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1 ABSTRACT

With the digital transformation that contributestt@ urbanism of the human dimension proposed hy Ja
Gehl, the authors discuss a framework with twoapsllof information infrastructure that have emerged
recently: mobile-phone location data and three-dsi@nal (3D) spatial open space data. In recognibio
this, we report on research into two experimentatesns, namely, virtual space and virtual reatityat use

3D spatial models. The former discusses the primparfjormance of the experimental system based on a
gaming experiment of stopping behavior in the Qstridt, a traditional shopping area in Nagoya Qityth

and without a plan to convert the area into a nidle latter is a simulation investigation of théeet of
signs on wayfinding using the “visibility” parametigom the virtual reality experiment as a visiariven
agent.

Keywords: vision-driven agent, Virtual Reality, Wial Space, human dimension, digital twin

2 INTRODUCTION

The human-dimensional urbanism that Jan Gehl adesca “Cities for People” criticizes the lack of
consideration for the small and middle scales imanrplanning and design that emerged because of the
modernism movement and suggests a process thatsb&gh a survey of people’s activities, followed b
space planning and then architectural design (G&d12). The methodology emphasizes a small-scale
design through an activity survey before spacemien However, the activity survey is a “one-shatifvey
conducted by a survey team, and the space designaisly by hand-drawing, a traditional practice
established in the 20th century.

Currently, the digital twin of the 21st centurynsaking “high-frequency” sensing possible in eaaigda
/middle-/small-scale aspect of urban space in piacand an ecosystem by mushroomed internetingsh

is being formed. Among these, the authors focusnmbile-phone location data (MPLD) and three-
dimensional (3D) spatial open data as new urbarmdtion infrastructures. MPLD offers basic statisbn

the density of human activity in urban environmeingsn the large to middle scales, such as downtown
areas, where statistics have hitherto been unéeaildn addition to Virtual Singapore and SmartyCit
Zurich, the Japanese government’s Project PLATEAb lecome the leading project.

In this study, we discuss a digital twin framewdxksed on the two pillars of MPLD and 3D spatialrope
data, with a view to the digital transformation ttleantributes to urbanism in the human dimension as
proposed by Jan Gehl. Section 4 outlines the Virspace experimental system using the Osu area, a
traditional shopping district in Nagoya City, ascase study, followed by a confirmation of the basic
performance of the system through a “shop-arouniavier” experiment and the findings from the
experimental procedure. Section 5 outlines a siimaanalysis of the effect of signage in a wayiinag
situation using the “visibility” parameter (sign tdetable ratio) taken from the virtual reality (VR)
experiment as a vision-driven agent. In conclustbe, differences between the two experimental syste
and their further research development will alsaliseussed.

3 FRAMEWORK OF DIGITAL TWIN TECHNOLOGIES FOR “HUMAN-D IMENSIONAL”
MID-SCALE PLANNING AND DESIGN

To the author, the digital twin of urban planningpaars to have two sources. One is the traditiourlmin
simulation, as discussed by Micheal Batty. From acmoscopic urban planning perspective, one might
describe the actual system and its virtual modétveins” because of the unprecedented level ofitetdhe
spatial elements. Nevertheless, one should remethbein model theory, they are only “homomorphit”
their relationship.
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The possibility of a wide variety of sensing syssemith high frequencies (short time slice) can tmnlined

in a low-frequency (long time slice) urban simwatimodel in socio-economic fields, as discussedtyy
(2018) as “frequency.” This opens up the possibitif various compositions that have not been fully
explored.

The second is the possibility of viewing the vittggistem as a new participatory experience toolthas
Yamu group discussed in a case study in Herrenlsrgn environment for citizens’ “creative” paraiion
and “visioning” experience (Dembski, Wossner & Yar2019). Visioning, in particular, is a process by
which urban society creates one of several possiblens of the future. Although they are mirroraiges,
they are more reminiscent of a “metaverse” thatwin'” However, from the perspective of planningainy,
this possibility should be pursued no less tharother.

The framework of the authors’ digital twin techngiles is shown in Figure 1. The MPLD above is ativac
for its abundance of data, which more than compeadar the current lack of location accuracy afspeal
cellular phones. It provides basic statistics andbnsity of people’s activities in urban spacemifthe large
scale to the middle scale, for which there werdanmal statistics before. For details, please réfeother
articles (Kaneda, Ota & Zhang, 2022; Ota, Takah&dkaneda, 2021).

The 3D spatial data for planning and design inntinddle scale, which is the focus of this paper,ensaisy to
obtain in the past. However, significant progreas heen made in developing various BIM cloud-salirce
open databases. Virtual Singapore and Smart CitcZ?018 are pioneering examples and offer great
urban planning potential, especially for citizemtjggpation (Schrotter & Hurzeler, 2020; Virtualrigjapore,
2018).

The Japanese government’s Ministry of Land, Infreettire, Transport, and Tourism’'s PLATEAU projesct i
a national policy project that will be launched2020 and that has presented standard specificafbons
CityGML covering not only buildings but also temaroads, and urban facilities, intending to depaldban
spatial data in Japan. It has also made remarkablgress in providing city governments with digitkata
for primary urban planning surveys based on theaf®lanning Act (Project PLATEAU, 2020).

