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Application of ANN Models to Simulate Personalities Causing Aberrant
Driving Behavior and Construct the Driving Risk Level for
Inter-City Bus Drivers”

Chien-TTung Wei ', Jia-Wei Lai', Pei-Yi Li'
I, Department of Transportation and Communication Management Science, National Cheng Kung Toniversity.
Tamnan Caty 70101, Taiwan
¥ Chairperson, Chunghwa Post Co.. Ld., Taipei Ciwy 10603, Taiwan
# This study is partially funded by the Ministry of Science and Technology, Taiwan under the research grant
MOST-1041-2221-L-06-046-M Y 2

Abstract

As the growing trend of inter-city travel demand featuring high-capacity vehicles is linked with serious
casualties, inter-city bus safetv is considered a significant and urgent issue. In contrast to previous
studies. this study focus on the effect of individual driver’s personalities: an equitable mechanism Lo
forecast driving behavior could be used to prevent human-caused accidents. This study collected the
personality information of 62 e-bus driver’s and detected a driver’s aberrant driving behavior by
electronic tachograph. Personalities were divided into the Big Five personality dimensions. and nine
tvpes of recorded aberrant driving behavior were simplified mto six tvpes. We next applied artificial
ncural network (ANN) models to simulate driving behavior, thus reflecting the frequency of aberrant
driving bchavior for cach drver. Then, we constructed a risk level evaluation mechamism bascd on
aberrant driving behavior, The proposed model could pre-classifv a driver’s risk level and provide

neentive mechamsms and new reeruitment crileria lor bus carriers,

Keywords: artificial ncural network, driving risk leyel, personalitics

1. Iniroduction

[nter-city buses have become a popular and common transportation mode in Taiwan since thev are
cheaper than most long-distance travel options. However. as inter-city buses do not have exclusive lanes,
driving with multiple traffic flows might dramatically increase accident frequency. In addition, high
capacity vehicles could increase the chance of there being serious casualties in an accident.

Inter-city bus carricrs consider inter-city bus safety a significant and urgent 1ssuc. Currently. inter-city
bus carricrs usc an inspection sysiem to improve the hardware facilitics and deteet a bus driver’s mental
status, While recent policy documents evaluale dnving behaviors, they mainly focus on the relationship
between driving behavior and luel consumption, However, we consider it essential (o payv allention 10
the elTect of driving behavior on driving safcty.

Drivers” behaviors are strongly related (o road safety and incident rates, and they thus inflluence a
carrier’s reputation. As driving performance could be alfected by personality. various compositions of

personality traits could lead to different decisions being made. To enhance highway salety and reduce
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polential nsk. we aim o comprehend the relationship between a driver's behavior and their personality.,
An cvaluation mechanism should be made integral to the carrier’s processes to assess driving
performance. This study transforms aberrant driving behaviors into driving risk and constructs an
evaluation mechanism based on the different levels of driving risk. One purpose of this research is to
simulate the extent of each aberrant driving behavior so that the driver can be alerted and a bonus system
promoting improvement can be established. Further. constructing an evaluation mechanism could

classify bus drivers into different clusters to design risk management.

2. Materials and Methods

Big Five personality

Costa and McCrac (1989) characierized human personality by the Big Fiyve personality (raits;
extraversion, agrecablencss, conscicntiousness. neurolicism, and openness o experience, This model

has become the most aceepted personality measurcment in the literature,

Data collection and pre-processing

This study collccied personality data from 62 bus drivers using a questionnaire (Chen, 2013), and
gathered aberrant driving behavior data by setting up on-board units (OBU) on cach bus, Initially, ning
aberrant driving behaviors were recorded by the bus company: shafl 1o right, shift to Iefi. not keeping a
salc distance. severely not keeping a sale distance, exorbitant revolutions per minule, exceeding the
speed limit, hard acccleration, overusing Lhe clectromagnetic brake. and idling for too long. To cnhance
the artificial neural network (ANN) performance. we analyzed the correlation coefficient between cach
driving behavior and integrated behaviors with strong acceleration. “Shift to right” and “shift to left™
were merged into “land shifting.” and “severelv not keeping a safe distance™ was incorporated into “not
keeping a safe distance.” “Idling for too long™ was deleted because it seemed to have less influence on
driving safety and was more closely related to driving efficiency and environment.

