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Smart Driving — Solution Architecture

Fleet vehicles equipped with fuel sensors

Cloud-based
Backend

e
’ Real-time driver feedback
'OO‘ / ! Warnings
GPs % Q/ Suggestions

‘@
Rl :

Weather Data
Traffic Data

Fleet Management
Dashboard

Real-time analysis Historical analysis

= Driving anomaly detection = Driver profiling

= Fuel fraud = Driver coaching

m Geo fencing = Predicting sensor failure
m Vehicle fault detection m Case analysis




Dashboard

c L ce & NECRIN

= Vg

Choose Vehicle ~

ONumber of Vehices

3 vehicles

* 850% From iast month

© Distanca Traveled

12,309 km

* 4% From last month

Days of Driving

Day Usage
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Thursday 10%
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4 100
river Map
Kurunegalal Oimw - wm-u: e
Vehicle - PH-0246 |
s 7“’ Speed - 62 ki
Nittamhuwa Kandy | Mominko
’ H—.—-'
Sadulh “

(] s Monamgala

Rathnapura™ "

bl
Bentota i Kaharagama
- D«mya .
. v Thessimataramas

B Loafst |M-o data © OpanSimetMap comriboton, CC-BY-S4, inagiry © Magbox

4




COMPFORT comsceswpeoe

Toyota aims to create a smart mobility society where people feel secure and happy in transport and everyday life
The vehicle will become a trusted partner

TOYOTA's Activites towards SMART MOBILITY SOCIETY

The vehicle predicts driver's actions in order to provide senvices and prevent dangers.

ECO I..O G Y Connected with the community.
networking service Industrial Energy Management
lirking pecple and vehicles ( F-Grid )
{ TOYOTA friend ) \
" —

Optimizing the energy use of the entire community
Achieving eco-friendly lifestyles with high quality of life
Nu-ne and Vehicle ) . izl
Energy Management
| (Smart House & HEMS )J

Actualizing a low-carbon society where homes

Centralized wuce FECOGNIION System

and vehicles share energy with each other.
+ Promoting local energy production/consumption

Creating communities that are strong enough to withstand
natural disasters.

= ’

Plaase charge my battary

because | am almost empty,

fram vehicles J
@Iﬁbﬁﬁi}j@ﬂ g
communities
A Next generaton dealer m:gemml systam
(@-CREB . Customer Relationatip Bullding )

Your usual route is congested.
Il we take & detour?

Energy managesnant for the entire comesunity
p. High-peeformance (EDMS )
45 automatics parking system
4 { Smart parking )

“\W

Multimodal route guidance
(Ha:mo)

g Ultra-micro EV sharing system
e ( Ma:mo RIDE )

‘ V2 Ccooperative system
A

(Vehicke 1o Infrastructure)
Inwllgenl Drivar-support System

\’ Fo—t

g ! . DsssA
d -

Toward the realization of Toyota’s ultimate goal
zero casualties from traffic accidents.

+ Vehic} hange their andsoeeds'itallnmes
Vehicles receive useful inf from roadsid

q Big Data information service P

|“V\‘

' CONVENIENCE —

Building a stress-free traffic environment where
everyone can move around as they wish,

Utilizing big data generated from vehicles to improve traffic control
and disaster-related measures
+ Implementing an ultra-micro EV sharing service ir

4
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Smart Transportation Systems (Cont.)

|

300 parking space

o )

-~ 0

=~ L

Intelligent Street Lighting
turns on (or increases the light intensity)

when the street is actually used

~ e
-

3

A

@ sensors "defect" €) smartphone app ) Parking fee () Special permit ( Legitimation
whether a parking space "requests" a parking is paid directly Administration of Access control fo restricted traffic
is occupied or vacant and... = space and guides through the app - parking and local resident IDs areas such as loading zones,
e  transmit data fo drivers to the free space - szﬁ?ei:?ef:r taxis, coaches, residential parking

th tral
e central server Source: Deutsche Telekom
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OBD2 Based Analysis

® 9 0 ¢ Rl ©1%E 12:45

2
Bluetooth 4% Kampana [ | $
/N 2

Long. 799019 Lat.

