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: Dog. Dr. Mutlu AVCI

Bu calgmanin amaci araglarin CAN hattindan okunup uzaktakmerkeze
iletilen verilerin slenmesini sglayacak bir Hata ve Veri Yonetim Sistemi tasarlamak
ve gelstirmektir. Merkezde toplanan verilerin gliabilirli gini sgslayacak bir
veritabani ve sunucusu tasarlanacaktir.

Araca entegre edilmimodul tarafindan aragtan okunan ve GPRS (zerinden
uzak kontrol merkezine iletilen veriler tasarlandata ve Veri Yonetim Sistemi
aracilgl ile analiz edilebilecek, siniflandirilabilecektBelirli bir bélge, bir model
veya bir komponent hakkinda alinan gercek araclereeri Yonetim Konsolu
sayesinde operatorin belirleyebilgcdarkli kombinasyonlara gore filtrelenerek
gercek verilere dayall raporlar hazirlanmagiasabilecektir.

Anahtar Kelimeler : Uzaktan Diyagnoz, Veri Yonetimi, Veri Siniflancha,
Otomotiv CAN Bus, GPRS&GPS.
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The purpose of this study is to design and imprav&ailure and Data
Management System which provides to process treedaich is read from vehicle
CAN line and transmitted to the remote center. Avaxe and a database which
provides the availability of stored data will besgimed.

The data which is read from the vehicle and sentetnote center by the
integrated remote diagnosis module will be analyaed classified by the designed
Failure and Data Management System. The real \vetatia which is collected about
a specified region, a model or a component wilfibered according to the different
combinations that the operator is able to setTdfé field feedback reports which are
based on the real vehicle data will be able to gnexh through the Data Management
Console.
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1. INTRODUCTION Muhammed Yakup YILMAZ

1. INTRODUCTION

The quality and the cost of aftersales serviceamecvery important recently
for all industries. This is one of the main facttrat effects directly the sales amount
in the market. The importance of the quality anel tlost of aftersales services are
seen obviously in automotive industry, especialycommercial vehicle market.
When there is a breakdown on a vehicle with fullpafssenger and if it is not
possible to have the vehicle back on its way im@rtstime, the future sales will be
effected evenly.

The service networks, road assistances are beipguad however the root
cause -human factor- still effects the progresgefson checks the bus first when
there is a breakdown and a person intervenes irfaih@e as a road assistance
member.. etc. Therefore, the quality and cost o #pplication is directly
proportional to the technical qualification of tegseople.

On the other hand, it is a big amount of money taméd to reach to the place
of vehicle breakdown or to tow away the vehicldhe workshop for diagnosis and
solution.

The system which is developed in this study resotiie problems “distance
to the event’'s location” and “insufficient qualifiton of the technical member”.
Human and distance factors are eliminated withnaote communication system to
the vehicle directly.

And also all data which is collected with thistgys is stored in a center and
it is possible to use this data and analises fer ftliure designs as a firsthand
feedback from the field which is also a valuabl®imation for the manufacturer.

The process flow before this study for failure ngeraent is shown in Figure 1.1.
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Failure oceurs

i

Driver realises the
failure and asks for help

Road assistance
goes fo the vehicle

Is the vehicle
drivable?

YES
¥
Vehicle goes to the Is the failure
workshop resolvable there? i

Yehicle is towed ta
the workshop

Froblem solved

Figure 1.1. Current Process Flow For Fault Diaghasid Solution

The process flow after this study for failure magragnt is shown ifrigure
1.2.



1. INTRODUCTION Muhammed Yakup YILMAZ

Failure occurs

k
Failure is read from
vehicle CAN
communication line

N
Failures are sent to the
remote control center
through GPRS

h

The received codes are
analised by the contral
canter

Driver is informed that
he can drive the vehicle
by the remote control
center

Is vehicle drivable?

NG
¥

Problem is solved or the
related people (road
assistance, workshop
etc..) are informed

Dala BEJFﬂut the
operation is saved into
the vehicle’s file in the
servar o be reachable

always

Figure 1.2. The process flow after this study

In this study a fault management system and amegdie for analyzing the

data is developed. The main steps which are studied
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» Data management system design for the data orvdnitth is read from the
vehicle communication line.

» Designing a hardware and a software for sendingl#ite from vehicle to the
data control center through GPRS.

» Designing and improving a data analyze systematia data control center

» Designing a remote fault control and response Byaie

Material and Method: Electronic Control Units (ECU) which electronigall
controls the functions of the components such ggnen gearbox, Air Conditioner
etc. need to communicate with each other. As amplaengine speed information
has to be sent to gearbox ECU from engine ECU. @bimsmunication is provided
through a data network which is called CAN (CoréwolArea Network) and
according to the SAE (Society of Automotive Engins¢d1939 automotive standard.

All data which is coming out from these ECUs araikable in this data
network. There are some special messages on CAtorietor failures also.

When there is a failure on the vehicle it is reaahf CAN network directly
and sent to the remote center through GPRS. Faduaealized according to a fault
management systematic and responded back.

A project called Remote Diagnosis (REDI) which @ns the works below;

* Reading data from CAN network

» Sending data to a remote center through GPRS
* Analysing the data

« Responding from the remote center

* Monitoring the data from the web server

is completed to manage all these data and faifunes a remote center.

In this study “sending the data to a remote cent&malaysing the data”,
“responding back” and “monitoring the data” sectiaf this project designed, tested
and applied. The general structure of REDI (Renbégnosis System) is shown in
Figure 1.3.
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GPS SATELLITES

REMOTE CENTER Ap— —

USER INTERFACES
Figure 1.3. REDI Structure

The works for developing REDI in this study areéddslike below:

* A hardware and a software for sending the dathdad@mote center
» A software for receiving and transmitting the datethe remote center
* A systematic for analaysing the data

* A web server for monitoring the data
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2. PREVIOUS STUDIES

There are some studies completed about each deved section of this
project such as data transfer through GPRS, daterghthe location through GPS
satellites, communication with CAN network.

This study is related especially with the autometapplications of remote
data transfer. So the previous works which areildetdoelow are generally about
vehicle electronic diagnostic and mobile commumicat

Schwinke had a patent in 2009 for a System and ddietbor Communicating
Vehicle Diagnostic Data via an inactive telematigst. In his study a serious
diagnostic condition detected in the vehicle wasduto trigger a call from the
telematics unit to a call center using a clearechimer. During the call, diagnostic
data could be transmitted to the call center antkraporary number could be
provided by the call center to the telematics tmjpermit temporary communication.
Additional diagnostics could be run and reportethgighis temporary number.
General structure and the process flow of thisesyséire shown in the Figures 2.1
and 2.2. Schwinke has used telephone calls foretmete data transfer. In this study
data transfer is provided via GPRS.

TELEMATICS UNIT l

|

!

|

|

|

|

|

|

| PROCESSING
| DEVICE 52
|

|

|

|

|

|

|

|

|

|

[
A" g0

MEMORY 54

Figure 2.1. Schwinke System Structure (Schwink8920
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¥

First wehicie compaonent detacts
vehicle diagnostic condition

v

Second vehicle component receives
information representative of vehicle
diagnostic condition

Is vehicle disgnostic
condition serious?

Second vehicle componant
retrieves cleared number fram
memory

'

Second vehicle component
places wirgless mobile-originatad
call o call center

v

Communicate with the vehicle or
its oooupants &s nesded,

P

Are subsequent
communications needed” ’

S

Call senter provides second
vahicle componant with a
temporary number

Call center and vehicle % 5
; ) 3 as mporary num er
continue to engage in two sxpired?

way tesphony Y

Temporary nuimber removed and
refurned to pool of avallable
numbers,

Figure 2.2. Schwinke Process Fl¢8chwinke, 2009)
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Faus and Ram have developed a system for momgto@AN Bus
information. Their study was very similar with aeBt Management System. They
have designed a method and system of monitoring iL&SNnformation across an
integrated wireless equipment management system andnobile wireless
communications system. Main idea of their study tegsrovide the selective vehicle
information which is read from CANbus to a termirddl the integrated wireless
equipment management system. General structurenfgtudy shown in the Figures
2.3 and 2.4.

8PS

CANBUS
PHYSICAL o 0

INTERFACE

/ %&;%g%n PROVIDER
, 3 # Cop
coypuenr L SR | fosfoane w7l CONTER
DATA WANAGEMENT A i ‘
(SAE J1838) TERMINAL L
F !
EQUIPMENT MANAGEMENT
SYSTEM APPLICATIONS
3 \
WIBILE COMPUTING PLATEORI ON :
VEHICLE OF CUSTOMER \ a APPS
e )¢
. ASSET
SERVER @ MANAGER
TERRESTRIAL e

Figure 2.3. Faus System Structure (Faus, 2009)
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J1938 CANBus
CONTROLLER

k.

ElA-232
ElA-530
J1708

v

TERMINAL .
B »| GPS RECEIVER
F
b 4
RAM/FLASH TELEPHONE
EEPROM | MODLULE
| SATELLITE
™  MODEM

Figure 2.4.

Faus System Block Diagram (Faus, 2009)
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Detadming vahicle
manufacturer

Locate CANBus
information

Availabla?

Configure logical
sansors to flest 6 o Hst

Salect frem deop down
descriptions

Manually anter
irfoe mation

|
I
N

.
For each sansor set

Installed
Threshold
Hysterasis
Cipen time
Close time
Critical time
Mormal bevel

Figure 2.5. Faus Process Flow (Faus, 2009)
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Hodges had a patent in 2010 for a System and MetbodPerforming
Vehicle Diagnostic which included an aspect inctide system for monitoring a
vehicle’s healt status. He has created a systehctmprised a vehicle monitoring
computer system configured to receive informatisaoaiated a cell phone with a
vehicle, receive vehicle diagnostic information luting vehicle conditions,
automatically determine a severity status for tle@iele conditions based on pre-
defined severity status values, and if the sevesifitus for any vehicle condition
exceeds a pre-defined severity threshold valugéonaatically transmit a text
message to the cellular phone. General structulepascess flow of this study are
shown in the Figures 2.6 and 2.7. Hodges createt severity status according to
the vehicle conditions were pre-defined. In thiadgt a more complicated data

management system is designed.

12
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Repair
Information

|
|
|
DoV Providar l|
|

Figure 2.6. Hodges System Structure (Hodges, 2010)
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Fair MCDx

Request Vehicle Diagnostic
Informeation

Collect wehicle operation data and
call data pravider from NCD

!

Coflect vehicle operation data and
MNCD information, then call data
provider from NCD

!

Validate NCD information

Max calls reachad? Hendwning: |
messages
NO
Coflect user information and validate
Transmission succassiul? Siore and e —
NO send data
Send confimation and user data
receipt
Send data 1o diagnostic dala savesily
module
Send data to customer information
subsystem
Send non-urgent
confimmation
Vahicle urgent siala? according 10 —
prefarence (SMS or
e-mail)
Send urgent 3MS message and
confirmation according to preference
(e-mail aor SMS)

4

| EMD I'L'
Figure 2.7. Hodges Process Flow (Hodges, 2010)
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Chenn has developed a vehicular diagnostic conpations system, and
components thereof, were provided for an apparatmsl technique for
communicating vehicular diagnostic information o\ercell-phone network. The
system included a code reader having a vehiclendgtg port connector for
receiving vehicle diagnostic information from thehicle diagnostic port. The code
reader in this system also had a local connectnatyvork circuit for communicating
vehicle diagnostic information between the vehuiggnostic port connector and a
local connectivity circuit. A cellphone was arradge communication with the local
connectivity network for communicating vehicle diagtic information between the

code reader and a cellular telephone network.

