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We propose a novel HMI UI/UX for an in-vehicle 
infotainment system. Our proposed HMI UI comprises 
multimodal interfaces that allow a driver to safely and 
intuitively manipulate an infotainment system while 
driving. Our analysis of a touchscreen interface–based 
HMI UI/UX reveals that a driver’s use of such an 
interface while driving can cause the driver to be seriously 
distracted. Our proposed HMI UI/UX is a novel 
manipulation mechanism for a vehicle infotainment 
service. It consists of several interfaces that incorporate a 
variety of modalities, such as speech recognition, a 
manipulating device, and hand gesture recognition. In 
addition, we provide an HMI UI framework designed to 
be manipulated using a simple method based on four 
directions and one selection motion. Extensive quantitative 
and qualitative in-vehicle experiments demonstrate that 
the proposed HMI UI/UX is an efficient mechanism 
through which to manipulate an infotainment system 
while driving. 
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I. Introduction 

The rapidly increasing demand for more in-vehicle 
infotainment (IVI) has led to a need for driver convenience and 
safety when manipulating a car application while driving. Until 
now, popular car makers have focused on commercializing a 
central display based on an HMI and telematics services. In 
addition, they have limited the functionality of the infotainment 
systems they sell in an effort to reduce the risks drivers face 
when manipulating such systems. 

Currently, however, most car makers, graphics companies, 
and other tier 1 companies are researching the convergence 
between a multimodal interface and HMI UI framework. 
Additionally, they are trying to enhance the user experience 
(UX) using recognition technology, in which voice, speech, 
gesture, and posture recognition are used to track a user’s 
attention [1]–[2]. American and Chinese users in particular 
prefer a natural language enabled system over a command and 
control system [3]. 

These days, many drivers use a smart device or navigation 
system while driving, which can cause a dangerous situation or 
accident because of the driver’s inattention. The impact of 
driver inattention on crash risk was researched by the National 
Highway Traffic Safety Administration. They introduced the 
idea that naturalistic data can help complete gaps in the 
transportation research between epidemiology and empirical 
methods by collecting sufficient data to conduct 
epidemiological analyses while still collecting detailed driver 
behavior and driving performance data [4].  

To solve the problem of driver inattention, researches on 
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HMI UI and UX have been conducted (for example, on an 
evaluation system that uses an eye tracker [5]), and diverse 
methods for measuring and reducing driver inattention have 
been developed; in-car task components, in particular, are 
visually distracting to drivers [6]–[7].  

Until now, most user interfaces for IVI have used a 
touchscreen, which frequently distracts the driver. Recently, a 
method was introduced to understand how drivers naturally 
make swiping gestures in a vehicle as compared with a 
stationary setting [8]; gesture methods differ according to their 
application and purpose. To find the density space for gesturing, 
a new standard on permitted gesture properties (time and 
space) in a car was proposed in [9]. 

BMW has already developed its i-drive for safe driving and 
expanded its UX to simple gesture recognition. Additionally, 
the company proposed a new in-vehicle augmented reality 
(AR) concept connecting an adaptive cruise control (ACC), 
advanced driver assistance systems, and a navigation system 
through a head-up display (HUD). Audi has created Multi 
Media Interface (MMI) for infotainment content using gesture 
and voice recognition. Benz has also demonstrated an in-
vehicle AR using speech and pointing gestures. GM has 
researched driver gaze tracking while driving to provide AR 
information to drivers [10]. Finally, Ford has introduced its 
“MyFord Sync” using the convergence of wheel keys and 
voice recognition.  

Several types of interfaces have been proposed to 
accommodate the dynamic settings of in-vehicle content 
delivery [11]. Drivers in near collisions while using an 
infotainment system exhibit distinct glancing behaviors [12].  

An in-vehicle HUD system combined with AR provides 
recognition, unlike existing HUD systems. In-vehicle HUD 
systems that are combined with AR technology display 
information registered to the driver’s view and are developed 
for the robust recognition of obstacles under bad weather 
conditions [13]–[14]. 

