
  

 

Abstract—Driver scoring and risk analysis is gaining impact 

towards fuel economy and off-line driver’s education. Today’s 

cars are becoming computer controlled systems in which the 

driver’s commands, car’s motion and trajectories can be logged 

and transmitted to the control center by means of cellular 

communication, [1]. Furthermore, local dynamic map involving 

the digital road map, speed limits and average link travel speed 

can be used to match the driving behavior with respect to the 

normal conditions of the static and dynamic traffic.  On the 

other hand, driver scoring enforces better driving and 

operation of the vehicles in the fleets. Fleet managers can take 

corrective actions to the drivers according to their driving 

quality. In this paper, we define a safety oriented driving 

quality index and the corresponding architecture which is 

scalable up to 50.000 vehicles.  

I. INTRODUCTION 

The initial phase of on-going project is presented in this 

paper.  The project aims to measure the vehicle transient 

manoeuver by an accelerometer, position, velocity and time 

instances of the manoeuvers in Universal Time Coordinate 

(UTC) by a GNSS receiver and  capable of sending 

messages to a control center via 3G cellular communication, 

[2].  An embedded system called on-board unit (OBU) is 

installed in the vehicle.   

  Driving performance monitoring may have positive 

impact in fleet management systems. Especially, fleet 

managers can check a large variety of driving related issues 

ranging from fuel economy to the severity of transient 

manoeuver of each individual driver and can compare with 

respect to the average of the fleet driver’s response. Besides, 

teenagers, private car owners can learn and improve their 

driving authority in their daily repetitive trips.  In this work, 

a peculiar architecture and method to calculate driving 

quality index is presented. Vehicle tracking and fleet 

management software interface along statistical results is 

presented. Driving quality index is derived.  

II. METHODOLOGY 

The architecture of driving quality index calculations is 

based on fleet management software, InfoMobil [3]. The 

back office designed for this system is illustrated in Fig 1. 
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Figure 1: The back-office 

In this scheme, Infotech Map Provider GIS Server provides 

map data and Real Time Traffic Server makes available 

average link speed calculated by cloud computing of the 

other vehicle navigation units sending the information on 

position, velocity and time.  InfoMobil Risk Scoring server 

is mainly deployed to be a test-bed service tool to propose 

scoring about driving performance with respect to the 

information available in the back-office. It collects all the 

information sent by the OBUs. 

The driving quality index (𝜗) depend on dynamic 

parameters of the trip (sourcing from the vehicle tracking 

device) as well as the static parameters of the vehicle and the 

environment as shown in Table I. 

TABLE I.  PARAMETERS USED IN QUALITY INDEX 

Source Manoeuver 
Contribution

(%) 

Accelerometer 

Harsh Acceleration (longitudinal), 

Harsh Braking (longitudinal),  
Harsh (left/right) overtake (lateral), 

Rough Surface (vertical) 

50 (evenly 

distributed 
among the 

manoeuvers) 

Vehicle / Server Speed Limit Exceeded 20 

Vehicle / Server Legal Speed Limit Exceed 20 

Vehicle Engine Excessive idling 10 

 

Quality index is calculated on a daily basis.  During a trip, 

acceleration values can exceed the pre-defined threshold 

values given in Table II. In the presented scoring system, 

exceeded values are grouped into bins according to their 

values and each bin is associated with a certain contribution 

ratio.  Threshold bins and associated contributions are shown 

in Table III. Share of Contribution for the bins can be set 

different for each parameter.  

 
TABLE II.  THRESHOLD VALUES FOR TRANSIENT MANEUVER 

Transient Manoeuver Threshold (g-force) 

Harsh Acceleration/Braking 0.7 / -0.7 

Harsh overtaking (left/right) 0.5 

Vertical Acceleration  3 
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TABLE III.  THRESHOLD BINS 

Bin # Bin Description Bin Ratio Share 

1 Below 30% of  threshold 30% 30 

2 Between 30%-50% of  threshold 50% 20 

3 Between 50%-75% of  threshold 75% 20 

4 Between 75%-100% of  threshold 100% 15 

5 Above threshold >  100% 15 

 

Total penalty of a parameter, denoted by 𝜎, depends on 

threshold bin. The total penalty is given as follows: 

𝜎 = ( ∑ 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑙 ∗ 𝑏𝑖𝑛_𝑟𝑎𝑡𝑖𝑜𝑙)

