
work, such as Ultra Wide Band (UWB), 802.11 (WiFi), or 
802.15.4/Zigbee. 
0020 FIGS. 1 and 2 depict a wheel alignment system, 
Such as a conventional aligner or imaging aligner, wherein an 
embedded wireless module is connected to the sensor or 
camera Subsystem, thereby creating a wireless sensor Sub 
system communication link. Elements of the vehicle are 
omitted for ease of illustration. 

0021 Referring now to FIG. 1, an exemplary vehicle ser 
Vice system 100. Such as a vehicle wheel alignment system, 
comprises a main processor 110 also called the service sys 
tem host; a master controller 120, also called a wireless access 
point; a pair of slave devices 130, Such as active sensor heads, 
also called sensor pods; and a pair of passive heads or targets 
140. Of course, the number of slave devices 130 and targets 
140 will vary depending on the type of service system. The 
master controller 120 is for wirelessly communicating with 
the slave devices 130 using a conventional standard commu 
nications protocol, such as Bluetooth. The slave devices 130 
are for gathering vehicle service data and transmitting the 
data to the master controller 120 via the standard communi 
cations protocol. The master controller 120 is connected to 
the main processor 110 via a standard communications link, 
such as Ethernet, via a cable 150. 
0022. As shown in FIG. 2, in this example, the master 
controller 120 includes a processor 120a configured to pre 
liminarily process the data from slave devices 130, an inter 
face 120b, such as an Ethernet interface, for connecting pro 
cessor 120a to main processor 110 via cable 150, and an 
embedded wireless module 120c and antenna 120d for wire 
lessly communicating with slave devices 130. Thus, the main 
processor 110 and the master controller 120 are in commu 
nication with each other, and the processor 120a of the master 
controller 120 sends the preliminarily processed data to the 
main processor 110 for further processing. In the wheel align 
ment system 100, the data from sensor pods 130 is measure 
ment data or diagnostic data, and the master control processor 
120a and main processor 110 are for calculating results. Such 
as vehicle wheel alignmentangles, in a manner appropriate to 
the particular wheel alignment system. 
0023. In FIGS. 1 and 2, the main processor 110 and the 
master controller 120 are depicted as separate components. 
However, they can be integrated with each other in the same 
“box” if desired. Alternatively, any specific service system 
device. Such as a sensor or camera Subsystem, could include 
the master controller 120 and manage the links of the wireless 
network. As discussed above, the wireless access point (mas 
ter controller 120) provides the necessary bridge from the 
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wireless network to the service system host (main processor 
110) via a standard communication interface; i.e., Ethernet 
interface 120b. 
0024. In certain examples, the wireless access point/mas 

ter controller 120 performs some or all of the service system 
host functionality; for example, pre-processing the service 
system data collected by the slave devices 130 so a lower 
performance main processor 110 can be used in the system 
host. In some examples, master controller 120 calculates 
vehicle alignment angles from sensor data, and serves the 
results to a client, such as web pages to a browser-based 
client. In further examples, the master controller 120 stores, 
processes, and/or provides vehicle specification data, Such as 
alignment specifications. 
0025. The master controller 120 could also be enabled to 
perform system level maintenance functions. Since master 
controller 120 can be “intelligent;” that is, include standard 
components of a personal computer Such as a hard drive, 
memory, etc., it could be used to monitor the slave devices 
130, as for battery life, and/or to monitor and perform diag 
nostics on main processor 110. In certain examples, a tech 
nician performs set-up procedures on the service system 
through master controller 120, as by sending instructions over 
the Internet. 
0026. Optionally, the master controller 120 provides an 
intelligent gateway to other networked service system hosts 
or sensors. In certain examples, the master controller 120 
provides a communications link between an alignment sys 
tem, of which it is a part, and a conventional shop-wide 
management system. This enables the shop management sys 
tem to provide information to the alignment system, and/or 
enables alignment results to be sent directly to the shop man 
agement system. In other examples, the master controller 120 
provides raw data or diagnostic results to another service 
system, Such as a collision repair system (e.g., a frame repair 
machine) or another alignment system. In still further 
examples, the master controller 120 networks with sensors 
other than sensor pods 130, such as a vehicle's internal sen 
sors, external tire pressure sensors, ride height sensors, steer 
ing wheel angle sensors, etc. 
0027. Referring again to FIG. 2, an exemplary embedded 
wireless module 120C is the GS-BT2416C1 Bluetooth Class 
1 Module manufactured by the STMicroelectronics Corpora 
tion with headquarters in Geneva, Switzerland. Bluetooth is a 
wireless industry standard communications link consisting of 
various protocol layers and service functions. Embedded 
Bluetooth devices can be found in PDAs, cellphones, laptops 
and other consumer and industrial electronics. The STMicro 
electronics Bluetooth module is a highly integrated device 
with support of all Bluetooth HCl layer messages defined in 
the Bluetooth SIG 1.1 specification. 
0028. The STMicroelectronics Bluetooth module is 
designed to be incorporated into a computing device where it 
can transmit a general or limited inquiry message which can 
be received and acknowledged by another Bluetooth device in 
proximity thereby establishing a communications link. The 
first time the link is established, a common link key is created 
and shared with each device as part of an authentication 
process called pairing. If the link has been previously estab 
lished then the authentication is automatically accepted by 
the initiating Bluetooth device. Initially establishing the link 
and pairing the devices generally requires some level of prior 
setup of the devices or specific device knowledge by a user, 
Such as device name and common link key. 
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0029. An adaptable Bluetooth network capable of estab 
lishing a link with any previously unpaired Bluetooth device 
requires some level of user interaction with at least one of the 
devices to create and configure the common link key. In a 
dedicated automotive service system, such as a wheel align 
ment system, it is advantageous to only allow known devices 
or standard components of the service system to establish 
wireless links as part of a proprietary closed or non-adaptable 
wireless network. As an element of this disclosure, the wire 
less access point (e.g., master controller 120) will manage 
these links as part of a closed pre-established proprietary 
wireless network. 

