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Abstract 

In this paper, we describe the development process of 

a human-machine interface (HMI) for a purpose-built 

electric taxi in Singapore. Based on the requirements of 

taxi drivers and passengers, we developed an automo-

tive communication structure to support the connectivi-

ty between the vehicle HMI and mobile devices, support 

taxi-related functionalities and emphasize the charac-

teristics of the electric vehicle. We carried out seven 

requirement studies in Singapore, implemented an 

integrated HMI platform, and developed different inter-

face prototypes for the vehicle HMI and smart devices. 

This work contributes to the emerging field of automo-

tive user interfaces by proposing a fully integrated HMI 

for an electric taxi. 
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Introduction 

Advanced automotive human-machine interfaces (HMI) 

are becoming widely available in current vehicles 

[2][6]. The information provided ranges from enter-

tainment and driver support aids to safety warnings. In 

electric vehicles, these interfaces further help the driver 

to understand the status of the vehicle with regard to 

its charging requirements, range, and battery lifetime 

condition. Requirements for these automotive HMI sys-

tems are in general broad and manifold, as the target 

group of drivers is strongly heterogeneous regarding 

their purpose of driving, mileage, age, gender and edu-

cation. Targeting taxi drivers in Singapore, however, 

gives the opportunity to focus on specific requirements, 

as the purpose of use can be defined in detail. Address-

ing the geographical boundaries of Singapore, the 

properties of an electric vehicle such as the state of 

charge, the passengers and the target group of taxi 

drivers, allows to develop a purpose-built, integrated 

automotive HMI.  

Settled in an overall engineering task of building an 

electric taxi for Singapore, we carried out a require-

ment engineering process and subsequently developed 

the HMI for the purpose-built electric taxi. We carried 

out seven requirement studies to address driver and 

passenger requirements alike. Within these studies, we 

evaluated the market situation and targeted usability 

and acceptance issues to derive content and design 

implications for the automotive HMI system. 

We further specified the hardware based on the re-

quirement studies to set up an automotive communica-

tion structure. This structure enables the communica-

tion between a variety of devices (i.e. the instrument 

cluster, the central information screen and smart devic-

es such as smartphones. The software manages the 

communication flow in the vehicle between all devices. 

We thus describe the status of the software develop-

ment, including all electric vehicle and taxi-related 

functionalities in the domains of information control and 

service structure.  

During the development process we addressed issues 

related to engineering and human-computer interaction 

research. According to common practice in HCI, we 

started with iterative development cycles early in the 

concept phase of the vehicle. We further used robust 

engineering principles [1], to develop an HMI concept 

that is reliable and works efficiently on an existing au-

tomotive platform. In the following, we first present the 

requirement studies that were carried out. Subsequent-

ly, we describe the concept development process, fol-

lowed by the description of three interface prototypes. 

Requirement Studies 

To gather information about the passenger, the taxi 

driver and the contextual situation, we carried out sev-

en studies (five qualitative and two quantitative stud-

ies).  

(S1) Experience and understand taxi driving in Singa-

pore: We first interviewed taxi drivers during a half-

year period regarding their needs during a taxi shift 

and their experiences with passengers. The interviews 

were analysed and revealed unique attributes of the 

Singaporean taxi market that affect the way of taxi 

usage as well as the experience passengers have when 

using a taxi. Often, a single taxi is used by two drivers, 

who drive a company-owned taxi in approximately 12-

hour shifts, resulting in around-the-clock usage. Book-

ing a taxi requires making a call, using a smartphone 

Figure 1:  Interior of a taxi in 

Singapore  

MOBILE HCI 2013 – INDUSTRIAL CASE STUDIES TRACK AUGUST 28th, 2013 – MUNICH, GERMANY

435



  

application or sending a text message with your postal 

code (postal codes in Singapore identify a block of 

houses rather than parts of a town). The booking re-

quest is handled by a dispatch system, which com-

municates with aftermarket interface solutions that are 

installed in the taxis (see Figure 1). Hailing a taxi on 

the street might be difficult, but taxi pick-up points are 

available all over the city.  

The fees for a taxi ride can vary according to peak hour 

extra payments or area-based fees like for the airport), 

which are controlled by an electronic road pricing sys-

tem (ERP). Singapore as a city-state is limited in means 

of its geographical outline, which induces unique traffic 

characteristics like peak hour traffic. Regarding the 

cultural background, Singapore is divided into three 

major ethnicities: Chinese, Malays and Indians, where-

as the group with Chinese background forms the ma-

jority [8]. This heterogeneous citizenship and the cul-

tural diversity need to be considered during the whole 

development process. 

