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Technological Innovations

TIMad1 – Driving Style Indicator:
• Modify the driving style of drivers to a more 

efficient one while driving.
• Obtain a quantitative indicator of driving style 

which allows for a fair comparison among drivers.

TIMad2 – Estimation of Fuel Savings:
• Measure the results of improving the driver style 

in terms of fuel savings taking into account 
specific features such as routes, demand period, 
use of A/C, route slope and number of stoppings
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Test1: HMI test / Indications to 
drivers
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Description of the Test1: Purpose

Validate that there is a correspondence between the indications shown 
and the driving style perceived by experts in all possible circumstances 
of the service and these indications are not affected by other factors 
(road slope, bumps, vibration or others). 
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Description of the Test1: GDAS HMI Installation
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A bus equipped with GDAS HMI drove along a route with three experts 
onboard. An expert is a person with experience in ecodriving
designated by the PTO (normally responsible for driver training)



Description of the Test1: General Concepts
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• Drive_in_Green . It is the action of driving with the HMI’s green light 
turned on.

• Time_in_Green : It is the time that the driver spends with the HMI’s
Green light turned on

• %Time_in_Green : it is the Time_in_Green divided by the total 
driving time.



Description of the Test1: Experts on board
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Experts asked the driver to drive harsh or smooth and perform different 
maneuvers (acceleration, braking) under different circumstances 
(different speeds, with positive slopes, negative slopes and flat, 
approaching and departing from stops) 



Carying out the Test1: Configuration for data collection

San Sebastián, Nov.28, 2017 10

• Date: 26 - 9 -2017
• Hour: 10:30 am
• Place: Centro de Operaciones de 

EMT Entrevías and surroundings, 
Madrid.

• Weather Conditions:
• Temperature: 25ºC
• Hummidity: 27%
• Sunny day

• Bus used in the test
• Model: IVECO CityClass
• Bus ID: 6852
• Fuel: Diesel

• On board personnel during the 
test:

• 3 evaluator experts 
from EMT

• 1 Reprewsentative from 
EMT

• 2 Representatives from
CRTM (Consorcio 
Regional de 
Transportes de Madrid)

• 2 Engineers from Tekia 
Ingenieros

• 1 Driver from EMT



Carying out the Test1: Configuration for data collection
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•AC switched on
•On board set devices

• A Driving Processor + HMI. The HMI was not installed in its 
usual position (in front of the driver, see Figure 5). It was 
installed behind him, at the roof of the bus in order to be 
visible for experts and not for the driver.

• Indicator based on accelerometer. It is used to test how the 
accelerometer is affected by the gravity force when bus is 
located on a slope and to compare its indications with the 
HMI based on odometer.

• One video camera to film the test



Carrying out the test: Driving Scenarios
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The test was performed in two scenarios:
• Within the EMT (closed to traffic circuit)

• During this phase, different intensities of horizontal acceleration and braking 
were tested (<|±1|%)

• The HMI thresholds were adjusted, calibrating the device at the discretion of 
the experts

• Driving outside in similar conditions of the service.
• During this phase different acceleration and braking intensities were tested 

on ascending and descending slopes up to ~ 5.5%
• The indications supplied by both indicators (Eco-indicator and accelerometer)

The driver was instructed to accelerate or braking more or less abruptly in 
each scenario. After each acceleration or braking the experts made a joint 
evaluation to evaluate the correlation between the indications shown by 
the HMI and the abruptness of the maneuver.
Before each acceleration and after each braking the road slope was 
measured.



Description of the Test1: Debriefing and Final Evaluation
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At the end of the test, inside the bus, a debriefing of the test was 
carried out. The experts expressed their evaluation and provided 
comments and appreciations on the indications system based on the 
following criteria:

Scores Criteria

1
It does not seem to be a correspondence between the indications shown and the driving style 
perceived by the experts

2

There is a correspondence between the indications shown and the driving style perceived by the 
experts, but

inconsistencies are often perceived (such correspondence does not always exist)

3

There is a correspondence between the indications shown and the driving style perceived by the 
experts, but
there is no clear proportionality between the indications shown and the level of efficiency of the 
driving style or there are some inconsistencies.

4
There is a correspondence between the indications shown and the driving style perceived by the 
experts, proportionally and without inconsistencies, both in accelerations and braking, and in both 
horizontal and ascending and descending slopes.

5
There is a correspondence between the indications shown and the driving style perceived by the 
experts in all possible circumstances of the service.



Results of Test1: Data Gathered during test
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• Measured:
• Test duration: 2:24:31
• Total distance traveled: 7+484 Km
• Measured fuel consumption (bus CAN): 8±0.5 L
• Number of brakings (with complete detention): 51
• Number of accelerations (starts) from detention: 51

• Calculated:
• Fuel consumption in L/100Km: 106.9
• Average detentions per Km: 6.8



Results of Test1: Final Evaluation
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Score: 4 out of 5 - There is a high correspondence between the 
indications shown and the driving style perceived by the experts, 
proportionally and without inconsistencies, both in accelerations and 
braking, and in both uphill and downhill.



Results of Test1: Final Evaluation
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Experts conclusions:

• High correlation between the indications system and the driving style
• The system could be configured based on the criteria of the experts, 

changing it from more restrictive to less restrictive parametrizations.
• The system in his opinion was well calibrated and adapted to operating 

conditions ,
• The system is not affected by the slope as the sensor based on 

accelerometer does, appreciating in this sense a notable difference in the 
fidelity of the indications.

