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A Study on the Priority of Autonomous Driving Service Requirements
for the Transportation Vulnerable: Focusing on Wheelchair disabled
and Walking disabled Persons
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Abstract

The development of autonomous driving technology is expected to bring about a major change in the
mobility rights of the transportation vulnerable. It is very important to identify user requirements in developing
autonomous vehicles and service technologies for the transportation vulnerable. User requirements were
derived for the wheelchair disabled and the walking disabled. Through focus interviews, a total of 58 requirements
were derived for wheelchair-using disabled people and 53 requirements for walking disabled people. A Kano
survey was conducted on 33 wheelchair disabled and 34 walking disabled. After that, the quality types
of functional requirements in terms of autonomous vehicles and service environment development were
analyzed using the Kano model. Priority analysis was conducted on the functions required by the wheelchair
disabled and the walking disabled. The results of this study can be used as basic data to determine the
priorities of user function requirements in the early stages of autonomous vehicle and service technology
development.
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(Table 1) Kano Analysis of Automated Vehicle Service for
the Mobility Handicapped People

Categori Sub categori wheelchair| Walking
ALEBOTIES | DU CALEBOTIES | gicabled | disabled
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. . 5 4
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Autonomous -
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TVﬁhlclle (ride, drive) 18 16
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<Figure 1> Quality Attribute of Kano Model
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<Table 2> Kano's two-way Table of Model Quality Evaluation

Dissatisfaction Answers to negative questions
Satisfication Like it Of course |Does not matter| Can not help it | I do not like it
Like it Q A A A 0
Answers Of course R I I I M
t.o. Does not matter R 1 1 I M
positive -
questions Can not help it R 1 1 I M
I do not like it R R R R M
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(Table 3) Kano Analysis of Wheelchair Disabled for Autonomous Vehicle Technology

Categories Sub categories Attractive Quality| One-Dimensional | Must-Be | Indifferent Quality
Safety Equipment in vehicle] 0 3 2 0
Auton(?mous Boarding (ride, drive) 3 13 0 2
Vehicle
Technology Get off 2 3 0 1
Emergency 0 0 0
Total Counts 5 18 2 3
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(Table 4> Kano Analysis of Wheelchair Disabled for Autonomous Driving Service
Categories Sub categories Attractive Quality| One-Dimensional | Must-Be |Indifferent Quality
Autonomous Scheduling and Cancellation 3 14 0
Driving Payment 0 1 0 0
Service Others 1 7 1 1
Total Counts 4 22 1 1
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(Table 5> Kano Analysis of Walking Disabled for Autonomous Vehicle Technology

Categories Sub categories Attractive Quality | One-Dimensional | Must-Be |Indifferent Quality
Safety Equipment in vehicle 0 4 0 0
Autonomous | goayding (ride, drive) 3 12 1 0
Vehicle
Technology Get off 1 3 0 0
Emergency 0 1 0 0
Total Counts 4 20 1 0
N, A FA 1270, g F4do] i7E =EE 9l B(AZ AA, FH =2 3 AR o, A} AR
o slxke wiEA 24 24 U, 494 24 84 W7 5) AF 7155 (#40), A=kl A o8-k &?*Pﬂ
IN7F 2EE A A e d9d 4 24 VN A (7 24 5) 716 ( #41 A A (=
7b == et 54 AR AT (#42), 2l sk A,
g Apek el dAle] B Zle d9A SAFE AATML, Fa 7%]% E70] A=A #al
F4 22(0)0 F94 F4 2 (Mol o] s AR 5] k] 715 (#43) o]t} Au|2 AA] A 2~H]

shalal ohe3) R}

A, A EAQx 2} o) obxadn] st
of wlbs) vl AT (#38), AekelA] 8 Aokl
A7 F 48 4w 3 (A

A ol g AL A) A Ahe

_>.:
Wi
R0
of
o
B
?z
N
g
L)
i
olr
rzi
o
br
AC)
2

Al 7&%‘?‘5& Ak wiww] Ae] 5/#23), ARk o] 4
AH(&gAh) 1AM, 54, 71sl=, NFC W4 5)
715 2 54 sk (#25), Aol A g Eole] 914
7% (#26), AekllA Eo} 2%