0030. According to certain examples of this disclosure, 
each device within a proprietary wireless network (e.g., slave 
devices 130) is pre-configured with a specific name and link 
key code. The network controller 120 establishes a link with 
each slave device 130 utilizing pre-configured knowledge of 
the devices names and key codes, then authorization occurs 
using this device information without user interaction. 
Regardless of which service system device manages the wire 
less network links, only known, pre-established slave devices 
can participate in the network. Each Such wireless network 
device could operate in a non-discoverable mode, hidden 
from other non-proprietary devices in proximity to the net 
work. Even if other non-proprietary devices discover devices 
within the proprietary closed network, they are denied access, 
thereby preserving the integrity and performance of the dis 
closed wireless network. 

0031) Moreover, performance of the disclosed wireless 
network is enhanced, and the reliability of the data transfer is 
improved, by coordinating the transfer of data in a determin 
istic and consistent manner. Once the wireless communica 
tions links are initiated and the proprietary network is estab 
lished, the master controller 120 coordinates all information 
transfers within a passive network configuration. More spe 
cifically, the master device 120 will request information, as 
required or on a periodic basis. All other non-master network 
devices, such as slave devices 130, will only transmit in 
response to specific requests from the master controller 120. 
This master/slave configuration preserves bandwidth by 
avoiding transmission collisions and retries that invariably 
occur when network devices communicate ad-hoc. In cases 
where it is beneficial to conserve power, the slave devices 130 
can power down or enter a sleep mode, periodically waking 
up at predetermined time intervals to receive commands and 
data requests from the master controller 120. In addition, the 
master controller 120 or slaves 130 know if communication 
problems exist as Successive master/slave communication 
intervals are missed. This deterministic communications 
scheme allows for alternative backup configurations or com 
munications paths to be quickly established and used until 
normal network links are restored, resulting in very little 
perceived communications delays to the user. 
0032. A methodology will now be described to set up and 
optimally use the above-described wireless network, includ 
ing a "discovery mechanism' that allows many of the same 
type of slave devices to be used in close proximity to each 
other without interfering with each other's network. For 
example, an automotive service shop may have more than one 
wheel aligner with a wireless network, or a shop very nearby 
may have an aligner with a wireless network. It is desirable to 
set up a network So the master radio associated with a control 
console only communicates with the wireless sensor pods 
that are assigned to that console, and the slave radios in the 
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sensor pods will only communicate to their assigned console. 
Thus, according to the present teaching, in a shop with two 
wheel aligners where one aligner comprises measuring pods 
A and B and the other aligner comprises measuring pods C 
and D, one console is set up to communicate exclusively with 
sensor pods A and B, while another console is set up to 
communicate exclusively with pods C and D. 
0033. In order to easily configure the systems to accom 
plish this objective, a training mode is utilized. During the 
training phase, the master radio (console) will scan for nearby 
devices (referred to as an inquiry). There may be a defined 
maximum number of responses from the inquiry before the 
inquiry is considered complete. When the scanning has deter 
mined the “available' devices (each has a unique BlueTooth 
Device Address), an attempt is made to create an Asynchro 
nous Connection Oriented (ACL) connection to each device 
0034 Several exemplary methods for establishing the 
ACL and a piconet will now be described, referring to the 
components of FIGS. 1 and 2. A system for implementing 
these methods comprises master controller 120 and at least 
one slave device 130, the system using a standard communi 
cations link, such as Bluetooth, between the master controller 
120 and the at least one slave device 130 to form a wireless 
communications network. To implement these methods, the 
master controller processor 120a is configured to perform the 
steps of generating a list of available slave devices for the 
network; determining valid slave devices 130 from the list of 
available slave devices based on an identification protocol of 
the standard communications link; selecting the at least one 
slave device 130 from the valid slave devices; establishing a 
network identification between the master controller 120 and 
the at least one slave device 130; and using the network 
identification to establish a network comprising only the mas 
ter controller 120 and the at least one slave device 130. In 
some examples, master controller 120 has a unique PIN to 
establish a communication network with a set of desired 
sensorpods. This allows several consoles in the same vicinity 
to only communicate with the proper sensors. In other 
examples, unique PINs are not used, but the Bluetooth 
Addresses of the desired sensor pods are used to establish a 
communications network. 
0035. One exemplary method for establishing a wireless 
network according to this disclosure uses personal identifica 
tion number (PIN) codes to distinguish the sensor pods from 
other nearby devices (such as Bluetooth phones, PDAs, etc). 
Each slave radio (e.g., sensor pod) will contain a default PIN 
code that is used for authentication, and will have a unique 
identification address per the standard communications link, 
such as a Bluetooth address (BDADDR). The master control 
ler 120 of an aligner system will try to establish the connec 
tion with the pods using the default PIN. It is possible that a 
pod may contain a different PIN than the default PIN if there 
are multiple aligners in the shop or very nearby area. There is 
a finite set of predefined PIN codes that are allowed by the 
master controller 120. If a connection cannot be established 
with a pod using the default PIN the aligner may try to 
establish the ACL connection using each of the other pre 
defined PIN’s until a connection is made or all of the pre 
defined PINs are used. Only pods that respond to one of the 
predefined PINs are allowed to authenticate on the aligner 
sensor network. 