VEHICLE REPAIR SERVICES EMERGENCY
SERVICES

ON-BOARD
DIAGNOSTIC
COMPUTER

L

PORT
CONNECTOR

DIAGNOSTIC
DEVICE

LOCAL
CONNECTIVITY
CKT

PSTN

IN OR OUT
OF VEHICLE
DIAGNOSTIC
DATABASE

LOCAL
L CONNECTIVITY
CKT
WIRELESS
COMM
DEVICE
(CELL PHONE,
PDA, ETC)

Figure 2.8. Chenn System Structure 1 (Chenn, 2011)

| e e e e e e et e e e e

CENTRAL AUTOMOTIVE
DIAGNOSTIC &
L SERVICES CENTER

CELLULAR NETWORK

|
i
|
|
1
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COMMUNICATIONS
INTERFACE

0 000 0Oon oo

oooooooooocD ooog
CQoo0ogooonol oooa

000000002 oooo
o0oc——10 O oooo

RS

NETWORK

COMPUTER

(e.g., INTERNET)

s “_"_"_‘”—H"._

ON-BOARD
COMPUTER

PROBLEM
DESCRIPTION
DATABASE

WEB SITE

LINKS FOR
SPECIFIC
PROBLEM

DESCRIPTIONS

Figure 2.9. Chenn System Structure 2 (Chenn, 2011)

CELL FHONE:

Vehicle's computer
flags a fault and
stores a fault code
and related data

:

The blugtaoth intarface

tool sends data out 0

——l OCAL PC

Cell phone notifies

¥
Cell phone

noiifies servica

uzer that a fault has advisor who
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data

Cell phone
COnNects o
internet and
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F

PCowill auta lunch the PO
application which
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a detailed report is shown
for the usar

Figure 2.10. Chenn Process Flow (Chenn,2011)
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3. MATERIAL AND METHOD

3.1.Vehicle Data Communication

The main components on a vehicle are controlladelectronic Control Units
(ECU) and the Electronic Control Units need to camioate with each other. This
communication is provided with a CAN (Controllere&r Network) line. It is just like
the blood vessels on a living organism and therw g this living organism are the
main components of the vehicle. A Central Procaesssiocated in the center of this
network such as a brain. All this structure is exllas Multiplex System. The

diagram (Figure 3.1.) shows a sample of VehicletMigix System.

STEERING WHELL DTCO AUDIO & VIDEO

e — e o —
’ == -.-\"'\ 2 = { i o n] _|
’ F =S 1| T E—
] 4 o = (23 B C
S | 3 v,
A ¢ . -_ = |
'd !
\

"

|| ] T el I'\.I : . : X o
@ == b “ABSIEBS

e T S GEARBOX
Figure 3.1. Vehicle Multiplex System Block Diagram
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All input and output signals are flowing on thisd and having a direct
connection to CAN line means that you have a diceatmunication to all ECUs on
the vehicle and all ECUs means all data of thealehi

The programming of Vehicle Multiplex System is dhddy an automotive

application of PLC (Programmable Logic Controllevhich includes the central

proccessor and the multiplexers.

PROGRAMMABLE
LOGIC CONTROLLER

CPU

MEMORY

COMMUNICATIONS

Figure 3.2. Basic Structere of a PLC Sytem

3.1.1.CAN BUS (Controller Area Network)

CAN Bus is a vehicle bus standard designed toigeothe communication
between the devices with each other within a vehathout a host computer. CAN
Bus is a message-based serial communication piotdioh is designed specifically
for automative applications. CAN bus was first deped by Robert Bosch in 1983
and was officially released in 1986 at the SocEtyAutomotive Engineers (SAE)
congress. A single line made of two twisted calales used for the connection on
CAN line. And there are two 120 Ohms resistancedath two ends of CAN line.

18
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There can be more than one CAN line on a vehiateraling to the purpose and the
transmission rate depends on the purpose. Someli@@dare explained below;

Instrumentation CAN (I-CAN) provides the commurioca between the
Central Processor Unit and Instrument Cluster, ®gckph. The transmission rate is
250Kbps.

Multiplexer CAN (M-CAN) provides the communicatidetween the Central
Processor Unit and the Multiplexers. The transroissate is 125Kbps.

Power Train CAN (P-CAN) provides the communicati@iween the Central
Processor Unit, Engine, Transmission, Brake, Suspen Retarder and Engine
Cooling Systems. The transmission rate is 250Kbps.

A sample of a vehicle CAN lines is shown in Fig@ra.

r Lo Lo I

: ECAS : :Intarder: : ECS :

g ———o! g ———o! o ——— 9!
Temml!
| I | Transmission |
| _Engine | | :

Figure 3.3. Vehicle CAN Bus Block Diagram
3.1.2.SAE J1939 CAN Communications Standard
The J1939 is a communication protocol which cofn@s the international

Society of Automotive Engineers (SAE) and workstloa physical layer with CAN-

highspeedThe application focus is on the power trains andssls of commercial
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vehicles. The protocol is used in heavy vehicleofostreet and off-road operations
(construction machines).

J1939 is a multimaster system with decentralizetivark management
without channel-based communication. It supportdai@54 logical nodes and 30
physical ECUs per segment. The information is diesdras parameters (signals) and
combined on 4 data pages in parameter groups (FE@sh parameter group can be
identified via a unique number, the parameter gnoumber (PGN). Irrespective of
this, each signal is assigned a unique SPN (suppegineter number).

The majority of the communication usually occusglically and can be
received by all ECUs without explicit request otal&broadcast). In addition, the
parameter groups are optimized to a length of & dmsttes. This enables very
efficient use of the CAN protocol. Particular infmaition such as configuration data
or diagnostic data can be exchanged exclusivelydsst two ECUs (peer-to-peer).
The specification of the communication, broadcaspeer-to-peer, is a property of
the parameter group used. Thus, in addition tal#fmition of which parameters are
transmitted, the transmission type also dependb@parameter group.

So that peer-to-peer communication is possibla @AN network, each ECU
must be assigned a unique address in the range0iton253. To avoid the mistaken
occurrence during operation of two ECUs with thesaddress, a clever strategy is
required — the network management (NM). With J198& NM is organized
decentrally. That is, each ECU must implement amum functionality of the NM.
The tasks of the NM are:

+ Resolution of address conflicts (minimum requirethen

+ Ongoing check as to whether ECU addresses arenassig duplicate on a
network (minimum requirement)

« Change of the ECU addresses at runtime

« Unique identification of an ECU with the help ofr@ame that is unique
worldwide

+ This name also serves to identify which functiotyahn ECU has on the
network (Vector, 2010)
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3.1.2.1.SAE J1939 CAN Message Standards

CAN messages in J1939 standard are not requireldet@addressed to a
specific destination on the network. This allowsctmnect new ECUs to the CAN
Bus without any additional software design. Any EC&ah receive the messages
from network only with being connected. The figweleows a sample of 2-nodes
CAN line. The number of nodes can be increased onithany message
implementation. Special messages which requireifspetestinations can also be

addressed with message identifiers.

Node 1 MNode 2
CcPU CPU
CAMN CAN

Controller Caontroller

f )
[: i

Bus CAN L Bus
termination termination

Figure 3.4. Sample CAN Bus with 2 nodes

1939 uses CAN 2.0B protocol which you can findsiisicture in Figure 3.5.
CAN Standard 2.0A was extended to 2.0B to allow9&BR Identifier according to
J1708 and J1587.
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Message Frame
Arbitration field Control Data field CRC field ACK | EOF
S|o1bit |3/ 18 bit Bl !
Bus Idlel’z_) deatifier E E \dentifiar ; 110l DLE | 0-8 bytes Data | 15 bit CRC EOF I% Bus Idle

CRC ACKLACK
Delimiter  Slot  Delimiter

Figure 3.5. Sample CAN 2.0B format

SOF . Start of frame (start bit)

ID : Message identifier (indicates msg priority)

RTR : Remote transmission request

IDE . Identifier extension bit (2.0A or 2.0B)

r0 : Reserved bit. Sent as dominant.

DLC : Data length code. Valid range 0 — 8.

CRCD : CRC delimiter. Marks end of CRC field.

ACK S : Used for receiver to ACK msg. Sent as recessive.

ACK D : Marks end of ACK field.

EOF : End of frame. (stop bit). Sent as 7 recessive bit

INT . Intermission. Sent as 3 recessive bits.

SRR : Substitute request bit. Sent as recessive. Stagnply a placeholder
bit to ensure compatibility between 2.0A and 2.G#&duse 2.0A has
RTR.

28 26 25 24 16 8 0

7%
w2
>

P |EDP| DP | PF | P

Figure 3.6. CAN ID Mapping

P : Message priority. Must come first.

EDP . Extended data page. J1939 devices must set to 0.
DP : Data page. Used to create a second page of PGNs
PF : PDU format:
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< 240, PS is destination address. (PDU1 format)
>= 240, PS is group extension. (PDU2 format)
PS : PDU specific. Either destination address ougrextension.

SA : Source address of controller application (CA).

SAE J1939 Message format is explained in the EIQur;

g 29 Bit it 6 Bit
= CAN ID R Conrol Field

3 Bit 18 Bit
Priarity PGN

2 Bit
ACK

7 Bit
End of Frame

-

Data Field CRC Field

0...B byte 16 Bit

8 Bit
Source
Address

1 Bit
Reserved

1 Bit
Data Page

8 Bit
PDU Format

8 Bit
PDU Specific

Figure 3.7. SAE J1939 Message Format (ESD Eleasp2i010)

Paremeters embedded in the 29-Bit message iderdife divided into three

sections:

e Priority
* PGN (Parameter Group Number)

* 8 Bit Source Adress

Parameter Group which points to information of goaeter assignments
within 8 byte CAN data field, repetition rate andopity, is identified by Parameter
Group Number.

Priority: During arbitration process priority is representgdfirst three bits.

Eight priority levels are provided. A value of O() has the highest priority, a value
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of 8(111) has the lowest priority. High priority ssages are assigned to time critical
data such as torque control data from transmigsi@ngine. Lower level priorities
are suitable for non-time-critical data such asmagonfiguration data.

Although CAN is centered aroung the ID, J1939 esitered around PGN
(Parameter Group Number). PGN is defined by the GBNCAN ID for PGNs of
broadcast message and addressed message are shogures 3.8. and 3.9.

29 Bit
CAN ID
: : ' 8 Bit 8 Bit 8 Bit
3 Bit 1 Bit 1 Bit -
i PDU Format PDU Specific Source
Fllz iz Reserved i == 240 = Group Extension Address
6 Zero 1 Bit 1 Bit 8 Bit 8 Bit
Bits Reserved Data Page PDU Format PDU Specific

24 Bit Parameter Group Number

A
4

Broadcast Communication
Figure 3.8. PGN for Broadcast Communication (ESE&cibnics, 2010)
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29 Bit
CAN ID

. 8 Bit .

