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Abstract

Due to the improvement of surveying, mapping and communication techniques, various apps for road direction
guides and vehicle navigations have been developed. Although such a development has impacted on walking and
driving, there is a limit to improving the daily convenience of the socially impaired people. This is mainly due to
the fact that the software have been developed for normal pedestrians and drivers. Therefore, visually impaired
people still have problems with the confusion of direction and/or non-provision of risk factors in walking. This
study aimed to propose a scheme which constructs data for mobility-impaired or traffic-impaired people based
on various geospatial information. The factors and components related to walking for the visually impaired are
selected by geospatial data and a walking route guidance network that can be applied to a commercial software.
As a result, it was confirmed that road direction guidance would be possible if additional contents, such as
braille blocks (dotted/linear), sound signals, bus stops, and bollards are secured. In addition, an initial version of
the application software was implemented based on the suggested data model and its usefulness was evaluated
to a visually impaired person. To advance the stability of the service in walking for the visually impaired people,
various geospatial data obtained by multiple institutes are necessary to be combined, and various sensors and
voice technologies are required to be connected and utilized through ICT (Information and Communications
Technologies) technology in near future.
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A Study on Configuration of the Road Guide Data Model for Visually Impaired Pedestrian
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Table 1. Spatial information utilization survey questions

for visually impaired

Survey Questions

Q1. How many times a week do you normally go out?

(D Daily @ At least once (3) At least three times
@ More than 5 times ® No

Q2. What is the purpose of going out?

O Work @ Shopping @ Exercise @ Hospital & Other

Q3. What are the most popular modes of transportation
when going out?

(D Walking @ Metro 3 Bus @ Taxi & Other

Q4. How long does it take to go out normally?

(O Within 30 minutes @ Within 1 hour 3 Within 2 hours
(@ More than 2 hours &) Other

Q5. Have you ever used your mobile to browse
information?

(D There is @ There is no

Q6. How many times a week do you use your mobile to
search for information?

(D Daily @ Once inside and outside (3 At least twice

Q7. What is the purpose of information exploration?

(D Destination distance 2) Travel time
® Guide to the surroundings of the destination
@ Facility information G) Other

Q8. What are the different types of information
navigation?

(D Braille Guide @ Media (3 Blog
@ Internet Search & Other

Q9. What are the inconveniences of searching for
information?

(D Voice support @ Lack of facility information
(3 Functional inconvenience @) Other

Q10. Why is it that I don’t use information exploration very
often?

(D Absence of braille maps @ Lack of understanding
(3 No information @) Other

Q4. Usual time to go out QS. Mobile experience

So% B

35%
30% so% 1
25%

0% +
20%
s 30% +
10% 20% +
%

10% +
ox

WHARSO. Uit Lhour Wiz hurs  Mrethan 2 o5+
nnnnn Has mobile usage No mobile usage.

Q6. Mobile information
exploration experience

Q8. Types of information
retrieval

=
Explore the Traveltime Surroundings Facilities
=

Fig. 1. Analysis of answers for spatial information

utilization survey
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Table 3. Digital map 2.0 layer related to spatial