The recorded numbers of aberrant driving behaviors among each driver were widely distributed. We
utilized min—max normalization 1o transform aberrant driving behayvior into risk value, We normalized
the dataset normalized using cquation (1) W define a risk value between 0 and | Thus, the risk associated
with a driver’s aberrant driving behavior is measured by the relative danger of cach driver’s frequency
ol aberrant driving behavior, Equation (2) sums the mdividual driving risk valucs Lo present the overall
driving risk for a driver. Afler consolidating and transforming the raw data, an cvaluation of cach driver’s

risk may be conducted clfectively.

Presipd :

pl = i = Fin_ (1
t fj _ )

max min

3 (2)
2= oif

j=1

where
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’}" is the risk value of driving behavior j for driver i.
£ is the number of times of driving behavior j for driver i,
finas 18 the maximum number of times of driving behavior j,

f"{‘.n is the minimum number of times of driving behavior j, and

R; is the overall risk value for driver i.

ANN

The ANN 15 a computational model that imitates the structure and [Catures of a biological neural network,
“A ncural nctwork is a massively parallel distribuled processor made up of simple processing unils,
which have a natural propensity for storing experimental knowledge and making it available lor use™
{Havkin, 2001). The neural nctwork maodcl applicd in this study 1s multilayer perceptron (MLP), which
1§ a classical learming rule for training nciwaorks, being a [eedforward nctwork that 1s widely and
frequently used lor classification, prediction, and optimization (Golden ct al., 1997),

The operational links between two layers are the weight cocfMicients, Using training samples, the weight
cocfficients can be optimized. The input variables are multiplied by the weight coefficients, and the
products are summed as a phased value. The activation functions are mathematical functions used to
transform the sum into an output value. Figure 1 displavs the function of the neuron between two layers.

The output value will be within a certain range.

Inputs Weights

Wy

Sum-of-Product

2
3 Output
f(x) %
Activation
L Summation Function

Function

Figure 1. Function of ANN model.

The back propagation (BP) algonthm is usually used to calculate the error contribution of each neuron
after a batch of data is processed. During training. the error between the actual and output is calculated.
and the corrected algorithm is sent back to the previous layer. Weight coefficients are corrected. and the
training periods restart until the error reaches the minimum and before the error starts to mcrease again.

The final weight coefficients should provide relatively accurate output.

3. Resecarch Structure
Figure 2 shows the overall structure of this research.
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Figure 2, Research structure,

Simulation of Aberrvant Driving behaviors

Application of the ANN model could simulale the risk value of driver-made aberrant driving behaviors,
Each Big Five personality trait might influcnce cach aberrant driving behavior differently. Additonally,
different from the individual risk value of a specific aberrant driving behavior, the overall driving risk
of a dniver 15 assessed by comparing the sum of the driver’s risk values based on each aberrant driving
behavior. The ANN structure is trained by setting the five personality traits as the input variables and a

driver’'s individual driving risk value as the output vanable.

Constructing Dviving Risk Leve!

So that the dataset can be manipulated and be discriminated. we normalize the frequency data between
() and 1 for each tvpe of aberrant driving behavior. Then, we use the normalized and overall driving risk
value 1o construct the driving rigk level. Two grading rules are used, the [ixed interval grading rule and
the fixed percentage grading rule, The fixed interyal grading rule divides the range between maximum
valuc and minimum yaluc into five-cqual columns, and the 62 drivers can be classificd into the above
five levels. The fxed pereentage grading rule divides the 62 davers into 10%, 20%, 40%. 20%, and
10% (Naito ct al., 2009). For management clficiency. the driving risk levels arc summanzed as five
catcgorics (level | = very low nisk to level 5 = very high risk). Drivers classificd at a higher nisk level
should be wamed, and drivers classified at lower risk levels should be rewarded. Therefore. the level

can be considercd a holistic indicator.

Predicung Driving Risk Leve!
Apart rom simulating the risk value of cach aberrant driving behavior, this study applics the ANN
maodel (o predict the rigk level of cach bus driver. To infer how personality impacts driving rigk level,

the model scts the five personality traits as the input variables and scis the rigk Ieyvel (from one 1o five)
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as the output variable. Thus. the combination of the five personality traits can be used to obtain the
driver risk level without gathering aberrant dnving behavior data for the driver. The bus carrier could
pre-classify the nisk level of cach driver by surveving the driver's personality. In other words, an cfficient

reeruitment criterion based on this work could avoid recruiting high-risk drivers.