) B . 8 Bit . 8 Bit

3 Bit 1 Bit 1 Bit PDU Specific
Priarity Reserved Data Page le‘i F;Ig.' at = Destination f;é’]rgses
Address
6 Zero 1 Bit 1 Bit 8 Bit 8 Bits
Bits Reserved Data Page PDU Format Always Zero

24 Bil Parameter Group Number

Y

Destination Specific Communication
Figure 3.9. PGN for Destination Specific Communamai{ESD Electronics, 2010)

3.1.3.Diagnostic Trouble Codes

Diagnostic Trouble Code (DTC) is a code which yawe from vehicle CAN
network when some important report messages rejuii@gnostic Trouble Code is
generated by four information which are explainetbty. These different fields give

detailed information about the reported messagéattdr explanation is provided.

Table 3.1. Diagnostic Trouble Code (DTC) Structure

Suspect Parameter Number (SPN) 19 Bits
Failure Mode Identifier (FMI) 5 Bits
Occurence Counter (OC) 7 Bits
SPN Conversion Method (CM) 1 Bit

Suspect Parameter Number (SPN) :is used to identify the reported

diagnostic message. This message can be a repaiailble on a subsystem, a hard
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failure on subsystems and assemblies which mayb#xhbnormal operating

performance, definition of a specific issue, a repda component and non-standard

failure mode.

SPNs are assigned to each individual parametarRarameter Group and to
items that are relevant to diagnostics but areanparameter in a Parameter Group.
SPNs are independent of the source address fan#éssage. However, the source

address may be necessary to determine which clemti the network performed

the diagnosis. (SAE, 2000)

A sample of PGN and SPN is shown in Figure 3.10.

SPM 110 - Engine Coolant Temperature

Parameater Group: Engine Temperaturs ]

R L
—— [

{NUMber = 65262 jm—
‘*-._,__" _______________ c

Y

SFM 174 - Fuel Temperature

k|

SPN 175 = Engine Oil Temperature

SPN 176 - Turbocharger Qil Temperature

m
3
=
=

SPM 52 - Engine Intercooler
Temperature

5PN 1134 - Engline Intercooler
Thermastat Opening

-
-

.....

Figure 3.10. PGN and SPN Relationship (ESD Eleatspr2010)

Engine Temperature which is shown as an examplabie 3.2. has a PGN

and Engine Coolant Temperature has a SPN undeP#naneter Group.
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Example:

Table 3.2PGN Engine Temperature

PGN 65262 Engine Temperature
Transmission Rate 1 sec

Data Length 8 bytes

Data Page 0

PDU Format (PF) 254

PDU Specific (PS) 238

Default Priority 6

PG Number 65262 (FEEEhex)

Table 3.3. SPNs Related with Engine Temperature

Description of Data SPN
Byte 1 Engine Coolant Temperature 110
2 Fuel Temperature 174
3,4 Engine Oil Temperature 175
5,6 Turbocharger Oil Temperature 176
7 Engine Intercooler Temperature 52
8 Engine Intercooler Thermostat Openingl134

Table 3.4. SPN Engine Coolant Temperature

SPN 110 Engine Coolant Temperature (Temperature
of liquid engine cooling system)

Data Length 1 Byte

Resolution 1 deg C/ Bit

Offset -40deg C

Data Range -40t0 210 deg C

Type Measured

Reference PGN 65262
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Failure Mode Identifier (FMI)

. is the field which defines the type of the

failure that is reported in the subsystem assidpyean SPN.

Occurance Counter (OC) :is the field which indicates the number of failure

repeating.

Diagnostic Trouble Code (DTC) is created with thtegration of these four

fields. A code number is not created but the regliinformation about the failure

report is supplied by each field.

Some samples of DTCs and explanations of an engiaeufacturer are

shown in the Table 3.5.

Table 3.5. DTC samples for Cummins Engine

SPN

FMI

Faulte Code

SPN Description

629

12

111

Engine Control Module Critical
Internal Failure - Bad Intelligent
Device or Component

612

115

Engine Magnetic Speed/Position Lg
Both of Two Signals — Data Erratic,
Intermittent, or Incorrect

102

16

124

Intake Manifold 1 Pressure — Data

Valid but Above Normal Operational

Range — Moderately Severe Level

91

131

Accelerator Pedal or Lever Position
Sensor 1 Circuit - Voltage Above

Normal, or Shorted to High Source

3.2.Integrated Module

st

The electronic hardware which you can find theegahstructure in Figure

3.11. of is integrated to the vehicle electricateyn.
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GPS SATELLITES

REMOTE CENTER

USER INTERFACES
Figure 3.11. General Structure of the System

The integrated module is developed as 3 indepéndedules. Then these 3
parts are put together and the integrated modulgaated. These 3 modules are
listed like below:

« CAN Communication Module

+ GPS Module
* GPRS Data Transfer Module
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CAN Communication GPS Module GPRS Data
Module Transfer Module

Integrated Module

Figure 3.12. Basic Structure of the Integrated Medu

3.2.1.CAN Communication Module

An ARM based microcontroller is used to commurecatith the vehicle
CAN Bus. ARM processors are developed by AdvanciECRMachines and a type
of  32-bit reduced instruction set computer (RIS@)croprocessors. Acorn
Computers Ltd. designed the original architectfrdRM in the 1980s. Since then,
it has become one of the most popular microproecessspecially used in consumer
electronic devices such cellphones, multimedia gy calculators and tablet
computers.

ARM processor features include:

+ Load/store architecture
* An orthogonal instruction set

* Mostly single-cycle execution
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* A 16x32-bit register

* Enhanced power-saving design.

With the latest years ARM has become a micropsmresanufacturer which
is leading in the market. ARM has developed micnticmlers for lots of electronic
sector in the market. CAN Bus communication micraoalers are also one of these
products. An ARM based CAN controller may have mtran one independent
CAN controllers on board the chip. LPC11C00 seigesan example of a CAN
microcontroller which is designed with an ARM Corigl0.

A sample CAN microcontroller connection is showrFigure 3.13.

Application
“““““““““““““““““““““ > CANopen
Presentation ;
r Logical Link Control
Session Acceptance Filtering
Overload management
Transport Recovery management
Medium Access Control
Network .
.’ Data handling . CAN
T Frame Coding Defined Microcontroller
Error detection/signaling By
Physical Physical Signaling 1ISO11898
Bit encoding/decoding
7-layer OSI Bit Timing/ synchronization
Physical Medium Attachment Transceiver
Medium Dependent Interface

Figure 3.13. CAN Microcontroller Connection (NXR)12)

The block diagram of LPC11C00 CAN microcontroliershown in Figure
3.14.
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CAN drivers

PMU, pover modes, BOD,
sirgle Vdd power supply, POR

12 MHz, 1% IRC OSC
Watchdog O5C,
1-25 MHz System O5C,
System PLL

SYSTEM ANALOG
Figure 3.14. Block diagram of LPC11C00 (NXP, 2011)

The components shown in microcontroller block &g and the
specifications are listed below:

* 50 MHz Cortex-MO0 processor with SWD/debug

» 32KB/16KB Flash, 8KB SRAM

» Dedicated Interrupts on up to 13 GPIOs

e CAN 2.0 B C_CAN controller with on-chip CANopen ders, integrated
transceiver

« UART, 2 SPI & I12C (FM+)

e Two 16-bit and 2 32-bit timers with PWM/Match/Cagpand 24-bit system
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timer

* 12MHz Internal RC Oscillator with 1% accuracy oviemperature and
voltage

» 8-channel high precision 10-bit ADC with £1L.SB DNL

» 36 fast 5V tolerant GPIO pins, high drive (20 mA) select pins

» High ESD performance: 8kV (Transceiver) / 6.5kV ¢kticontroller)

* Low Electromagnetic Emission (EME) and high Elestegnetic Immunity
(EMI) CAN transceiver

More than one CAN lines exist on the vehicle whsgrvices to different
purposes. P-CAN, I-CAN, M-CAN are some examplesvigiicle CAN lines. As it
is explained before P-CAN (Powertrain CAN) line ydes the communication
between the ECUs of powertrain components sucmgise gearbox, brake control
etc. This is a CAN network for powertrain compomseresides I-CAN (Instruments
CAN) line provides the communication between thetra processor units, Digital
Tachograph, instrument cluster etc. This is alsmiteer CAN network on the vehicle.
Both of them belongs to vehicle CAN network butthé same time they are
seperated from each other. The CAN communicatiorduieo of the integrated
remote diagnostic module needs to have more tham iodependent CAN
communication ports to be able to communicate whise CAN lines seperately.

The CAN connection of the remote diagnostic modsikEhown in Figure 3.15.
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0

r ________________________________ |
| CAN : E '151
: COMMUNICATION I % g
! MODULE B =
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' = g =l = ]

|
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| |
| DIGITAL |
| CEARBOX TACHOGRAPH | |

L

| |
| ! L
| | i |
| | o
| — -— | 5
| INSTRUMENT | i
| ENGINE CLUSTER :
| |
| |
| |
| l
|
| |BRAKE SYSTEM BRAKE SYSTEM | |
| 4 |
| |
| |
| |
| |
| |

Figure 3.15.CAN Connection of Communication Module

As an example the CAN communication module witleige gearbox failure
messages from Gearbox ECU through P-CAN networkides that it will receive
vehicle speed signal from Digital Tachograph thfox AN network.

As it is explained before each CAN line has two Titins resistors in both ends of
line to provide 60 Ohms equivalent resistance. Thexmunication module is

connected to the CAN lines as an other branch Besause of that the equivalent
resistance remains constant and no more terminaésistances are required on

CAN communication module.

3.2.2.GPS Module

A GPS Module is integrated to the Remote Diaghosbdule for locating
the vehicle in all over the world. The locationtbé vehicle is important for a better
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aftersales service in case of a break-down andiake which is collected from the
vehicle communication network is meaningful accogdio the vehicle region for
future design configurations.

The Global Positioning System (GPS) consists satellites network which
involves about 25 satellites. Each satellite isitorp the Earth and the altitude is
about 20,000 km. US government first developed sgstem for the military
navigation applications. But today the radio signahich the satellites broadcast can
be received by anybody with a GPS device. Satelhtggation tools, handheld GPS
units and mobile phones are some examples of ttmgees. The physicist Fierwardt
Winterberg performed a general relativity test (fome slowing in a strong
gravitational field) in 1956. He placed accuratenait clocks in orbit inside artifical
satellites. And later, he made some calculationsubing general relativiy to
determine the Earth observations of the clocks lwhie placed in the satellites. GPS
design is based on the corrections of these ohs@amga The first man-made satellite
Sputnik was launched by The Soviet Union in 195fe Tadio transmissions of
Sputnik has been monitored at Johns Hopkins's Ag@ihysics Laboratory by two
American physicists, William Guier and George Waiftbach. They could pinpoint
the location of the satellite on its orbit becaak®oppler effect. The required heavy
calculations have been done in Applied Phsyics tatboy with the permission of he
Director. Guier and Weiffenbach were asked to itigate pinpointing the user’s
location on the earth by the deputy director of AR, Frank McClure. At the same
time the Navy was working on a project of submatmenched Polaris missile and
they needed to know the location of submarine. thath the Navy and APL worked
together and developed the Transit System. ARPAa(mred DARPA in 1972) has
played also a role in Transit’'s development in 1959

The first successful tests of Transit (first dagelnavigation system) have
been performed in 1960 by the United States Nawe &atellites have been used to
provide a navigational fix once per hour. Then WIN&vy worked on the Timation
satellite in 1967 and they could be able to loeateurate clocks in space which is a
necessary technology for GPS. Omega NavigationeBydtas become the first

worldwide radio navigation system in the 1970ss lbased on phase comparison of
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signal transmission from pairs of stations. Thegstesns showed that a more
universal navigation solution is required becausésdimited accuracy.