(S2) Assessing how taxis should be changed to meet 

passenger requirements: We conducted twenty qualita-

tive interviews with passengers to gather knowledge 

about their informational needs and how they use their 

mobile phones in a taxi. (Figure 2 shows for example 

that charging a phone is less important, whereas Inter-

net connectivity was highly requested).  

(S3) Gathering user experience reports of common taxi 

situations: We carried out an online survey with 100 

taxi users. The passengers rated past taxi rides and 

express their subjective opinion about taxi driving in 

Singapore (see Figure 3, which shows that a taxi ride is 

rated as reliable but not as a pleasurable experience). 

(S4) What do passengers do while taxi riding? We con-

ducted an additional survey to focus on what passen-

gers do during a taxi ride, was conducted resulting in 

smartphone usage being the most frequently men-

tioned activity.  

(S5) Documenting and analysing the behaviour of pas-

sengers: We filmed five taxi pick-up points for 3 hours 

each. The analysis revealed that passengers had par-

ticular difficulties in matching a booking confirmation to 

a certain vehicle. 

(S6) Assessing the mobility behaviour of taxis: We 

carried out a fleet test in Singapore. We handed out 

smartphones to five taxi drivers to track their overall 

driving behaviour and the amount of passengers trans-

ported. For this, we cooperated with a taxi company 

and the Land Transport Authority. Taxis in Singapore 

are a valid supplement to the mass rapid transit or bus 

system due to reasonable prices. At peak times, the 

demand for taxis is nevertheless extremely high, espe-

cially as we discovered that 75% of all trips served for 

the transport of only one person.  

(S7) Analysing transportation usage and car sharing: 

We carried out an online study with 500 participants. 

The results showed that having a transparent and easy 

to use taxi sharing system with a transparent fare 

model is most wanted by the participants. Another 

aspect mentioned was that passengers would select 

their sharing partner by gender and ethnicity. 

The major requirements out of these studies where: 

internet connectivity (barely available during a taxi 

ride), handling taxi booking in an easy way (in the ve-

hicle and outside), smartphone-based control of vehicle 

Figure 3:  Experience ratings of a 

taxi ride in Singapore 

Figure 2:  Evaluation of desired 

features of a Singaporean taxi  
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functionality like climate control for the passenger or 

locking/unlocking the vehicle for the driver, saving 

money by sharing taxis, and a suitable interface to 

support the driver in planning taxi rides like support 

through range prediction or guidance in optimizing trips 

in accordance to charging stations.  

In order to develop and appropriate HMI system, we 

first outlined its specifications to build up a flexible and 

expandable communication system for the vehicle. 

According to the major requirements, this system 

should contain multiple devices and interfaces for the 

communication with the drivers and passengers, as well 

as a new approach to dispatch systems that allows for 

taxi sharing. Due to the mobile devices included in the 

automotive communication system, we defined security 

as a further major requirement. Thus, we will go into 

detail about the concept development and the integrat-

ed devices in the next section. 

Concept Development 

The definition of the hardware is based on our previous 

experience in developing automotive HMI, on the re-

quirements from the conducted studies (connectivity 

and informational demand), and on technical bounda-

ries that arose in discussion with the engineers who are 

responsible for the vehicle structure. For the hardware, 

our goals were to ensure a feature-rich and fully con-

nected HMI system. We decided for a centralized Car 

PC with a multitude of I/O possibilities that works as 

backbone for all peripheral smart devices (see Figure 4 

for the system overview and connection details). The 

Controller Area Network (CAN) is widely used in the 

automotive context [5] and serves as a wired serial 

communication framework. The CAN bus connects the 

critical components associated with driving such as the 

motor control with the other functions of the vehicle 

like battery management. To access the driving and 

control-related data, the HMI system of the vehicle has 

two gateways to the CAN bus. One is a CAN-Bluetooth 

gateway that connects the instrument cluster directly to 

the CAN bus to allow immediate and reliable transfer of 

safety critical real-time information (for further details 

see [6]). The other gateway is the Car PC that makes 

the data on the CAN bus available to the smart devices 

through a service-oriented architecture. To support 

flexible and secure connectivity between devices, we 

implemented two physically separated Wi-Fi networks. 

This gives access to information on the Car PC and 

access to the devices. This is advantageous as depend-

ing on the source of the device, either the driver or the 

passengers can use different web-services [3]. The 

devices are divided into three different groups:  

Central information screen (CIS) – Due to ergonomic 

issues (an input device for the driver needs to be in 

reach) and that the taxi passengers also need to be 

informed about the trip, we decided to include a touch-

sensitive CIS located in the central console. It serves as 

an input device for controlling all internal functions of 

the car and informs about the fees and trip details. 

Figure 5 documents in an excerpt the complexity of the 

correlating requirements for the CIS. 

