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Abbreviations

AAC  Automatic Air Conditioning

ARM  Advanced RISC Machine

ARTC  Automotive Research & Testing Centre

CAN  Controller Area Network

DTS  Dedicated Transport System

ECU  Engine Controller Unit

EMS  Engine Management System

EPB  Electric Parking Brake

EPS  Electric Power Steering System

FMS  Fleet Management System

GHG  Greenhouse Gas

GPS  Global Positioning System

SPI  Serial Peripheral Interface

VDMS  Vehicle Diagnostic Monitoring System
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VEHICLE DIAGNOSTIC MONITORING SYSTEM (VDMS)

1. Introduction

Rapid development in urban areas requires the general public to travel daily. With current 
inter-town connectivity via public transportation, there is constant increase of public 
transportation users as they find such mode of transportation affordable and convenient. With 
this development, public transportation providers, such as bus and taxi operators, need to 
ensure that their services and vehicles are up to standards and efficient to remain relevant in 
the industry.

The Vehicle Diagnostic Monitoring System (VDMS) provides a connected, data-rich monitoring 
environment. The VDMS device captures real-time data from vehicles (buses, taxis and 
trucks) which provides detailed vehicle status to the transportation providers. Through the 
system, service providers can monitor location and current task of their vehicles, vehicles’ 
health status, fuel consumption and carbon emission among others.

2. Target groups and benefits 

This technology targets public transportation providers, such as bus and taxi operators, to 
whom vehicle close tracking and monitoring are vital to assess the standards and efficiencies 
of their service. 

The major benefits of adopting this technology include:

a) Improving service performances and efficiencies by closely monitoring activities of the 
vehicles;

b) Improving safety by monitoring drivers’ driving practice while at the same time ensuring 
good work discipline among the drivers;

c) Assisting transportation service providers to drill down on daily fuel consumption of the 
vehicles thus identifying the elements in reducing cost and fuel consumption;

d) Supporting green technology by monitoring carbon emission of vehicles - ensuring that 
the vehicles adhere to the carbon emission limit for cities they travel to; and

e) Providing the transportation service providers with vehicle health status at any given 
time and to alert them on any emergencies.
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The VDMS device will automatically install the VDMS system equipped with                         
MCP2515 controller, ARM Based NanoPC, ECU Communication Interface, Smart Power 
Supply, GPS and 3G communication module on to the vehicle’s Engine Control Unit 
(ECU). 

This connectivity gives instant access to the vehicle status. The system then connects to 
a cloud data hub through wireless connection. Users can then access the vehicle status 
information through a portal. The visual interpretation of the overall architecture of VDMS 
is presented in Figure 1.

3. Objectives

The main objectives of this technology implementation are:

a) To monitor the speed, location and route of vehicles via GPS module;

b) To improve service performance and efficiency by monitoring vehicle activities 
(location and time of start/stops);

c) To monitor fuel consumption and CO2 emission; and

d) To provide accurate and reliable real-time information on vehicle activities through 
access portal.

• Real-time Monitoring
• Histroy Recall
• Statistical Measures
• Alarm Monitoring

Fleet Monitoring
Center

• ECU + GPS + Meta Data
• Real-time Data Collection
• Real-time Data Process
• Local Storage

VDMS Inside the Bus

• Portal Host
• Virtual Machine Host
• Service Server
• Offline Data Process
• Data Management
• Web Monitoring Server

Web Server

Real-time
Data Cloud

• Long-term Data Storage
• Virtual Machine Host
• Online Data Process
• Offline Data Process
• Data Management
• Monitoring Server

Main Server

Data Stream
to Main
Server

Data Stream
to

Webserver
Portal Data

to
Browser

Real-time Data
Stream

to Browser

Figure 1. VDMS overall structure
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4. Scope of work

The scope of work for this project is as follows: 

a) Phase 1:

i) Project planning

b) Phase 2:

i) Hardware implementation on sample bus: connecting the hardware to the 
vehicle’s ECU, collecting sample data from the VDMS device;

ii) Submission of purchase orders to Designated Transport System (DTS); and

iii) VDMS device installation and data integrity acceptance by DTS.

c) Phase 3:

i) Data collection study: to ensure the VDMS values are accurate and within the 
designated range; and

ii) Submission of final project report and data sample for DTS’ approval.