3.2.2.1.How GPS Locates Position

A GPS receiver recieves the signals sent by GRSlitss above the Earth
and calculates its position by timing the signalaaotly. The messages which

includes the informations listed below are broatezhsontinually by each satellite.

» the time ( when the message was transmitted)

» the satellite position ( at time of message trassin)

The messages transmitted by the satellite andvestdy the GPS receiver
are used to determine the transmission time of ssage and this time is used to
calculate the distance of the point on Earth fromgatellite by the help of the speed
of light. GPS receiver receives messages fromfdale satellites which it could see.
Each satellite creates a sphere of message trasmi&\nd all the satellite spheres
which transmits message to the GPS receiver irdenseone point on Earth. This
point gives us the location of the GPS receivelis T§ how navigation equations
compute the location of a point on Earth. Figurs63shows an example of locating
a point on earth with 3 satellites. At least thsegellites are required to designate a

location.
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DY
Figure 3.16. GPS Satellite Location

Then the calculated location is displayed with apnor the latitute and
longitude information of this point is used. Altitel information which is calculated
according to the height of satellite above the g@oay also be included as a data.
GPS section of integrated Remote Diagnosis modidatés the point and transfers
this information to the data management server.ldt&tion of the vehicle is stored

and brought in to use of different interfaces.
3.2.2.2.GPS Receiver Design

Main features of a GPS Module are listed below;

» Autonomous GPS receiver controlled by the followapgions:
Host Device
G24-Java

* Mini USB type AB connector

* SIM card holder

» 70 pin connector for G24 Module family connection

*  On/Off button

* UART1 (8 lines)

* UARTZ2 (4 lines)
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* The GPS Module Reference Design board is suppliddam external
antenna Cirocomm type: 0300130033A0800

The block diagram of GPS module is shown in Figule .

Host
Device /

Processor

| com1  com2 |

O 2N

U —‘
A
i )
T
G24-Java L
u
A
R
i
A |

GPS T
Module

Figure 3.17. Block Diagram of GPS Module (Dror, 2P0

Reference design board description for GPS madiwdkown in Figure 3.18.
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P100, 70 pin

Power Inputs 15, UART2 USB cotinaclor Bt
' A (i l g )
) '?r It §
- LA
5 _ |
GPS :
Shield L
® " p 1‘(\&1
]
st.onoff | | pe.aps | [ ss.aps \ Headset
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Figure 3.18. Reference Board Design of GPS Mo(nter, 2007)

The process flow diagram of a vehicle positionatory is shown in Figure
3.19.
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Figure 3.19. Process flow of Position Locating

3.2.3.GPRS Data Transfer Module

The data collected from the vehicle CAN networkoisvarded to the remote
control center over a GPRS module which is alsegrated to the remote diagnosis
board. GPRS is a kind of data communication laybickvis designed over GSM
transmission link. GSM (Global System for Mobile Mmunications) is a
communication standard which is developed by Ewanpd@elecommunications
Standards Institute (ETSI). ETSI developed thisndaad to define the
communication protocols for the second generat®) (digital cellular networks.
These are the networks which were used by mobitngh and the standard was

described to take the place of the first generati@h) analog networks. First it was
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developed to be a digital, circuit switched netwtwk a qualified voice telephony.
But by the time it has been improved for data ti@msommunications together with
voice telephony. The digital network data commutica started with circuit-
switched transport and then packet data transpert GPRS (General Packet Radio
Services) has been improved on this protocols.riateEDGE (Enhanced Data rates
for GSM Evolution) became a more efficient way dtal transfer on GSM,
especially for the data rates. In the last couplgears 3rd Generation Partnership
Project (3GPP) which is a partnership organisatietween the telecommunication
companies, has become together to make a thirdagere(3G) GSM based mobile
phone system. This has been a globally applicaldbilen phone communication
system. And now fourth generation (4G) mobile comioation is being developed
over 3G. This generation of mobile communicatiorstemn is to provide more
efficient internet access but not designed on GREmote diagnosis module sends
the data which is read from vehicle CAN networktb@ remote center as data

packets over GPRS.

3.2.3.1.How Data Sent Via GPRS

There are 8 time slots and 4 coding schemes. Besetcoding schemes (CS)
have different data transmission rates such askh@fs, 13.4 kbit/s, 15.6 kbit/s and
21.4 kbit/s. The total data rate is 171.2 kbit/sewfall these time slots and coding
schemes used. The connection is not occupied alirie, it is only used while the
data packet is being sent to the remote center.

GPRS data transfer system needs the below comizobasically;

*  GPRS modem connected application
* An active GSM/GPRS network
* A sim card with active GPRS service

* A remote center with access to internet.

The system requirements and the relationshipss sthown in Figure 3.20.

41



3. MATERIAL AND METHOD Muhammed Yakup YILMAZ

B 2

Application GPRS Module GPRS / Internet Remote
Center

Figure 3.20. GPRS Data Transfer Schema

In remote diagnosis module the firmware which réten in the GPRS data
transfer module drives the application. And the liappon activates the GPRS
connection and sends the data. When data reachles toternet via GPRS, remote
center takes part in the process and receivesatiaenhich is transmitted from GPRS
module.

A block diagram of GSM/GPRS module is shown inurgy3.21.
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Figure 3.21. GSM / GPRS Module Block Diagram (Op#ectronics, 2011)

GPRS data transfer module is integrated to thetemiagnosis module and
supplied from the integrated board. The commurocabetween the GSM/GPRS
module and the remote diagnosis is provided witt2F2Sserial communication
protocol. Data transmission speed is 300bps.

Remote diagnosis module will be integrated to gwvehicle if requested. The
storage unit in the module saves the data and $thmgm together to make a packet
data. After that data is sent to the remote cenéeGPRS. The vehicle data which is
decided by the remote center to be received, © freen CAN network continually
and stored to the memory unit. And the period ahsmitting the stored data is

controlled by the remote center due to the requargm

3.3.Remote Center
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A SQL based web server is designed to be usedera@e data management
center. SQL (Structured Query Language) is a sppuaipose programming
language designed for managing data held in aioekt database management
system (RDBMS) (International Business Machine)630 SQL consists of two
different pupose of languages. These are ;

« Data definition language

e Data manipulation language

SQL programming language is designed on the miesi of relational
algebra and tuple relational calculus. SQL is useoke a complete data management
system. The features of the language are insedatg, query, update and delete,
creating schema and data access control.

IBM engineers first developed SQL in the early A®7They called the
language as SEQUEL (Structured English Query Lagejuavhich is designed to
manage the data stored in IBM’s management sysiém.name SEQUEL then is
changed to SQL because of a same named trademark.

The data management center of remode diagnosiensyis designed with
Microsoft SQL 2008 which is also a ralational dasd management system
developed by Microsoft. The main purpose of thisteyn was to store and retrieve
data due to the requirements of other software iegpmns. These sofware
applications can be the ones on the same compsueh (as the current vehicle
manufacturer internet database), or the ones rgnminanother computer across a
network like internet (called as different useenfiéces in remote diagnosis system).
Microsoft bought first SQL code base from Sybasd. S@rver and entered to the
database market. And SQL Server 2008 was releaseflugust, 2008. The main
purpose of this version was to focus on the tunarganizing and maintaining the
data management by itself.

General architecture of the SQL Server 2008 isveha Figure 3.22.
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Figure 3.22. SQL Server 2008 Architecture (Jairi, 130

components listed above. The purposes of thesectmaponents in SQL server are

basically explained below and a simple block diagra shown in Figure 3.23. for a

SQL server has four main components which aredibelow;

Protocols

Relational engine (It is also called as the Quencessor)

Storage engine
SQLOS

All data which is sent to the SQL server shoulteriact with these four

better understanding.
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Protocolsare standing for the Entry and the Exit of the serThe requests
of the customer is received and translated forétetional engine. And the respond
from the server due to the customer request (€salt exists) comes out of this
component for the customer. In remote diagnossesy the Protocols meet the data
which is transmitted by the GPRS communication n®dnd converts it to an
appropriate format for the relational engine. Véhidata first meets Protocols
section of SQL server on remote center.

Relational Engineis standing for the main data processing unit efgérver.
The data which is converted by the Protocols seai@accepted in relational engine.
The relational engine checks this data and deeuthed to do with it according to the
designed algortihm. The data which is transmittedhle remote diagnosis integrated
module is managed in this section. Vehicle data agament system basics are
created in here.

Storage Engines standing for the memory unit of the server. @h& which
is executed by the relational engine is sent tostioeage engine if required. This
component manages all data access. Vehicle datdvughiransmitted by the Remote
Diagnosis integrated module is saved and storéaisrsection.

SQLOS Layeris standing for the operating system of the ser&irsystem
activites including memory management, thread mamagt and synchronization
are handled by this section. This component is@alieworking for the server itself

on the background.
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Figure 3.23. SQL Server Components and Tasks
3.4.Data Flow and Data Management

The data which is flowing in vehicle CAN line isceived by the remote
diagnosis integrated module and served to the sadwho is related with the data.

The transmission of the data begins in the vemelgvork and first received by the

CAN communication section of Remote Diagnosis Medulhe received data is
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converted to a GSM/GPRS data format to be ablertbtirough GPRS data transfer
section of Remote Diagnosis Module. The data whghransmitted by GPRS
module is received by the web server which is the#aace of the Remote Data
Management Center. The data is processed in theteesenter and served to the end
user with proper interfaces. The entire system whécexamined in this study is
shown as a block diagram in the Figure 3.24.
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Figure 3.24. Remote Diagnosis System Data Flow faiag
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3.4.1.How Remote Diagnosis Module Reads Data From Vehic@AN

All the CAN messages which are flowing in vehi€@lAN Bus are called as
“data” in this study. These messages can be soitneefanessages which belongs to
the several ECUs or real time vehicle informatioessages which gives idea about
the conditions of the vehicle. Vehicle CAN Bus is apen network and all the
messages are available to the any demanding (esespre messages). Remote
Diagnosis Module is connected parallel to vehichNGdine as an ordinary ECU and
became a part of the network. And then all the GA®&ssages began to flow into the
module too. The requested messages such as theefaibdes or some specific
information messages are selected and these mesaegeonverted into a proper
format for GPRS data transfer.

The failure messages of engine ECUs are stanBawth engine broadcast the
same CAN message to the network. That's why firstlleengine model is read from
the CAN line and then failure message. The meanofgthe failure codes are
standard but the explanations about the failurgeemi#s on the brand. Because of
that the failure codes analyzed by consideringethgine model. An example of an
engine Diagnostic Trouble Code CAN message is showingure 3.25.
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3.4.2.How Remote Diagnosis Module Sends Data To Remote r@er

The data which is received by CAN communicatiordaie is transmitted to
the remote center in packet data format. This pgadega includes the message
received from vehicle CAN network and some moreialehFigure 3.26. shows the
packet data format to be send over GPRS.

GSM/GPRS PACKET DATA

1D DATA1 DATA 2 ....DATA N
VIN
VEHICLE LOCATION

||||||||||||||||||||||
.....................

: CAN MESSAGE FROM -
THE VEHICLE

----------------------

Figure 3.26. GPRS Packet Data

Each part of this packet has its own purpose amehwemote center receives

the data packet, classifies due to the sectorsepses and stores in the database.