information for the impaired pedestrian

HOJ AR HF L BRI W, FAE S 3t Al A7
_ _ Main | Middle Integration
£ RESRIAE AIZPgoolnte 9Igt HOIAHOICE BT A caregory category | Subelass  Format e
SH ST IR T MR 2T e gl oA . Sidewalk | Line | A0033324
AZgolle] wagel et S F3I5kA AR EUT: A, Stdewalk ™ Crosswalk | Line | A0043325
el g Aejdoe, AAE S, FEtAuE & 4= SUck Safety zone|  Safety zone | Area | A0053326
SRR, TS SAPIE 5 EAP L ols A HefslaL ¢t Pelgi gztrian Pedestrian bridge | Area | A0063321
_ _ ridge
ZE} OPE Alank O 93 O P 32O A
Aok kS AR ] fiel -8k slo.= dvhe ES Traffic | Station Bus station | Point | A0143411
STt QP o5 A OIS flel] Lagh wEA B 7|ef Subwa
R e Y Line | A0151115
APE SR EE APISIL, SRS SOl e, SR, 9F (Above ground)
_ . . Sub .
AL B 52 BIRE 2k A2 go12] kel 9le] 2 Railway | ;00 ound) | i€ | A0ISINIG
Qe AHog = 37 H Zro| H|1ES i
L7t =5 210 2 Rl FH P E= Table 29} ZHo] Al Subway station | , | 4015190y
34 gk o8 o, HfFIE-2 At a1 AR m e enirance
] i s o] oL Express Bus | pie | Boo14522
REH AR B sk e Aol L o | PO
F2U 7oL YBAA AR} ol F W o) B Ao 2 T asjrk e PR T iercity Bus [ T po014523
Terminal
. . Lo L Street lamp Point | C0223367
Table 2. Highly utilized spatial information items for
. S . Light Lighting Point | C0226231
visually impaired pedestrian
Security light | Point | C0226232
Function Detailed function - -
Public transport subway station, bus station Stairs Stairs Area | C0393323
. Braille block, Installation status of Signpost Point | C0412258
Sidewalk .
flowerbed, Bicycle parallel road Facility ) Road information| . .
Underpass Subway entrance, Whether to install an Sign board Point | C0413421
P elevator for the disabled Guide sign Point | C0413422
Crosswalk | Acoustic signal, Voice induction machine
Road Traffic island, Pile to prevent vehicle Underpass Underpass Area | C0453322
entry(Bollard) Underpass Underpass Line | C0463374
Building Main entrance, Open toilet entrance entrance
etc. Slope way, the height of the stairs, etc. traffic light)  traffic light | Point | C0493376
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Table 4. Digital map 2.0 layer attribute information for constructing spatial information related to sidewalk

Scale Name Layer |Format Property name and content
* Sidewalk width
1:1,000 | Sidewalk |A0033320| Line . Pa(;kmg material: Unpacked, Ascqn/Block, Ascon, Concrete, Block, etc.
» Existence and nonexistence of a bicycle road
* Sidewalk or Bicycle road
1:1,000 | Crosswalk | A0043325| Area | Existence and nonexistence of a crosswalk
1:1,000 | Safety zone | A0053326 | Area » Traffic island, plane(Painting), School zone
* Name
1:2,500 | Safety zone | A0053328 | Area | < Existence and nonexistence of speed bumps
. Pedestrian * Name, Length, Width, Height
1:1,000 bridge A0063321 | Area |, Format: Available or not available for persons with disabilities
1:1,000 | Station | A0131122 | Point |+ Format: Name of railway station
) . . * Name
1:1,000 | Station | A0140000 | Point | Usage: Bus, Taxi station, etc.
» Name: Name of railway line
1:1,000 | Railway |A0150000| Line * Division: Railway(regular, special), high-speed railway, Subway(Above ground,

Underground), Monorail and cableway, etc.
* Management: Government, local government, public institution, individual or others

1:1,000

Platform | A0191221 | Area

» Name: Name of railway station

Table 5. Digital map 2.0 layer attribute information for constructing spatial information related to the sidewalk facility

Scale Name Layer Format Property name and content
1:1,000 Light C0020000 | Point |eDivision: Lighting, Guidance light, Street lamp, Security light
1:1,000 | Firehydrant | C0250000 | Point |  Format Above ground or Underground
* Management Institution
1:1,000 | Public telephone | C0363361 Point |+ UFID
1:1,000 Mailbox C0373362 | Point |« UFID
1:1,000 Stairs C0390000 | Area || Nameand width
» Stairs or stand
1:1,000 Notice board | C0400000 | Point | Division: Notice board or Billboard
) . . « Usage: Milestone, Regulatory edition, Information board, Indication
1:1,000 Sign C0410000 | Point board, etc.(Road information display facility)
) . * Name and capacity
1:1,000 Parking C0430000 Area |, Division: Paid or free
1:1,000 Underpass C0453322 Area | * Name, Length, Width, Height, etc.
11,000 Underpass C0463374 Line |° Name and Management Institution .
entrance « Usage: Entry of persons, entry of vehicles, or other
1:1,000 Under.grqund C0470000 | Area | Usage: Subway vents or underground vents
ventilation » Management Institution
1:1,000 traffic light C0493376 Point | » Usage: For walking, vehicle or walking/vehicle
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Table 6. Geospatial information construction type and considerations for the impaired pedestrian

