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Abstract

We propose a leap motion interface based on a multimodal UI/UX engine which can recognize changes in the user’s hand gesture in order to operate the secondary control system in an automobile. To this end, 3D-printed automobile dashboard was fitted with a steering wheel and screen to provide a platform. Leap motion interface was developed with 3DUnity along with the use of laddering method and KJ method to derive hand motion to control leap motion. We accomplish testing the usability testing of leap motion interface to verify its efficiency. The proposed interface can be used to efficiently the research of multimodal UI/UX engine development.
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I. Introduction

Recently the automobile industry has converged with information technology to provide appropriate information to the driver and to provide automatic support for safe driving with cutting-edge safety technology. In particular, there has been continued development in the development of interface which recognizes the biometric information, motion and voice of the driver to facilitate natural interaction between the drive and the automobile and create a safe and convenient control system. The design of a HMI UI/UX is imperative to ensuring that interactions between various information and gestures during driving do not interfere with driving. 

 UX engine framework based on user motion recognition consists of gesture recognition (hand motion, etc.) module interface. Here, gesture recognition requires a design of gesture recognition module in UX engine while enables optimized motion recognition for the driver’s unique motion. we thus established an interface for automobile control using leap motion basted on a framework for the development of multimodal UI/UX engine; usability assessment will lead to a proposal of appropriate hand motion.

Multimodal user interface is one that combines different interfaces such as motion recognition, face recognition and voice recognition so that they complement each other. Fig. 1 shows a framework of a user-centered multimodal UX engine design through such multimodal user interface [1].

 In sum, multimodal UX engine is an engine system which, based on user experience other than UI which the user directly controls and operates, uses various biometric recognition such as motion, face, and voice, to combine interfaces and improve operating efficiency. This collects, analyses and learns from UX information which is used through real-time UX analysis engine when the driver operates UI in order to provide information for augmented object or display in an intuitive manner [2].
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Fig. 1 Multi-Modal UI/UX Engine frame work.
In recent years, the North American and European automobile industries have witnessed the development of next-generation technology which, based on external environment recognition technology, provides user-centered UI/UX to enhance convenience and safety in driving. Such efforts have seen multimodal interface technology which combines haptic device, voice recognition, motion recognition, and drive recognition to control diverse information through the intuitive recognition of the surrounding situation. UX research has seen phenomenon research on the formation of user experience, research on the system design method in relation to specific UX, methodological research and development on UX design and assessment [3].
We designed a leap motion interface which recognizes the driver’s hand motion in order to propose the type of hand motion which is appropriate for secondary control system during driving; usability assessment verifies its efficiency.

II.  Creation of Driving Environment Platform
In order to observe and analyze the driver’s behavior during driving, a simulated driving environment is required. Thus an automobile dashboard was created with a steering wheel and screen to provide a driving environment platform. The dashboard is realistic in size and shape, but extends only as is necessary to simulate a driving space. For the installation of leap motion device, a 3D design model is 3D-printed, is as shown in Fig. 2.
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Fig. 2 3D model(a) and 3D-print of an automobile dashboard(b).
A frame is made to support the 3D-printed automobile dashboard. A driving wheel is attached and screen is put in the place of wind screen. PC and leap motion is installed to operate the interface. The resulting outcome, an automobile dashboard platform, is as shown in Fig. 3.
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Fig. 3 Driving environment platform.
The screen displays a driving environment with a 3D-modelled automobile and road created on 3D Max. Leap motion device and iconized control interface have been 3D-modelled in the bottom-right corner of the screen, where secondary control system is normally found, so as to provide intuitive visualization for the driver, is as shown in Fig. 4.
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Fig. 4 Control screen on the platform.
The road is based on free asset shared on Unity3D; for reality, centerlines and lanes have been added in continued line and dotted lines (a). 
This is entire Driving Road of entire of map. Track is formed build up like a (b) in Fig. 5. the total length of road is 917.76m. The overall layout of the road was designed to be circular to enable unlimited driving in a fixed space, is as shown in Fig. 5.
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Fig. 5 Road environment.
This platform was used to recognize the driver’s hand motion in leap motion to yield data for analysis.

III. Leap Motion-based Automobile Control Interface
Leap motion is a USB device measuring 12.7mm in width and 80mm in height. It contains an infrared LED and camera to operate 150-degree viewing angle; it is capable of precision recognition of finger joint movement at the speed of 200 frame/s within a range of 50cm. However, the conditions and range of motion may be further limited by the operational conditions of leap motion; this adds to the importance of interface design.