5. Methodology

The four elements of VDMS are:

a) VDMS hardware

i) The VDMS hardware comprises of MCP2515 controller, ARM Based 
NanoPC, ECU Communication Interface, Smart Power Supply, GPS and                                     
3G communication module; and 

ii) The VDMS hardware is installed on to vehicles and connects directly to the 
vehicles’ ECU.

b) Data collection and interpretation

c) Channelling of processed information to the cloud data hub 

i) This process is done over 3G wireless connection. Through this cloud data 
hub, users can access the status of the vehicle from any location and at any 
time through internet connection. 

d) Data visualisation

i) The analysed data is presented through a user-friendly dashboard. 
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5.1 System Hardware Components 

 

                                       
 

Figure 2. VDMS hardware system 
 
 
Figure 2 above depicts the VDMS hardware. The VDMS is enclosed in a black box of 13.3 
cm (length) x 10.6cm (width) x 7.0 cm (height).  
 
The VDMS is connected to the ECU of the vehicle through the C471 Connector indicated by 
a circle in Figure 3 which is located under the central electric unit in the instrument panel of 
the bus via a round 2 positions sockets, of part No. 1-1719434-1 from TE connectivity as 
shown in Figure 4.  
 
The main components inside the VDMS are the ARM Based NanoPC, ECU Communication 
Interface, Smart Power Supply, 3G communication and MCP2515 controller.  

 

 
 

Figure 3. The connection point to the ECU at C471 Connector 
 

5.1 System hardware components

Figure 2 above depicts the VDMS hardware. The VDMS is enclosed in a black box of                 
13.3 cm (length) x 10.6 cm (width) x 7.0 cm (height). 

The VDMS is connected to the ECU of the vehicle through the C471 connector indicated 
by a circle in Figure 3 which is located under the central electric unit in the instrument panel 
of the bus via a round 2 positions sockets, of part No. 1-1719434-1 from TE connectivity 
as shown in Figure 4. 

The main components inside the VDMS are the ARM Based NanoPC, ECU Communication 
Interface, Smart Power Supply, 3G communication module and MCP2515 controller. 

Figure 2. VDMS hardware system

Figure 3. The connection point to the ECU at C471 connector
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Figure 4. The connection to C471 Connector using1-1719434-1 Socket 
 
 

Once the VDMS is connected to the ECU, the VDMS extracts the ECU data on the vehicle 
status. The SCANIA bus (the bus model used for this project), similar to every other modern 
vehicle, had a communication system that connects and communicates with the different 
components of the vehicle.  
 
The communication system used by SCANIA Bus is called CAN Bus. Another standard 
system, the Fleet Management System (FMS), manages the CAN Bus data management 
and monitoring. The VDMS collects vehicle data from the CAN Bus, interprets and analyses 
the data into understandable information and displays this information on the system 
dashboard. 

 
5.1.1 SCANIA’s CAN Bus 
 

 
 
CAN bus is a rigid digital bus (communication system) which is designed to communicate 
with many computers/micro-controllers without the need of host computer.  
 
The hardware and software (protocol) are designed to connect together many controlling 
units such as engine control unit, auto transmission, airbags, ABS, power steering, advance 
audio systems and air conditioner. For example, if the driver changes the gear to reverse, 
the CAN Bus will activate the rear camera, brake lights and rear sensor and assist the 
vehicle reversing process.  

 
Figure 5 shows the example of CAN bus connection functions as a communicator between 
multiplex wiring system of different components in a vehicle. 
 

 

Once the VDMS is connected to the ECU, the VDMS extracts the ECU data on the vehicle 
status. The SCANIA bus (the bus model used for this project), similar to every other 
modern vehicle, had a communication system that connects and communicates with the 
different components of the vehicle. 

The communication system used by SCANIA bus is called Controller Area Network (CAN) 
bus. Another standard system, the Fleet Management System (FMS), manages the CAN 
bus data management and monitoring. The VDMS collects vehicle data from the CAN 
bus, interprets and analyses the data into understandable information and displays this 
information on the system dashboard.

5.1.1 SCANIA’s CAN bus

CAN bus is a rigid digital bus (communication system) which is designed to communicate 
with many computers/micro-controllers without the need of host computer. 

