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Abstract

This paper aims to explore methods for improving usability and operation demand of the indoor per-

sonal mobility vehicle AngGo and propose an enhanced design. While foot-operated controls have been

studied in various interaction domains, research on foot-based operation in personal mobility vehicles

is limited, with most personal mobility vehicles adopting hand-operated methods. The shared indoor

smart mobility (SISM), AngGo features scenarios involving both autonomous and manual driving, with

foot-operated controls incorporated in the manual driving mode. However, during various experiments

and demonstrations conducted with AngGo, issues regarding physical demand associated with footplate

manipulation were identified. To determine the improvement direction for AngGo, evaluations and inter-

views were conducted with a small group of designers to identify the factors that contribute to physical

demand. Based on the interview results, modifications to the mobility vehicle’s size and footplate design

were adopted as approaches to reduce physical demand. Ergonomic specifications suitable for seated

mobility vehicles were investigated, and an improved design was proposed, along with the design of

a compact internal mechanical structure. A usability evaluation was conducted, comparing the revised

design with the original design through experiments using a functional prototype, aiming to validate

whether the user experience is enhanced. The results demonstrated that the revised design significantly

reduced physical demand and effort. This study enhances the usability of AngGo through the improved

design and provides reference data for ergonomic specifications in seated personal mobility vehicles.

Additionally, the compact internal structure enables more diverse form designs for AngGo.





Contents

I Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Research aim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

II Background: System of AngGo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.1 Existing personal mobility and types of control . . . . . . . . . . . . . . . . . . 4

2.2 Shared mobility service . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.3 Shared indoor smart mobility, AngGo . . . . . . . . . . . . . . . . . . . . . . . 5

2.4 Footplate manipulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.5 Feedbacks of AngGo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

III Preliminary Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3.1 Foot operated control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3.2 Test with prototype . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.3 Insights and findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

IV Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.1 Location and size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.2 Redesign footplate and structure . . . . . . . . . . . . . . . . . . . . . . . . . . 22

V Usability Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2



5.1 Participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

5.2 Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

5.3 Experiment process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

VI Result . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

6.1 Work load scale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

6.2 Task completion time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

6.3 Feedback and insights . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

VII Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

7.1 About 6 variables of NASA TLX . . . . . . . . . . . . . . . . . . . . . . . . . 38

7.2 Insights of feedbacks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

7.3 Limitation and further works . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

VIII Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

References 45
Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48



List of Figures

1 Examples of indoor personal mobility . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2 Concept development of AngGo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

3 Categorization of existing PMVs’ controller . . . . . . . . . . . . . . . . . . . . . . . . 4

4 User scenario of SISM, AngGo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

5 First version of AngGo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

6 Current version of AngGo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

7 Structure of AngGo footplate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

8 Mechanism of footplate sensing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

9 Demonstration in CES2023 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

10 Normal range of motion of the right hip, knee, and ankle joints in male subjects, 30-40

years of age [Velloso et al., 2015] [Roaas and Andersson, 1982] . . . . . . . . . . . . . 11

11 Methods of foot-operated steering vehicle . . . . . . . . . . . . . . . . . . . . . . . . . 11

12 Prototype of sliding footplate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

13 Description of H and L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

14 Result of comfortable height(H) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

15 Results of comfortable distance(L) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

16 Result of comfortable origin distance(L) . . . . . . . . . . . . . . . . . . . . . . . . . . 17

17 Result of comfortable maximum distance(L) . . . . . . . . . . . . . . . . . . . . . . . . 17

4



18 Result of comfortable minimum distance(L) . . . . . . . . . . . . . . . . . . . . . . . . 18

19 Summary of comfortable H-L result . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

20 Range of joint in revised specification . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

21 Previous design of footplate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

22 Comfort ankle range for design footplate . . . . . . . . . . . . . . . . . . . . . . . . . . 20

23 Revised specification of AngGo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

24 Anthropometric comparison of existing form(left) and suggesting form(right) of footplate 22

25 Revised design of footplate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

26 New structure and components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

27 Final design of footplate structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

28 Comparison of revised footplate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

29 Working prototypes for usability test . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

30 The pathway of the driving test, (a)big curve (b)S-curve (c)straight (d)backwards driving 27

31 Driving task in the usability test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

32 The process of usability test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

33 NASA TLX result of mental demand and physical demand . . . . . . . . . . . . . . . . 33

34 NASA TLX result of temporal demand and performance . . . . . . . . . . . . . . . . . 33

35 NASA TLX result of effort and frustration . . . . . . . . . . . . . . . . . . . . . . . . . 33

36 Task completion time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

37 NASA TLX result of group A(drive the previous version first) . . . . . . . . . . . . . . 38

38 NASA TLX result of group B(drive the revised version first) . . . . . . . . . . . . . . . 39

5



39 Case of wearing slipper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

40 Different height of seat to armrest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

41 Cases of using the balls of their feet to control . . . . . . . . . . . . . . . . . . . . . . . 41

42 Questionnaire of NASA TLX scale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47



I Introduction

1.1 Background

Recently, personal mobility vehicles (PMVs) such as electric scooters and electric kickboards can be

easily seen on the streets. These PMVs are also referred to by various names such as e-mobility vehicles,

micro-mobility vehicles, and last-mile mobility vehicles. Revenue in the E-Scooter-sharing segment is

projected to reach ₩2,419.00bn in 2023 and is expected to show an annual growth rate (CAGR 2023-

2027) of 12.68% [Sta, ]. With the growth of the mobility market, various types of PMVs have emerged,

and the popularity of micro-mobility has increased steadily, especially with the introduction of shared

e-scooter services in 2017 [Fitt and Curl, 2020].

This concept of the last mile can be indoors as well as outdoors. There are spaces and situations

around us that are difficult to walk indoors. For example, in a huge airport, the distance to the gate is

long and there is a lot of luggage, so walking can be burdensome. In convention centers, there are cases

where people walk for a long time while watching exhibitions or participating in events. Most mobility

vehicles are primarily designed for outdoor use, and there is limited research on indoor mobility vehicles.

However, these indoor spaces can serve as potential areas of opportunity for mobility vehicles [Lee,

2019]. There are devices such as treadmills and escalators that assist with indoor mobility vehicles,

but they are stationary installations that limit freedom of movement [Bianchessi et al., 2014]. Another

mobility vehicle called "air-ride" is being used at Incheon Airport, but it also follows a predetermined

course, reducing its usability.