0036. If the connection is successful, the device is consid 
ered a “valid’ device and recorded as such. If the connection 
failed, after a defined number of attempts, the device is 
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ignored (it is assumed to be some Bluetooth device other than 
a sensor pod). There may be a defined maximum number of 
allowed ACL connections. If this number is reached, further 
connection attempts to any other devices will be ceased. 
0037. Once the list of “valid devices is known (e.g., sen 
Sor pods in the area), a piconet can be formed. A piconet 
consists of one master radio (master controller 120) and one 
or more slave radios (sensor pods 130). Each device 130 in a 
piconet will be assigned the same PIN code. If a shop has 
more than one aligner, each one may establish a piconet with 
a different PIN. There will be a predefined set of PIN codes 
that can be used for assignment. The PIN code assigned can 
be selected from a menu on the console (connected to and 
controlled by the master controller 120). This selection can be 
made indirectly based upon bay location, Store location, or 
other identifying means. Internally to the software of the 
master controller 120, a unique PIN will be assigned for the 
given location. 
0038. This method of establishing a wireless network 
using PINs will now be described in detail with reference to 
the flow chart of FIG. 3, wherein the steps are performed by 
the processor 120a of master controller 120. At the start of the 
process (step 300), the master controller 120 scans for avail 
able devices (step 305) and records a list of available devices 
(step 310). The first device on the device list is selected at step 
315, and one of a predetermined set of PINs is selected at step 
320, such as a default PIN. At step 325, the master controller 
120 attempts to establish an ACL connection with the selected 
device using the default PIN. 
0039. If a connection is established (step 330), the selected 
device is recorded as a valid device at step 335. If a connection 
cannot be established using the default PIN after a predeter 
mined number of attempts (step 340), the master controller 
120 will try to establish the ACL connection using each of the 
other predefined PIN’s until a connection is made or all of the 
predefined PINs are used (steps 345 and 350). 
0040. After the validity of the first available device on the 