The hardware and software (protocol) are designed to connect together many controlling 
units such as engine control unit, auto transmission, airbags, ABS, power steering, 
advance audio systems and air conditioner. For example, if the driver changes the gear 
to reverse, the CAN bus will activate the rear camera, brake lights and rear sensor and 
assist the vehicle reversing process. 

Figure 4. The connection to C471 connector using part No. 1-1719434-1 socket
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Data collected by the CAN bus comprises of many parameters as shown in Table 1. 
The parameters are identified through their unique identifiers and filtered as per VDMS 
requirements. 

Unique identifiers are standardised across CAN buses using FMS. 

Figure 5 shows the example of CAN bus connection functioning as a communicator 
between multiplex wiring system of different components in a vehicle.

No Parameter Identifier
[Hex] DLC DATA

0
DATA

1
DATA

2
DATA    

3
DATA

4
DATA

5
DATA

6
DATA

7
1 Total fuel used 18FEE900x 8 FF FF FF FF 11 CC 07 00

2 Engine coolant 
temperature 18FEEE00x 8 79 FF FF FF FF FF FF FF

3 Vehicle distance 18FEC1EEx 8 08 94 98 07 FF FF FF FF

4 Wheel based 
vehicle speed 18FEF100x 8 F3 C9 05 54 03 FF FF FF

5 Engine speed 0CF00400x 8 F0 7D 85 3A 10 FF FF FF

6 Accelerator 
pedal postition 0CF00300x 8 F0 38 1A FF FF FC FF FF

Figure 5. CAN bus connection functions 

Table 1. Sample of CAN bus parameters and respective identifiers 

Dashboard

AAC

EPS Power Train

EMS

EPB
Information MonitorData Log

(for record)

ARTC CAN BUS
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MCP2515 controller as shown in  6, is used to convert the CAN bus SCANIA (SAE J1939) 
protocol to the standard SPI protocol as described in Figure 7. The ARM Based NanoPC 
processor is used to process the CAN bus data into user readable data. 

However, the data for CO2 emission is not displayed in the CAN bus data. CO2 emission 
of the vehicle is calculated based on GHG Protocol-Mobile Guide (03/21/05) v1.3 (1).

CO2 emission is calculated using the following equation:

where

Fuel used = readily obtained from CAN bus data (litre)
Heating value = 0.0371 GJ/litre
Emission factor = 74.01 kg CO2/GJ

5.1.2 MCP2515 controller 

CO2  (kg) = fuel used (litre) x heating value GJ
litre( ) kg CO2

GJ( )x emission factor

Figure 6. MCP2515 controller

Figure 7. ARM block diagram 

CAN Module

RXCAN

OSC1
OSC2

CLKOUT

TXCAN

CAN
Protocol
Engine

TX and RX Buffers
Masks and Filters

Control Logic

Control
and

Interrupt
Registers

Timing
Generation

SPTTM

Interface
Logic

CS

SI
SO

SCK

INT
RX0BF
RX1BF
TX0RTS
TX1RTS
TX2RTS
RESET

SPI
Bus

MCP2515

CAN Bus SCANIA
SAE J1939
Protocol

SPI Interface ARM
Standard SPI
Protocol

The CAN module handle all function for receiving and transmitting 
messages on the CAN bus. Transmission is initiated by using control 
register bits via the SPI interface or by using the transmit enable pins.

Writing to, and reading from, all registers is 
accomplished using standard SPI and write 
commands

The control logic block control the setup and operation of the MCP2515
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The ARM Based NanoPC as shown in Figure 8, processes the data received from the CAN 
bus or the vehicle.  The java program written to extract and calculate the CAN bus data is 
embedded in the Samsung Cortex-A9 Quad-core Exynos 4412, 1.5G Hz. 

The detailed description of the ARM Based NanoPC as shown in Figure 9. 

5.1.3 ARM Based NanoPC 

Figure 9. ARM Based NanoPC with labelling
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5.1.3 ARM Based NanoPC 
 

 
 

Figure 8. ARM Based NanoPC 
 
The ARM based NanoPC as in Figure 8 processed the data received from the CAN bus or 
the vehicle.  The java program written to extract and calculate the CAN bus data is 
embedded in the Samsung Cortex-A9 Quad-core Exynos4412, 1.5GHz.  
 