3.4.2.1.1D

The first sector ID determines the name of thea.d#ét this study VIN
(Vehicle Identification Number) is sent as the I® the remote center. Vehicle
Identification Number (VIN) is mostly known as Cbk&s Number. Every
manufactured vehicle has its own VIN given by thenofacaturer. All the
information about the vehicle is kept in the maetdeer’'s internal database due to
the VIN. This number is also written on the ECUsilevlthe installation in the
production line. When you read the CAN messages fitme CAN line of the bus
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VIN is also received from the network. By the VINetvehicle which the failure

code or the real time information is received frasrknown. The data is stored in the
remote center due to the VIN and it is matched witl internal manufacturer
database. When somebody needs to check somethog #iis vehicle the only

required information will be the VIN.

3.4.2.2.Vehicle Location By GPS

The longitudes and the latitudes are receivedheyGPS module while the
data transmitted to the remote center. The vehdaglation is also learnt with this
information and stored to the database on the mementer. It is named as datal in

this data packet.

3.4.2.3.CAN Message From The Vehicle

This sector is for the main data in this studye Tailure code or the vehicle
information (such as the speed of the vehicle)@msmitted to the remote center in
this sector.

An example of what is sent to the remote centehavn below;

ID : NLTRJUA8L01010067
LOCATION : Latitude 51°0N

Longitude 04°2&
CAN MESSAGE : 18FECAQ00x

The process flow of GSM/GPRS data transmissi@masvn in Figure 3.27.
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Figure 3.27. GSM/GPRS Data Transmission Flow Chart
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3.4.3.How Remote Center Receives And Stores Data

The data which is transmitted from the remote wesgs module is first
received by the web service of the remote centeab Bérvice receives the data and
classifies due to the ID. If it is an active diagho trouble code, the responsible
people are informed. If it is just an ordinary infation to be stored, it is sent to the
database. All these management is provided wittdaa management interface
which is in communication with the web service dhe database. The components

of the remote center and the relationship betweemts shown in Figure 3.28.

MANAGEMENT
CONSOLE I
-\ \

USER INTERFACES

SQL DATABASE

Figure 3.28. Remote Center System Structure

Web Service, Management Console and SQL Datalmsrajes the Remote
Center. Web service is the first communication isacwith the remote diagnosis
module. SQL Database stores the data and ManageDmsole processes every
data and manages all the info. The process flowhi@remote center data receiving

ana managing is shown in Figure 3.29.
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Figure 3.29. Remote Center Data Flow and Management
3.4.4.Analyzing The Received Data On Remote Center
This CAN message (engine diagnostic trouble cbds)a meaning about the

failure. These informations are classified as SRM &MI. This message is
converted to a packet data format and included timobatch which will be sent to

55



3. MATERIAL AND METHOD Muhammed Yakup YILMAZ

the remote center. Due to the data managementtaigothis can message will stand
for and engine failure and lead the user to proesequired.
The message that we receive from CAN line candman information about

the real time vehicle conditions. Such as ;

* Speed of the bus
* Engine coolant liquid temperature
* Revolution of the engine

* Average running time of the engine ... etc.

In this study a data management system is createthe remote center.
When an active failure which means a dangeroustsin is received from the
remote diagnosis module the reponsible people areed with different interfaces
such as e-mail.

And also in the same database selected vehiabeniation data is stored to
be able to used for different purposes such agduesigns. As an example if the
information data listed above are stored periotlic@bm the vehicle which are in
different regions, a foresight can be achieved atlmitopography of the region and
the usage of the vehicle. These informations apeedtand served to the users
anytime and will help to classify the future vebialesign configurations. As an
example; if the engine coolant liquid and the ratioh of the engine is always more
than the average values, it means that the velsalenning on a mountain region.
And the new vehicle model which will be designed fobis region will have an
engine with more torque according to the previaws. o

The data which is received by the remote centeludes the data group

below;

* VIN (Read from vehicle CAN line
* Location (Received from GPS module)
» Data (Failure or vehicle information which is rdfamm CAN line)

« Date of occurence (Read from CAN line together \lglea)
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This data receives to the remote control centen diseir real format and are
sent to the database which is also classified duthi$ data format. The database

stores these informations under the titles;

« VIN
* Vehicle Class
* Vehicle Model

e Territory
* Country
 Day

* Month

* Year

e Time Interval

« Component

e Priority

* Failure Code

* Code Explanation

» Selected vehicle information (such as “Engine Cablemperature”)

* Response State

Two sample databases for vehicle failures andclelimformation are shown
in Figure 3.30. and Figure 3.31.
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Figure 3.30. Sample Received Failure Database
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Figure 3.31. Sample Received Info Database
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All these data are serviced to the opearator willaa Management Console
and the operator processes the data with this tmriSach operator has got his own
authorization. For example; some operators araveliioto delete the failures some
not. So in the main page it is asked for the operatcess information just like

shown in Figure 3.32.

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

&

USER myyilmaz
LOG IN

PASSWORD

Figure 3.32. Management Console Login Page

After log in the main page gives you eight functiouttons. These buttons

control different parameter filtering types.
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

@

SEARCH BY ONE OF THESE ITEMS myyilmaz
‘ VIN ‘ ‘ VEHICLE MODEL ‘ REGION DATE ‘
VEHICLE INFO CURRENT STATE

‘ COMPONENT ‘ ‘ FAILURE

Figure 3.33. Management Console Main Menu

The data can be filtered according to the all fdsscombinations in the
management console. The data or failures can bedlisy typing in a VIN, or
selecting a special country. A combination withoartry and a vehicle model can be
also displayed. This ability allows us to analyzdata or a failure and helps us to
have an idea about the failure, vehicle configorgtior topography of the region.

Each function button is explained;

VIN means the Vehicle Identification Number (as exm@dirin previous
chapters). When this function button is selectédddtha received failures and all the
received vehicle information can be displayed #stalt only lists according to the
entered VIN.
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

TEMSA

ENTER VIN

NLTRITABLD1010123
NLTRJTABLD1010123

L.
NLTRJTABLD1010129 ES
NLTRJUASLO1010067
NLTRJUASLO1010068
NLTRJUASLO1010069

NLTRJUASLO1010071

NLTRJUASLO1010072
NLTRJUASLO1010073

'NLTAPL551L01000061

NLTAPLS5L01000063

Figure 3.34. VIN Based Searching Failures 1

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

R

ENTER VIN
NLTAPLS5L01000060 ~

RECEIVED FAILURES
VEHICLE VEHICLE
VN i b TERRITORY  COUNTRY DAY MNTH YEA TIME €o
» NLTAPLESLIMDO00G0 | TOUR Lo EUROFE TURKEY 2 |11 013 |220022:30 TRAN

Figure 3.35. VIN Based Searching Failures 2

VEHICLE MODEL button is standing for filtering according to thehicle
Class and the Vehicle Model. Vehicle data can beréd for a class (such as Tour
Class which is used for intercity passenger trartspar only for a specified vehicle
model can be the reference for filtering the data.
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

TEMSA
VIN COUNTRY
RECEIVED FAILURES

iLD-SE
LD
MD8IC

Figure 3.36. Vehicle Model Based Searching Faildres

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE
@

TEMSA
VIN COUNTRY VEHICLE MODEL
. ~ AVENUELF -
RECEIVED FAILURES
VEHICLE &%‘E{E TERRITORY COUNTRY DAY MNTH YEA TIME COMP
08:30-09:00
16:30-17:00

il CLASS 1
NLTRJUASLOT010068 | TOWN ELROPE GERMANY
[NLTAPLS5LO1D00065 | TOWN AVENUELF ELROPE ALY

| — |

Figure 3.37Vehicle Model Based Searching Failures 1
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REGION includes both Territory and Country for the classifion of the
failure. A specified country or a region on the ldocan be selected to display the
received vehicle datas. As an example the data rgprfrom Germany can be
displayed but at the same time it can be filteredarope which includes Germany

and some more countries.

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

o i

VIN COUNTRY

-

RECEIVED FAILURES

SWITZERLAND
NETHERLANDS
UsA

YRIA
NETHERLANDS
URKEY
USA
BELGIUM
USA
FRANCE
ITALY
NETHERLANDS
ISRAEL

CAMEROQON
SWEDEM

Figure 3.38. Country Based Searching Failures 1
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

P

TEMSA
VIN COUNTRY
~  BELGIUM =
RECEIVED FAILURES
VIN RS HERE TERRITORY ~ COUNTRY  “ DAY MNTH TIME YEA comd
» | NLTRIUABLD1010067 | TOWN MD 3 LE EUROPE [rrance P 1 10:30-11:00 2013 ENGI
NLTRIUASLDT01006 | TOWN AVENUECNG | EUROPE FRANCE 1 B 1200-12:30 2013 ENGI
NLTAPLESL01000084 | TOWN MDSLE ELROPE FRANCE 12 5 2002230 201 BRAK

m

Figure

DATE stands for the data receiving time for the filigti A specified date, a

3.39. Country Based Searching Failures 2

month, a specified preiod of time... etc can beael for filtering the failures or

data. According to the occurence date and timai@ire or data, currency of data is

followed.
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

TEMSA

VIN COUNTRY VEHICLE MODEL DAY  MONTH YEAR
= = -1~ 4 - @8 v

RECEIVED FAILURES

Figure 3.40. Date Based Searching Failures 1

TEMSA

VIN COUNTRY VEHICLE MODEL DAY  MONTH YEAR
- - w1 v 4 - 23 -

RECEIVED FAILURES

ORY COUNTRY DAY MHNTH YEA TIME COMPONENT PRIORITY CODE EXPLAMATION RESPOND

14:30-15:00 ENGINE 48 Coolant Level - Data Valid But Below Normal Op,.. | NO

System Voltage High

] d ¥

Figure 3.41Date Based Searching Failures 2

COMPONENT based on searching means to filter the data acwptdi the
vehicle components such as engine, transmissiakel®ystem.. etc. As an example
when all received failures or data are filteredoadimg to a specified vehicle model
and a vehicle component, the behaviour of this aomapts on that specified model
can be observed with real values.

