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ABSTRACT

Personal mobility (PM) can increase the mobility of individual, so that the elderly can be set as
the target group for using PM because of relatively low walking ability to normal. In this study,
we design PM device for elderly that can be used safely in the walking environment such as
sidewalk. There are various obstacles in the walking environment, so the device must have
mechanical performance to overcome all of them. In this study, we survey the status and level of
obstacle factors in walking environment to determine the dynamic performance of the PM device
for elderly. We check up several guidelines about walking facilities to define obstacle points for
the device, establish field survey methodologies, and conduct field survey for some specific road
sections. Based on the survey results, we confirm the possible problems that could arise when the
dynamic performance of the device is selected based on the facility-related criteria. We also define
the performance requirements for the device based on the requirements for electric wheelchair.

Key words : Personal mobility (PM), Gait environment survey, Mobility aid facility, Sidewalk,
Dynamic performance
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PM Device for Passenger Transfer in Subway (Kim et al., 2014) ‘Winglet’ model type by Toyota corporation, Japan

(Fig. 1> Examples of Personal Mobility Devices Development
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(Table 1) Manuals or rules for determining passage section of the personal mobility device

Name of manuals or rules Description Passage section type
Manual for sidew.alk implementation and General standards for §idewalk implementation and Sidewalk
maintenance maintenance
Manual for bicycle facility implementation and | General standards for bicycle facility implementation | Shared-used path for
maintenance and maintenance pedestrian and bicycle
Enforcement rule for‘t.he r‘nobi%ity Facility.standard.s for. mobility aid about rn.obility aid Slope, crosswalk, efc.
enhancement for the mobility impaired act devices for impaired person (wheelchair, etc)

FENFR ‘BE AA) 8 #e Aol HEdl B =213 AA 71E 3 fA#Ee el tid d3o] Al
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(Table 2) Standard points for sidewalk design

Category Standard Remarks
- Minimum width: 1.2m
i . . o . oy
Widh of sdewalk |2 e (LamLom) i evry 30m when v widh of s
sidewalk is under 1.5m
i of e |1 o o il o o
Gradient of sidewalk Under 1/18 Can be mitigated to 1/12 (4.76°) in case of severe topography
(lateral) (Under 3.18°) In this case, leveled landing should be installed in every 30m
Gradient of sidewalk Under 1/25 |Under 1/50 (1.15°) is recommended for safety enhancement of the elderly and
(cross sectional) (Under 2.29°) | wheelchair user
Bollard Height 80~100cm / Diameter 10~20cm / Interval 1.5m

In case of lateral gradient is over 1/12, it is required

1) 40 BPN or more slip resistance (installation of non-slip pavement)
2) Installation of safety handle

3) Installation of stair

High-gradient sidewalk
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(Table 3) Standard points for shared-used path design for pedestrian and bicycle

Category Standard Remarks
Width Over 3.0m (non-separated) Bike section 1.5m and pedestrian section 2.0m while separated
Gradient (%) Length limit for uphill section (m)

7 120

Uphill section 6 170

length limitation 5 220
4 350
3 470

(*) Suggestion : In uphill section with gradient over 8%, follow the standard of AASHTO BIKE GUIDE
Superelevation Under 3% (1.71°)
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(Table 4) Standard points for mobility enhancement facility implementation

Category Standard Remarks
Height difference between sidewalk and vehicle road : Under 2cm
Standards about curb ramp Can be mitigated to partial sidewalk ramp with effective width over
near crosswalk for mobility |Effective width : Over 0.9m|0.9m when lower of entire sidewalk is not possible and effective
aid device (wheelchair, etc) width of crosswalk is under 2m
Gradient : Under 1/10 (5.71°)
Height of curbstone Under 25cm
Effective width : Over 2m | Can be mitigated until 1.5m

Require leveled landing with over 1.5m length for every 0.75m elevation

Standards about slope Over 1.5mx1.5m of space in start, end, bending point of slope and leveled landing
Gradient : Under 1/12(4.76°)|Can be mitigated until 1/8 (7.13°) when height of slope is less than 16cm
Require wall or fall prevention hump with over S5cm height

Elevator Effective area of inside of elevator : Over 1.lmx1.4m
Escalator Effective width : Over 0.8m
Waiting area of bus stop Height difference between sidewalk and vehicle road : Under 15cm
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(Table b) Selected points of walking environment survey for the PMD for elderly

Survey point

Reason for selection (relation with PMD)

Property of passage section (function of road)

Type of passage section
(Sidewalk/Shared-used path for pedestrian and
bicycle/Shared-used path for vehicle and pedestrian)

Pavement material(Asphalt/Polyurethane/Block)

Basic factors for determine mobility characteristic of passage section

Pavement condition

Number of obstacle factor for surface flatness

Factors related to dynamic stability for the PMD, comfort for the PMD
users

Disconnection of sidewalk

Disconnection point for movement of the PMD

(necessary for overcome curbstone of sidewalk)

— Check for performance of the PMD is suitable for overcoming
disconnection of passage section type

Type of curb ramp installation

Gradient of curb ramp

Length of curb ramp

Shared-used section with the PMD and vehicle

— Required high-level of dynamic stability for the PMD in this type of
section (Rollover prevention in slope, braking performance in sloped
resting area, etc)

Road light

related to night visibility of the PMD users
— related to performance of PMD‘s head/tail light