As mentioned earlier, multimodal-based HMI UI/UX 
products designed for IVI systems are aimed at reducing driver 
inattention. Additionally, to improve driver attention, 
recognition technologies are becoming involved in 
infotainment systems. The current trend in IVI user interfaces 
is toward non-touch-based interfaces in an attempt to provide 
drivers with a more intuitive HMI UX. 

Additionally, a driver’s inattention can be reduced by using a 
multimodal interface–based HMI UI and UX in a way 
whereby they are able to complement one another. In particular, 
voice recognition and knob-based interfaces require a novel 
IVI system. Hand gesture interfaces — ones that uses point, tap, 
swipe, and touch capabilities — are becoming more and more 
important to AR in-vehicle HUD systems. Such systems are 

dependent on an HMI UI/UX to come up with an interface for 
each gesture. 

In this paper, we propose a new HMI UI framework concept 
that aims to provide a driver with a safe and efficient UX while 
driving. To do so, we consider a multimodal interface–based 
HMI UX that uses speech; a knob, which is rotary device; and 
gesture recognition for manipulation without a touchscreen. In 
addition, we provide touch-based gestures for convenience. 
Furthermore, we modified a standard infotainment platform 
(GENIVI) in such a way so that it could support our HMI 
UI/UX. This means that our HMI UI/UX can be 
commercialized more easily. We also provide a web-based 
application based on our proposed HMI UI framework to 
verify the proposed multimodal-based UI/UX. 

II. Proposed Multimodal Interface–Based HMI UI/UX 

1. Overall Procedure  

The proposed HMI UI/UX is characterized by the safety it 
provides its users and the fact that it does not act as a distraction 
to a driver as they manipulate an IVI system (that is utilizing 
the proposed HMI UI/UX) while driving. The HMI UI/UX 
provides a driver with intuitive manipulation methods from 
which to navigate an HMI UI menu; confirmation of any 
reactions given by the driver; a UI framework to connect with 
SW platforms and user interfaces; and a design structure for a 
GUI. 

The amount of time a driver spends looking at the HMI 
screen of the proposed HMI UI/UX can be reduced through 
non-touchscreen-based methods of operation. Until now, 
drivers have had to use their infotainment system’s touchscreen 
to select something, such as a desired icon. However, this    
is very dangerous while driving; hence, some vehicle 
manufacturers, such as BMW and Audi, have substituted 
touchscreens with other alternative methods of manipulation, 
such as a knob or touch pad.  

Our proposed HMI UI/UX allows a driver to manipulate 
HMI menus via a natural hand gesture interface. Additionally, 
voice, knob, and touch interfaces can also be used to 
manipulate our proposed HMI UI/UX — such interfaces 
provide the user with the same UX as given by the natural hand 
gesture interface. UIs have been adapted for other applications 
and can be accessed from the main menu (see Fig. 1). 
Additionally, we developed HMI functions, such as a task 
manager function, diagnostics function, and multitasking 
function, in our infotainment platform.  

We used the open-source GENIVI platform [15] to create 
web-based applications (that is, map and browser services) that 
could be used with our proposed HMI UI. In this paper, we 
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Fig. 1. Architecture of proposed HMI UI/UX. 
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provide a detailed account of the proposed HMI UI framework 
in relation to the proposed HMI UI/UX.  

Figure 1 shows the architecture of our proposed HMI UI/UX. 
We built a multimodal UX engine, multitasking capability, and 
an HMI UI framework on the GENIVI platform. First, we 
provided four user interfaces to use the HMI UI effectively. 
These are connected to the multimodal UX engine, which acts 
as a bridge between the four interfaces — gesture, knob, voice, 
and touch — and the UI and multitasking functions. Second, 
the main function of the multimodal UX engine is to manage 
the four interfaces in an activated state in real time. When a 
driver uses one of the interfaces, the state information of the 
interface is transferred to the multitasking block. Third, the 
multitasking block notifies each other block connected to it of 
the current layer, input interface, and HMI UI status. Because 
our HMI UI/UX architecture has multiple layers (see   
Section II-2 below), the states of the layers must be checked 
and the layers themselves arranged, all in real time. Finally, this 
information is provided to the HMI UI framework block. In 
this block, applications can use the HMI UI framework and 
HMI UI/UX information. 