There are examples of personal indoor mobility vehicles designed specifically for individual use,

such as the Toyota ’Winglet’(Figure 1a), Honda ’U3-X’(Figure 1b) and the vehicle of [Bianchessi et al.,

2014]. All three cases are personal electric vehicles without separate handles. Bianchessi [Bianchessi

et al., 2014] highlights the importance of allowing the user to have a hands-free operation in situations

where they need to perform tasks in an indoor environment. Additionally, the proposed product by

Bianchessi addresses the usability limitations of self-balancing vehicles like the Honda U3-X and Toyota

Winglet, where the driver needs to maintain balance. They achieve this by incorporating two additional

caster wheels to ensure stability.
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(a) Toyota ’Winglet M’ (b) Honda U3-X

Figure 1: Examples of indoor personal mobility

(a) Initial concept sketch (b) First version of AngGo (c) Joystick included version

Figure 2: Concept development of AngGo

Including these factors, we have developed AngGo [Kang et al., 2020], an indoor shared mobility

vehicle that can be ridden while seated. The recent version of AngGo is designed as a four-wheeled

mobility vehicle with guaranteed balance and can be operated through a joystick or footplate control.

Users can choose their preferred method of controlling the mobility vehicle, allowing them to use their

feet for operation when they want to have hands-free control. Since the footplate control method is a

newly proposed approach for personal mobility vehicle operation, it is less familiar to users compared

to joysticks, and there is a lack of verification regarding the convenience and usability of this control

method. AngGo has been developed and improved in various forms since 2019(Figure 2), and feedback

is received through various usability evaluations and demonstrations. During demonstrations and evalu-

ations, users provided feedback on footplate control, expressing fatigue and discomfort during driving.

In order for the footplate operation to be used as an alternative to the joystick in line with the concept of

AngGo, further research is needed to improve the convenience of the footplate control method.
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1.2 Research aim

The purpose of this study is to propose methods to alleviate the physical burden during the operation

of the sedentary mobility vehicle, AngGo, and validate them through experimentation. There are three

main research questions for this study.

• What factors contribute to leg strain in the existing AngGo design?

• How can the footplate control system be redesigned based on the factors of the first research

question?

• Does the revised design effectively reduce physical demand?

To answer the first research question, insights were gathered through interviews with a small-scale

designer group, and we conducted some desk research and investigation to find the answer to the second

research question. Based on the results, a new design was proposed. In accordance with the last research

question, the process of validating whether the new design effectively alleviates physical demand was

conducted through a comparative usability evaluation between the original design and the new design.
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II Background: System of AngGo

2.1 Existing personal mobility and types of control

Various forms of personal mobility vehicles can be commonly seen, including e-scooters and electric

kickboards. These mobility vehicles employ different control methods depending on their form and

function. Referring to the book "Designing for People: An Introduction to Human Factors Engineer-

ing [Lee et al., 2017]," we classified existing mobility vehicles based on their control methods (Figure

3). The control methods can be divided into those using 1-dimensional track values and those using

2-dimensional track values depending on the directional control method. For example, kickboards or

scooters typically use lever-based controls for 1-dimensional input to control speed, and physical steer-

ing to control the direction. Electric skateboards utilize a weight-shift structure for steering, requiring

only a continuous slider-type controller for speed control. In contrast, when the steering is achieved

using motors or by exploiting speed differences between the two wheels, 2-dimensional input is nec-

essary. A prominent control method that utilizes 2D track values is the joystick. Conventional electric

wheelchairs and seated-type personal mobility vehicles like WHILL [WHI, ] employ joystick controls

for speed and directional adjustments. Segway-type devices involve the use of the lower body or the

entire body, primarily relying on weight-shift for speed control and using a tilting stick or the handle

for steering. Two-wheeled electric boards utilize the tilt of both feet to control direction and input for

forward and backward motion.

Figure 3: Categorization of existing PMVs’ controller
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2.2 Shared mobility service

Electric kick scooter sharing services can be easily found on the streets. These services effectively serve

the purpose of last-mile mobility vehicles by providing mobility options without the need for dedicated

rental stations or parking lots. Using GPS, the app displays the locations of nearby mobility vehicles as

pins, allowing users to find and ride them. However, there are challenges such as fleet unbalance, where

the mobility vehicles tend to accumulate in specific areas during certain situations or times. Additionally,

once a mobility vehicle has been used and left at a location, it requires manual relocation to areas where

the demand for mobility is higher. To address these issues, research from MIT [Lin, 2021] has proposed

incorporating autonomous driving technology into personal mobility vehicles.

2.3 Shared indoor smart mobility, AngGo

AngGo [Kang et al., 2020] is a shared indoor smart mobility(SISM) that can be used as a transportation

and a resting place in a large indoor space. In indoor environments, particularly in spaces such as air-

ports or convention centers, fleet unbalance can become more pronounced. Due to limited space, it can

be inconvenient to have shared kick scooters parked anywhere, potentially causing issues with indoor

space utilization. To propose a shared mobility service tailored to indoor environments, we have also in-

tegrated autonomous driving technology. The autonomous driving feature of AngGo not only addresses

fleet unbalance by repositioning mobility vehicles but also provides a taxi-like service that actively seeks

potential users. Through autonomous driving, the mobility vehicle navigates indoors, identifying poten-

tial users. Users can summon the mobility vehicle to their desired location using the app. Once the usage

is complete, the mobility vehicle moves to another location to address fleet unbalance or travels to charg-

ing and maintenance stations. For this purpose, AngGo needs to support both autonomous and manual

driving.

Figure 4: User scenario of SISM, AngGo
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To enable autonomous driving for the mobility vehicle, it must have three or more wheels or be

equipped with self-balancing capabilities to maintain stability. It should also allow for electric control

of speed and direction, utilizing the 2D track values control method mentioned in Section 2.1. While

a simple implementation could involve using a joystick, we propose a foot-operated control method

to address the limitation of not being able to freely use both hands, which was found inconvenient in

conventional personal mobility driving experiences. There are studies that have attempted to use foot-

based input as a substitute for hands in various fields [Springer and Siebes, 1996, Carrozza et al., 2007].

The Segway-style method mentioned in Section 2.1 allows for hands-free operation, but self-balancing

mobility vehicles may be challenging for some users to quickly grasp, and their stability may be lower

compared to seated mobility vehicles such as WHILL or wheelchairs. To achieve a versatile and stable

mobility design, AngGo is designed with a sedentary footplate steering method that enables the user to

use both hands freely while maintaining stability during mobility boarding.