Type of spatial information
construction plan

Considerations for construction geospatial information

Digital Map 2.0

Utilization of previously established location and attribute information

construction materials

Request for new production of related layer attribute information

When other organizations build and operate as a database, data linkage with related

ati
Data not reflected Orgamzalions
in Digital Map 2.0 If the database is not built by other organizations, the location and attribute information of
the related layer is newly created
Hierarchy of each layer such as large-medium-small classification and layer code
Digital Map 2.0 feature assignment

standard code

Design of structures, representations, colors, etc. on a scale of 1:1,000, 1:2,500, 1:5,000

Digital Map 2.0 feature list

Establishment of attribute table of each layer according to the standard form of attribute
list (name, type, content, description, remarks, etc.)

Modified the existing digital map 2.0 database to reflect the standard code and attribute list of each layer
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Table 7. Example of node attribute for impaired pedestrian

No. Code content Contents of node setting criteria
1 Pedestrian crossing * The point where pedestrian paths intersect each other
) Attribute change point . The point where the properties of the pedestrian path change, such as the width of the
sidewalk
. ... | * The starting and ending points of cross-road facilities such as crosswalks, overpasses,
3 | Pedestrian street facilities s .
and underpasses, or road facilities (tunnels, bridges, overpasses, underpasses, etc.)
4 Walking restrictions * A point yvhere the movement of pedestrians is physically controlled, such as a highway
or a dedicated automobile road
5 dmm} strative b oundary |, Points divided by si/gun/gu boundaries
intersection
* Underground public walkway consisting of subway or underground passage entrances
6 Pseudo intersection * Points that are not actually connected by pedestrian roads, crosswalks, overpasses or
underpasses, but appear to be crossed when viewed in two dimensions.
* Points separated by the boundary of the map leaf of a digital map 2.0 with a scale of 1 in
7 Partition intersection 5,000 as announced by the National Geographic Information Institute
* Cross-road facilities or road facilities such as crosswalks, overpasses, and underpasses
8 Track intersection * The point where the pedestrian path and the track intersect
9 Curved section * Pedestrian path points that include curves
10 Short road section « Start point and end point of short road section
11 Rain gutter cover * The point where the rain gutter cover is located on the pedestrian path
12 kerbstone * The point where there is a curbstone on the pedestrian path
13 Acoustic signal * The point where there is an acoustic signal on the pedestrian path
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Table 8. Examples of pedestrian road types

FEAYYEYANA 57 W, W/, T3/,

Code Content Code Content AE, 7, AT el SRR SRRt
ol Sidewalk o5 | Pedestrian Path for HAZFoll tigh £41& AAIste] A2 olQlnke) g5
Pedestrian Use g 417 A|3-< 91gh heke m&ai9ch o)2 91 @

g st s | SRS oo AL 1 A4
Y Pedestrian Path A AR 20l © Zakol HAA| L] Flojo]S Fus| $3]A]

