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Abstract – This review was initiated to 
understand the potential additional risks to the traffic 
system after the market introduction of electric 
motorcycle, which is known for its low sound 
emission characteristic. Limitation in evidences and 
established literatures on auditory detection of 
electric and conventional motorcycles has compelled 
this study to make extensive reference to hybrid and 
electric vehicles manuscripts for insight, particularly 
in the area of propulsion and rolling sounds. It is 
speculated that there exist a propensity that eMC may 
pose additional risks to traffic. It is strongly 
recommended, for more conclusive evidence and 
justification of the issue, that further research and 
experimental works be explored. 

 
Keywords – auditory detection, crash risks electric 
motorcycle. 
 

I. INTRODUCTION 
 

Motorcycle casualties have been a serious 
road traffic situation concern in Malaysia for 
decades. The fatality trend as shown in Figure 1 
indicates a continual upward movement though 
it is becoming more gradual recently.  Note that, 
almost all these cases involve conventional 
motorcycles driven by internal combustion 
engines (ICE). However, the recent introduction 
of electric powered motorcycle (eMC) into the 
market since year 2012 may further complicate 
this already undesirable situation.  

 

 
 

Figure 1 Road traffic fatality trend, Malaysia [1] 

The motorcycle fatalities record indicates 
that collisions with other motorcycles and 
vehicles such as passenger cars contribute 
around 75% of fatalities [2]. Correspondingly, a 
further study conducted by Roslan et al. [3] 
shows that side swipe, angular and right angle 
collision and rear end collisions dominate the 
motorcycle crash characteristics by more than 
50% (Figure 2).  It would be of great interest for 
this study to recognize how significant a role 
auditory detection is in these crash 
configurations, and how much they influence 
road traffic safety as a whole. 
 

 
 

Figure 2 Side collisions characteristics [3] 
 

eMC existence in road traffic has begun to  
gain  attraction , and to date, there have been 
about  400 units sold nationwide [4]. 
Comparatively, eMC differs significantly from 
ICE motorcycle in term of sound emission or 
noise when in operation, in which the former is 
relatively quiet due to the utilization of electric 
motor for motion power. In other words, eMC 
produces less propulsion sound as auditory 
signals for others to notice their presence on the 
roads; what left is merely their tires/road 
contact, or termed as rolling sound as auditory 
detection cue. Though visual conspicuity has 
been a dominant interest in motorcycle safety 
research, it should also be considered that 
auditory detection require equal attention. 

 
Therefore, this preliminary review attempts 

to look at the contribution of eMC’s relative low 
sound emission characteristics to their auditory 
detection in the traffic and estimate whether 
such trait would pose any potential additional 
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risks to the overall safety of the road users such 
as motorcycles, passenger vehicles and 
pedestrians.  

 
II. METHODS 

 
A comprehensive computerized literature 

search using Google Scholar, Science Direct and 
Scopus were performed, retrieving manuscripts 
dated back to early year 2000. After screening 
the abstracts for applicability to the topic of 
interest, 17 articles were recognized to be of 
possible significance and were thoroughly 
reviewed. In most instances, due to the limited 
information on motorcycle auditory detection, 
reference to electric vehicles was made for 
preliminary indication and comments, briefly as 
follows. In the end, a brief survey using simple 
questionnaire (n=20, 10 questions) was 
performed by the authors to understand the 
immediate public perception of the issue.  

 
III. RESULTS AND DISCUSSIONS 

 
This section presents an overview of the 

situation. It covers electric vehicle sound 
emission, auditory detection and crash records. 
Due to limited availability of electric motorcycle 
and motorcycle auditory detection literatures, 
quite a number of materials from other transport 
modes mainly passenger cars were also 
reviewed. For relevancy, discussion for each 
subheading is done in concurrent.  
 
A. How quiet is eMC or electric vehicles 

 
Information and articles discussing eMC 

sound emission are scarce to provide any lead 
for comparative purpose with ICE-powered 
motorcycles. Conventional motorcycle sound 
emission has to meet the United Nations 
Regulation No. 41 (UN R41) requirement of 75-
80 dB(A) for L3 category motorcycle [5]. To 
ensure compliance, The Environmental 
Protection Agency (EPA) in United States has 
set noise emissions standards for motorcycle 
exhaust systems at 80 dB(a) for  street-legal 
exhaust noise emissions [6]. In real application, 
Hanson et.al. (2004) recorded an 85dB (A) for 
engine-powered motorcycle operating 50 feet 
away, which was tolerable [7]. 

 
Based on personal experience, the authors 

agreed in characterizing that eMC is extremely 

quiet when in idle or stop (electric motor 
completely shut), and when in motion, the motor 
sound masks the rolling sound at low speed 
(approximately <30km/h) [8]. However, no 
details could be furnished for higher speed 
range. Referring to passenger cars, hybrids 
electric vehicles (HEV) and electric vehicles 
(EV) proponents had argued that these vehicles 
are not significantly different from the new 
internal combustion engine (ICE) technology, 
which is already relatively quiet. It was 
concluded that additional or artificial sound is 
unnecessary [9]. This stand was further 
supported by a recent field work by Cocron and 
Krems (2013) who evaluated experienced 
drivers driving EV. They concluded that low-
noise related incidents on roads rarely occurred 
and the respondents displayed improvement 
towards road hazards with increased driving 
experiences [10]. It was also stated that dangers 
associated with quiet vehicles might be less 
significant than previously speculated.  