The detailed description of the ARM based NanoPC as in Figure 9.  
 
 

                           
Figure 9. ARM Based NanoPC with labelling 

 
 
Specifications:  
 
a) Samsung Cortex-A9 Quad-core Exynos4412, 1.5GHz 

 
b) RAM: 1GB DDR3 RAM, 32bit data bus 

 
c) Flash: 8GB eMMC Flash 

 
d) HDMI output resolution: 1080P (1920x1080) 

 
e) LCD: TFT LCD interface 

60 mm 

100 mm 

Reset

Digital I/O (6ch)
MIPI Camera

UART0

MIC

S1:Power Switch

Power Input
(DC-5V)

Audio
OutHDMI

Volume +/- USB HSICInfrared USB HSIC GPIO1 LCD 8GB eMMC

GPIO2USB Host x2Ethernet

Boot Mode
Switch

Micro USB

LED

SD Card Slot
(backside)

RTC Battery

100 mm

60 mm

Figure 8. ARM Based NanoPC
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Specifications: 

a) Samsung Cortex-A9 Quad-core Exynos 4412, 1.5G Hz

b) RAM: 1 GB DDR3 RAM, 32-bit data bus

c) Flash: 8GB eMMC flash

d) HDMI output resolution: 1080P (1920 x 1080)

e) LCD: TFT LCD interface

f) USB OTG: One microUSB interface

g) USB Host: Two USB Host 2.0 interface

h) Ethernet: 100 Mhz Ethernet, RJ45

i) SD card slot

j) Audio In: One MIC in box

k) One Audio Out in jack

l) IR: One infrared receiver

m) Two users keys

n) Two user LED

o) Six digital sensor I/O

p) CMOS camera interface

q) MIPI interface: Support HD camera

r) GPIO1-34Pin: UART x 2, SPI x 1, I2C x 1

s) GPIO x 13 GPIO2-16Pin: UART x 1, GPIO x 2, SDIO x 1, USB Host 2.0 x 1

t) Android 4.2.2 & 5.0
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5.1.4 Smart Power Supply 

The power regulator or Smart Power Supply as depicted in Figure 10, is another essential 
part of the device. This component not only helps to protect the device from over voltage 
and short circuit, but also oversees the status of both the hardware and software in case 
of crash or loss of connectivity. In such instances, the board is able to reset the device 
automatically. 

The following is the description of this integrated board:

a) Wide range voltage input

b) Reverse polarity protection

c) Over voltage protection

d) Short circuit protection

e) Independent watchdog timer to detect non-running software so that power can be 
reinstated to restart the unit and to remove faults 

f) ECU communication interface

g) RS232 interface

h) Surge protection

i) Status indicators

j) Power ON

k) ECU connection

l) GPS status

m) 3G status

n) Software status

o) LCD connector (debugging purpose) 

Figure 10. Smart Power Supply
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5.1.5 3G Communication module

The VDMS is connected to the virtual dashboard/web portal through 3G connection by 
a 3G communication module as per Figure 11. GSM-based connection is used via the 
telecommunication network provider.

5.2 System 
 
A java programme extracts the information from the CAN bus through the MCP2515 
controller. The data is then converted, calculated and channelled to the cloud data hub.

The java programme is written in Android Studio using Android Open Source Project 
(AOSP) as its operating system. Screen shot of the java programme is as per Figure 12.
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5.1.6 3G Communication module 
 

 
 

Figure 11. 3G Communication module 
 
The VDMS is connected to the virtual dashboard/web portal through 3G connection by using 
3G Communication module as in Figure 11. GSM-based connection was used via the 
telecommunication network provider. 
 
5.2 System Software Components 
 
A java programme extracted the information from the CAN bus through the MCP2515 
controller. The data is then converted and calculated, and channelled to the cloud data hub. 
 
The java programme was written in Android Studio using Android Open Source Project 
(AOSP) as its operating system. Screen shot of the java programme is as per Figure 12. 
 