• The system is considered useful and with the ability to improve driving 
efficiency of drivers

• Not all possible circumstances of the service have been tested. In particular, 
two conditions were identified in which a sudden acceleration is desirable, 
which does not constitute an inefficient driving style:

• To avoid a red light and take advantage of the green wave
• For incorporations to fast roads, where it is necessary to reach a 

higher speed than usual more quickly to get into traffic.



Results of Test1: KPI 1.3
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KPI-01.3 “Experts' opinion onboard about green driving”. This KPI 
measures the relation between HMI indications and the driving 
style (efficient or unefficient) perceived by experts.

KPIs Priority topic: Driver Assistance
units of 

measurement
Scenario

NO EBSF_2 EBSF_2

KPI 01.3
Experts' opinion about onboard green 

driving (questionnaire)
scale 1-5 N/A 4



Technological Innovations
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Test2: « %Time_in_Green »

Concept as a measurement of drivers 
compliancy.
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Description of the Test2: Purpose

Validate and measure how drivers comply with indications shown by 
HMI

Even if HMI indications are correlated to driving style efficiency and 
easy to follow by drivers, they shall comply the indications to achieve 
fuel savings. So low driver compliancy will result in low fuel savings no 
matter how good the HMI system is.

The parameter what will help us on measuring the drivers compliancy
will be %Time_in_Green, comparing its value in EBSF2 scenario and in 
NO EBSF2 scenario.
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Type of Data gathered.

Data recorded are needed to:
• Calculate the %Time_in_green 

for each driver
• Measure fuel consumption in 

each type of bus movement 
(stopping, approaching to a 
stop, in traffic…) and maneuvers 
(longitudinal or lateral 
accelerations, speed, idle, 
braking) 

• Normalize fuel consumption in 
order to estimate true fuel 
savings in the test period and 
includes:
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• Contact on/off
• Doors open/closed
• Lights on/off
• A/C Compressor on/off
• Acelerator pedal position
• Speed
• Distance
• Three axis acceleration
• Brake switch
• Kickdown
• Total fuel used
• Fuel rate
• Fuel economy
• RPM.



Carring out the Test2: Data processing.

In Back Office all the data has been processed and the following figures has been 
calculated during different periods (with the system installed):
• %Time_in_Green
• Fuel consumption / 100Km
All of this data has been divided:
• Per bus
• Average
• Optimum
This calculation allow us to calculate the correlation between %Time_in_Green
and Fuel Consumption
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Results of Test2 adn Test3:
%Time_in_Green vs Fuel consumption variation
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Results of Test2 and Test3: KPIs.
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KPIs Priority topic: Driver Assistance
Units of 

measurement

Scenario

NO EBSF_2 EBSF_2

KPI 01.4 Time in Green % 62,90% 68,26%



Test3: Estimation of Fuel 
Savings
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Description of the Test3: Purpose

Estimate fuel savings isolating driving style from other factors what
incluences in fuel consumption

San Sebastián, Nov.28, 2017 26



Description of the Test3: Traditional estimation vs Madrid 
demo estimations

Traditional estimations:
• Measuring tank refill
• Comparing similar periods
• i.e. comparing Dec-2017 with Dec-2016
Madrid Demo
• Normalize consumption, taking into account:

• Routes
• Demand period
• Number of stops
• Distance travelled using A/C
• Distance travelled using lights

• Before comparing two periods
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Description of the Test3: Fuel Savings estimation method

Fuel consumption measured in the “during” period is not directly 
compared with the fuel consumption measured in the “before” period, 
but with a normalized value of such consumption, called reference fuel 
consumption.
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Carring out the Test3: Data processing.

Once the estimation of fuel savings are obtained from the collected data, two 
correlations will be measured, namely: 
• « %Time_in_Green » vs Fuel Savings, the fuel consumption measured in the 

“during” period is directly compared with the fuel consumption measured in the 
“before” period in Liters/100Km.

• « %Time_in_Green » vs Normalized Fuel Savings, the fuel consumption 
measured in the “during” period is compared with the reference fuel 
consumption. 

It is expected that the first correlation will be lower than the second one, and the 
second one will be as high as 70%, indicating that both, the « %Time_in_Green »  
indicator and the fuel savings normalization, are good measurements of efficiency. 
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Results of Test2 adn Test3:
%Time_in_Green vs Fuel consumption
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Results of Test2 adn Test3:
%Time_in_Green vs Fuel consumption variation
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Use of A/C vs Fuel consumption

32San Sebastián, Nov.28, 2017



Results of Test2 and Test3: KPIs.
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KPIs Priority topic: Driver Assistance
Units of 

measurement

Scenario

NO EBSF_2 EBSF_2

KPI 01.1
Energy efficiency of fleets (Average vehicle 

energy consumption per km/Average fleet energy 
consumption)

% 82,71% 80,45%

KPI 01.4 Time in Green % 62,90% 68,26%

KPI 03.1
Energy (fuel) consumption per vehicle and km kWh/km 5,50 5,35

KPI 03.2
Correlation of fuel savings with driving efficiency 

indicator correlation 0-1 - 0,93
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Thank you for your attention
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