 
Considering that motorcycle tires are lesser 

in width compared to cars, the contact patches 
are correspondingly smaller. Thus, it is fairly 
practical to assume that the sound level 
produced by this single track vehicle is 
proportionately lower in magnitude.  
 
B. Auditory detection cue 

 
For vehicles such as cars, their propulsion 

and tire rolling sounds provide information to 
road users to avoid road traffic conflicts [11]. In 
operation, rolling sound predominates for 
vehicle speed above 32km/h, while engine 
sound is more imminent at lower speed [12]. A 
similar study in Japan summarized that at 43 
km/h, the HEV engine and rolling sound blend , 
while at speed exceeding 90kmh, rolling sound 
masks the engine noise [13]. Similarly, Van 
Bloklanda et.al. (2009) identified the breakeven 
point for rolling noise and propulsion noise at 
30km/h for light ICE-powered vehicles [14], as 
displayed in Figure 3. Heavy vehicles, which are 
normally equipped with bigger engine capacity 
and wider tire contact patches, tend to break 
even at 75 km/h.   

For single track vehicles such as motorcycle, 
which only have two tires contacting the road 
surface, the contribution of rolling noise to 
vehicle detection may be possibly less 
prominent to the overall propulsion sound 
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emission, which is primarily amplified by the 
tailpipe.  

 

 
Figure 3 Vehicle noises component relative to 

vehicle speed [14] 
 

There is hardly any information on 
motorcycle auditory detection either by riders 
themselves or by their opponents in a traffic 
scenario.  The closest information available was 
from an experiment performed by Binnington et 
al. (2009) in a controlled environment for 
helmeted and bareheaded riders [15]. It was 
discovered that vehicle sound emission was 
dominant at below 72km/h for helmeted 
motorcyclists. Exceeding that, engine and wind 
noises ruled.  

 
With respect to pedestrians response, Barton 

et.al. (2012) experimented on the auditory 
perception of adults using recorded moving 
vehicle sounds, and realized that higher speed 
was easily detected and the determination of 
direction of approach reached 90% accuracy 
when the speed exceeded 43 km/h [16]. 
However, a significant deterioration was 
observed for arrival time estimation when 
vehicle speed increased. 

 
In both studies, integrated sound sources of 

propulsion and tires rolling sound were utilized 
to create acoustic environment. This replication 
signifies the importance of auditory perception 
for vehicle detection on roads for both 
motorcyclists and pedestrians. However, to what 
extent does the auditory input contribute 
towards vehicle detection needs further 
exploration. 

 

To get some overview of drivers and riders 
perception on auditory detection of motorcycles, 
a short survey session was conducted at the 
authors’ premise. All participants were licensed 
& experienced drivers and motorcyclists. When 
driving, most of them admitted to rely very 
much on visual conspicuity to detect 
approaching motorcycles from all directions, 
and motorcycle sound emission only (about 
30%)  assisted slightly in their detection. 
Though all of them never realized encountered 
eMC in traffic, they principally agreed that 
auditory signals actually help, to a certain 
extent, to identify approaching motorcycle from 
all directions. It was also agreed it is more 
pronounce (80% agreed) if the motorcycles  
approach from the rear and verge into the blind 
spots, and even more critical if the participants 
are also riding motorcycles.  Such high 
dependency to auditory cue is believed to be 
related to the limitation of rear-view mirror 
visual range and position of the riders.  
 
C. Crash records  

 
It was impossible to separate out eMC from 

conventional motorcycle in the statistics [1].  
Therefore, for insight, Hanna et al., (2009) 
studied on ICE versus HEV, which indicated a 
higher pedestrian incidents rate in 12 states in 
USA and two times more likely to occur and at 
low speed, involving pedestrians, especially in 
stopping/slowing, reversing, in/out parking [17]. 
The study also addressed that the crash risk 
increases with lower speed. Similar trend was 
also observed in the UK [18]. 

 
In specific, collisions when other vehicle 

changes lane or performing other manoeuvres 
are the major factors for motorcycle collisions 
(contributed to 12% of all motorcycle related 
collisions) when all were travelling in the same 
direction [19]. This result partly agrees with the 
graphical sketches presented in Figure 2. There 
is a possibility that the difference was 
contributed by motorcycle type variation and 
also the volume proportion in the traffic. 

 
IV. DISCUSSION 

 
eMC is structurally a motorcycle, and 

undoubtedly inherits all the risks associated with 
motorcycle use in traffic environment. Though 
scientific studies are limited, it is speculated the 
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low sound emission characteristic is believed to 
be a potential threat in most of the crash 
configurations, as reflected in Figure 2. In 
scenario where the eMC approaches from the 
rear of any vehicles or even pedestrian (same 
direction of travel), auditory signal may fulfill 
the conspicuity need, without which these 
opponents lack another cue for detection.  In 
addition, the common practice of motorcyclists 
performing lane filtering and weaving between 
vehicles in traffic may exacerbate the risks. 
Correspondingly, such cue may also affect the 
night time crash rate, which already stands at 
37% [1].  