𝑙=𝑗−1 

𝑙=1

+  𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑗 ∗ 𝑝𝑜𝑟𝑡𝑖𝑜𝑛  

The last bin’s penalty is based on its portion such as: 
𝑝𝑜𝑟𝑡𝑖𝑜𝑛 = 𝑑𝑎𝑖𝑙𝑦_𝑟𝑎𝑡𝑖𝑜 ∗ 𝑠ℎ𝑎𝑟𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 

where 𝑑𝑎𝑖𝑙𝑦_𝑟𝑎𝑡𝑖𝑜 =  
(

𝑑𝑎𝑖𝑙𝑦_𝑛𝑢𝑚𝑏𝑒𝑟_𝑜𝑓_𝑜𝑐𝑐𝑢𝑟𝑒𝑛𝑐𝑒_𝑖𝑛_Binj

𝑑𝑎𝑖𝑙𝑦_𝑡𝑜𝑡𝑎𝑙_𝑘𝑚
)

𝑆𝑐𝑜𝑟𝑒_𝑀𝑎𝑥
 and 𝑆𝑐𝑜𝑟𝑒_𝑀𝑎𝑥 

is a pre-defined value for each bin denoting the lowest score 

derived for each case, this value is concluded by  

investigating a large set of driving data.  𝜎 is the sum of the 

penalty values up to Binj and portion of the Binj’s penalty. 

For instance, if an exceeded attribute is in Bin 3, then 

penalty value of an exceeded value for an attribute is the 

sum of penalty values of Bin 1 and Bin 2 and the portion of 

Bin 3 that depends on the daily exceeds in Bin 3 over the 

daily total distance covered. 

As a numerical example, total penalty for “Harsh 

Braking” is given 10 in Table I. To calculate the penalty of 

the exceeded values in Bin2, Firstly Bin1’s total penalty is 

calculated as 10 ∗ 30% = 3𝑝𝑡𝑠. Let’s assume that the daily 

ratio is 0.12 / 0.16 = 75%. Note that 0.16 is the 𝑆𝑐𝑜𝑟𝑒_𝑀𝑎𝑥 

value of the Bin2 of this manoeuver. Portion defines the 

penalty of the exceeded value in Bin2. Since the share of 

contribution is 20 then the portion of Bin2 is 75% ∗ 20 =
15%. As a result, Bin2’s total penalty is calculated as 10 ∗
15% = 1.5 𝑝𝑡𝑠. Total penalty is finalized as 3 + 1.5 =
4.5 𝑝𝑡𝑠.  The total driving score, Driving Quality Index (𝜗) 

is the sum of the remaining contributions for all parameters: 

𝜗 = ∑ 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖 − 𝜎𝑖

∀𝑖∈𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟

, 𝑤ℎ𝑒𝑟𝑒 0 ≤  𝜗 ≤ 100 

Following the previous example above, Example 1, 

𝜎𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙𝐷𝑒𝑐 = 4.5 𝑝𝑡𝑠. The remaining contribution 

is 10 − 4.5 = 5.5 𝑝𝑡𝑠. This calculation is carried out for all 

manoeuver types presented in Table I.  Fleet Driving Quality 

Index (𝜑) is the average driving quality index of the vehicles 

in the fleet according to the given dates. It is calculated by  

𝜑 =
∑ 𝜗𝑖

𝑣=𝑛
∀𝑣∈𝑉𝑒ℎ𝑖𝑐𝑙𝑒𝑠

𝑛
  where n is the number of vehicles in the fleet. 

III. EXPERIMENTAL RESULTS 

First evaluation is made with data of 10 vehicles driven for 

the duration 2 months. A randomly selected driver is plotted 

with respect to the fleet average in Fig 2. Following the 

initiation of Driving Quality Index, some drivers of the fleet 

tend to improve their driving performance. In Fig 3, driving 

quality index of four individual drivers, namely executives 

and salesman is plotted. In Fig 4, the index of a shared car 

by different salesman is plotted versus fleet index average.  

 
Figure 2: Individual driver and average fleet driving quality index  

The fluctuation in indexing is caused by the different driving 

patterns recorded for the same car on different days.  

 

 
Figure 3: Driving Quality Index of 4 individual drivers 

 
Figure 4: Driving quality index of a rental vehicle (blue) versus fleet 

average index (brown) 

IV. CONCLUSION 

A safety oriented driving quality index and the 

corresponding architecture is defined. Preliminary driving 

index values for each individual driver are obtained.  In case 

driving pattern, decisions are logged on a discrete-event 

based, the driver intends to improve driving his/her behavior.  
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