66



3. MATERIAL AND METHOD Muhammed Yakup YILMAZ

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

&

TEMSsA
VIN COUNTRY VEHICLE MODEL DAY MONTH  YEAR COMPONENT
= - = - - = =

RECEIVED FAILURES

Figure 3.42. Component Based Searching Failures 1

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

TEMSA

VIN COUNTRY VEHICLE MODEL DAY  MONTH YEAR  COMPONENT
= = =] - = ~ ENGINE -

RECEIVED FAILURES
VEHICLE VEHICLE

VIN | VS ELED TERRITORY ~ COUNTRY DAY  MNTH  YEA  TIME COMPONENT ~ FPRIORMTY  COD
» |[NLTRIUABLO1010067 | TOWN MD 8 LE EUROPE FRANCE 2 1 w3 [1n30y00 ENEHE ¢ 11
| NCTRIUASLOT0T008S | TOWN AVENUE LF EUROPE GERMANY |5 2 2013 |02:30-09:00 | ENGINE 1 115
NLTRIUASLO1010063 | TOWN AVENLECNG EUROPE FRANCE 4 3 23 | 12001230 |[ENGINE 2 125
[NLTRIUASLOT0T0070 | TRIP MD3IC LsA s 1 4 M3 | 1430-15:00 |[ENGINE 1 148
| NLTRUABLOT010071 | TRIP PRESTL SD EUROPE BELGIUM 14 5 003 |12:0012.30 | ENGINE 2 168
*

< [ 1 »

Figure 3.43. Component Based Searching Failures 2

FAILURE CODE based searching stands for to the reference oféadlode,
code explanation and the priority of the code. Ange can be checked due to the
priority or a common failure can be observed invahhicles by filtering due to the

code.
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE
TEMSA

VIN COUNTRY VEHICLE MODEL DAY  MONTH YEAR  COMPOMENT PRIORITY ~ RESPONSE  CODE
- - - - - - - - YES ~ [H -

RECEIVED FAILURES

Figure 3.44. Code Based Searching Failures 1

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

&

TEMSA
VIN COUNTRY VEHICLE MODEL DAY  MONTH YEAR COMPOMENT PRIORITY RESPONSE  CODE
T + = o T = = = - @ =
RECEIVED FAILURES
TERRITORY COUNTRY DAY MNTH YEA TIME COMPONENT PRIORITY CODE EXPLANATION RESPOND
3 EURCOFE BELGIUM 3 5 2014 14:30-15:00 | ENGINE | Goulanl Level - Data Valid But Bel NO
EURCPE ITALY 13 8 2013 14:30-15:00 | ENGINE 1 148 Coolart Level - Data Valid But Bel YES
usA usA ] 4 2013 14:30-15:00 | ENGINE 1 148 Coolant Level - Data Valid But Bel NO
EURCFE LITHUANIA 22 5 2014 14:30-15:00 | ENGINE 1 148 Coolant Level - Data Valid But Bel YES
NON-EUROPE | ISRAEL 25 7 2014 14:30-15:00 | ENGINE 1 148 Coalant Level - Data Valid But Bel NO

« . v

Figure 3.45Code Based Searching Failures 1

VEHICLE INFO means the data which is received from the vehisle a
vehicle parameter. This information doesn’t mearaetive diagnostic trouble code
or not a failure at all. But it gives idea abou¢ trehicle conditions such as engine
speed, coolant temperature, oil temperature... Wteen a report is created about
these parameters, the fault which occurs on thizheetan be evaluated better.
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSCOLE

LIST INFO1 VEHICLE SPEED

INFO2 ENGINE RPM
INFO3

Figure 3.46List Vehicle Speed & Engine RPM 1

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

&

TEIVIS.A

&

[ ust ] INFO1 VEHICLESPEED | TEMSA
INFO2  ENGINE RPM|
INFO3
RECEIVED VEHICLE INFO
| VIN :E;‘éCSLE ;%}B‘&E TERRITORY COUNTRY DAY MNTH YEA TIME gEEEDLE ENGINERPM —
| neTRIuAsLo1010087 | TOWN [MosLe | euRore FRANCE |2 1 2013 |1030-11:00| 105 2000
| NLTRIUAELO1010068 | TOWN | AVENLE LF | euroPE GERMANY |5 2 2013 |08:30-08:00 |25 1550
S nURiuAsioiooss TOWN FR/ 4 E ‘ 112001230 30 ;
| NLTRIUABLO101D07D | TRIP [Mpsic |usa usa 1 4 2013 |14:30-15:00 |55 1250
| nCTRIUAELO101007T | TRIP |PRESTI 5D EUROPE BELGIUM 14 5 2013 |12001230|70 1360 =
| NLTRIUASLOT010072 | TRIP | | uroPE SWITZERLAND |1 1 2013 |210021:30 |72 1350
|[nLTRIUASLO1010073 | TRIP |tose |eurore | NETHERLANDS |25 7 |2013  [23002330|43 11750
|| NLTAPLESLOT000057 | TOUR |mos usA usa 1 8 2013 [183019:00| 12 1800
|| NLTAPLS5LOT000058 | TOUR |sarm NON-EUROPE | SYRIA 4 3 2013 |2030:21:00 |58 1865
| NLTAPLS5LO1000058 | TOUR |HDc12 | uroPE NETHERLANDS |15 5 2014 16301700 65 1250
|| NLTAPLS5LOT000060 | TOUR o |euroreE |TuRker |3 " 3 22002230 (82 [1360
|| nLTAPLE5LO1000081 | TOUR |Ts30 |usa usa s 12 2013 [18:3019.00|53 1350
|| NLTAPLSSLOTOD00S2 | TOUR |Ts3s EUROPE BELGIUM 12 1 2013 |21002130 |69 1750
| NLTAPLE5LO1000063 | TOUR |T545 |usa usa |15 5 2014 22002230 43 1800
|[NLTAPLS5LOTD0002 | TOWN |mpsLe |eurore |FRANCE kB G |2014  |22002230 (85 2020
|| NLTAPLESLO000065 | TOWN | avenUE LF | uRoPE ITALY |22 7 2014 |163017.00 |92 1865 !
. "

Figure 3.47List Vehicle Speed & Engine RPM 1

CURRENT STATE is stands for defining the open or close casesfdilure

has been solved on the vehicle or when a respengen back to the vehicle, the
current state is defined as close. The receivéaréai list can be filtered based on not

reponsed cases in a country and by this way amalbvist about a country can be

created.
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

&

TEMSA
VIN COUNTRY VEHICLE MODEL DAY MONTH YEAR COMPONENT PRIORITY RESPONSE
= = == [ = & 5 5 -

RECEIVED FAILURES

Figure 3.48. Response Based Searching Failures 1

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

€

TEMSA
VIN COUNTRY VEHICLE MODEL DAY  MONTH YEAR COMPONENT PRIORITY RESPONSE
= = = - = = - - =
RECEIVED FAILURES
;’S% TERRITORY COUNTRY DAY MNTH YEA TIME COMPONENT PRIORITY CODE EXPLANATION RESPOND
4 ENUELF EUROPE GERMANY 5 2 23 08:30-09:00 | ENGINE 1 15 Intake Manifold 1
ENUE CNG EUROFPE FRANCE 4 3 2013 12:00-12:30 | ENGINE 2z 125 Intake Manifold 1. | NO
5iC EUROPE NETHERLANDS |1 4 2ma 14:30-15:00 | ENGINE 1 148 Coolant Level - D... [NO
Ic EUROPE SWITZERLAND |1 4 2013 21:00-21:30 | TRANSMISSION |1 3008 System Voltage ... |NQ
5B USA USA 23 7 2013 23:00-23:30 | TRANSMISSION |1 o7 Actuator Supply ... |NO
5 USA USA 1 8 M3 18:30-19:00 | TRANSMISSION |2 mse Pressure Control NO
EUROPE TURKEY 8 " 23 22:00-22:30 | TRANSMISSION |1 3126 Gear Shift Modul... |NO
30 EUROPE NETHERLANDS |9 12 203 18:30-19:00 | TRANSMISSION |1 3103 Kickdown Input ... | NO
35 EUROPE BELGIUM 12 4 2013 21:00-21:30 | TRANSMISSION |2 3079 Engine Coolant T.. NG
45 USA USA 15 5 204 22:00-22:30 | BRAKE CONTROL |1 4503 Wheel Sensor A... |NO
5iC EUROPE SWEDEN 330 12 204 20:30-21:00 | SUSPENSIONC... |2 6083 Pressure sensorf... | NO

Figure 3.49. Response Based Searching Failures 1

Some filtering combinations are shown in Appendix 1
LAYOUT function stands for sending e-mails or printing fiteered list.
When the list is needed to be sent to somebodyoelgest needed to be printed out

to be saved as a harcopy the layout function igabla under every list.
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The flow chart of the filtering progress of DataahMhgement Console is
shown in Figure 3.50This flow process flow explains basically the backomd

working principle of Data Management Console.
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Log in

¥

Select how to search

Search by VIN
selected?

¥

YES Check the
¢ selection

Type in VIN

kL

Maore than one
selection made?

List data due to VIN MO

YES

v

List data due to List data due
combination to selection

EMND

Figure 3.50. Data Management Console SearchingeBsdelow
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4. RESULTS AND DISCUSSION

As a result of this study implementation of Rem@tgnosis Module
(REDI) and design of Data Management System haee lhehieved successfully.
REDI board is integrated to the vehicle multiplgstem. The adaptation of REDI to
the vehicle multiplex system has been tested féfereint vehicle models, with
different type of CAN messages.

A CAN analyzer software has been used to createalrvehicle data
messages. The messages have been sent to remtae lmeithe help of a GPRS
module. All type of CAN messages including theuesl codes and the vehicle real
time conditions have been sent to the remote camghas never seen any problem
of the data transmission.

Tests have been performed while the vehicle warsdgtg still and also while
the vehicle was on the road. The data transmissassuccessful for both these two
conditions. The location of the vehicle has beeneated successfully while
performing GPS module test in different locations.

All steps of developing a data management systave heen realized with
this study. The specifications of the basic systattions have been decided. The
integration of REDI to vehicle network and remaepte center has been developed
and tested. A database have been created and theuwucation between this
remote center and the vehicle have been tested seibral data banches. There
haven't been any problem on database and server.

The entire system data management system havetbsta with several
failure and information messages which are trariethiby REDI. Possible field
events have been classified and simplified accgrtbrthe feedback received from a
local bus& coach manufacturer. These possible svevdre included into the
management system, the progress on the managegstemsdue to these events
have been tested and the user satisfaction ofeimete center has been observed
successfully.

REDI board has been connected to the test veflielmsa Safir) as shown in

Figure 4.1. and Figure 4.2.
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b )

’

Figure 4.1. Test Vehicle (Temsa afir)
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Y -
-

e il A
he Vehiclarkhkss

-

to t

pe
P B

Figure 4.2. REDI Board Integration

After REDI is integrated to the bus successfubficle real time information
have been observed while the vehicle is standitigAfter REDI is connected to the

vehicle multiplex system all CAN message begindlda over REDI too. Some
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informations such as engine RPM, engine coolantp&ature, etc. have been
observed through REDI.

There is always a data flow in vehicle CAN lineilwtthe power is on and
REDI reads these messages always too. But thetrdatsmission with the remote
center is provided when there is and active faildisgnostic code or a requested
vehicle information. A failure message has beerateck on vehicle to perform a
failure message transmission test. As an exampeirttake air pressure sensor
electrical connector has been taken out and ameadiagnostic trouble code was
created. CAN message explanation of the failureclwis read with CAN analyzer
software is shown in Figure 4.3. SPN and FMI exaleoms of the active diagnostic

trouble code is seen in figure.
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0000 66 0004 00 00 00

8

=
=]
5
[
==]
e

53806899 CA...

Figure 4.3. Active Diagnostic Trouble Code by CANalyzer

International standard failure codes have beegmedtwith a special

manufacturer diagnostic trouble code. The apperahtiee related active diagnostic
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trouble code on vehicle’s instrument cluster isvaman Figure 4.4. These codes are
stored in database as a table. The related pthrisofable is shown in Table 4.1.

ENGINE

TEMSA DTC NO

111 EXIT

Figure 4.4. Active Diagnostic Trouble Code on lastent Cluster

Table 4.1. DTC 111 Explanation

SPN FMI Temsa DTC | Manifacturer | Definition

Intake Manifold 1 Pressur
Sensor Circuit - Voltage
below normal, or shorted to
102 4 111 CUMMINS |low source. Low signal
voltage or open circuit
detected at the intake
manifold pressure circuit.