 
It is interesting to find out how eMC and 

motorcycle rolling and propulsion sounds’ 
curves appears relative, as shown in Figure 3. 
Based on the authors’ estimation and with 
reference to motorcycle structures, it is 
contemplated that the propulsion sounds of 
motorcycle may effortlessly mask the rolling 
sound at any given speed. If such theory could 
be verified, then artificial sound may become 
practical and highly necessary [11]. 

 
The introduction of electric motorcycles in 

the traffic system indisputably merits more 
extensive information for a safer and effective 
implementation.  

 
V. CONCLUSION 

 
The limitations in evidences and established 

literatures on auditory detection of electric 
motorcycle explicitly disclose the knowledge 
gap, but also indirectly reveal the opportunities 
for future research. On the other hand, based on 
the reference to HEV and EV manuscripts, there 
is a propensity that eMC may pose additional 
risks to traffic safety.  The relatively quiet nature 
of eMC is unlikely a better assurance than the 
conventional motorcycles, to the least, in the 
same direction conflicts and particularly at low 
speed where propulsion sound emission usually 
dominates. It is strongly recommended, for more 
conclusive evidence and justification of the 
issue, and for more effective policy development 
and implementations, further research and 
experimental works need to be explored. 

 

 

ACKNOWLEDGMENT 
 
A great appreciation is attributed to the 

research team for their continuous support in 
completing this study, in the field yet to be 
explored by many. 

 
REFERENCES 

 
[1] R. Sarani, A. Roslan, N. Saniran Motorcycle ADSA 

factsheet vol. 1, 2011.   
[2] M.M.A. Manan, A. Varhelyi, “Motorcycle fatalities in 

Malaysia”, IATSS Research, 2012. 
[3] A. Roslan, R. Sarani, H.H. Hashim, N. Saniran,  

Motorcycle ADSA factsheet vol. 2, 2011.  
[4] http://thestar.com.my/news/story.asp, accessed Nov 18 

2013. 
[5] UN Regulation 41, “Uniform provisions concerning the 

approval of: motorcycles with regard to noise”.  
[6]  http://www.noiseoff.org/motorcycles.php, accessed 10 

Oct 2013. 
[7] D.I. Hanson, R.S. James, C.N.Smith, “Tire/pavement 

noise study”, NCAT Report 04-02, , Auburn Univ., 
2004. 

[8] Personal communication with Afifudin Omar, Sr 
Engineer, Modenas Malaysia, 22 October 2013. 

[9] U. Sandberg, L. Goubert, P.  Mioduszewski, “Are 
vehicles driven in electric mode so quiet that they need 
acoustic warning signals?” Proc. 20th Int. Cong. 
Acoustics, ICA, 2010. 

[10]P. Cocron, J.F. Krems, “Driver perceptions of the 
safety implications of quiet electric vehicle”, Acc. 
Anal. Prev, vol. 58, pp. 122-131, 2013. 

[11]C. Mendonca, E. Freitas, J.P. Ferreira. I.D. Raimundo, 
J.A. Santos, “Noise abatement and traffic safety: The 
trade-off of quieter engines and pavements in vehicle 
detection”, Acc. Anal. Prev, vol 51, pp. 11-17, 2013. 

[12]U. Sandberg, J.A. Ejsmont, (2002). “Tyre/Road noise 
reference book”. Kisa, Sweden: Informex. 

[13] Japanese Automobile Standards International Centre,  
A study on approaching warning systems for hybrid 
vehicle in motor mode, Informal document No GRB-
49-10, February 2009. 

[14]G. Van Bloklanda, B. Peetersb, “Modeling the noise 
emission of road vehicles and results of recent 
experiments”.2009. http://www.mplusp.eu/sites/all. 

[15]J.D.Binnington, A.W. McCombe, M. Harris, “Warning 
signal detection and the acoustic environment of the 
motorcyclist”. 2009. http://informahealthcare.com.  

[16]B.K. Barton, T.A. Ulrich , R. Lew  “Auditory detection 
and localization of approaching vehicles”. Accident 
Analysis & Prevention. 2012;49:347–353. 

[17] R. Hanna. ‘Incidence of Pedestrian and Bicyclist 
Crashes by Hybrid Electric Passenger Vehicles’ 
(September 2009). http://trid.trb.org/view.aspx 

 [18]P.A. Morgan, L. Morris, M. Muirhead, L. K. Walter, 
and J. Martin. ‘Assessing the Perceived Safety Risk 
from Quiet Electric and Hybrid Vehicles to Vision-
Impaired Pedestrians’. no. 1 (1 August 2011): 1–74. 

 [19]B. Huang, J. Preston, “A literature review of 
motorcycle collisions”, Final report, Transport Studies 
Unit, Oxford Univ, 2004. 

  
 