2 oA okl 715 (#27), AEkelA] g
A2 A 9 FA) 715 (#28), AskllA 543914
2 o (527 2l 9 43 5)715(#31), 2=
ol T3 AR (A, HFFHA], BRI 5
155 (#32), 2FegellA 542 /72 A3 (L

A, A 37V %) 7V (#37), Akl A F3hapst

~

h=]
=
%

R E 5) AlF(#44),

v

cheR A (A, 7k, AE] A, BE A
Ea kol A dFF A EE ] A S

M 715 (#48), xpekol|A] BAA] &2k A eF 00*
Zof =3} 041240,;144 o] 7|5
Ageh. 223 s A A BAAE 2 71
(#36)°] A= s},
4w Aeeln] 553 Ao 23

A, 9914

ol AFHDE &5

B3 Aofjel 25-2] Anl2 &7 7)<l i Kano
ZAF A4 A= (Table 6)3 3o,

CREEREEE RGEEE

Z Wb =EE 9l

(Table 6 Kano Analysis of Walking Disabled for Autonomous Driving Service

. . Attractive . . Indifferent
Categories Sub categories Quality One-Dimensional Must-Be Quality
Scchedullllng‘ and 1 16 0 0
Autonomous ancellation
Driving Service Payment 1 0
Others 9 1
Total Counts 1 26 1
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<Figure 2> A Comparative Table at Automated Vehicle Technologies
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en disembarking, the user (passenger) is informed of the disembar<ation in 068 Vcice reccgnition and guidance (destinat on confirmation, departure R

iconswde’at\on of the surrounding situation of the vehicle 069 065 0672 hotification, etc) functions on the vehicle -0650.691

45 Thjke Sh:‘h‘ be‘ ne ove;tutrr;\ng(ascé\den%du; o tahwafrrt‘:ws\ope( ft \ea‘st gcm 066 | -0.66 |0.656 Information functicns such as Take your belongings' and 'Make sure you 0560591
/de on the sloge and at east 3C cm high on the fall prevention rail) Kon't leave anything benind' before getting cff the vehicle e

27 JAutomatically open/cose doors and voice guidance on vehicle 058 -0.68 [0.629 Re— - wRr—— - s

28 Do not start when seat be't is not fastened con vehicle 065 | -0.61 {0629 tomatiall operyclose coors and voice gu darce on venice =00

35 |nstall ramo [slope angle 1/18; magnetic climb) 068 -058 0629 Ictive vehicle arrival (locat'on) not ficat on frem vehicle (full-blind: sound, 0650562

eak: intense colar, beep, stc)

48 JAutomatic docr opening and closing when exiting the vehicle 065 | -061 |0629

Information funct ons such as Take your belongings' and "Make sure you don't 47 otfcation ofsituation informaticn when getting offtre vehicle o the -0.740.562]

4 cave anvihng behind before getting off the vehicle 063 -063 0625 burrounding vehicle (warning scund, warning lignt etc.l

P bilizy to provide driving information (pat, point, surrounding road 09| 253 loses Vehicle color required to ensure safety when getting on and off (eg. yellow -0.560.662

nvironment, departure from route. expected change of route, etc) on vehicle |~ [ ™ | Before the vehicle arrives at the des 1, "t wil arrive in approximately 0 540 &

29 JAutomatic seat belt fastening function an vehicle 065 -055 0597 0 minutes' gu dance is provided

_, Possible to change destinaticn/path (forgotten items, add waypoints, etc) from Provide emergency action manual fiom vehicee -0.6540.632

37 ) 0.56 | -0.63 |10.594 ; p y —

he vehicle Provide ‘starting (arriving)' voice information from veh'cle 0590532

47 Potfication of stuation informat o when getting off the venicle ta the 056 | -063 |0.594 Iutomatic door opening and closing when exiting the vehicle -0.650.518|
surrcunding veh cle (warning sound, warning light, etc) ' s -

/o'ce recognition and guidance (destination confirmation, departure notification| - hen disembarxing, the user (passenger) is informed of the disembarkation| -
E1 . . 052 | -0.65 |0.581 -0.560.618
Etc.) functions on the vehicle in cons'deration of the surrounding situation of tne vehicle