Bollard

related to minimum width of the PMD

Vol.16 No.6 (2017. 12)
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(Table 6) Define survey method for each survey point

Survey point Survey method

Property of passage section | Check the property when selecting the survey area

Type of passage section

Paverment material Classify the type/check the material when visiting the survey area

- Sidewalk : Classified “Good” or “Bad”, after checking and discussion about the evenness
of sidewalk with 2 or more investigators

Pavement condition - Shared-used path (both vehicle/bike) : Classified “Good” or “Bad”, after checking and
discussion about the pavement condition with 2 or more investigators based on “Condition
level C from manual for bicycle facility implementation and maintenance”

Check the point that corresponded to following points and mark it on the map

- Bump of block

Number of obstacle factor - Bump of root

for surface flatness - Crack, which is strongly im (pothole, etc)

- Around the drainage facility (manhole, etc) that have the height difference between
pavement surface and drainage facility bigger than 3cm

Check the number of disconnection point of sidewalk, and measure the height of sidewalk

(curbstone)

Type of curb ramp installation | Determine type of installation with moving direction based on mobility scenario

Disconnection of sidewalk

Gradient of sidewalk ramp - Gradient : Select 3 points that have highest gradient in the ramp by witness, measure
gradient by inclinometer for selected points, and average measured gradients

- Length : Measure sloped section of curb ramp

Road light Check the installation status of road light in survey section
Bollard Check the bollard installed location on map and measure installation interval of bollards

Length of sidewalk ramp
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Selected survey area

= Scenario 1 : Home — Elderly care center = Scenario 3 : Home — Park
= Scenario 2 : Home — Medical center = Scenario 4 : Home — Station (shopping center)

Field survey
(in Feb/Mar, 2017)

(Fig. 2) (above) field survey area (below) field survey scene
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(Fig. 3) General property analysis for survey area
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Bumpofblock: Lackof bonding force Crack : 2 points

1 Point around manhole
Bumpofroot: 4 points

3 Paints Lackof bonding force
Damage around with ground: 4 points

manhole: 3 Points

(Fig. 4) Pavement surface evenness survey results
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(Table 7) Survey results about bollard and road light
Category Bollard Road Light
10 bollards are installed in survey area No-light section : about 8% (210m) for entire section
— 5 points do not meet the standard of manual (Manual | — Mainly roads in apartment complex or shared path
Survey result . . . . S . .
for sidewalk implementation and maintenance, 1.5m), on residential area with few pedestrian
average interval for these bollards is 1.08m
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(Table 8) Installation type classification about curb ramp

Category Type A Type B Type C Type D
Curb ramp for passing mid-block vehicle| Lowering whole . .
. . Lowering each starting
Curb ramp for passage (parking lot, etc) corer of sidewalk . .
Type . . . point of crosswalk in
.. mid-block (B-1) Lowering whole corner of sidewalk| when crosswalk .
definition . . .. sidewalk when crosswalk
crosswalk (B-2) Lowering a part of sidewalk exists in corner of | . . .
. . . exists in corner of sidewalk
(mainly on center of sidewalk) sidewalk
l I B-1) B-2)
5 Sdewalk
Sidewalk 8
Example l I
Sidewalk Q
Movement direction
Movement direction when mver\( dwe(\T
using sidewalk ramp —_—
M demiam
(If a>b)
Tilted in mixed | Licd in mixed
Slo Tilted in slope direction direction or without
>ope ¢ 1n. 5p tilted Tilted in slope direction
direction direction (Forward/backward
Move- & lefifright) af a<b) Tilted in mixed
ment Tilted in slope S
direction direction
F kward
chara-ct (If a>b) ( orwardfba.lc an (If a>b)

. o & left/right) ) IR
eristic Tilted in cross Tilted position in mixed
Cross L L
slo slope direction This type of movement is very rare direction
direcfifm {f a<b) P v (f a<b)

Move without Move without tilted
tilted position position

54 A 8 2] EASHE A4BAE 58 D 598 ANFAES] BRPAEE <Table 929}
%ol i,

(Table 9> Number of curb ramp and its average gradient for each mobility scenario

(Scenario 1) A B-1 B-2 C D
Number of curb ramp 8 5 0 0 0
Average gradient (%) 153 10.8 - - -

(Scenario 2) A B-1 B-2 C D
Number of curb ramp 1 0 5 0 0
Average gradient (%) 9 - 10.9 - -

(Scenario 3) A B-1 B-2 C D
Number of curb ramp 0 0 4 0 0
Average gradient (%) - - 125 - -

(Scenario 4) A B-1 B-2 C D
Number of curb ramp 0 3 4 0
Average gradient (%) - 15.6 12.3 - 102
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(Table 10) Dynamic performance test requirements for electric wheelchair and scooter for disabled

Categoryl) Type A Type B Type C
Maximum safety gradient (°) 3 6 10
Dynamic stability (°)
(When uphill movement starts/ends in forward 3 6 10
direction & downhill movement ends in
forward/backward direction)
Statical stability (°) 6 9 10
Speed (forward, km/h) 15 15 15
Speed (backward, km/h) Low speed between 70% of maximum speed for forward direction and Skm/h
Rotation width (mm) 1,300 1,600 2,500
Rotation radius (mm) 1,000 1,300 2,300
Minimum obstacle height (mm) 15 50 100
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