2. HMI UI/UX 

In the overall HMI UI/UX composition, there are four layers 
— in which the background, main menu icons, submenu icons, 
and pop-up menus lie. The UI framework for the proposed 
HMI main screen consists of two arrays. The bottom array 
represents the main menu icons and is the more significant of 
the two. The upper array consists of submenu icons associated 

 

Fig. 2. Construction of UI for main screen of proposed HMI 
UI/UX.
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with the currently selected main menu icon. In addition, the 
proposed HMI UI/UX consists of a main screen, GUI for USB 
connection, subscreens, and multitasking UI framework. 

Figure 2 shows the proposed HMI UI framework and 
possible movements required to navigate menus. Figure 2(a) 
shows the main menus, and Fig. 2(b) shows the associated 
submenus. One can scroll through the menus using an 
appropriate manipulation method. As the main menus are 
rotated, the corresponding submenus are also changed. The 
main menus consist of several icons, and it is possible change 
the number of such icons. Figure 2(c) shows the change in 
position between the main menus and submenus using the 
gesture and knob interfaces. Figure 2(d) shows the pop-up 
action layer. When connecting a USB memory stick or 
manipulating the center of the main menu using a tap gesture, 
the pop-up slide moves to the right on the main screen.  
Figure 2(e) shows the multitasking pop-up layer, which 
appears from the bottom of the HMI main screen whenever a 
multitasking event begins. 

We use two 3D curve patterns to express an HMI UI 
movement, such as a rotation, translation, or zigzag effect. The 
first is a quadratic curve, and the other is a cubic curve. These 
curves can be combined in such a way so as to make a complex 
curve. Our 3D HMI UI positioning mechanism utilizes such 
information.  

Figure 3 shows the aforementioned positioning mechanism 
at work. In the figure, pa and pb represent the centers of two 
objects (menu icons) from the HMI main screen. The complex 
curve (red solid line) passing through them illustrates the path 
along which they will move. Point pi is a center position 
between two neighboring objects along the given complex 
curve. In the equation for “positioning translation,” d, a positive 
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Fig. 3. Positioning translation for movement of main screen menus.
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Fig. 4. UX based on four-directional movement: HMI UI 
manipulation is performed using knob or touch 
interface.  

 
or negative number, indicates the direction of an icon. In 
addition,  is the positioning angle of a given point. The 
movement for menus is formulated as the sum of the 
discrepancy between an object position and neighbor point pi. 
The values of the translation positioning and direction factor d 
are then multiplexed. 

Figure 4 illustrates two of the available manipulation 
methods for the main screen — the use of a knob and touch 
interface. A driver can control the search menus on the main 
screen using two direction pairs — up and down, and left and 
right. When controlling the knob, the indicator box (white box) 
appearing at the center of the main menu or submenu informs 
the driver as to which icon is currently selected. When 
navigating the icons of the main menu, the user can simply 
move the knob in an upwards direction and the indicator (white 

 

Fig. 5. Subscreen UI framework: (a) first-level menus and (b) 
second-level menus and example of level structure. 

 

Indicator (a) 

(b) 

 

 
box) will then move up to the center of the submenu. 
Alternatively, the user can scroll through the icons in the main 
menu (or submenu) by swiping the screen; the corresponding 
submenus will accordingly appear automatically. 

When selecting an icon from the submenu, the user will be 
taken to a subscreen. Each subscreen has a sidebar containing 
menu buttons. Through these menu buttons, a further two 
menu sublevels can be accessed, giving a maximum of three 
menu levels in total. Furthermore, the user can recognize the 
main menu category (color coded) currently selected from an 
indicator that is located to the bottom right of the sidebar, at the 
bottom of the screen. For voice recognition, the driver simply 
gives a command that includes a search word at the current 
stage after pressing the start key (which is located at the top-
right corner of every screen.  