D

This message was received from the vehicle CAM ot by REDI and sent
to the remote center. The remote center receivesctide “111”, checks on the
database and sends a warning message to the rédg®Es it is shown in Figure
4.5. and Figure 4.6.
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Figure 4.5. Warning message DTC 111
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( mfold 1 Pressure Sensor Circuit -

Voltage below normal, or shorted to Iow
| ‘so‘urce Low 5|gna‘l voltage or open

Figure 4.6. Warning message DTC 111 on Mobile Phone
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The active diagnostic trouble code “DTC 111" hagaly been sent to the
responsible e-mail addresses. The next step optbrsess is to display and analyze
the active diagnostic trouble code in Data Managen@onsole. The responsible
people have received the e-mails to be warned ateuactive diagnostic trouble
code. The same process has been set off by thatopénrough the Management
Console. The all received failures in the remoteterehas been listed and DTC 111

which has a 1st degree priority has been obserydldeboperator. (Figure 4.7)

[ wusTFALURES @

[ LIST INFO myyilmaz

RECEIVED FAILURES

COUNTRY DAY  MNTH  YEA  TIME COMPONENT ~ PRORITY  ~ CODE EXPLANATION i

[LITHUANIA z 5 [2m4 [1a3os00  [Enaine [1 [142 [ Coolant Level - Data Vlid But Below Normal Operating R|

ISRAEL P 7 [201¢  [1a3n1500  [ENGINE 1 [128 | Coolant Level - Data Vil But Below Normal Gperating R|

ITALY 13 8 2013 14:30-15:00 ENGINE 1 148 |Coolart Level - Data Valid But Below Nomal Operating FKEE
I | GERMANY 5 2 2013 |08:3009.00 ENGINE 1 115 Intake Manfold 1 Pressure -Abriomal rate of changs. |

UsA 1 P 013 |14301500 ENGINE 1 128 | Coolznt Level - Dt Vld But Below Nommal Operating R

SWITZERLAND 1 3 (2013 [21:0021:30 |TRANSMISSION |1 300 | System Voltage High

NETHERLANDS |29 7 [2;3 |zzoo2s30 [TRanswisson |1 [3017 [ Actuator Supply Voltage 1 High (HSD 1 batl)

Figure 4.7DTC 111 On Management Console

There are several ways for the operator to procdsalit this diagnostic
trouble code. First one is to inform the respomsipkople with an e-mail again.
Operator decides to inform a authorized workshophm location that the failure
occurs. And the authorized workshop related aresablean informed with an e-mail

through the management console.
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@

| LSTFAILURES |
TEMSA

\ LIST INFO | myyilmaz
RECEIVED FAILURES
TERRITORY COUNTRY DAY  MNTH  YEA  TIME COMPOMENT  PRIORITY ~ CODE  EXPLANATION
| EuRoPE |ITaLy 13 8 |2m13 14304500 | ENGINE B 148 | Coolart Level - Data Vaiid Bt Below Normal Ope(= |
I8 2 |3 213 10301100 |ENGINE & m | Intalee: Marifold 1 Pressure: Sensor Circuit - Votiag
EUROPE | GERMANY 5 |2 |2m3  |os:3009.00 | ENGINE 1 115 | Intake Marifold 1 Pressure -Abnomal rate of cha
EUROPE | FRANCE |4 |3 |2013 12001230 | encine 2 125 | Intake Marifold 1 Tempersture -Data Vaiid But Br
|| usa |usa " 4 |2ma 14309500 ENGINE 7 148 | Coolart Level - Data Valid But Below Nomal Ope
- } } - } } } <
« [ i | b

TYPE IN E-MAIL ADDRESS

SEND TO REPONSIBLE [suopor @dcg com]

Figure 4.8. Send Warning to the Responsible

Another function on the management console wastal & warning to the
driver. It depends on how dangerous the failurdfig.is an urgent issue, playing a
warning sound command was sent to the vehicle flmmmthe driver and he was

warned that this is a safety issue.
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@

TEMSA
LIST INFO myyilmaz

RECEIVED FAILURES

TERRTORY ~ COUNTRY DAY  MNTH  YEA  TME  COMPONENT  PRIORTY = CODE EXPLANATION i

EUROPE ALy 3 s 12013 | 14:30-15.00 | ENGINE |1 |148 | Caolart; Level - Data Valic Bt Below Normal Op| 5 |
» 2 | ‘ 1030-11:00 | ENGINE [1 l | intake Manifold 1 Pressure Sensar Cireuit - Vot

EUROPE GERMANY 5 2 2013 |08:3009.00 | ENGINE 1 |15 | ntake Manifold 1 Pressurs -Abromal rate of ch

Usa USA 1 4 23 14301500 ENGINE [ 142 | Coclart Level - Data Valid But Below Nommal Op

EUROPE SWITZERLAND |1 4 12013 |2100-21:30 | TRANSMISSION |1 13008 | System Vohage High 3
< : | ‘ i - | : 3

TYPE IN EMAIL ADDRESS

SEND TO REPONSIBLE
DURATION OF BUZZER SOUND
SEND ALARM TO DRIVER =

Figure 4.9. Send Warning to the Driver
In an other test performance receiving the vehicd®rmation by the

management console has been performed. The failbich was received from the
vehicle was DTC 3079 “Engine Coolant Temperatunes8e2 Circuit High”.
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@

TEMSA
LIST INFO myy“maz
RECEIVED FAILURES
DAY MNTH YEA TIME COMPOMENT PRIORITY CODE EXPLANATION =
9 | 12 |2€l13 18:30-19.00 TRANSMISSION |1 2109 Kickdawn Input Switch Circuit
- | 21:00-21:30 TRANSMISSION |2 Engine Coolant Temperature Sensar 2 Cireutt High
15 i 2014 iZZ[H}ZZ 30 BRAKE CONTROL |1 4503 Wheel Sensor ABS fude 2 Left / specialinstructions ‘__ |
18 (] 2014 EZZ.DD-H 30 BRAKECONTROL |2 4915 Wheel Sensor ABS Axde 3 Left / voltage sbove nomal or shorted high
2 3 2014 16:30-17.00 BRAKE CONTROL |1 4931 Pressure Maodulgtion Valve ABS Ade 1Left / voltage above nomal or sho
t
4 | . | »
TYPE IN E-MAIL ADDRESS
'SEND TO REPONSIBLE
DURATION OF BUZZER SOUND
SEND ALARM T0 DRIVER

Figure 4.10. DTC 3079 On Management Console

The operator analyzed the failure and decideck¢eive the Engine Coolant
Temperature information for a whole day from thehicle.

LIST FAILURES @

TEMSA
LIST INFO n'wm]az
RECEIVED FAILURES
JHHCLE TERRITORY ~ COUNTRY DAY  MNTH  YEA  TIME COMFONENT  PRIORITY ~ CODE  EXPLANATION i
TS 30 usA |usa s |12 1201312301900 | TRANSMISSION |1 3105 |Kokedonn Irput Switch Croot. [
|BELGIUM 4 21.00-2130 TRANSMISSION |2 Engine Coolart Temperzture Sen. [
TS 45 Usa UsA 15 5 2014 | 2200-22.30 | BRAKE CONTROL |1 4303 |Wheel Sensor ABS Ade 2 Left /...
MD 3 LE EUROPE FRANCE 12 6 2014 22002230 | BRAKE CONTROL |2 4915 |Wheel Sensor ABS Ade 3 Left /v..
AVENUE LF EUROPE ITALY 2 7 014 | 16:30-17.00 | BRAKE CONTROL |1 4931 Pressure Modulation Valve ABS A.
4 [

m |

TYPE IN E-MAIL ADDRESS

SEND TO REPONSIBLE
SEND ALARM TO DRIVER
SELECT INFO YOU REQUESTED
REQUEST INFO FROM COOLANT TEMPERATURE]

DURATION OF BUZZER SOUND

Figure 4.11. Request Info From Vehicle Function
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The requested info “Coolant Temperature” onlytfos vehicle is received by
the remote center and displayed on the manageroasble.

RECEIVED VEHICLE INFO

0N L PHRLE T [

TEMFERATURE

v [ e LssLoioos2 | TouR [Ts35 EUROPE [BeGiuM |15 |4 [22  [eoeoean[es

2 |NLTAPLSSLOT00062 | TOUR T35 EUROPE e 15 |4 203 oonooea0|en

3 NLTAPLSSLOTONO362 | TOUR 1535 EUROPE g |5 s 2oz oowmen|w

4 NLTAPLSSLOTO00062 | TOUR 53 'EUROPE leEGIM |15 4 013 |110011:30 | 104

5 NLTAPLSELOTO00362 | TOUR [Ts35 EUROPE g 15 |4 lon 12001230108

§ | NLTAPLSSLOT0006? | TOUR T35 |EuroPE e |15 4 o3 aoeam|s

7 | NLTAPLSSLOT000%2 | TOUR 135 EUROPE leaiw 5 s lorn rane1430|s

B NLTAPLSSLOTDOON62 | TOUR 1535 EUROPE leaw |15 s 315001530 | 102

ingure 4.12. Coolant Temperature From Vehicle NLTB$1.01000062

The operator checked engine coolant temperatuteevalue to the time in

the same day and analyzed the failure DTC 307%bas¢hese parameters.
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5. CONCLUSION AND FUTURE WORK

In this study, remote diagnosis system (REDI) &oicommercial vehicle
which is designed on CAN Bus architecture, werealistll by using the present
technologies. A vehicle data management systemhahiauld suggest a solution to
a very important aftersales services requiremeastéist response to a failure on the
field”, is developed. A sample test for REDI Datam&gement System has been
achieved. The test drives of the vehicle with timegrated module and the
management of the remote center have successadly tompleted.

During the study, the hardware and the firmwardREBDI which is used to
communicate with the vehicle CAN Bus, receive theNdnessages and send data to
remote center, were studied. Some difficulties Whiave been faced during the
banding together study of CAN Communication Mod@#S Module and GPRS
Data Transfer Module, have been handled succegsfull

The system has been evaluated as one of the stomes of the aftersales
services products. Especially for the commercidlicsle manufacturers who doesn’t
have a wide aftersales network. Easy and effiamegration of the module to the
vehicle has been designated as the most usefidatkastic of the system. It can be
applied to all commercial vehicles with CAN Bus hrology with a proper
modification.