In large indoor spaces such as airports and convention centers, extensive walking distances often

leave individuals longing for a place to sit and relax. Recognizing this need for both mobility and resting

functionalities, we designed AngGo to serve as a versatile seating area resembling the shape of a chair.

In the initial design, AngGo could be ridden by placing the feet on the footrest, and after stopping, it

could be used as a chair-like resting area.

Subsequently, based on feedback received during the driving experiments, we incorporated features

such as a backrest, armrests, and handholds to enhance stability. Additionally, considering user prefer-

ences, we ensured that both foot-operated and hand-operated driving options were available, allowing

users to choose their preferred method. As a result, AngGo has evolved into its current form(Figure 2c),

incorporating these improvements based on user feedback.

AngGo’s system is divided into autonomous driving and manual driving. AngGo travels around the

indoor space looking for potential users while driving autonomously, and at this time, it avoids obstacles

through ToF cameras located in front and rear of AngGo. If the user expresses the boarding intention, the

mobility vehicle stops, and when the user rides, manual driving using a footplate or joystick is possible.

Figure 5: First version of AngGo
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Figure 6: Current version of AngGo

2.4 Footplate manipulation

The current footplate structure for manual driving is shown in Figure 7. This structure was implemented

through two rails and IR distance sensors. It is designed to easily detect forward and backward and left

and right rotation through IR sensors and rail structures in a way that controls the speed of each wheel by

how far the footplate is from each sensor(Figure 8). The footplate maintains tension through the spring

structure to return to the starting point.

Figure 7: Structure of AngGo footplate
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Figure 8: Mechanism of footplate sensing

2.5 Feedbacks of AngGo

AngGo recently participated in exhibitions and demos at CES2023, and is receiving feedback from users

through demos in various places. Most users positively evaluate and enjoy the concept of the footplate

manipulation, but they gave feedback that their legs are tired from using it for a long time and that it

is hard to go backward. In addition, the insights from the observations show that rotation is required to

some extent when reversing, but rotation in place is a function that should not be excluded because of

the high frequency of use.

Figure 9: Demonstration in CES2023
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Table 1: Feedbacks from demonstration

Feedback Keyword

"It requires a lot of effort to reverse." Reversing

"It would be great if there is a follow-me function

that allows me to easily hop on the vehicle while walking."
Owning function

"It was challenging to perform

precise directional control with the footplate."
Precise control

"I wish the joystick had a shorter response time." Implementation

"I think my legs could get tired after prolonged use." Physical demand

"It would be nice to have a lock feature

that enables cruising without constant manipulation."
Physical demand, Cruising function
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III Preliminary Study

Based on feedback from multiple demonstrations and experiments, we determined that it is necessary

to reduce the physical demand during the operation of AngGo’s sliding control mechanism in order to

improve usability. To achieve this goal, we conducted a stage of identifying the factors that contribute

to leg strain during manipulation. To explore foot-operated control examples and relevant research, we

conducted desk research. We conducted practical experimentation with the existing sliding mechanism

of AngGo and engaged in discussions with a designer group to identify the factors that contribute to leg

fatigue. Based on these findings, we determined the direction for improvement.

3.1 Foot operated control

Before the ideation of foot-based control methods, we conducted desk research on relevant studies

and examples of foot-based control. Research on foot-based control spans various fields such as foot-

operated steering systems for individuals with disabilities, mobile and computer interfaces, and virtual

reality interfaces. In the field of Human-Computer Interaction(HCI), there are cases where foot-based

control methods have been analyzed and classified [Pearson and Weiser, 1986, Velloso et al., 2015]. By

referring to the kinematic analysis of the joints in the leg, as described in these two papers, we can get

insights into the typical and comfortable range of motion of the leg(Figure 10).

In the field of tangible interaction, there is research on foot-based interaction and gesture, which

encompasses various types of feet interaction methods [Schmidt et al., 2014]. In this paper, they demon-

strate foot-based tangible interaction methods where sliding or toggling motions are used to manipulate

objects such as balls or cylinders. For a foot-operated steering system, it is necessary to control the speed

and direction of the vehicle using the legs. Comparative studies on the usability of foot-operated steer-

ing vehicles have also been conducted [Song and Kim, 2017]. These vehicles involve using one foot for

speed control using pedals, while the other foot is used for direction control. They can be divided into

two main types: one that moves vertically, similar to bicycle pedals, and another that moves horizontally

by rotating a disc(Figure 11).
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Figure 10: Normal range of motion of the right hip, knee, and ankle joints in male subjects, 30-40 years

of age [Velloso et al., 2015] [Roaas and Andersson, 1982]

Figure 11: Methods of foot-operated steering vehicle
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3.2 Test with prototype

The test and discussion were conducted with three design majors. The first session is to see the feel-

ing of operation when driving, and when the user operates footplates, the mobility vehicle is manually

moved according to the input to learn the feeling of operation, and a driving simulation was conducted.

Participants boarded the AngGo and freely operated forward reverse left and right turns to perform the

task of driving around the experimental space with obstacles. After the manipulation of each method

was completed, participants filled out an evaluation questionnaire.

The second session was continuously entering each footplate for two minutes according to the instruc-

tions. After the completion of all sessions, we conducted short interviews with the participants to discuss

the elements contributing to physical demand and the usability of the existing method. Through these

interviews, we gathered insights and summarized the findings.

Figure 12: Prototype of sliding footplate
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Table 2: Opinions and insights of preliminary study

Feedbacks Insights

"It seems that in the existing seat height of AngGo, the footplate

is positioned further away compared to its current location, and

it would be more comfortable if the foot could be stretched further

to reach the footplate."

Specification effects demand

"The angle and shape of the footplate have a large effect on re-

ducing fatigue."

Incline degree effects demand

"Since forward driving is common, it is important to minimize

fatigue during such situations."

Focusing driving scenario

"The sliding mechanism provided effective physical feedback." Importance of physical feedback

3.3 Insights and findings

Based on the insights gathered from the interviews, the summarized findings are presented in the Table

2.

Among the feedback received through the interview, the proportion of situations that go straight in

the actual use scenario is large, so it should be designed to make more effortless operation when going

straight, and it is less difficult to go backward by putting a footplate on the heel than to put strength

on the toe. Additionally, referring to car seats as an example, a participant mentioned that a slightly

extended leg position, rather than a right-angle position, could provide a more comfortable posture.