In order to operate the secondary control system of an automobile, Unity3D was used to create a user interface. Fig. 6 show the platform screen with leap motion and control interface iconized. From the left, radio, audio, video, navigation, seat control, cruise control are shown; these comprise a secondary control system in an automobile [4].
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Fig. 6 Secondary control system UI in an automobile.
The six operational and control elements are operated through pop-up windows. Each operational element shares a common on-off system. 
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Fig. 7 Control process of automobile control system using leap motion.
Navigation has as its main control element a map which can move in all four directions. Audio, video, and radio requires a menu for browsing playlist or channel selection elements; left-right movement element is used to control those functions. Also, volume control, which is essential to audio, video and radio functions, also adds up-down control. Cruise control requires up-down control system to control the driving speed of the automobile. Seat control has seat height, recline and positioning elements in the menu window; up-down control system controls those elements. Unity3D-based interface is thus integrated with leap motion so that those elements can be controlled by simple hand motion during driving. The outcome is as shown in Fig. 7.
The platform and leap motion interface are used to test and assess the system.

IV. Experimental Result and Discussion
We tested the leap motion interface for secondary control system which comprises of elements other than the main control system such as wheel control and foot pedal. These secondary elements included; 1) navigation; 2) audio; 3) video; 4) radio; 5) cruise control; and 6) seat control. 
50 participants were divided into two groups, novice and experienced, according to their driving experience. After a driving experience on the platform, participants were asked to answer a questionnaire for usability assessment.

A. KJ Method for Hand Gesture Classification
Prior to experiment, 10 participants over 20 with driving experience were interviewed; laddering survey method was used to select interface elements which control the secondary control system in automobile. 
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Fig. 8 Hand motion classification using KJ method.

Laddering method differentiates characteristic-result-value levels of the user to enable in-depth analysis [5]. Items selected through laddering were 6 elements; on/off elements which turns the system on and off; throw elements for moving between menu and channels; click element which selects a menu; up/down elements for controlling the volume, channel in video and radio, driving speed and seat movement. 

 Then, various keywords mentioned by participants in relation to appropriate hand motion for controlling secondary control system in automobile were sorted into groups; small, middle, large groups were used to derive hand motions for the secondary control of automobile. KJ method was used for classification is as shown in fig. 8.
Six different hand gestures for automobile’s second operation are displayed from (a) to (f), set with each gesture’s name. ‘On’ turns on the system and opens fist. ‘Off’ turns off the system and makes fist from opened hand. ‘Throw’ switches menu, channels, and more, and moves laid palm from right to left. ‘Click,’ which selects menu and channels, uses two fingers to press from top to bottom. ‘Up,’ which controls volume, speed, etc., moves from bottom to top with palm, and lastly ‘Bottom’ drew a motion from top to bottom with palm. You can view all of functions in table 1.
TABLE I
SYSTEM CONTROL ELEMENTS AND HAND MOTION CLASSIFIED USING LADDERING METHOD AND KJ METHOD
	Hand Gesture
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	Article
	Function

	(a) On
	Turn on the system

	(b) Off
	Turn off the system

	(c) Throw
	Choose the menu and channel

	(d) Click
	Try to control, movement about menu and channel

	(e) Up
	Increase follow items: volume, height, Speed

	(f) Down
	Decrease follow items: volume, height, speed


Then, 25 drivers over 20 were separated from 25 non-drivers over 20 to form novice and experienced groups. The participants were divided into two groups so that the difference in their driving skills could be accounted for in the design and assessment based on a wide range of data. 50 participants were instructed in the 6 motions, derived using KJ method; they were then led to make motions on the platform to operate the control system under observation.

Finally, participants were asked to answer a usability assessment questionnaire. The questionnaire addressed; usability which is about the ease of understanding the displayed elements; utility which assess the perceived value of service provided; availability which allows to predict when the service can be used; aesthetic which measures how the service’s shape and feel attracts the user’s interest; offline issue which includes brand or business process in support of the service [6].
And we’ve set up list of items to evaluate interfaces based on heuristics guidelines, which helps to analyze difference stages of skills. Heuristic guideline divides to 10 categories: recognition and feedback, simplicity and formativeness, consistency and standardization, effectivity and flexibility, user’s errors and error management. Heuristic evaluation helps to evaluate service usage in different perspective that you can’t get from UX data analysis. You can view summarized information in table 2 [7].
TABLE Ⅱ
 SURVEY ITEM OF BASED ON LEAP MOTION INTERFACE
	Article
	Question

	Recognition
	Is this interface easy to use?

	Feedback
	Do you feel that you are in control of the automobile system? 

	Simplicity
	Is this interface intuitive? 

	Consistency
	Is this interface generally satisfactory?

	Efficiency
	Do you have a mind to use this interface for a long time?

	Standards
	Is its response similar to the existing, direct control?

	Flexibility
	Is this interface natural?

	Aesthetic
	Is this interface visually attractive?

	User Control
	Can you handle the problem, when you use this interface?

	Error Management
	Would this interface fit naturally to the existing automobile?