Figure 5 illustrates a subscreen of the UI framework.  
Figure 5(a) shows the first subscreen upon starting a specific 
application. Immediately to the left and right of the sidebar, 
menu-level indicators express the status of the current menu 
level. Three colors are used — red, blue, and grey. Red 
indicates that a driver can enter the second menu sublevel; blue 
indicates that the driver can enter the third menu sublevel; and 
grey indicates that no further menu sublevels exist (thus the 
driver would know that they have reached the final menu 
sublevel; that is, the third menu sublevel). 
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Fig. 6. (a) USB connection and (b) multitasking UI framework.
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Up to this point, we have described the UI framework design 
for both a subscreen and the main screen. Although the two 
HMI UI frames are different from each other, the UX for each 
HMI UI is the same. All menus are simply manipulated using 
four directions — up, down, left, and right. The pop-up layer–
based UI has three types: a USB connection, multitasking, and 
favorite function. As with the UX, these UI frameworks can 
also be manipulated using the aforementioned four directions. 

Figure 6(a) shows the UI action design available for a USB 
connection. For a USB-connected application, five menu 
buttons are expressed on a sliding sidebar menu located on the 
left of the screen. This sliding sidebar menu moves from left to 
right when the USB device is connected. In addition, the user 
can select the menu buttons using multimodal interfaces. 
Figure 6(b) shows a multitasking UI framework. This UI 
framework is also included in the pop-up application, and 
moves from down to up at the bottom of the screen. It contains 
icons of recently used applications; drivers can select or delete 
an icon linking to an application. We illustrated the design of 
our HMI UI framework and UX, and in the next section will 
describe the applications based on the proposed UI framework. 

To provide the menu management freely to the driver, we 
also designed a favorite function. Figure 7 shows the UI 
framework used to register favorite icons. Drivers can arrange 
their wanted icons using the following main steps: tap and hold 
any submenu icon on the screen, and then drag to the “+” 

 

Fig. 7. Favorite function based on UI framework.  
 
region on the left side of the main screen and then release. 

The dragged icons are then registered on the favorites menu. 
Thus, whenever the driver starts the HMI UI/UX or reboots the 
favorites menu located at the middle part of the main screen, 
the registered icons on the menu are updated. On the other 
hand, the driver can remove registered icons by dragging a 
submenu icon to the “–” region, which is located on the right 
side of the main screen. 

3. Gesture Recognition 

We illustrated the UI framework and its functions using 
multimodal interfaces, which are a knob and touch capability. 
In this section, we describe gesture recognition using the UI 
framework. Our proposed HMI UI/UX can be manipulated in 
only four directions. Thus, we made four types of hand gesture 
recognition. In detail, we obtain 3D information from a Leap 
Motion device sensor. We used two gesture groups — swipe 
and tap — from Leap Motion SDK [16], but we needed to 
modify the provided gesture samples to fit our HMI UI/UX. 
Because the gestures must be strongly separated into two 
classes, we calculated the average positions of detected fingers 
and palms (six positions in total) in a frame-to-frame manner. 
Then, we normalized the average value of each of the six 
positions to “1” and found a threshold to determine each 
gesture regarding each direction.  

Gesture recognitions consist of four directions and one tap 
gesture to start an application at the main screen. In this paper, 
we do not define the use of other functions including 
multitasking; a USB connection; and favorite and specific 
application functions because the purpose of gesture 
recognition is to prove that our HMI UI framework optimizes 
multimodal interfaces including gestures. Figure 8 shows the 
gesture UX used to manipulate our proposed UI framework. 
Figures 8(a) through 8(d) indicate four swipe motion 
directions; that is, left, right, up, and down. Figures 8(e) and 
8(f) show the tap motion using the z-axis. 
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Fig. 8. Gesture recognition used to manipulate our proposed HMI 
UI/UX. Four directions of swipe motion: (a) left, (b) right, 
(c) up, (d) down, (e) tap in direction of z-axis to select 
motion, and (f) tap in direction of y-axis to select motion.
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4. Web-Based Applications 

We designed a multimodal interface–based UI framework 
for an IVI system. In this section, we discuss our self-made 
web-based application map and browser services that are 
operated without a touch-based interface. These applications 
can be manipulated using either a knob, speech recognition, or 
gestures. In the case of the knob and gesture capability, the UI 
framework uses four directions — right, left, up, and down — 
and one selected motion.  