Therefore, there are two factors to consider for improving the footrest:

• Seat and footplate positioning for the comfortable leg angle of the rider.

• Footplate design modification to facilitate reversing based on human factor engineering.

By addressing these factors, we aim to enhance the user experience and reduce demand during

driving.
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IV Design

4.1 Location and size

Based on the experimental results, investigations were conducted to revise the initial position and angle

to reduce fatigue. As there were no previously researched cases specifically addressing posture in a

seated position for angled foot control in AngGo, which differs in purpose from conventional chairs

and vehicle seats, the comfortable seat height and leg angles may differ from those of typical chairs or

vehicle seats. Therefore, a investigation was conducted to measure applicable specifications for AngGo,

focusing on the comfortable saddle height and leg angles, targeting adult males and females without

lower limb disabilities. Participants were asked to provide their preferred seat height (H) and footplate

distance (L) for comfort. H represents the height from the sole of the foot to the seat, and L represents the

distance from the back of the heel to the backrest. The criteria for comfort were based on the boarding

and foot movement actions.

Figure 13: Description of H and L
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Table 3: Height distribution of 30 participants

Male Female

163cm 170cm 180cm 186cm 167cm 162cm 166cm 163cm

173cm 164cm 178cm 169cm 167cm 165cm 160cm 163cm

Height
171cm 178cm 178cm 164cm 159cm 160cm 162cm 159cm

183cm 172cm 165cm 167.5cm 160cm 160cm

# of participants 14 16

Mean 173.5 162.8

Investigation : participants

The investigation was conducted with a total of 30 Korean participants in their 20s to 30s, consisting of

14 males and 16 females. H represents the height from the heel to the seat surface, and L indicates the

distance from the backrest to the heel. Since the leg position is not freely adjustable like a typical chair

and assumes a sliding operation method, a sliding distance of 12 cm was assumed. The most comfort-

able position and the minimum and maximum values within the comfortable range were investigated.

The information regarding the height and gender of the 30 participants involved in the investigation is

presented in the following table3.

Investigation : results

According to the experimental results, since the number of participants investigated was over 30, it can

be assumed that they follow a normal distribution. The participants’ heights ranged from a minimum of

159cm to a maximum of 186cm and the average of their height is 167.8cm. The average comfortable

seat height from the footrest was 40.56cm, with a standard deviation of 3.997. The average comfortable

footrest distance for the origin was 59.37cm, with a standard deviation of 6.585. The average of the

minimum comfortable value was 48.5cm (SD=7.813), and the average of the maximum comfortable

value was 66.2cm (SD=4.483). Assuming a total movement range of 12cm, with 6cm forward and

6cm backward as in the existing system, if the footplate distance is 59cm, it can be concluded that

the movement falls within the range of the minimum and maximum comfortable values, indicating that

it is within the comfortable range. Furthermore, referring to the investigated range of minimum and

maximum comfortable values, it would be useful to consider adjusting the range of footplate movement

for hardware improvements or usability improvements. These findings represent data obtained from

participants in Asia, specifically South Korea.

Based on the investigation, the height H of the seat to be applied to AngGo was determined to be the

average value of 40.5cm, and the distance L of the footplate was determined to be the average value of

59cm.
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Figure 14: Result of comfortable height(H)

Figure 15: Results of comfortable distance(L)
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Figure 16: Result of comfortable origin distance(L)

Figure 17: Result of comfortable maximum distance(L)
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Figure 18: Result of comfortable minimum distance(L)

Figure 19: Summary of comfortable H-L result
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Incline degree of footplate

Referring to the result of the investigation conducted by Size Korea, the average knee height and hip-to-

knee distance of individuals in their 20s, the range of motion for the sliding footplate of the improved

seated-type mobility vehicle is as follows(Figure 20).

tan−1(
73.5mm
455mm

) = 9.09◦

tan−1(
13.5mm
455mm

) = 1.72◦

tan−1(
133.5mm
455mm

) = 16.27◦

The range of motion for the knee is 1.72 to 16.27 degrees. Based on the insight obtained from the

previous chapter, where the proportion of forward and stop actions is significant in the driving sce-

nario, it was deemed necessary to design a footplate that facilitates forward motion. The previous design

of AngGo’s footplate had a half-and-half incline to assist both forward and backward movements(see

Figure21). However, this design lacked a rationale for the incline degree of the footplate, so the further

improvement was sought by referring to literature on comfortable ankle angles.

Figure 20: Range of joint in revised specification

Figure 21: Previous design of footplate
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Generally, ankle angles of 90 to 110 degrees are perceived as comfortable [Park et al., 2000, Kyung

and Nussbaum, 2009]. Additionally, the dorsiflexion range of the ankle is approximately 15 degrees(15.3

degrees) on average [Roaas and Andersson, 1982].

(a) The angles when the legs and feet are perpendicular (b) Ankle range at the origin position

(c) Ankle range at the maximum position (d) Ankle range at the minimum position

Figure 22: Comfort ankle range for design footplate
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Based on the improved specifications of the sliding mechanism, the footplate angle should not ex-

ceed 31.57 degrees when pushed to the maximum, and a comfortable range is 16.27 degrees to -3.73

degrees(Figure 22c). The footplate angle should not exceed 17.2 degrees when pulled to the minimum,

and a comfortable range is 1.72 degrees to -18.28 degrees(Figure 22d). Thus, based on these values

and considering the forward and stop states, the desirable footplate angles range from 9.09 to 16.27

degrees(it should not exceed 17.2 degrees). A footplate angle of 13 degrees was set for the experiment.

The final specifications of AngGo are depicted in the following image(Figure23).

Figure 23: Revised specification of AngGo

21



(a) Comparison in pushing situation

(b) Comparison in pulling situation

Figure 24: Anthropometric comparison of existing form(left) and suggesting form(right) of footplate

4.2 Redesign footplate and structure

Based on the aforementioned specifications, we proceeded with the design of the footplate and internal

structure that would complement the current design of AngGo.