4. Result

ANN 1opology selection and rule

The analvsis softwarc STATISTICA 13 was used (o run the ANN models and traming data. The structure
of thc ANN modcls was opumized using the (raining datascl with the BP algorithm, The drivers” dataset
was divided into 80% lor the training scl and 20% for the testing sct. That is, the network trained on 30
random data and the other 12 data tested the performance of the ANN model.

The ANN topology playvs a [undamental role in its [unctionality and performance. Tiesler and Beale
(1996) defined the neural network topology as consisting of a neural framework and interconnection
structure. To determine the final architecture of the ANN model. a (lengthy) process of trial and error is
used 1o seleet the best performance from different networks with random initial weight coclficients.
Then. the adopted architecture is the MLP model with one hidden layer. The topology of the six aberrant
driving behaviors’ performed well with different hidden nodes.

After the hidden laver was decided, the activation function “hyperbolic tangent™ was used. as shown in
Figure 3. The tangent is a sigmoid curve similar to the logistic function. and often performs better than

the logistic function because of its symmetry. The output is contained in the range between 1 and -1.

tach a

a -

~ ~ . . a« tacha =

s R

Figure 3. Hyperbolic tangent.

Simulation of Aberrant Driving Behaviors

The risk values of the six aberrant driving behaviors and overall driving risk values were used set as the
targets (dependent variables). and the results from the investigation of the five personality traits were
set as the input variables (explanatory variables). This study verified the efficacv of the ANN models by
comparing them with the traditional multiple regression model. Table 1 shows the selected number of
hidden nodes and testing results. In simulating the nisk valuc of aberrant driving behaviors. the ANN
models performed much better than the multiple regression models. The R-squared (R*) and Mean
squarc crror (MSE) values were caleulated to measure the performance of the prediction capacily. The
closer R¥is 1o 1. the greater the explanatory power shown by the model, The MSE shows the average off
total deviations, and a valuc eloscr (o zero represents less crror.

Figure 4 illustrates the correlation between the actual target and the predicted output. The fitness curve
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(sequential line) represents the accurate prediction. [n contrast to the multiple regression model. the 12
sets of data tested by the ANN model were closer to the fimess curve. In other words. the ANN model
had high explanatory ability and less error.

Table 1. Testing results of models*

Aberrant Driving Behavior h:l:lll:::b:;:s Activation Function R::N Mo;l;;t: M:::::lc ch;l.:ll!“n
Land Shilling ) Tach 0708 0024 0545 0.047
Nol Keeping a Sale Distance 3 Tach 0955 0015 0378 0.037
Fxorbitant Revolutions Per Minute 3 Tach (1373 073 0007 008G
Exeecdmy the Speed Limil 8 Tach 0922 0074 0315 0066
ITard Acceleration 7 Tach 0.830  (.004 0.093 0.007
Overusing the Llectromagnetic Broke b Tach 0940 0019 0744 0035
Chverall Risk ) alue 4 Tach 1.880  0.207 0.722 0.36()

#Rsq. and MSE are caleulated by the averape value of 10 random nebworks

Land Shifting Not Keeping a Safe Distance Exorbitant Revolutions Per

Minute

''| @ ANN (R?=0.708) ® ANN (R?-0935) 01 2 ® ANN (R?=0.373)
A MR {RZ-0.545) 4 MR {RZ-0378) f 4 MR (72~ 0.0065)
0y 0.8
? 5 a‘ LA
£ E -
C we Q 96 S o6
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Figure 4. Performance of testing data
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From Table | and Figure 4. we can identily advantages of the ANN model. Both the ANN model and
the multiple regression model perform well in simulating overall driving risk value, and the ANN model
ig slightly better. TTowever, when it comes to simulating the risk value of individual aberrant driving
behavior. the ANN model is far superior 1o the multiple regression model. The ANN model is only weak
in simulating the driving risk valuc of exorbitant revolutions per minute, with other risk values of
aberrant driving behavior being well simulated.