Participants, divided into novice and experienced groups according to their driving experience, experienced automobile secondary control system on the established leap motion platform before answering the questionnaire. A total of 10 questions were asked to assess Recognition, Feedback, Simplicity, Aesthetic, Consistency, Standards, Efficiency, Flexibility, User Control and Error Management. In-depth interview was conducted to collect diverse feedback on the leap motion-based automobile control interface. 7-point scale was used for assessment. The lowest score was 30; the resulting data were then analyzed with 100 as full score. 

B. Usability Testing Result
In terms of Recognition, Feedback and Simplicity, both novice and experienced groups show a high level of satisfaction with the ease of use. A participant in the novice group said that iconized UI design and intuitive hand motion will aid the ease of use. At the same time, novice group responded that their lack of driving experience meant that they could not fully control the automobile system. On the other hand, the experienced group were satisfied on the same point. Both groups showed a high level of satisfaction on the intuitiveness of interface.

 For Consistency and Efficiency, both groups scored relatively low satisfaction. One participant in the experienced group responded skeptically to using a new device as the participant was already used to the existing devices. Both groups also returned low scores on willingness to purchase; this is predicated by the satisfaction score.

 On Standards and Flexibility, both groups returned high scores on satisfaction for intuitive hand motion control in leap motion. However, when asked if the interface was natural, whereas experience drivers gave a high score of 90, novice drivers returned a relatively low score of 75. This seems to be due to the fact that novice drivers with no driving experience struggled with the driving experience itself.

 On the Aesthetic and User Control quality of the interview, both groups scored highly. It seems that the participants were visually satisfied with iconized interface. In particular, when asked about willingness to continue to use the system, one experienced participant responded that the new UI was easier to understand the existing device. 

For Error Management, when asked about willingness to apply the new system to the existing automobiles, novices responded with a low score of 75 whereas experienced drivers gave a better score of 85. One novice participant answered that the participant had little opportunity to experience the existing automobile interface; this appears to represent the overall response from the novice group. The survey data were analyzed with 7-point scale to yield the following table (Table 3).
TABLE Ⅲ
7-POINT SCALE RESULT
	Article
	Beginner
	Expert

	Recognition
	92
	95

	Feedback
	75
	92

	Simplicity
	87
	91

	Consistency
	82
	80

	Efficiency
	77
	75

	Standards
	87
	85

	Flexibility
	75
	90

	Aesthetic
	95
	93

	User Control
	87
	90

	Error Management
	75
	85


V. Conclusion
This paper comes in an early stage of multimodal UI/UX design in automobile control device to present leap motion interface. Usability assessment was conducted to verify its efficiency. 

First, a realistic driving platform was created with a leap motion-based interface for secondary control system to establish a simulated driving environment. Drawing on the advance research, six secondary control elements were selected; navigation, audio, video, radio, cruise control and seat control. Then UX design process used laddering technique and KJ method to analyze and categorize hand motion for leap motion control as well as components and requirements for each motion. Experiment participants, divided into novice and experienced groups, were invited to experience the driving platform before answering a usability assessment questionnaire. Collected data were analyzed and quantified using 7-point scale method. 
As a result, it was shown that both novice and experienced groups showed a high level of satisfaction. Novice group, due to their lack of driving experience, returned relatively low scores on usability, availability and offline issue. 
This result supports the development of multimodal UX engine, integrated with the automobile using simplified gesture control during driving, in order to design UX where interactions about diverse information and control during the driving of a smart car do not interfere with driving. Moreover, unlike the existing interfaces which are singular information-based, this can be applied to other fields related to HCI such as IT/BT/CT/design convergence UI/UX like robot, home automation. 

For further research, automobile control system using a jog dial on touch screen is under development; this is expected to serve the research and development of multimodal UI/UX engine. 

Reference
[1] L. Gwang Hyung, S. Dong Kyoo, S. Dong Il, A Study on the Multi-modal NUI/NUX Framework, Proceedings of Symposium of the Korean Institute of Communications and Information Sciences, 495-496pp, 2014.
[2] K. Jin Woo, H. Tae Man, The UI/UX Methodology for Manipulation the Novel Vehicle HMI, KOREA INFORMATION SCIENCE SOCIETY, 202-204pp, 2012.

[3] USER EXPERIENCE WHITE PAPER Bringing Clarity to the concept of user experience, Result from Dagstuhl Seminar on Demarcating User Experience, September 15-18, 2010.

[4] Motion-path Based in Car Gesture Control of the Multimedia Devices, 69p, 2011.
[5] B. Eun Joo, K. Sung Tae, A Study on the Value System of Social Media Usage by Korean Journalists – Focusing on the Results of Laddering Method, Korean Journal of Communication & Information, 209-240pp, 2014.

[6] Hiltunen, M.(W), N. Dae Yeol(T), Mobile User Experience, Han Bit Media, 2007.
[7] S. Ki Won, L. Kun Pyo, A Study on the Development of Eyegaze Walkthrough and Heuristic Evaluation for User Interface Design, The HCI Society of Korea, 1759-1764pp, 2004.