As shown in Figure 24, in the sliding motion of the foot on the footplate, the existing footplate design

has a small slope, relying on friction for effective movement. In contrast, the proposed footplate design

introduces an overall slope to facilitate better force transmission in the pushing direction. The previous

design of the footplate featured a tilted structure that facilitated pulling by using the toes for backward

movement. However, in the insight section, the opinion was received that exerting force on the front

of the foot may further contribute to fatigue in the legs. In response, a modification to the design was

proposed, incorporating a structure where the footplate engages the heel, allowing for pulling. Based

on the previously conducted surveys on ankle angles, various sketches were created by introducing an

overall tilt to the footplate and incorporating a structure that engages the heel of the foot.
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Figure 25: Revised design of footplate

Figure 26: New structure and components

Among various sketches, we applied a developed form that harmonized with AngGo’s design and

conducted modeling(Figure28). Additionally, we simplified and downsized the existing footplate struc-

ture to make it more suitable for the new AngGo. The original rail structure utilized a unit and abrasive

rod, which increased the height of the footplate structure due to the space between the abrasive rod and

the floor. To lower the height and simplify the structure while widening the design scope, we employed

LM guide types instead of cylindrical shafts and units.

In contrast to the existing footplate’s internal structure, which requires a height of approximately

5cm, the newly designed internal structure using the new components can perform the necessary func-

tions within a height of around 2.5cm. As a result, it enables a thinner design of the footplate and the

area beneath it, allowing for more diverse forms to be explored.
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Figure 27: Final design of footplate structure

Figure 28: Comparison of revised footplate
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V Usability Evaluation

Based on the experimental results conducted in the Design chapter, we applied adjustments to the seat

height, footplate distance, and footplate angle in order to incorporate them into a functional AngGo pro-

totype. Subsequently, a usability evaluation was conducted to compare the original specification AngGo

with the improved specification AngGo. The evaluation utilized the NASA TLX scale [Hart and Stave-

land, 1988] to measure workload.

5.1 Participants

A total of 20 participants (12 males, 8 females) were recruited for the experiment. The participants were

individuals without any leg disabilities in their 20s to 30s. Their demographic information is presented

in table 4. According to Nielsen’s paper [Nielsen and Landauer, 1993], a group size of 15 or more is

considered sufficient to identify usability problems. Among the participants, 60% were male and 40%

were female. The height of the participants ranged from a minimum of 159 cm to a maximum of 186

cm. In terms of driver’s license possession, 60% of the participants had a license, while 40% did not.

Regarding previous experience with personal mobility vehicles such as electric scooters and Segways,

35% were inexperienced, 35% had ridden them 1-2 times, and 30% were frequent riders. Prior to the

experiment, the participants were provided with instructions on the footplate control method of AngGo

and underwent a practice session to familiarize themselves with the operation. Participants received a

compensation of 20,000 KRW for their participation in the experiment.
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Table 4: Demography of participants

Participants Gender Height Experience of PMVs Driver license

P1 Male 172 A few times Y

P2 Male 178 None N

P3 Male 186 A few times Y

P4 Female 163 None N

P5 Female 159 A few times Y

P6 Female 162 None N

P7 Female 163 A number of experience Y

P8 Male 173 A few times Y

P9 Male 171 A number of experience Y

P10 Male 183 A number of experience Y

P11 Male 164 None Y

P12 Female 160 None N

P13 Male 178 A number of experience N

P14 Female 170 None N

P15 Male 178 A number of experience Y

P16 Male 174 A few times Y

P17 Male 169 A number of experience Y

P18 Male 180 A few times N

P19 Female 168 None N

P20 Female 167 A few times Y

26



5.2 Method

The experiment was conducted using a working prototype, and during the participant’s completion of

the given tasks, observations were made to record the occurrences of issues such as sudden acceleration,

sudden braking, and collisions, as well as the task completion time. After the completion of the driving

session, the participants filled out a workload questionnaire. A brief interview was conducted to collect

feedback after two rounds of experiments. The workload assessment questionnaire utilized the NASA

Task Load Index (TLX) scale, which consisted of six dimensions: mental demand, physical demand,

temporal demand, performance, effort, and frustration.

(a) Testbed of existing design (b) Testbed of revised design

Figure 29: Working prototypes for usability test

Figure 30: The pathway of the driving test, (a)big curve (b)S-curve (c)straight (d)backwards driving
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5.3 Experiment process

The usability evaluation was conducted following the flow:

• The experimenter provided an explanation of the purpose of the experiment and gave instructions

on how to operate prototypes.

• Users sat on the testbed and were given enough time to practice and familiarize themselves with

the operation methods. The practice session was conducted on the testbed they would use for the

first session, depending on the participant group.

• The experimenter explained the items on the workload measurement questionnaire(NASA TLX),

and participants proceeded with the experiment while being aware of each item.

• For Group A, the driving session was conducted using the original AngGo frame. The driving

pathway was as shown in the figure30 and included tasks such as forward driving, left and right

turns, and reverse driving. The driving session lasted for 5 minutes. An observer recorded the

completion time of tasks and the number of issues encountered.

• After the driving session, participants completed the NASA TLX questionnaire.

• Using the revised AngGo testbed, another driving session of 5 minutes was conducted. The driving

course and observer’s tasks were the same as in the previous driving session.

• After the driving session, participants completed the NASA TLX questionnaire.

• Once all sessions were completed, a short interview was conducted to gather feedback.

Figure 31: Driving task in the usability test
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(a) Usability test process of Group A

(b) Usability test process of Group B

Figure 32: The process of usability test
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VI Result

We collected task completion time, scores on the 6 scales of NASA TLX, and interview results through

the experiment. During the experiment, there were instances where the prototype experienced issues

during the reverse maneuver, resulting in significantly increased task completion time for two partici-

pants (P6, P13). Among the participants who encountered issues during the experiment, one participant

belonged to Group A and the other belonged to Group B. It is presumed that these prototype operational

issues may have influenced the scores on the NASA TLX scales. Indeed, the Performance and Frustration

data of the two participants exhibited notable differences that could be considered outliers. Therefore,

we treated these two data points as invalid and analyzed the results of the remaining 18 participants.

6.1 Work load scale

The analysis of the experimental results was conducted using paired t-tests for each item of NASA TLX.

Since the sample size of participants was n=18, which is less than 30, the Shapiro-Wilk test, suitable

for data with a small sample size, was performed for testing normality. Additionally, the homogeneity

of variances was assessed using One-way ANOVA. The 1st data for each item represents the results of

the session conducted on the testbed using the previous specifications of AngGo, while the 2nd data

corresponds to the results of the session conducted on the testbed using the improved specifications of

AngGo. For example, Mental1 data indicates the Mental demand results from the testbed session using

the previous AngGo specifications, while Mental2 data represents the Mental demand results from the

testbed session using the improved AngGo specifications.