list is determined, the next device on the list is selected at step 
355, and its validity is determined by performing steps 320 
350. After all the available devices on the device list have been 
checked (step 360), the master controller 120 determines 
whether a predetermined number of valid devices (e.g., 
exactly two devices) have been found (step 365). If so, all the 
valid devices are assigned a PIN at step 370, either the default 
PIN or a PIN pre-stored in the master controller 120, and a 
piconet is formed at step 375 using the PIN. 
0041) If it is determined at step 365 that more than the 
predetermined number of valid devices has been found, the 
user must manually select which of the valid devices are to be 
part of the network; for example, by operating an input device 
such as a key on each selected valid device (step 380). The 
master controller 120 polls the valid devices, and records each 
selected device's BDADDR, while disconnecting from the 
unselected valid devices (step 385). The selected valid 
devices are then assigned a PIN at step 370, and a piconet is 
formed at step 375 using the PIN. 
0042. As an alternative to using PINs to identify slave 
devices, the system can set up a piconet using the unique 
Bluetooth Address (BDADDR) of each slave radio. In this 
example, the master controller 120 does not assign a PIN to 
the slave devices 130 in the piconet. Instead, each slave device 
130 is connected to the piconet using its Bluetooth address. 
0043. This method of establishing a wireless network 
using BDADDRs will now be described in detail with refer 
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ence to the flow chart of FIG. 4, wherein the steps are per 
formed by the processor 120a of master controller 120. At the 
start of the process (step 400), the master controller 120 scans 
for available devices (step 405) and records a list of available 
devices (step 410). The first device on the device list is 
selected at step 415, and at step 420, the master controller 120 
attempts to establish an ACL connection with the selected 
device using the default PIN. 
0044) Ifa connection is established (step 425), the selected 
device is recorded as a valid device at step 430. If a connection 
cannot be established using the default PIN after a predeter 
mined number of attempts (step 435), the next device on the 
list is selected at steps 440 and 445, and its validity is deter 
mined by performing steps 420-435. After all the available 
devices on the device list have been checked (step 440), the 
master controller 120 determines whether a predetermined 
number of valid devices (e.g., exactly two devices) have been 
found (step 450). If so, a piconet is formed at step 455 using 
the BDADDRS of the valid devices. 

0045. If it is determined at step 450 that more than the 
predetermined number of valid devices has been found, the 
user must manually select which of the valid devices are to be 
part of the network; for example, by operating an input device 
such as a key on each selected valid device (step 460). The 
master controller 120 polls the valid devices, and records each 
selected device's BDADDR, while disconnecting from the 
unselected valid devices (step 465). A piconet is then formed 
at step 455 using the BDADDRs of the selected valid devices. 
0046. In yet another example, the BDADDRs of the slave 
devices 130 that the user wants to be part of the wireless 
network are manually entered directly into the master con 
troller 120 via an input device, such as a keypad 120e shown 
in FIG. 2. In this example, the master controller 120 does not 
search for available/valid devices. 

0047. In order to make the training less intrusive, in other 
examples of the disclosure a fast training mode is provided, to 
be used if a shop only has only one aligner. In this mode, both 
slave devices 130 are turned on, and if only two slave devices 
130 are found, the piconet will be created automatically and 
the default PIN assigned. Alternatively, Bluetooth Addresses 
(BDADDRs) are used. 
0048. During piconet training mode, the operator is 
guided through each step of the process by computer gener 
ated sensory perceptible stimuli. Such as a series of display 
screens. The trained mode is then stored to a computer read 
able storage media, Such as a database on the hard drive of the 
main processor 110. The trained mode data set is the Blue 
Tooth Device Address (BDADDR) and the associated PIN 
code to be used to create the ACL connection in the full PIN 
embodiment of FIG.3. In the alternative embodiment of FIG. 
4, only the Bluetooth Device Address (BDADDR) is saved for 
the devices associated with the particular master controller. 
0049. Once a network has been established, several stan 
dard features of Bluetooth devices may be used to monitor the 
network and make optimal uses of the resources available. 
These include link quality, signal strength, and transmit 
power level assessments. Link quality represents the quality 
of the link between two Bluetooth devices. The higher the 
value, the better the quality. Signal strength represents the 
difference in the measured signal strength and the limits of the 
Golden Receive Power Range (GRPR). A positive value indi 
cates how many db (decibel) the level is above the GRPR. A 
negative value indicates how many db (decibel) the level is 
below the GRPR. A value of zero indicates the value is within 
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the GRPR. Transmit power level represents the current trans 
mit power level for a particular link in units of dBm. 
0050. The current signal strength and link quality can be 
monitored and displayed; e.g., at the master controller 120 or 
main processor 110, to show how well the network is func 
tioning. The software in the master controller 120 or main 
processor 110 can also make recommendations and/or diag 
noses based upon these values. Some examples are: “Other 
devices are interfering with the network.” and “Sensor pods 
are too far away from the console.” The transmit power level 
reading can be used to limit the power used by the radio 
system in order to enhance and extend battery life. 
0051. In summary, a proprietary closed (non-adaptable) 
wireless service system network is disclosed, wherein stan 
dard Bluetooth wireless modules are connected within each 
device of the service system. A custom wireless access point 
is designed as a bridge between the closed Bluetooth-based 
wireless network and a standard Ethernet network connection 
to the service system host. The closed wireless network con 
figuration is established by programming each service system 
device to set up the associated embedded Bluetooth module 
with a predetermined specific known name and link key code. 
Each embedded Bluetooth module could be further config 
ured to be non-discoverable and therefore remain unknown 
by any non-proprietary service system device in proximity 
searching for wireless network devices. A network controller 
is programmed to establish the Bluetooth network based on 
known, standard, expected devices of a specific proprietary 
service system. 
0052. In the disclosed network configuration, a single 
master device transmits instructions to the other connected 
proprietary wireless devices, which devices are slave devices 
and only transmit information in response to instructions 
from the master device. 