The purpose of our web-based map service is such that a 
driver can manipulate the application in an effective and safe 
manner without a touch-based interface to obtain map 
information while driving. We used the map information and 
basic functions from Naver OpenAPI [17]. We then made a 
connection between our UI framework and the functions that 
express traffic status, distance measurement, current position, 
and map resizing.  

Figure 9 shows the application-based UI framework used to 
verify our proposed HMI UI/UX. All of the menus can be 
controlled using the multimodal UI, including the speech, 
gesture, and knob interfaces. Figure 9(a) shows the real-time 
traffic function on the map. In addition, we can find the current 
position using GPS, and the current traffic status can be 
displayed, as shown in Fig. 9(d). Figure 9(c) shows that a 
driver can register their favorite destination using a knob 
interface. Figure 9(e) shows the menu used to resize the map. 
After using the right command or selecting the appropriate 
multimodal UI, a driver can search for diverse map sizes, as 
defined in Fig. 9(f). At this point, the sidebar indicators notify 
the driver as to whether more depth layers are available. All 

 

Fig. 9. Web-based map service based on UI framework: (a) 
real-time traffic status, (b) registered location, (c) 
measurement of distance, (d) setting current position, 
and (e) and (f) map resizing. 
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Fig. 10. Web-based browser service based on UI framework: (a)
full screen of web pages, (b) expressed side menus, (c)
web search, (d) and (e) web-page control menus, and (f)
making new tab. 
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menus can be manipulated using two direction pairs, and the 
indicator box is always focused at the center of a menu array. 

A driver may want to find information from a web page 
using a smartphone or infotainment system while driving. To 
do so, drivers often use time-waiting for a signal or voice 
recognition service through a connected smartphone service. In 
the case of controlling a web page in detail, voice recognition is 
sometimes inconvenient because a driver has to memorize all 



ETRI Journal, Volume 37, Number 4, August 2015 Jinwoo Kim et al.   799 
http://dx.doi.org/10.4218/etrij.15.0114.0076 

kinds of commands to manipulate different functions.  
To compensate for this problem, we suggest the use of a UX-

based web browser. Figure 10(a) shows a full-screen view of a 
web page. When a driver wishes to use sidebar menus to 
control a web page, the sidebar can be displayed on the screen 
through the driver making a designated motion to the right, as 
shown in Fig. 10(b). Figure 10(c) shows the function of 
searching through web information by entering a specific 
address. Figure 10(d) illustrates the opening and closing of a 
new web page in detail without the use of a touch control. In 
addition, drivers can control a web page using back, forward, 
and page reload, as shown in detail in Fig. 10(f).  

III. Experimental Results 

1. Test Environment 

The software for the prototype system was developed using 
Qt SDK, OpenGL, Ubuntu 12.04, Leap SDK, and the 
GENIVI platform. We use the GENIVI component based on 
HTML5, DLT demon, Webkit, and a layer manager to make 
the HMI UI/UX and applications. The hardware running the 
software is automotive, consisting of an Intel Atom D525   
1.8 GHz CPU with 2 GB of main memory. Our HMI UI/UX 
system is based on Linux, which is a standard OS, and includes 
the GENIVI compliance platform. To verify the real-time 
manipulating performance of the system, we carried out 
system and performance tests to confirm how the frame rate 
changes according to the HMI UI control screen. The average 
frame rate for manipulating the UI framework is 15 fps, and 
the maximum CPU share is under 43%. 

Figure 11(a) shows the outlook of our proposed system 
including multimodal interfaces. The system consists of a 
mono mic, knob, touch-based display expressed UI, 
3Dconnextion knob [18], and Leap Motion sensor for gesture 
recognition. For the speech recognition, we used 45 key words, 
which could be used by a driver for the purposes of searching 
and implementing menus and menu functions. The display has 
a resolution of 800 × 480 and is a piezoelectric touchscreen. 
The knob is a 3Dconnextion to control the UI using the five 
aforementioned UXs. For gesture recognition, we use the 3D 
information of the five finger tips and palm from the Leap 
Motion sensor shown in Fig. 11(b). 