Normality test

When calculating with an alpha value of 0.05 for a confidence level of 95%, in the case of Mental

demand, the p-value for Mental1 data is 0.021, which is less than 0.05, indicating that it does not exhibit

a normal distribution. On the other hand, for Mental2 data, the p-value is 0.202, which is greater than

0.05, suggesting that the data is normally distributed. Therefore, the analysis of Mental demand will

be conducted using non-parametric tests. The p-values for Physical1 and Physical2 data are 0.201 and

0.372, respectively, indicating that both variables have p-values greater than 0.05. Therefore, it can be

concluded that these variables follow a normal distribution. The p-value for Temporal1 data is 0.406,

and for Temporal2 data, it is 0.804, both of which are greater than 0.05. Hence, it can be inferred that

the temporal data also exhibit normality.
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Table 5: Normality test(Shapiro-Wilks test) results of Mental, Physical and Temporal demand

Table 6: Normality test(Shapiro-Wilks test) results of Performance, Effort, Frustration

The p-values for Performance1 and Performance2 are 0.005838 and 0.000395, respectively, indi-

cating that both values are less than 0.05. Therefore, the data for Performance does not exhibit normal

distribution, and a non-parametric test will be conducted. The p-value for Effort1 is 0.3476, and the

p-value for Effort2 is 0.02727, indicating that Effort2 data does not exhibit a normal distribution. There-

fore, a non-parametric test will be conducted. The p-values for Frustration1 and Frustration2 are 0.4555

and 0.3958, respectively. The p-value for Frustration is greater than 0.05, suggesting that it can be con-

sidered normally distributed.
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Table 7: Results of homogeneity of variances test(One-Way ANOVA)

Homogeneity of variances test

The test for homogeneity of variances can be determined by conducting a One-Way ANOVA test on

the modified data, which is obtained by subtracting the mean from each data point. If the resulting p-

value is greater than 0.05, it indicates that the assumption of homogeneity of variances holds. The mean,

variance, and p-value for the absolute differences between the data and the mean for each category are

shown in the table. For Mental Demand, the p-value is 0.9339, which is greater than the critical value

(alpha = 0.05). The p-value for Physical Demand is 0.1894, exceeding 0.05. The p-value for Temporal

Demand is 0.8164, while for Performance, Effort, and Frustration, the p-values are 0.5555, 0.9262,

and 0.0627, respectively. All p-values for these variables exceed the threshold of 0.05, indicating that

homogeneity of variances is upheld for each category. Therefore, based on the results of the previously

conducted normality tests, non-parametric tests and paired t-tests are performed separately.

Paired t-test and Wilcoxon signed-ranks test

For Mental demand, Effort, and Performance, although they satisfy the assumption of homogeneity

of variances, they do not exhibit normality. Therefore, the significance of the results will be assessed

using the non-parametric Wilcoxon signed-ranks test. As for the remaining variables, Physical Demand,

Temporal Demand, and Frustration, since they satisfy both the normality and homogeneity of variances

tests, the significance of the results will be determined using paired t-tests.

For Mental Demand, results of the Wilcoxon Signed-Rank test indicated that there is a non-significant

large difference between Before (Mdn = 13 ,n = 18) and After (Mdn = 6 ,n = 18), Z = -1.9, p = .060, r

= -0.6. Physical Demand was analyzed using a paired t-test, and the result of the paired-t test indicated

that there is a significantly large difference between Before (M = 12.9, SD = 3.9) and After (M = 7.9,

SD = 4.4), t(17) = 5.2, p < .001.
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Figure 33: NASA TLX result of mental demand and physical demand

Figure 34: NASA TLX result of temporal demand and performance

Figure 35: NASA TLX result of effort and frustration
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Regarding Temporal Demand, the result of the paired-t test indicated that there is a non-significant

small difference between Before (M = 8.9, SD = 4.5) and After (M = 7.2, SD = 4.6), t(17) = 1.9, p

= .077. Since Performance does not meet the assumption of normality, the non-parametric Wilcoxon

signed-ranks test was conducted, yielding a p-value of 0.281, which is greater than 0.05. Therefore,

there is a non-significant small difference between Before (Mdn = 5, n = 18) and After (Mdn = 4, n =

18), Z = -1.1, p = .281, r = -0.3.

Data of Effort does not meet the assumption of normality, the non-parametric Wilcoxon signed-ranks

test was conducted. The result of the Wilcoxon Signed-Rank test indicated that there is a significantly

large difference between Before (Mdn = 8, n = 18) and After (Mdn = 5, n = 18), Z = -2.5, p = .012, r

= -0.7. Frustration data satisfies the assumptions of normality and homogeneity of variances, allowing

for the use of paired t-tests. The paired t-test for Frustration indicated a non-significant small difference

between Before (M = 10.1, SD = 3.8) and After (M = 8.6, SD = 5.3), t(19) = 1.4, p = .169.

6.2 Task completion time

In terms of task completion time, the Shapiro-Wilk test for normality showed that both the data from

the previous version and the revised version had p-values of 0.06876 and 0.0782, respectively, which are

greater than 0.05. Thus, it can be considered that the data follows a normal distribution. Furthermore,

when examining homogeneity of variances using One-Way ANOVA, the obtained p-value was 0.1103,

which is greater than 0.05, indicating that the data satisfies the assumption of homogeneity of variances.

Therefore, we performed a paired t-test to compare the task completion time, and the resulting p-value

was 0.04392, indicating a certain level of significant difference.

Figure 36: Task completion time
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6.3 Feedback and insights

After completing two driving experiments, we conducted short interviews to gather feedback. The inter-

views aimed to collect opinions on several topics related to evaluating the two test beds and obtaining

overall feedback on the mobility vehicle experience. We utilized the insights gathered from the feedback

and observations to be described in the Discussion section. The interview questions were categorized as

follows:

1. Differences in specifications

2. Challenging tasks in each test bed

3. Footplate design

4. Others
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Table 8: Interview responses

Category Version Interview responses

Previous "In the previous version, the legs were designed to be

folded a lot, so the thighs were tense and the legs felt tired,

making driving uncomfortable."(P15, P19)

Previous "In the previous version, although the sitting posture was

uncomfortable, it was good for operating precisely."(P6,

P13)

Previous "In the previous version, it can be particularly uncomfort-

able for tall and long-legged people"(P7)

Specification Revised "In the improved version, the sitting posture was much

more comfortable and stable."(P1, P5)