3 Driving information (landscape, final destination, estimatec arrival time, etc) 056 | 059 [0578 Bossible fo change destinat onvpath (forgatten rems, 30d waypoints, otc) J —

| ™ louidance functicn on the vehicle om the vehidle 0590803

41 Nehicle to handle user requirements (a't cend'tioning control ligat) 059 -056 |0.578 bty to sound out the positon of the boarding deor on the vehicle 0530574

42 Provide 'starting (arriving)' voice information from vehicle 0.53 [ -063 [0.578 IAGjustment of the compression level and tightenng pasition of the seat YR

5 Before the venicle arrives at the destination, It will arrive in approximately 00 036 | 055 03563 147" belt in the vehicle Ha

| minutes’ quidance is orovided Vehicle to handle user requirements (air condit oning control light) -0.530.559)

20 {djustment of the compression level and tightening pos tion of the seat belt in 063 | -047 |osa7

he vehicle ol el s Passive venicle arrival ((ocat'on) not ficat'on funct on (eg. operaticn of the 0590529
38 Provide emergency action manual from vehicle 044 -066 (0547 feservation apr to cperate sound or flashing lights on the vehicle) e
2 Provides user-customized informaton (such as disabled tollets, bicycle sheps, 063 | -047 0547 User (passenger) authentication (sensor, voice, keypad, NFC method, etc) 050529
Electric wneelchairs etc) on venices funct on and voice gu dance in tne vehicle
Passive vehicle arrival {locaticn) notificaticn functicn (2.g. operation of the R -
i esenvation app 2o ocerzte sound or flashng lights on the vehicle 060 -047 (0533 Crut‘.h storage space énd \ccaf\cn quidance function in vehicle ‘ -0470.529
Provide the ser with information zbout the surrounding cf the vehicle {unique provide the user with information aoout the surrounding of the vehicle B

49 atters such as oale, post bey, road and sicewalk steps withina mnimum [ 053 | 047 |0.500 ! unique ma‘;“ Euf‘:‘ as Pﬁ‘E, P":: Wvﬁ“’t;d anﬁ s;dewa\k steos withina 0440529

adius of 1m) when getting off the vehicle | minimurm radius o 1m) wnen gettng off the ven cle

46 [The venicle must be capable of getting off in the forward direction 050 | -047 0484 \ plty o provide iving informatian (ceth, acint surtounding roayd -

- - - - 0 fenvironment, departure from route, exoected change of route etc.) on -0.500.515)

53 Vehicle color required to ensure safety when getting on and off (eg. yellow) | 043 | -0.53 |0.483 ehicle

26 JAbility to sound out the position of the boarding door on the vehicle 044 -044 (0438 IAutomatic seat belt fastening function on vehicle -0.420.500

5 Provide step-by-step vaice gu'dance information when releasing wheslcnair 041 -044 |04z

asteners and safety bars from the vehicle S i

55 ser ‘(passeﬂger‘) auth‘enhcauon(sensor‘, voice, keypad, NFC matrod, stc) 021|041 0406

uncticn and voice quidance in the venicle

I~
2




48 JOURNAL OF INFORMATION TECHNOLOGY APPLICATIONS & MANAGEMENT

ction |faction fnal
No. Requirement (WH) coefficoeiicil ority|ranki
cient| ent 9

Text information of reservation detalls (date and time of use, destination, vehicle number,
)

081 | -084 | 0828

e abilty to checkthe number of people waiting according to the periodic natfcation
time (2.9, 10 minutes, 30 minutes, etc) set by the app

085 | -073 [ o788 | 2

e app provides a notfication envice before the arrval of the recerved vehicle (e,

ction | action final
No. Requirement (Non-WH) coeffi cosfici|
cient | _ent 9
7 |App cancel reservation feature 068 | -088 | 0779 | 1
(;:};t'r‘z\ center connecticn function in the event of an accidenton a 071 | 085 [o779 | 1
IThe app provides a notification service before the arrival cf the reserved
vehicle (e.g, venicle number, etc, 5 minutes 2t regular intervals, 20 074 | -078 | 0765 | 3

minutes before arrival, reflecting traffic change ‘nformation etc)