The ANN model is able 1o predict the relationship between personality and aberrant dreiving behavior.
Table 2 shows the results of a sensitivity analysis. Overall, agreeableness was the most significant
variable impacting the risk value, followed by extraversion, ncuroticism, conscicntiousncss. and
openness (o experichee.

Table 2. Sensitivily analysis®

Aberrant Driving Behavior Agreeableness Conscientiousness  Extraversion Neuroticism  Openness to Experience
Iand Shifling 2.586 1.493 1.688 1.035 1.441
Not Keeping a Sale Distance 4617 0.939 1.231 1.608 0.706
Exoerbitant Revolulions Per Minule 1.000 1.000 1.000 1.000 1.001
Fxceeding the Speed Limit 1.020 0.998 1.063 1.045 1.033
Hard Acceleration 1.496 1.155 1.261 1.242 1.069
Overusing the Eleclromagnetic Brake 2612 0.882 1.991 1.665 1.093
(vervall Rivk Valve 3.836 1.111 2.548 1.264 0.885

*The value means e relotive wuportance. and each value 1s the average valve of 10 random networks

Driving Risk Level
The 62 drivers were graded mio five levels, following the rules of fixed interval and lixed pereentage.
Table 3 shows the grading resulis,

Table 3. Grading Resulty

Risk Level : Grading R?sult
Fixed Interval Fixed percentage
1 44 71.0% 6 9 7%
2 8 12,9% 13 21.0%
3 8 12.9% 25 40.3%
4 | 1.6% 12 19.3%
5 | 1.6% 6 9. 7%

Predicting the Result of Driving Risk Level

The result of the driving risk level was set as the target. and the results of the investigation of the five
personality traits were set as the input variables. Regarding the classification of driving risk. training
was performed randomly on 50 (80%) sets of driver data. and the remaining 12 (20%) were used for
testing. During training. both grading rules performed the correct rate up to 75%. The neural network
correctly predicted nine grading results out of 12 random tests. Figure 5 illustrates the testing results.
When the predicted output level is lower than the target. the risk level is underestimated. and when

predicted output level is higher than actual level, the risk level is overestimated.
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Figure 5. Testing result.
5. Conclusions and Tmplications
In this study, ANN modelg were trained to simulate risk values ol dilferent aberrant driving behaviors
and to predict risk level by investigating personality traits. The ANN models showed better predictive
ability than multiple regression models in this case. The risk values of driving behaviors were
normalized from the number of aberrant driving behaviors, 11 the risk value is predicted by the ANN
maodel, denormalizing the rigk value into the number of aberrant driving behaviors estimates the number
of aberrant driving behaviors (frequency of aberration). For inter-city bus carriers, using this ANN
model to simulate frequency of aberration and individual risk value is beneficial. [ncentive mechanisms
should cooperate with the ANN model. and the predicted risk value could be taken as personal
benchmarl. That is, drivers who have improved should be rewarded. and drivers who have deteriorated
should be punished.
ANN models usually perform well for classification. Previous research has less considered how to model
driver personality and droving nisk level, nor construct a grading rule to classify drivers. This study
applicd the ANN model o pre-classify dnving risk mto five levels, The network correetly predicled
75% of the cases during the test. For the two grading rules, different aspects could be applicd. Tn the
rule of fixed interval, most drivers were classificd into the first level, Thus, the first level could be
congidered a standard risk level, Levels 2 o 3 could be defined as growing dangerous, Tn the rule of
lixed pereentage. 40% ol drivers were classificd into the third level. Thus, the thied level could be viewed
as a standard risk level. Levels 4 and 5 would be high risk, and levels 1 and 2 would be low risk. Both
grading rules could be utilized as new recruitment criteria to identify drivers classified as high risk. This
would improve road safety and enhance reputation for bus carriers.
[n Figure 5, several risk levels were overestimated or underestimated. The ANN model tended to
underestimate risk levels with the rule of fixed mterval and overestimate risk level with the rule of fixed
percentage. The underestimated outputs would result in not identifying drivers with higher risk levels,
s0 1t scems rcasonable to choose the fixed mterval grading rule for risk control and personncl
management. However, it is still important 1o avoid underestimatmg risk level. To enhance the accuracy
of classification, the ANN maodel could be better tramed by investigaling more samples, Further,
transforming driving bchaviors inlo driving risk valucs by applving different formulas  about

normalization would change the relative danger for cach driver.
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