Pedestrian path for road

03 crossing facilities 07 Bicycle mixed = Fojolef ¢ E]Cﬁ— A GARE Aol %%@
04 Pedestrian road connecting pedestrian path AR ﬂs_ =5 AR S, AlZPofi/lo] AF5 0] 86}
the entrance P2 EAIA AR T WY 5 AL A% o
Table 9. Analysis of additional points of interest for visually impaired
Large category Middle category Sub category
administration Governme:;:r(licr;linistration Post Office, telephone office
Public/ Local administrative agency | Town office, community center, etc.
Environment Political/Social/Diplomacy | Social welfare facilities
. e Early childhood education, Elementary/Middle/Higher education,
Education/ Educational facilities University, eic.
Health Health facilities Internal medicine, Dentistry, Dermatology, Nursing hospitals, etc.
Accorrlls?é)c(liation/ Restaurant Japanese, Chinese, Family restaurants, etc.
Transportation facilities | Subway, Bus stops, Terminals, etc.
Facility
Facilities Restroom, Ticket offices, Rest rooms, etc.
Culture/Art facility Theater
Leisgre/ Tourist destination Aquarium, Zoo/Botanical garden, Natural recreation forest, etc.
TOleljm/ Sports facilities Horse riding grounds, Parks, Swimming pools, Sports centers, etc.
Leisure Temple Stay
Department stores, Discount stores, Markets, Convenience stores, etc.
Grocery store, Book store, Stationery store, Cosmetics store, etc.
Bank, Union, Insurance, etc.
Hi-mart, Mobile phone agency, etc.
industry Service industry Electronic product AS, Communication product AS
Jjimjilbang/Sauna, Wedding hall, etc.
Beauty salon/Barber shop, Nail shop, Skin care shop, etc.
Complex building, Large building
Studio, Travel agency, Funeral, Entertainment related services, etc.
Apartment
Residential Residential facilities Row House/Villa

Officetel, Dormitory, Lodging, etc.
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Aeo] HEEs £ & FES BEskaA 2 Aolth 1 2
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3 702 gha
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Pedestrian Accessibility

_/\

Pedestrian Space

T~

—» Pedestrian Path Land itk
— Pavement
Public
Pedestrian and Car s
— Mixing Path Facilities
] Entrance Station
— Elevator

— Exclusive Pedestrian

— Stair

- Connection Road

Transform Point of
Pedestrian Path

- Pavement Material

Pedestrian and Bike
Mixing Path

- Braille Block

Additional Information of Pedestrians

= =

—»  Guide —> Risk

—{ Area Guide | AreaRisk
— Linear Guide —  Linear Risk
— Point Guide —  PointRisk

Fig. 4. An example of a data model for road guidance of visually impaired
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Table 10. Nodes and links of the data model of walking space

L2 L3 L4 Node-Link(property information)

Sidewalk(type of pedestrian path)

sidewalk Sidewalk link(type of link)

Pedestrian path(information of link facility )

Railroad crossing

Pedestrian path for road

crossing facilities Crosswalk(information of link facility)

Overpass(information of link facility)

Pedestrian path for mixed sidewalk/driveway
(type of pedestrian path)"

Pedestrian path for mixed | Pedestrian path link for mixed sidewalk/driveway
sidewalk/driveway (type of link)

Road for exclusive use of automobiles
(information of link facility)

Pedestrian path connecting the entrance

Door (type of pedestrian path)

Pedestrian Road link to the entrance(type of link)

Walking path
space elevator Link with elevator(type of link)

Pedestrian path for pedestrian use(type of pedestrian path)

Links to footpaths on site(type of link)

Walking only Pedestrian-only road link(type of link)

Pedestrian priority road link(type of link)

Pedestrian-only road link(type of link)

stairs Stairs(information of link facility)

Link to the basement floor(type of link)

Underground floor connecting road at subway station
entrance(information of link facility)

Connection Underpass entrance and underground floor connection road
(information of link facility)

Underpass(information of link facility)

Tunnel(information of link facility)

7 % sol Qe W1BUYRE V1202 Ak dol ek ek Hlole] AL 9 slolel A HAbe A
B9 THR AT vlmete] AZollS] AT A7) W A, AR 3 Hole BY, TEAR HF02 Wy o]
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Table 11. Procedure for road guidance data for the visually

impaired

* Located in a living area where visually
impaired people are active

* Areas targeted for infrastructure
construction such as point of interest
information and network