19 Vehicle number, etc., 5 minutes at regular intervals, 20 minutes before arrival, reflecting o2 | 084 [ o781 | 3
rafic change infcrmaticn,etc)
7 Wpp cancel reservation ‘eature 059 | -083 [ 0734 | 4

e abilty to provide the avaiable time and time zone ifthe app cannot make n

iate resen 069 | -078 [ 0734 | 4
mmediate reservaticn

Inguiry and reservation of availatle reservation infermaticn (number of people available for

oes | o )
& | eservoton. expected rove route,resenvalion time, oute selctin (peid/fed) on treapp | 0> | 51 | 07% | 6
o [t spp rsention awlbltyinformaton foction nformaton-basedeseriatin | o | o | e | 5
wallability vehicle, reservation waiting informaticn) inquiry (e.g., Skm radius) function - 1
ervice payment system provides varicus methods (autmatic payment, coporate card, | o | o | o zoo
# | tomatic ransfer, actiity support points ¢ LIz | 065 | 0%e2 | 8
12 |nthepp e allocation information (allocation time, waiting <me, boerding time, travel | ol 26 | osm | 9
oute) inquiry function
36 Lontrel center cannection function in the event of an accident cn a vehicle 063 | -072 | 0672 9
3 Vser-setting functions such as Ul sze and voice guidance speed in the app o7 0867 | 1
6 (lear indication of where to get in and sut of the app (bus stop, landmark, etc 067 | 067 | o067 | 12
22 |nquire allocation in‘ormation (alacation time, waiting time, boarding time)inthe app | 059 | 072 | 0856 | 13
o festcaton's eseraton wafing unction and rorty alocaton function Ghart dstance, | 5= | 0s | o | 14

eservation wamng function)

21 fpp provides reservation change (time, path) functicn

et Favorites (Frequently used crigin and destination) in the app 070 | 083 | 0817 | 16

fit least X minutes of ride time is provided. (Walking disabled: 30 minutes, wheelchair

Kervice payment system provdes varicus methods (automatic payment, 076
orporate card, autematic transfer, activity support points, etc) )
IThe abilty to check the number of people waiting according to the
periodic notification time (e.g, 10 minutes, 30 mnutes, etc) set by the | 068 | -082 | 0730 | 3

IThe abilty to provide the availao e time and time zcne if the app cannot
imake 2n immediate reservation
1 _

1 In t1e app, the allocation information (allocat on time, waiting time 076

‘ bearding time, travel route) inquiry funct'on -
A 4 ext information of reservation details (date and time of use, destination] 050 | 082 076 | &
vehicle number, etc)

\nquwyre allocation information (allocation time, waiting time, boarding 085 | 075 | 0706 | 3
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pp provides 2 recall functicn when changing the arrival (bozrd ng) 068
location

070 | -070 | 0,687 | 1C

=071 0881 | 11
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/i J ¢
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38 [Provide emergency action manval frem vehicle 059 | -068 | 0632 | 18

13 |App provides veice recognition (inquiry/entry) functionality 062 | -058 | 0603 | 18

Possible to change dest nation/path (fergatten items, add waypeints, etc
rom the vehicle
User-setting functions such as Ul size and voice guidance speed in the
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ppl cation’s reservation waiting function and priority allccation function
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17 JApp to show vehicle position and occupant oosition 056 | -05¢ | 0574 | 24

JAt least XX minutes cf ride time is orovided. (Walk ng disabled: 30
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Passive veh cle arrival (locaticn) notification function (e.g. cperation of
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3
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isabl
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17 hpp to show vehicle position and occupant position 063 | <056 | 0594 | 0
37 Passible to change destination/path (forgotten items, add waypoints, etc.) from the vehicle | 0.55 [ -063 | 059 | 20
¢ Nehicle information inguiry (vehicle number, coler, model, etc.) functicnin the app 056 | <059 | 0578 | 2
38 Provide emergency action manual from vehicle 044 | 066 | 0347 | B
[t i it i omimt i |1 | 2 | 3 |
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13 fApp provides voice recognition (inguiry/entry) functionality 053] <041 | 0462 | 25
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uncticn in the app

fthe reservat on app e cperate sound or ﬂashmg ights on the venicle)
User {oassenger) autnent cation (senscr, voice, keypad, NFC method, etc,
unction and voice gu'dance 'n the vehicle
Wpp displays reservation t'me infermaticn in calendar form 058 | -030 | 0485 | 28

\\AZ 053 | -053 | 0529 28
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<Figure 3> A Comparative Table at Automated Mobility Service Delivery Environment
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