Revised "In the improved version, less thigh force was required for

steering, and changing direction was easier."(P16, P20)

Common "The distance of the footrest makes it difficult to operate

delicately, change direction, and control speed."(P7)

Previous "In the previous version, the leg had a heavy load during

rotation."(P2, P9)

Previous "It would be better to increase rotation sensitivity for the

previous model."(P2)
Tasks Revised "In the improved model, less thigh strength was required,

and the rotation tasks were easier compared to the previous

version."(P13, P16)

Common "It was difficult to drive backward because there is a differ-

ence in the degree of rotation between forward and back-

ward."(P2, P14)

Common "It was difficult to drive backward in both models."(P16)

Previous "The previous footplate had a flat shape, requiring more

strength for the legs."(P4)

Previous "The previous footrest did not provide a stable foot-

ing."(P3, P18)
Footplate shape Revised "The improved design provided a much better sense of sta-

bility and a more comfortable attachment."(P7)

Revised "In the improved version, it is difficult to drive backward

when wearing slippers."(P1, P6)
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Category No.of Participant Interview responses

Revised "The improved footplate provided a comfortable and con-

trollable surface for the feet. When exerting force on the

ankles, the posture felt more natural."(P12, P17)

Revised "In the case of the improved footplate, while the angle was

suitable, people with larger feet might have felt instabil-

ity due to the fixed position of the heel on a smaller foot-

plate."(P3)
Footplate shape Revised "It is difficult to control the distance precisely by pulling

the heel."(P9)

Revised "While applying force to the heel is easier, exerting force

on the forefoot allows for more precise adjustments."(P2)

Common "It seems that the footplate shape does not have a signifi-

cant impact on driving performance."(P7)

Previous "The previous model provided stability due to the low cen-

ter of gravity."(P13)

Revised "The handle height was relatively lower in the improved

version of the prototype"(P6)

Revised "Having an elevated sight contributes to a comfortable

feeling."(P8)

Common "Backward driving rotation was confusing since the di-

rection of rotation between AngGo and the car is oppo-

site."(P3, P9, P15, P17)

Common "Consistency in the steering direction is required."(P11)

Common "Backward driving was difficult since it was hard to look

back"(P4, P8)
Others Common "It would be more stable if the handle was in front."(P2)

Common "The brake system that returns the footplate position to its

original makes it difficult to operate in emergencies."(P6)

Common "I feel the mobility control itself comfortable standing on a

kick scooter or bicycle."(P8)

Common "I felt uneasy during the initial ride because my attention

was constantly focused on the footplate, making it difficult

to see ahead."(P20)

Common "It seems that there is a lack of feedback for forward and

backward movements. It would be beneficial to have phys-

ical and visual feedback."(P15)

37



VII Discussion

7.1 About 6 variables of NASA TLX

Consequently, through revised specifications and a new footplate design, it was observed that there was

a significant reduction in physical demand and effort. With the increased knee angle in the revised speci-

fications, the default posture in the stationary state became more comfortable, and there was a noticeable

decrease in physical strain when moving the legs for rotation. There appeared to be a significant differ-

ence in physical demand during tasks involving curves, primarily because in the existing design, where

the knees drop vertically, there is a greater burden on the legs during rotation. One possible solution to

reduce this burden, while still using the existing dimension, would be to adjust the sensors to be more

sensitive, allowing for rotation without requiring excessive leg movement.

Regarding mental demand and temporal demand, there were no significant differences between the

two prototypes. This is attributed to the fact that the driving control method did not change significantly,

resulting in similar driving outcomes between the two testbeds. As for performance, there were no sig-

nificant differences observed. It is hypothesized that factors influencing performance are not only the

specifications and footplate design but also the experience time and familiarity with the driving opera-

tion. Despite conducting sufficient practice sessions before the experimental sessions, the first session,

which is difficult to adapt to due to different driving styles in various situations, and the repeated sec-

ond session may have influenced the performance results. Examining the data from Group A and Group

B(Group B drove the improved version first), all other data showed a decrease in average demand for

the improved specifications. However, in the performance data of Group B, there was little difference

in average performance between the two testbeds. It is speculated that driving the improved version ini-

tially provided a relatively good performance experience, leading to satisfactory performance even with

the existing specifications as participants became more accustomed to the driving.

Figure 37: NASA TLX result of group A(drive the previous version first)
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Figure 38: NASA TLX result of group B(drive the revised version first)

Frustration scores were relatively high for some participants in the improved version. The factors

contributing to these scores included the difficulty of reverse maneuvers when wearing slippers and the

increased discomfort due to the relatively lower armrest resulting from the higher seat height. When

wearing slippers or similar footwear that causes the feet to slide and separate from the shoes, during

reverse maneuvers, the shoes may catch on the footplate, but before the force is transmitted to the

footplate, the feet tend to slip, resulting in increased strain on the legs during reverse motion.(Figuer 39)

Furthermore, during the process of adjusting the seat height for the revised testbed, the backrest

was adjusted higher together, but the armrest height was not adjusted with them(Figure 40). As a result,

when boarding the testbed of the revised version, the armrest height was lower compared to the original

seat-armrest height, causing inconvenience in gripping the armrest or insufficient coverage of the armrest

from side to side, which led to increased anxiety and higher frustration scores. When improving AngGo’s

seat height, it is necessary to simultaneously increase the heights of the armrest and backrest as well.

Figure 39: Case of wearing slipper
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Figure 40: Different height of seat to armrest
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Figure 41: Cases of using the balls of their feet to control

7.2 Insights of feedbacks

The feedback from the interviews revealed that most participants agreed on the increased comfort re-

sulting from the changes in dimensions. However, there were several issues raised regarding the change

of the footplate design. Feedback indicated that while it was convenient to use the heels to pull the

footplate, during reverse maneuvers or when performing delicate maneuvers involving rotation, partici-

pants tended to use the balls of their feet for control (P2, P9). Since the number of reverse tasks in the

experiment was limited, it is possible that participants had not fully mastered the use of the heels for

precise control. Further investigation is needed to determine the factors that make delicate control chal-

lenging. Although some participants mentioned difficulties with delicate control, there was consistent

feedback regarding the discomfort associated with the previous footplate design and dimension. Given

the experimental results and feedback indicating the significant alleviation of this discomfort through the

improved dimension, it is recommended to use the revised footplate design employed in the experiment

while incorporating auxiliary measures for refined control, such as sensitivity adjustments for rotation

during backward driving or motor output modulation.