% ® & 5. ® .
) o B 4 o
a PY e PY
| G4 9 o
) 3 o
® b

A4 Notifications

Jan 21,2015 12:58:44 PM
Coolant temperature too high:104.2C
@

/ Jan 21,2015 12:57:59 PM
5 High Fuel Consumption Detected :10.70 I/h
yo A

/ Jan 21,2015 12:57:44 PM
> High Fuel Consumption Detected: 1415 Vh

) i{‘

0BD2 Speed(km/h) Engine RPM x0.01(rpm)

gl ) €) €

ass Flow Coolant Temp. 02B1S2
Rale(g/s) x01(C) x100.0(V)

OBD - On Board Diagnostics
= Available in many vehicles since 1996
= OBDZ2 — In most vehicles since 2005

m Speed, RPM, Odometer, Cooleant Temperature, Padle Position,
Oxygen, Mass Air Flow, etc. 7
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App-Level Processing — I!iilii!l!ii
Real-Time Dashboard

PE o = . PR £ gl 3l 19:2]
v\ PIDs

A - . 3
\ Kampana /. Kampana A

5 . = ISR (e
= q A £ = ﬂ i Distance Traveled Since
Codes Cleared

PID
|

Engine Load Calculated

Mode : 01 PI )X

Engine Oil Temperature

Mode : 01 PID : Ox0C

Engine RPM

Engine Run Time Since

Start

Mode : 01 PID : Ox05

Coolant Temp.

Ethanol Fuel Percentage
01 f f

Fuel Level Input

0k Cancel




Fuel Economy & Coolant Iiilliiiliii
Temperature Monitoring

[ IR - 1

W\ Notifications

NOTIFICATIONS

wfh,  Kampana is running...

l High Coolant Temperature Al.

Implemented using Siddhi Complex Event Processor on smartphone

Minimum impact on battery level
= Bandwidth saving due to local processing - Reduce energy consumption




Trip Logs
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Q L K N A 62%4d 15:09

V" Trip Logs

Road
Irip

Road
I'rip

i G : =
i 14/01/2015 09:08:54

Standard car = High-end Car

Moratuwa - Colombo

Q [ .L v $ X g0 4 63%i 15:09

¥\ Trip Description

Start

Place Time
Moratuwa 14/01/2015 09:08:54

End

Place Time
Colombo 14/01/2015 10:11:23

Trip Distance
18.562 km

Fuel Efficiency
12.945 km/liters

10



Backend Processing — Hiilii!liii
Reckless Driving

5
2
15
1
) I I I I I
0
1 1 3 4 5

Time unit
M Rapid accel count/minute M Rapid deaccel count/minute

Rapid acceleration/deacceleration count

Hard accelerations & deceleration count above a threshold
m Per 100 Km
m Per 1 Hour

Count depends on average speed of vehicle in last t seconds
Implemented using Siddhi CEP
Computed values stored in RDBMS 11
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Driver Profiling

Pause  mesel Sers ™
0.00035
I accel prob
Wthreshald
0.00030
0.00025
0.000:20
]
0.00015
0.00010
0 = 109 190 200 250 300 350 400 450 200 =50

Detection of anomalies
= Hidden Markov Model based on acceleration profile
= Model implemented in BAM
= Validator implemented in CEP




Sensor Failure Prediction
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0.01
0.009
0.008
0.007
0.00&
0.005
0.004
0.003
0.002
0.001

0

1.416E+09

Gradient

1.416E+09 1416E+D9 1.416E+09 1LA16E+09

Mass Air Flow (MAF) sensor value has a linear

relationship with engine RPM

When sensor fails, gradient between MAF & RPM

reduces with time

Rate of change of gradient can predict date of failure
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Fuel Consumption Prediction

Long-distance bus fitted with a GPS unit & high-
precision fuel sensor

Could you

= explain variability in fuel consumption
= predict fuel consumption of a journey
= give tips to improve fuel consumption

14
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Dataset

From 13 May 2015 — 31 August 2015

Parameters

Timestamp (date and time)

Longitude (Min: 5.918611°N, Max: 9.835556° N)
Latitude (Min: 79.516667° E, Max: 81.879167° E)
Bearing (0° to 360°)