We tested our multimodal-based HMI UI/UX to verify its 
capability over a touch-based HMI UI/UX. As shown in    
Fig. 12, we set up the driving conditions and tested two types 
of HMI systems to compare the UI/UX performance.   
Figure 12(a) shows the driving simulation, where we 
connected a knob with our system (see Fig. 12(b)). We 
recorded a driver’s attentiveness as they manipulated firstly a 

 

Fig. 11. System outlook: (a) multimodal-based HMI UI/UX and
(b) region of gesture recognition using Leap Motion. 
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Fig. 12. Performance demonstration of multimodal interface–
based HMI UI/UX during driving simulation. 
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standard touch-based HMI navigation system (see Fig. 12(d)) 
and then our multimodal-based HMI (see Fig. 12(c)). We then 
compared the results of these driver attentiveness experiments. 
More specifically, we used a commercial navigator (Thinkware 
inc.), i-navi UX, which can only be controlled via a touch-
based UI [19]. We tested our multimodal-based HMI to verify 
its capability over the touch-based HMI. The simulator that we 
used included instances of straight and curved sections of road 
(see Figs. 12(e) and 12(f)). More specifically, we used the 3D 
driving game “Euro Truck,” which served as the provider of 
driving information, as opposed to the driving simulator, so as 
to provide a greater level of reality to the tester. Since the 3D 
driving game realized real driving conditions, including curve, 
intersection, access road, and driving with other cars, we were 
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left only to consider an integrated cognitive model that 
incorporated the driving path, car, and driving with use of 
either our HMI UI/UX or a commercial navigator.  

We set up a scenario that required a tester to operate a 
navigation application while driving, and we applied this same 
scenario to all testers under the same conditions. The scenario 
is as follows: (1) testers should find the “navigation” icon and 
select it; (2) zoom in on the map; (3) zoom out until on the 
map; (4) find the main screen; (5) start the function of 
“multitasking”; (6) find the “navigation” icon and select again; 
(7) find the submenu icons “web browser” and “DMB”; and 
(8) find the “navigation” icon again.  

Testers had to control the HMI using either a touch-based UI 
(T-Navi) or our proposed multimodal interface–based UI (M-
HMI) without touch capability. We tested our multimodal-
based UI to verify its capability over T-Navi. The testers 
manipulated M-HMI using its range of diverse interfaces — 
gesture, voice, and knob — without regulation. Since T-Navi 
has only a touch-based interface, we could not evaluate 
cognitive and audiometry elements. In short, we conducted an 
evaluation of other elements instead (see Fig. 2). 

2. Results 

Several projects about HMI methods have been conducted, 
such as AIDE, HUMANIST, SafeTE, HASTE, CAMP, and so 
on [20]. To evaluate our proposed HMI UI/UX system, we 
considered general elements such as driver response time (the 
average of the total measurements from the start of the listening 
command to the action using our UX or a touchscreen), 
average driving speed, duration of distraction from the HMI UI 
screen (distractions were separated into those lasting less than  
1 s, between 1 s and 2 s, and more than 2 s. We defined “more 
than 2 s” as a dangerous distraction), number of crashes 
(includes crashes with cars to the front and side of the vehicle 
or obstacles), and lane keeping [21]. To obtain the above 
measurements, we tried to use an eye tracker. However, we had 
to manually check each captured video for each tester because 
of an error detection problem with the eye tracker. 

Additionally, we divided the testers into two groups 
according to their driving career. The experienced group 
members had more than five years of driving experience and 
were skilled in both types of HMI UI/UXs (according to our 
survey results). The non-experienced group members had less 
than five years of driving experience. The criterion of division 
by five years was chosen in accordance with our survey results, 
which revealed that this was the average amount of time 
necessary for a tester to become accustomed to manipulating 
their own in-car HMI UI/UX or navigator without endangering 
themselves while driving. 