Furthermore, it is true that the improved version resulted in reduced physical demand, but there

were also reactions indicating initial difficulty in speed control due to the increased ease of pushing. In

fact, several participants were observed to push forcefully at the maximum intensity or have difficulty

in speed control when starting the experiment with the improved version(Group B). Similar insights

were provided, stating that while the previous prototype was uncomfortable, the control became more

delicate. Feedback regarding the sensitivity and precision of control seems to be influenced by the in-

complete implementation of hardware in the testbed. Furthermore, addressing the discomfort associated

with control precision can be achieved by refining the mapping of sensor values to motor output val-

ues and conducting a user study to investigate user intentions and the actual rotation angles of mobility

during reverse maneuvers within the improved dimension.
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7.3 Limitation and further works

In terms of limitations, there are experimental limitations and conceptual limitations. In terms of the ex-

periment, there were implementation issues and the inability to standardize the floor-seat height. Firstly,

the implementation issues arose from attempting to use the same hardware conditions in two testbeds by

incorporating additional assembly into the existing AngGo frame. However, due to the old suspension

structure, there were instances of instability during abrupt stops and starts. Additionally, the caster’s form

resulted in unintended rotation during straight reverse movement or the inability of the caster to rotate

fully due to insufficient motor output. The suspension structure is planned to be improved in the devel-

opment of the new AngGo version, and the rotating caster can be replaced with a caster that has a shorter

distance between its rotation axis and the point where the wheel touches the ground, along with adjusting

the motor output to resolve these issues. The two testbeds had a significant difference in floor-seat height

because the testbeds were assembled by adjusting the seat height based on modifying the footplate-seat

height(H). With the improved dimensions, a profile was assembled to modify the footplate distance(L),

resulting in a 6cm increase in footplate height and a 9cm increase in seat height(floor-seat) to conduct

the experiment with a footplate-seat height(H) of 40.5cm. This difference in eye level and the inability

to maintain the same armrest height may have affected the evaluation metrics, including frustration.

On the conceptual side, a limitation exists regarding the discomfort of footplate manipulation for

certain users. While the improved footplate design was helpful in reducing leg demand according to the

experiment results and feedback during interviews, it may not be suitable for users wearing slippers or

high heels. The target context is large indoor spaces including large airports or convention centers, where

users wearing slippers may be less common. However, high heels could pose difficulties in footplate ma-

nipulation through sliding. The AngGo and SISM concepts target individuals experiencing discomfort

when walking in spacious indoor areas, so those wearing high heels could potentially be users of indoor

mobility vehicle solutions. However, in the case of footplate control, factors such as foot-seat height and

ankle angle, which affect user comfort, can significantly differ when wearing heels compared to typi-

cal cases. Therefore, controlling the platform using the feet could be a limitation in cases where users

wear high heels or slippers. Developing additional designs for a comfortable foot-controlled method,

regardless of the type of footwear (heels, slippers, etc.), could be considered as further work.

Improving the grip between the footplate and the foot can help alleviate the discomfort associated

with different types of footwear. This can be achieved by adding structures that hold the foot or by

increasing the friction between the foot and the footplate. While incorporating straps or foot covers to

hold the foot to the footplate may enhance foot stability in manipulation, it is important to consider

the mobility vehicle characteristic, where the form to quickly disengage becomes crucial in emergency

situations. Therefore, designs that restrict the upper part of the foot and fix it in place may pose risks.

If designing the foothold structures in further works, designs aimed at holding the foot should allow for

easy removal in emergency situations, to prevent secondary accidents. In the experiments, both footplates

used were made of plastic material on the surface where the foot contact. However, using a material with

higher friction on the footplate would be beneficial for better force transmission between the foot and
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the footplate. This consideration should be aligned with the overall design and CMF (Color, Material,

and Finish) of the mobility vehicle.

AngGo is an indoor shared mobility vehicle, where users can board and utilize AngGo when needed

within indoor spaces. While the research and design focused on creating a comfortable specification

suitable for public shared mobility vehicles, where most people can easily use it, it may be necessary

to consider adjustable seat height in cases of prolonged use or individual ownership of the mobility

vehicle. Depending on the usage environment, user types, and development costs, incorporating height-

adjustment functionality in future AngGo development could be a viable consideration.
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VIII Conclusion

This study was conducted to reduce physical demand during operation and enhance the usability of the

foot-operated control method of the shared indoor smart mobility vehicle, AngGo. In order to achieve

this research objective, three research questions were formulated: What factors contribute to leg strain

in the existing AngGo design? How can the footplate control system be redesigned based on the factors

of the first research question? Does the revised design effectively reduce physical demand?

To investigate which factors influence physical demand, feedback was collected from three designers

who experienced the existing AngGo control method. The feedback revealed insights suggesting that

reducing leg strain could be achieved by finding a comfortable footplate distance and modifying the

footplate shape for comfortable reverse movement.

Since AngGo serves different purposes and is used differently than chairs or car seats, an investiga-

tion was conducted with 30 participants to identify suitable dimensions for footplate manipulation on

AngGo. The comfort footplate-seat height, backrest-footplate origin distance, and maximum and mini-

mum distance were investigated. The results showed that the average footplate-seat height was 40.5cm,

the average backrest-footplate origin distance was 59cm, and the average of the minimum and maximum

values was 48.5cm and 66.2cm, respectively. The existing footplate system could move a maximum of

12cm in total, 6cm in each forward and backward direction. When the average footplate distance was

set to 59cm, it fell within the comfortable range of the minimum and maximum values. Furthermore, by

incorporating the range of joint motion in the modified mobility dimensions and utilizing the findings

from desk research, we calculated the optimal ankle angle for comfort. Based on these dimensions, the

vehicle design was improved.

To validate whether the improved dimensions and footplate design can effectively reduce physi-

cal demand, a usability evaluation was conducted with 20 participants. A comparative experiment was

carried out using the existing frame of AngGo and an assembled prototype based on the improved di-

mensions, and the NASA Task Load Index (TLX) was used as the evaluation scale. The results showed

significant differences in physical demand and effort, and the feedback received positive evaluations for

the improved design.

In conclusion, the modification of dimensions reduced physical strain during driving a mobility

vehicle. Furthermore, proposing the investigated comfort range of dimensions and compact internal

structure of the footplate mechanism could provide an opportunity to broaden the design freedom for

foot-operated personal mobility vehicles.
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