Elevation (Min: Om, Max: 2,524m)

Distance traveled (km) — between two samples
Speed (kmh-1)

Acceleration (kmh-2)

Ignition status (1 — Ignition On or 0 — Ignition Off)
Current battery voltage (Min: Ov, Max: 29v)

Fuel level (Min: OL, Max: 218L)

Fuel consumption (L)

15




T

Bus Route

Map
‘Map data ©2015 Google = 10km L— o

16




Fuel Usage
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Fuel Usage()
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Factors Contributing to Fuel Usage

Total Fuel Consumption Summary Vs Journey

Outward Journey

T
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Factors Contributing to Fuel Usage Hillﬂiﬁii




Factors Contributing to Fuel Usage [
(Cont.)
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Predicting Fuel Consumption — Hilﬂiiﬁii
Random Forrest

Fuel Usage Prediction
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Predicting Fuel Consumption — Iillliiilii
Gradient Boosting & Neural Network
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Driver Feedback to Promote Fuel

Efficient Driving

CoMPuTER SOENCE & ENONECRIN

Clus Mean
ter No | Speed (kmh)

Fuel Usage in Urban and Rural Areas - Colored According to Their Clusters

Fuel Usage(km/L)
100 200 300 400 500 600 700
| |

[
et e

Mean Fuel Fuel
Usage (kmL1) Efficiency

ol 4 . - .
?E;.B sol.o BOI.Z 86.4 BOI.ﬁ Bd.B 81I.0
Logitur:leO
Mean Mean Hour WEEE
Accelera-tion Elevation |d||ng (Mode) Condition
kmh-2 hange (m Mode mode
-14.56 -0.020 17.00 Clear 11.44
0 0 00.00 Partly Cloudy 5.28
-5.53 6.360 23.00 Mist 214.86
-109.83 -7.379 23.00 Mist 167.25
-6,818.00 5.025 00.00 Mist 71.88
273.00 -0.960 00.00 Partly Cloudy 29.57
252.54 -0.050 00.00 Partly Cloudy 556.30

Efficient

Inefficient

Efficient

Efficient

Efficient

Inefficient

Efficient
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On Going Work
Dashboard design Accsleration
Driver profiling Braking

= Beyond acceleration profile fonering
= Correlating with location, time, traffic, & weather
= Usage-Based Insurance (UBI)

Quantifying passenger comfort
Case analysis

= Traffic, weather 579,
Driver feedback o
= Real-time & long-term

Process re-engineering

g

25
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Publications

S. Wickramanayake and H.M.N.D. Bandara, “Real-Time Monitoring and Driver
Feedback to Promote Fuel Efficient Driving,” Under review.

M. Amarasinghe, S. Muramudalige, S. Kottegoda, A. L. Arachchi, and H. M. N. Dilum
Bandara, “Cloud-Based Driver Monitoring and Vehicle Diagnostic with OBD2
Telematics,” Intl. J. of Handheld Computing Research (IJHCR), to appear.

S. Wickramanayake and H.M.N.D. Bandara, “Poster: Enhancing Fuel Economy of
Fleet Vehicles Through Real-Time Driver Monitoring and Feedback,” in Proc. 15t
Asian Students Symposium on Emerging Technologies (ASSET 2016), June 2016.

S. Muramudalige and H.M.N.D. Bandara, “Demo: Cloud-Based Vehicular Data
Analytics Platform,” in Proc. 15t Asian Students Symposium on Emerging
Technologies (ASSET 2016), June 2016.

S. Wickramanayake and H.M.N.D. Bandara, “Fuel Consumption Prediction of Fleet
Vehicles Using Machine Leaning: A Comparative Study,” In Proc. 2"d Moratuwa
Engineering Research Conference (MERCon 2016), Apr. 2016.

M. Amarasinghe, S. Kottegoda, A. L. Arachchi, S. Muramudalige, H.M.N.D. Bandara,
and A. Azeez, “Cloud-Based Driver Monitoring and Vehicle Diagnostic with OBD2
Telematics,” In Proc. Intl. Conf. on Advances in ICT for Emerging Regions (ICTer),
Aug. 2015.
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