Table 1. Result of evaluations regarding two types of HMI UI/UXs 
for groups of drivers (all items are mean of results from each 
group of testers). 

Experienced (30) Nonexperienced (30)

Items (mean) Proposed 

HMI 

Commercial 

navigator 

Proposed

HMI 

Commercial

navigator

Response (s) 1.5 2.3 3.4 3.8 

Speed (km/h) 75 80 67.6 75.6 

Distraction (D < 1 s) 21 11 15 16.7 

Distraction (1 s ≤ D ≤ 2 s) 11 30 26.3 16.7 

Distraction (D > 2 s) 1 2 4.3 6 

Crash (count) 0 0 1 1.3 

Derailment (count) 3 7 7 9.3 

 

 
We created a scenario to control each UI framework and 

manually measured testers’ response times and distraction 
factors while they drove in the simulator and operated the two 
aforementioned HMIs (each on a separate occasion). A total of 
60 testers were used, and the results of the simulations are 
shown in Table 1.  

Drivers with five or more years of driving experience 
showed less distractions and quick reaction times when 
manipulating our proposed HMI UI/UX while driving. 
However, the result of the touch-based HMI showed a long 
response time and more distractions when controlling and 
searching the screen. Moreover, the drivers looked at the screen 
several times to find the touch position. On the other hand, 
inexperienced drivers showed more distractions of less than 2 s 
when using our HMI compared with the touch-based version. 
The reason for this is that they were unfamiliar with our HMI. 
However, there were fewer distractions of more than 2 s, 
crashes, and derailments compared with the results of using the 
touch-based HMI. 

In the case of our proposed HMI UI/UX, the number of 
recorded distractions of under 1 s in the experienced drivers 
group was greater than that recorded for between 1 s and 2 s 
(experienced drivers group). On the other hand, the results for 
T-Navi show a stark contrast; that is, experienced drivers kept 
glancing at the HMI screen to check their actions when using 
the multimodal interface–based UX for a short time period. In 
the case of the inexperienced drivers group, while operating 
our proposed HMI UI/UX, the results show a difference with 
the experienced drivers group. The number of recorded 
distractions for between 1 s and 2 s was greater than that 
recorded for under 1 s. This was due to the fact that the 
inexperienced drivers were not familiar with multitasking tasks 
while driving. Based on these results, we evaluated our proposed 
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Table 2. Analysis of psychomotor workload for proposed HMI 
UI/UX. 

1 < Year ≤ 5 5 < Year ≤ 10 10 < Year ≤ 20 20 < Year Avg. 

Elements Pro 
HMI 

Com 

Nav 
Pro 

HMI 
Com 

Nav 
Pro 

HMI 
Com 

Nav 
Pro 

HMI 
Com

Nav
Pro 

HMI
Com

Nav

Esthetic 91.4 62.9 91.4 64.8 88.6 55.7 88.0 62.2 90 61

Intuitive 74.3 77.1 83.8 75.2 80.0 78.6 84.0 78.7 81 77

Usability 85.7 77.1 84.8 64.8 92.9 65.7 92.0 67.9 89 69

Structure 88.6 82.9 83.8 64.8 81.4 62.9 92.0 60.2 86 68

Trends 77.1 62.9 89.5 51.4 84.3 51.4 96.0 47.0 87 53

Design 94.3 62.9 83.8 62.9 78.6 55.7 88.0 57.2 86 60

Delivery 80.0 74.3 72.4 72.4 81.4 61.4 84.0 63.0 79 68

UI 
usability 

77.1 71.4 90.5 50.5 90.0 52.9 93.1 55.8 88 58

Purchase 

capability 
80.0 48.6 87.6 59.0 92.9 52.9 92.1 54.6 88 54

Safety 85.7 48.6 91 50.5 92.9 44.3 94.6 41.5 91 46

Keep eyes 
forward 

77.1 51.4 82 47.6 87.1 50.0 87.9 44.4 84 48

* Pro HMI: propose HMI and Com Nav: commercial navigator 

 
method as being better than that of the touch-based HMI 
UI/UX method in terms of the distractions evaluation criterion. 