Instrument cluster (IC) – The IC is dedicated to display 

all safety-relevant information to the driver, provide 

additional electric vehicle-related information like an 

adaptive range prediction and support the driver with 

taxi-related functionality such as booking details. Both, 

the IC and CIS can show and process information. For 

this, we decided to use Android-based systems that 

communicate with the Car PC bidirectional. 

Figure 4:  The developed HMI 

network structure within the vehicle 

Figure 5:  Excerpt of the hierar-

chical requirement structure for the 

CIS 
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Smart devices - Devices such as tablets and smart-

phones provide vehicle-related information and service 

control to the driver and the passengers. The devices 

connect via the Wi-Fi network (see Figure 4) and for 

example give access the control of the entertainment- 

or booking system via web services. 

HMI Prototypes 

One of the requirements we assessed in our studies 

was the mobile connectivity demand of passengers and 

drivers. As the telecommunication infrastructure in 

Singapore is well developed and used intensively, we 

decided to implement a mobile Internet connection for 

all live services, such as information about the estimat-

ed arrival time of the taxi to be transmitted to the wait-

ing customers. The cellular connection is shared with all 

connected devices via the internal Wi-Fi of the vehicle 

with high priority to the CIS and IC and a lower priority 

to the passengers’ smart device. This enables the de-

vices to access information not provided by the Car PC 

and to be updated on the fly without the need of local 

maintenance, as the standing time of a Singaporean 

taxi is limited due to almost 24 hours of daily use. 

Prototype for the CIS - One of the main purposes of the 

CIS was the requirement to support the driver and 

passengers’ informational needs. We decided, due to 

visibility and control requirements, to combine both 

information sources in one interface. For the driver we 

implemented a dispatch system that allows for accept-

ing and declining booking requests. When the driver 

accepts a new booking, the pick-up point is automati-

cally entered into the navigation system as the next 

destination. The interface also shows nearby charging 

stations, traffic density and predicted range (Figure 6). 

For the passengers, the CIS displays details and pro-

vides access to climate- and music control. 

Prototype for the IC - The IC is based on Android and is 

directly connected to the CAN bus via a Bluetooth and 

accesses all driving-related information. Besides speed, 

torque and odometer, the interface objects that are 

related to the electric vehicle characteristics (range, 

power, charging process and energy meter) are dis-

played. This encloses an appropriate data communica-

tion with the vehicle network, as well as a proper inter-

face design according to common practice [4],[9]. Fig-

ure 7 shows the evaluation of the IC in a seating box 

while Figure 8 shows the computer-aided design evalu-

ation of the visibility of the interfaces.  

 

Prototype for a smart device - The driver’s smart device 

can also be used to control functions when in range of 

the car like the driving light. The smart device app 

further provides a keyless entry functionality using a 

Bluetooth Class 2 connection with a max range of 10 

meters (Figure 9). This makes it especially easy to 

transfer the rights to open and use the vehicle between 

different drivers and also give passengers access to 

open the otherwise locked rear luggage compartment. 

For the passenger we developed a taxi sharing applica-

tion to address the requirement of cheaper and faster 

taxi bookings. The app is designed to quickly find fellow 

passengers to a certain destination (Figure 10). 

 

First findings from evaluating the prototypes were that 

we determined a reduced usability of the CIS. We 

needed to adjust the font size and defined the upper 

screen half as a fixed interaction area for the driver to 

display information for the driver and the passenger 

similarly. Regarding the IC we were faced with ergo-
Figure 8:  CAD-based ergonomic 

analysis 

Figure 7: Seatbox IC Prototype 

Setup to evaluate the UI design 

Figure 6:  Range prediction con-

cept with geographical references 
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nomic issues as the visible area was small and the 

changing placement of the seat continuously influenced 

the visibility of the IC. We replaced the IC once to in-

crease the resolution and the visible array. Taking a 

look back, the most challenging endeavour was to 

transfer results from the requirement phase to the 

system development. It needs to be considered that 

engineering requirements as well as a fast pace devel-

opment process reduced the functionalities of the HMI 

system. 

 

Conclusion 

The main goal of this project is to build a fully function-

al prototype of an automotive HMI system based on 

detailed requirements. We have carried out in-depth 

requirement studies and developed a proper communi-

cation infrastructure to enable a broad variety of ser-

vices. We further developed and tested smart device 

applications and interface prototypes. The evaluation of 

the prototypes showed ergonomic limitations (visibility, 

reachability), whereas we see the need for further 

evaluations when integrating all concepts in the target-

ed EV to address safety- and usability-related issues 

while driving in particular. 
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Figure 9:  Smart phone door opener  

Figure 10: Taxi sharing application 
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