0053. The implementation of the described communica 
tions techniques are not limited to wheel alignment. They are 
useful in many other automotive service equipment applica 
tions such as wheel balancers, tire changers, or collision 
damage measurement systems. They are also usable in non 
automotive applications. 
0054 The present disclosure can be practiced by employ 
ing conventional materials, methodology and equipment. 
Accordingly, the details of Such materials, equipment and 
methodology are not set forth herein in detail. In the previous 
descriptions, numerous specific details are set forth, Such as 
specific materials, structures, chemicals, processes, etc., in 
order to provide a thorough understanding of the present 
teachings. However, it should be recognized that the present 
teachings can be practiced without resorting to the details 
specifically set forth. In other instances, well known process 
ing structures have not been described in detail, in order not to 
unnecessarily obscure aspects of the present teachings. 
0055 Whiles the foregoing has described what are con 
sidered to be the best mode and/or other examples, it is 
understood that various modifications may be made therein 
and that the subject matter disclosed herein may be imple 
mented in various forms and examples, and that the teachings 
may be applied in numerous applications, only some of which 
have been described herein. It is intended by the following 
claims to claim any and all applications, modifications and 
variations that fall within the true scope of the present teach 
1ngS. 
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1-30. (canceled) 
31. A vehicle service system comprising: 
a camera comprising a main processor and a camera Sub 

system; and 
at least one slave device, 
wherein: 

the camera Subsystem comprises a master controller 
configured for wireless communication with the at 
least one slave device using a standard communica 
tions link, 

the main processor of the camera and the master con 
troller of the camera Subsystem are in communica 
tions with each other, 

the slave device is configured to gather vehicle data and 
transmit the vehicle data to the master controller via 
the standard communications link, and 

the master controller performs a service system host 
functionality including pre-processing of the vehicle 
data collected by the at least one slave device. 

32. The system of claim 31, wherein the vehicle data com 
prises measurement data, and the master controller and main 
processor are configured to calculate results based on the 
measurement data. 

33. The system of claim 32, wherein the vehicle service 
system is a vehicle wheel alignment system, the measurement 
data is sensor data, and the master controller and main pro 
cessor are configured to calculate vehicle wheel alignment 
angles. 

34. The system of claim 31, wherein the master controller 
further comprises a memory storing vehicle specification 
data, and the master controller is configured to retrieve and 
process the vehicle specification data. 
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35. The system of claim 31, wherein the slave device is 
configured to gather sensor data, and the master controller 
calculates vehicle alignment angles from the sensor data and 
serves the calculated vehicle alignment angles as a web page 
to a browser-based client. 

36. The system of claim 31, wherein each slave device of 
the at least one slave device comprises a camera. 

37. The system of claim 31, wherein the master controller 
provides a communications link between the vehicle service 
system and a management system of a vehicle service facility. 

38. The system of claim 37, wherein the master controller 
is configured to provide the vehicle data to the management 
system of the vehicle service facility, and to receive informa 
tion from the management system of the vehicle service facil 
ity. 

39. The system of claim 31, wherein the master controller 
is configured for wireless communication with one or more of 
a vehicle's internal sensors, external tire pressure sensors, 
ride height sensors, and steering wheel angle sensors. 

40. the system of claim 31, wherein the master controller is 
configured for wireless communication with the at least one 
slave device using a Bluetooth communication protocol. 

41. the system of claim 31, wherein the master controller is 
configured for wireless communication with the at least one 
slave device using a Wifi communication protocol. 

42. the system of claim 31, wherein the master controller is 
configured for wireless communication with the at least one 
slave device using a Zigbee communication protocol. 

43. the system of claim 31, wherein the master controller is 
configured for wireless communication with the at least one 
slave device using an ultra wide band (UWB) communication 
protocol. 