Evidently, the touch-based HMI UI method demanded 
drivers’ attentions while they were driving more so than the 
proposed method. In addition, we conjecture that if drivers 
have more experience using our proposed UX, then they will 
find that it will become easier to operate it in a safer and more 
efficient manner while driving. In detail, a driver can focus on 
driving while at the same time performing a search of either the 
main menu, a submenu, or a sidebar menu with the aid of 
different sound effects. The sound effects are generated 
whenever the driver uses either a gesture motion, voice 
recognition, or the knob. 

To provide a cognitive element to our proposed HMI UI/UX, 
several types of feedback effects were considered, such as 
sound, haptic, and visualization notices. In short, a driver need 
not necessarily look at the HMI screen to successfully operate 
the proposed HMI UI/UX, once they become accustomed to 
such types of feedback; the same cannot be said for traditional 
touch-based HMI UIs 

We additionally conducted an analysis of the psychomotor 
workload experienced by our testers as they operated M-HMI 
and T-Navi. Table 2 shows the results. The test group was 
divided by driving career. Generally, the results show that 
testers preferred M-HMI over T-Navi for almost all of the 
evaluation criteria in Table 2. 

As shown in Fig. 13, we tested our proposed HMI UI/UX in 
a car while driving. The testers conducted multitasking, 

 

Fig. 13. Experiment with multimodal-based HMI UX in car.  
 

 

Fig. 14. Comparison of framework structures: (a) i-drive from
BMW in X5, (b) MMI from 2015 Audi A3 sedan, and
(c) our proposed HMI UI/UX. 

(a) 

(c) 

(b) 

 
 
searched for apps, and connected a USB to install apps or 
media content, by using either speaker recognition, gestures, or 
a knob. 

Currently, state-of-the-art HMI UI/UXs lie in the hands of 
car manufacturers such as BMW or Audi. Although we do not 
have quantitative criteria from which to compare our own HMI 
UI/UX with those that belong to the likes of BMW and Audi, 
we were able to conduct a qualitative evaluation from a 
different point of view — the HMI UI/UX’s framework.  
Figure 14 shows a comparison of framework structures. The 
UI frameworks of the aforementioned HMIs have some points 
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in common. One common point is that they all make use of 
only four directions and a rotation to manipulate the UI; 
moreover, most of the menus consist of a hierarchical UI 
framework. The difference between the framework structures 
of BMW and Audi and our proposed method, as shown in  
Fig. 14(c), is as follows. In the case of i-drive and MMI, the 
menus are fixed on the menu screen and it is the indicator that 
has to move within a selected list of menus. In contrast, 
because our UI indicator is fixed, a driver of a car that contains 
our proposed HMI UI/UX is more able to maintain their 
concentration on the road ahead while operating the HMI. 
Additionally, our UI framework maintains symmetry and 
reduces the staring time. 

IV. Conclusion 

This paper presented a multimodal interface–based HMI 
UI/UX that provides a more convenient, efficient, and safe 
manipulation than previous touch-based interface products 
while driving. Our proposed system makes it possible to 
manipulate while looking at the side of the screen. In addition, 
the UX mechanism can be learned in a short time period, and 
the controls can be used easily to manipulate the multimodal 
interface while keeping a front gaze. Our proposed UX 
mechanism is as easy to learn and manipulate as a typical 
HMI-based device. Because we built our HMI based on a 
standard infotainment platform, it is ready for commercial use. 
In addition, we verified that our HMI system provides an 
advanced vehicle UX for manipulating in-vehicle infotainment 
better than in previous products. Our multimodal in-vehicle 
interface can be combined with diverse gesture recognition, 
including posture, pointing, and body, hand, and head poses, 
and can be extended to augmented reality and instrument 
cluster interaction with the driver. As future work, we have a 
plan to combine our proposed UX and gesture recognition to 
interact with a driver statement recognition system, which is 
connected to our ongoing co-pilot system project. 
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