 
 

Figure 12. A screenshot of the java program for ARM Based NanoPC 
 
 
 

Figure 11. 3G Communication module

Figure 12. A screenshot of the java program for ARM Based NanoPC
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5.3 Portal Development 
 
The vehicle information is displayed through a dashboard or web portal. This website was 
designed using html environment.  
 
To use this portal: 
 
a)  log in to the website and select the vehicle they wish to monitor.  
 
b) The portal will then load the current status of the vehicle such as the vehicle RPM 
meter,  speed meter, engine temperature and fuel used.  
 
Screenshot of the HTML codes as in Figure 13.  

 

 
 

Figure 13. Screenshot of the HTML codes 
 
  

5.3 Portal development

The vehicle information is displayed through a dashboard or web portal. This website is 
designed using HTML environment. 

To use this portal:

a)  Log in to the website and select the vehicle to be monitored; and 

b) The portal will then load the current status of the vehicle such as the vehicle           
RPM meter, speed meter, engine temperature and fuel used. 

Screenshot of the HTML codes as shown in Figure 13. 

Figure 13. Screenshot of the HTML codes
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Dashboard login interface is as per Figure 14. 

Design of the VDMS dashboard is as per Figure 15.

Figure 14. Dashboard login interface

Figure 15. VDMS dashboard 
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6. Progress status

The sequence of VDMS system installation onto SCANIA bus is tabulated in Figures        
16 to 22:

Figure 20. Drilling holes Figure 22. VDMS 
installation

Figure 21. VDMS 
compartment

Figure 16. DTS bus

Step 1
The sample bus for 
VDMS installation 
and testing.

Step 4
Wiring works in 
progress to connect 
the cable from the 
bus ECU to the 
second floor of the 
bus.

Figure 17. ECU bus

Step 2
ECU to power source 
and CAN bus cable 
connection.

Step 5
VDMS is installed 
into this front 
compartment on the 
second floor of the 
bus.

Figure 18. Cables
installation

Figure 19. Bus dashboard

Step 3
ECU to power source 
and CAN bus cable 
connection.

Step 6
VDMS is wired to the 
ECU.

MTSFB TR 1:2018

14



7. Result analysis

Table 2 shows data collected from VDMS for test period between 1 to 9 July 2017. Data 
will be extracted from the VDMS dashboard at the end of each day as stated in the table. 
The location column shows the last GPS location of the bus at 23:59:59 with the first set 
of numbers indicating the longitude and the second indicating the latitude. 

The tachometer reading column shows the total distance travelled by the bus since its 
first day of operation and reading will be added up for every travel. 

The remaining columns travel (km), max speed (km/h), max temperature (°C), fuel 
consumption for the day (litre), fuel counter (litre), and CO2 emission (kg) record the bus 
engine status for the day. For instance, on 2 July 2017, the bus travelled a distance of 
108 km with max speed of 108 km/h and max engine temperature of 104°C. On this day, 
the bus used 370 litres of diesel with a total fuel counter of 268,987 litres used. Also, for 
that amount of diesel and engine activity, the bus emitted 1,014.56 kg of CO2 emission. 
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Figure 23 above is a snapshot of the VDMS dashboard. Through this dashboard, users 
can access current status of the vehicle by logging in to the portal and entering the 
vehicle plate number (through field located at the top row). The portal will then load the 
status of the vehicle such as the vehicle RPM meter, speed meter, engine temperature 
and fuel used. Figure 23 shows that the speed of BLG7808 at 23:59:59 is at 88 km/h and 
the engine temperature at that time is 85°C.

Figure 23.  VDMS dashboard user interface
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8. Conclusion

This technology is developed to monitor the speed, location and route of the given vehicles 
through the GPS module. The module is implemented by the VDMS that is able to monitor 
the information through 3G communication module.

The real-time monitoring functionality of VDMS will improve the service performance and 
efficiency by monitoring the vehicle activities (location and time of start/stop) and users 
are able to check the activities of the vehicle at any time through the web portal.

The VDMS monitors the fuel consumption and CO2 emission and other environmental 
impact of the vehicle via the website portal. Information on fuel consumption and 
CO2 emission rate would enable service providers to strategise routes for better fuel 
consumption hence reducing CO2 emission rate. 

The VDMS provides accurate and reliable real-time information on vehicle activities via 
the website portal and able to fulfil the needs through its sophisticated engineering. 
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