* A dense area of support facilities for the
visually impaired

* There are many conveniences for the
visually impaired, such as transportation,
public, culture, tourism, etc.

l

« Extraction of target items using national
spatial information

 Conversion of data collected by related
organizations for the visually impaired

* Collection and conversion of data
related to specialized information for the
visually impaired

* Extraction of relevant annotation from
information on national points of interest

l

* Establishing the collected data in a
certain format

* Adding specialized information to
existing data to increase the suitability
of data for directions for the visually
impaired

* Proceeding to standardize the attributes
of road guidance data to support walking
convenience for the visually impaired

l

* Verification of identification of figure
data and attribute data of directions data
Construction | * Check the continuity, redundancy and
data matching relationship of node-link
verification | [inearity
* Review of uniqueness and omission of
input items for node-link attribute data
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Fig. 5. Collection of road guidance data
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92 7k nstol WU WS HEW AF o] WEE, WEY 52 ALY, L L AR FY Lol
Bt e B2 U, JURE SO U APl RAUE /1B AEUG. 2712, POIE FR W= v
5 AR, AP A 52 g 2 A8 ek T

Table 12. Result of road guidance test DB

Division Build result Explanation

. . : | | « It is divided into sidewalk only(green) and road mixed use(red),
(Separation of Link-Road i | 4 giving the road classification attribute of the guidance link

e * The link classification attribute of the guidance link is given by
(2)Separation of Link-Link - ——I—=| dividing it into a general crosswalk(green), a crosswalk(red), and a
//‘ . /r crosswalk without a crosswalk(blue)
L £
Eaa A
A o
(3)The presence or absence \g‘\]\ ! * Assigns the attributes of the stairs of the guidance link by
of Link-Stirs i 5 i categorizing them as no stairs(green) and with stairs(red)
BN
=N T
(DA
\ ]

(4)The presence or absence '*‘\' : ; _[—I\ * Braille blocks of the guidance link are assigned attributes by dividing
of Link-Braille Block 5 \\ = | them into no braille block(red) and braille block(green)
LANSER LN
= 1

(5)The presence or absence * No traffic light(red), traffic light present(green) attribute to traffic

of Link-Traffic light = H lights of the guidance link
Psion

R
__fi"_-'.’ = . . . . .
: L | * Assignment of node attributes such as general intersection point,

(6)Separation of Node-Node \H_ et -AI . | attribute conversion point, end point, bus stop (Presence or absence
ks

of braille), outline point, etc.

(7)The presence or absence
of Node-Acoustic signal

* Assigns the attributes of the audio signal of the guidance node by
dividing it into no acoustic signal(red) and with sound signal(green)

i TR ¥ i
(8)‘2(013132101{) ffggﬁ?ﬁ?nal r_ © "7 -~ |- Established including the Seoul national school for the Blind
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Table 13. Visually impaired directions app function

Initialization

Choice
surface

Search Guidance

i i

Fig. 6. Field testing with the Directions app

k\Snrching Destination

+ Start guiding to your destination.
.
g
Arrival at Destination
\

* You have reached
3 05
your destination,

Provide Information to get to
\ your Destination

Composition of * You have Om left to the destination
guidance scenarios

for Blind

[:8) Specialized Information Guide k\

« There is a braille block on the sidewalk.

k\ Peripheral Information Guide

There is a bus stop on the left.
Fig. 7. Configuration of scenarios for road guidance test of

visually impaired
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Table 14. Field test evaluation comments

Opinion

« It was convenient to start without any manipulation from
the origin to the destination

« It was very helpful for walking by using the app
information at the same time as walking by using braille
blocks

* The advantage of this system was that it was possible to
reach the correct base and destination by being based on
the map DB

« It was very good to give information to each guide point

* Information that reflects functions such as distance to
destination, crosswalk guidance(with/without traffic
lights, presence/absence of sound signals) is helpful

« It is effective to know where it is by guiding landmarks
such as crosswalks and bus stops during field tests
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