In the future, data management system of thisystad be simplificated and
bring in compliance with the usage of smaller fialtworks such as local transport
companies. And also the data storage and the maesgeof the system can be
improved and be used as an international advicteceior the future designs of any

commercial vehicle manufacturer.
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Appendix 1 : Several Combinations of Searchingufag and Information on
Management Console

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

P

TEMSA

VIN COUNTRY VEHICLE MODEL DAY

+ MNETHERLANDS ~ LDSB L4 -

RECEIVED FAILURES

Model & County & Component Combination Sample 1

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

&

TEMSA
WIN COUNTRY WEHICLE MODEL DAY MONTH  YEAR  COMPONENT PRIORITY
~ NETHERLANDS ~ LDSE - - - - (SR - =
RECEIVED FAILURES
VIN VEHICLE VEHICLE

M'Ci].EL TERRITORY COUNTRY DAY MNTH YEA TIME COMPONENT PRIORITY

Model & County & Component Combination Sample 2
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

TEMSA

WIN COUNTRY VEHICLE MODEL DAY MONTH YEAR COMPONENT PRIORITY

g = v = v 2 | <]

RECEIVED FAILURES

Priority Based Searching Failures 1

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

TEMSA
VIN COUNTRY VEHICLE MODEL DAY MONTH YEAR COMPONENT PRICRITY
- - - - - - * 1 -
RECEIVED FAILURES
TERRITCRY COUNTRY DAY MNTH YEA TIME COMPONENT PRIORITY CODE EXPLANATION

NON-EURGFE TRAI ON 3 Lost Communication with ECM / PCM
EUROPE TURKEY 8 il 2013 22:00-22:30 | TRANSMISSION 1 3126 Gear Shift Module 2 Invalid Data
EUROPE NETHERLANDS |§ 12 2n3 18:30-19:00 | TRANSMISSION 1 3108 Kickdown Input Switch Circuit

UsA usa 15 5 2014 22:00-22:30 | BRAKE CONTROL 1 4503 Whee! Sensor ABS Aude 2 Left / spec.
EUROPE ITALY 2 7 24 16:30-17.00 | BRAKE CONTROL 1 4331 Pressure Modulation Valve ABS Ade
EURCPE NETHERLANDS | 24 2 2014 14:30-15:00 | BRAKE CONTROL 1 5020 Lining Wear Sensor fude 2 Left / volt
NON-EUROPE | CAMEROON 23 o 2014 16:30-17:00 | SUSPENSION CONTROL | 1 6068 Level sensor front e nght / Data em...
EUROPE FRANCE 2 1 23 10:30-11:00 | ENGINE 1 m Intake Manifold 1 Pressure Sensor Cir...
EUROPE GERMANY 5 2 2013 08:30-09:00 | ENGINE q 115 Intake Manifold 1 Pressure -Abnomal
USA UsA ] 4 2n3 14:30-15:00 | ENGINE 1 148 Coolart Level - Data Valid But Below ...
EUROPE SWITZERLAND |1 4 2013 21:00-21:30 | TRANSMISSION 1 3008 System Voltage High

UsA UsA 29 7 23 23:00-23:30 | TRANSMISSION 1 a7 Actuator Supply Voltage 1 High (HSD...

Priority Based Searching Failures 2
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

TEMSA

DAY MOTNH  YEAR  COMPOMENT PRIORITY

VIN COUNTRY VEHICLE MODEL
~ FRANCE % = = v ¥
RECEIVED FAILURES

Model&Country Based Searching Failures 1

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

TEMSA

YEAR  COMPONENT PRIORITY

i COUNTRY VEHCLEMODEL DAY  MOTNH
+ FRANCE ~ MDILE - - - - - -
RECEIVED FAILURES
VI A aBias MRt TERRITORY  COUNTRY DAY  MNTK  YEA  TIME  COMPONENT  FRORITY  cof
NLTAPLESLO1000084 | TOWN EUROPE 2014 |220022:30 |BRAKE CONTROL [2
NLTRIUABLOTOTO067 | TOWN MD9LE ELROPE 20131030100 | ENGINE 1

Model&Country Based Searching Failures 2
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSCLE

TEMSA
N COUNTRY VEHCLEMODEL DAY MOTNH YEAR COMPONENT  PRIORITY
- ~+ AVENUELF - - - + [EEEE #| -
RECEIVED FAILURES

Model&Component Based Searching Failures 1

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

SEARCH | TEMSA
VIN COUNTRY VEHICLE MODEL DAY  MOTNH YEAR  COMPONENT PRIORITY
- » AVENUELF - - - » ENGINE - -
RECEIVED FAILURES
VEHICLE WEHICLE ' - s =
WIN CLASS MODEL TERRITORY COUNTRY DAY MNTH YEA TIME | COMPONENT PRIORITY

NLTRIUABLOTD10062 \Tb;:im ' AVENUELF EUROPE GERMANY s |2 2013

Model&Component Based Searching Failures 2

98



REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

LIST FAILURES
TEMSA
LIST INFO .
myyilmaz
RECEIVED VEHICLE INFO
VIN Yk et TERRITORY  COUNTRY DAY  MNTH  TmE  yea  YEHOLE  EAONG. BYG
CLASS MODEL sperm | GOLANT- ey
NLTRITABLO1010123 | TRIP |saFami HD EURDPE |BELGILM 3 s (143015002014 |85 63 68
NLTTMSATLO1000156 | TOUR |sarR EUROPE |LITHUANIA B 14301500 /204 |7 &1 [7
NLTRITASLOT010123 | TOWN AVENUELF EUROPE TALY 13 8 14301500 (2013 |86 86 75
NLTAPLEELOTO00T0T | TRIP MDSIC EUROPE GERMANY 12 [ 6700|2014 |78 82 70
NLTAPLEELO1000102 | TRIP MD 8 IC EURDPE GERMANY 13 5 14301500 2014 |45 0 )
NLTAPLS6LO1000103 | TRIP MDSIC EUROPE GERMANY 15 7 210021302014 |66 7 65 L
NLTAPLEELOT000104 | TRIP MD9IC EUROPE GERMANY 17 3 20022302014 |82 95 86
NLTAPLSELOT000105 | TRIP MDSIC EUROPE GERMANY |12 11 083009002014 |35 ) 1
NLTRIUABLDT00067 | TOWN MD 9 LE EURDPE FRANCE 2 1 W30 2013|105 85 80
NLTRIUASLD10D068 | TOWN AVENUELF EUROPE GERMANY 5 2 08.30:09.00| 2013 |85 65 7
NLTRIUASLDTED06S | TOWN AVENUE CNG EUROPE FRANCE 4 3 12001230 |23 |30 &0 2
NLTRIUABLD1D10070 | TRIP MDSIC usA usA 1 P 14301500 2013 |55 57 e
NLTRIUABLDTD10071 | TRIP PRESTI 5D EUROPE BELGILM 14 5 12001230203 |70 62 52
NLTRIUABLDTIND072 | TRIP Dic EUROPE SWITZERLAND |1 4 210021302013 |72 63 35
£l [ m. ] »
REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE
LIST FAILURES
TEMSA
LIST INFO .
myyilmaz
RECEIVED VEHICLE INFO
TERRTORY  COUNTRY DAY  wNTH  Twe  vea  VEHELE  ERONL ERGHECH, ENGINERPM  CURRENT
speep  COOLANT o TEMPERATURE GEAR
D |EUROPE BELGIUM E 5 14301500 {2014 |65 8 88 1550 5
LITHUANIA 14:30-15:00 | 2014 5

ISRAEL 14:30-15:00 4

LF EUROPE ITALY 13 8 14:30-15:00 | 2012 86 86 75 1300 7
EURCPE GERMANY 12 6 16:30-17:00 | 2014 75 a2 70 1700 6

EUROPE GERMANY 13 6 14:30-15:00 | 2014 45 10 82 1650 4

EURCPE GERMANY 15 ) 21:00-21:30 | 2014 63 73 £5 1500 5

EUROPE GERMANY 7 3 22:00-22:30 | 2014 a2 95 86 1300 7

EURGPE GERMANY 18 " 08:30-09:00 | 2014 35 a0 43 1450 2

EUROPE FRANCE 2 1 10:30-11:00 | 2013 105 85 B0 2000 7

LF EURCPE GERMANY 5 2 08:30-09:00 | 2013 85 65 70 1550 5
CNG. EUROPE FRANCE 4 3 12:00-12:30 | 2012 0 &0 4 500 3
usA UsA 1 4 14:30-15:00 | 2013 55 &7 43 1250 2

S0 EUROPE BELGIUM 14 5 12:00-12.30 2013 70 62 52 1360 5
EUROPE SWITZERLAND (1 4 21:00:21:30 | 2013 72 63 35 1350 6

List All Vehicle Information 2
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

LsT

INFOT COOLANT TEMPERATURE
INFO2
INFO3

BELGIUM -
COUNTRY

List Coolant Temperature Based on Country 1

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

TEMSA

INFO1  COOLANT TEMPERATURE
weosl TEMSA
INFO3
BELGIUM =
COUNTRY
FRANCE =
RECEIVED VEHICLE INFO
] ] ) ENGINE
o v LS Vo TERRITORY ~ COUNTRY DAY  MNTH  YEA  TME  COOLANT
TEMPERATURE
» [1 NLTRIUABLDIOI00G7 | TOWN MD9LE EURCPE 1 013 |1030-1100]85
3 NLTRIUABLOTOI0063 TOWN AVENUECNG | EUROPE FRANCE 4 3 03 |12001230|80
5 | NLTRIUABLOIOINO7! TRIP PRESTMSD | EURGFE BELGIUM 1 5 013 |12001230|62
13 |NLTAPLSSLO1000062 TOUR 1535 EURGPE BELGIUM 12 4 3 |210021:30| 105
15 [NLTAPLESLO1000064 | TOWN MD9LE EUROPE FRANCE 18 6 014 |zz002230 M
21 | NLTRITASLOTDTONZ3 | TRIP SAFARIHD EURGPE BELGIUM 3 5 014 |14301500|63

List Coolant Temperature Based on Country 2
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

INFOT COOLANT TEMPERATURE |
w02 TEMSA
INFO3
VEHICLE MODEL COUNTRY
MD9IC = -

RECEIVED VEHICLE INFO

List Coolant Temperature Based on Model & Country 1

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

st INFO1 COOLANT TEMPERATURE
weoz TEMSA

INFO2

VEHICLE MODEL COUNTRY

MDSIC ~  GERMANY -

RECEIVED VEHICLE INFO

; ENGINE
D VN CEICE \BICE TeRRTORY  COUNTRY DAY MNTH  YEA  TIME COOLANT
TEMPERATURE

NLTAPL56LOT000101 | TRIP MD S IC EURCPE GERMANY 12 16:30-17:00
NLTAPL56L0M000102 | TRIP MD 8 IC EURCPE GERMANY
NLTAPL56L0T000103 | TRIP MD3SIC EURQPE GERMANY 21:00-21:30
HNLTAPL56L01000104 | TRIP MD9ic EUROPE GERMANY 1 22:00-22:30
NLTAPLS6LOT000105 | TRIP MDSIC EURCPE GERMANY

14:30-15:00

08:30-09:00

List Coolant Temperature Based on Model & Country 2
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REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

INFO1 COOLANT TEMPERATURE
INFO2
INFO3

VIN DAY MONTH  YEAR
NLTAPLESLO1000062 ~ 15 + 4 = ]

RECEIVED VEHICLE INFO

List Coolant Temperature Based on Time 1

REMOTE DIAGNOSIS SYSTEM MANAGEMENT CONSOLE

INFO1 COOLANT TEMPERATURE
INFO2
INFO3

VIN DAY MONTH  YEAR
NLTAPL55L01000062 > 15 = 4 > 2013 -~

RECEIVED VEHICLE INFO

D VN i TERRITORY COUNTRY DAY
NLTAPLSSLOT000062 | TO EUROPE  BELGIUM

NLTAPL55L01000062 BELGIUM

MNTH

YEA

09:00-09:30

ENGINE
COOLANT
TEMPERATURE

NLTAPL55L0:1000062 BELGIUM

10:00-10:30

NLTAPLS5L01000062 | BELGIUM

11:00-11:30

NLTAPL55L01000062 BELGIUM

12:00-12:30

NLTAPL55L01000062 BELGIUM

13:00-13:30

NLTAPL55L01000062 BELGIUM

14:00-14:30

EIENGIEA ST

NLTAPL55L01000062 | BELGIUM

15:00-15:30

List Coolant Temperature Based on Time 2

102

TEMSA

TEMSA




	kapak.pdf
	imza sayfasi.pdf
	Muhammed_Yakup_YILMAZ_tezkapaksiz.pdf