Next, we will discuss our methodology for planniagd designing middle scale urban spaces in the 21st
century, which is established through the develognoé MPLD and 3D spatial data. The systematic data
science that deals with the relationship betweestdhriscale urban space and user behavior is attate
theme for the authors.
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Fig. 1: A framework of digital twin technologiesrfouman-dimensional downtown planning and design.

Space Syntax from UCL, which works with the int¢i@t between user behavior data of urban space and
visual data of the built environment, is one of sieeentific methods that we have been focusingite. rise
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of Space Syntax as a universal urban science irRilse century is partly due to the widespread use o
computational geometry that combines network thesimgh as visibility graph analysis and agent aialy
(Turner, 2001; Turner & Penn, 2002; Turner et 2001). The author’'s research has also confirmed the
contribution of urban form factors to the numberpeflestrians on the streets. However, new datacgie
requires an easy-to-understand 3D extension melihgylo

Section 4 of this paper deals with the possibibifya virtual space and VR experimental system that
contributes to downtown planning and design re$ebsccreating and using 3D spatial data. This syste
enables us to efficiently explore the directiortted “future environment” desired by people andspscific
image by collecting and analyzing the user’s subjesense of liveliness and behavioral data invitteal
space under certain experimental conditions. Tiperment conducted by the authors in the Osu disti
shopping district in Nagoya City, is still in theirpary stage of comparison with actual data. Nogles,

the experiment’s core functionality, such as betrayrediction and consumer attractiveness, has been
proven. The Osu district is a “human-dimension&ldging district. It is being developed in muchajes
detail than the LOD1 provided by Project PLATEAWdait is necessary to proceed while incorporating
issues from CG research, including the uncanngyall

The invention of EVA by Turner & Penn (2002) was thvention of the vision-driven agent model, which
has great potential as a tool to “constructivelydmine the influence of visual-spatial charactedssuch as
wayfinding behavior simulation. The authors haverbeiorking on the development of VD18s, VD19, and
VD22 as agent models for use in 3D spaces, as showection 5 (Kaneda et al., 2019; Maekawa et al.,
2022).

Among the behavioral measurements by the virtuats@nd VR experimental systems, the authors fotcus
the easy use of the eye-tracker system. Currentlyan behavior analysis has been constrained by the
premise that “attention is a resource,” as stateti bA. Simon and later, but the eye-tracker systgrans

the door to measuring the micromotive behaviorutects through microbehavior. These possibilitids
stimulate research in multiple directions, and act®n 5, the authors report their use in refinigjon-
driven agent modeling.

Section 5 of this paper discusses a case studheafayfinding behavior of a 3D conical vision-drivagent,

in which “visibility data” obtained from a VR enwnment experiment were used as a parameter to
reproduce the wayfinding behavior in a subway atatiand the assessment by sign layout setting was
analyzed.

4 VIRTUAL OSU: VIRTUAL SPACE EXPERIMENTAL SYSTEM IN T HE CASE OF
DOWNTOWN OSU

4.1 Aim for Virtual Osu

The Osu district is a 400-m-long, 600-m-wide shappilistrict with 1,200 shops comprising mainly simal
scale stores positioned south of Wakamiya Odoreebtrmidtown of Nagoya City. This area, which
combines numerous temples and commercial stremtsrightly be called the highlight of the Chuky@ar
(population of approximately 10 million in Aichi,ifd, and Mie prefectures) that constantly attraliterse
customers, including men and women of all aged) gt fascinating “hotchpotch” of the old and thean
As the features of this area, there are nine shgpgireets with a grid-like shape layout, each bfctv
attracts specific customers with a characteridyicgtailed shop configuration. There are 20,0GX®s per
day on weekdays and 30-50,000 on weekends andaislidnd foreign tourists have been visiting rdgent
This is also the district where the authors havetinaed their research for more than 20 years (Hane
2020).

In this section, Osu’s virtual space experimentaitem is created and actual performance relatatieto
detailed design of shopping mall facades, amongrsthis confirmed through an experiment on stopping
behavior with and without a test mall plan.

4.2 3D Spatial Model of Osu

On the basis of the literature (Gehl, 2013a, 2018i® system functions and spatial model introduced
measure urban attractiveness and comfort in theahudimension are shown in Table 1. Figure 2 defies
size of the Osu region that this study specificalligressed. The Akamon-dori, Otsu-dori, Shintedoni;
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Uramonzenmachi-dori, Honmachi-dori, and Banshoji-@ollections of street portions from six diffeten
streets were used as the unit area for the visjpete experiment. Unity ver2019.2.8f1 was useahstcuct

the virtual space experimental system (Kino et20120). A spatial model of the existing street anstreet
believed as a pedestrian mall on Akamon-dori wasated. The virtual space model was modeled in
Rhinoceros based on real-space, and textures wplieéby UV mapping in Maya. The virtual space mlod
used in the experiment was based on actual measntgnand the level of detail was equivalent t@llef
details (LOD) 3 in CityGML (Hirate, 2020). Beforend after Akamon-dori was transformed into a
pedestrian mall, the facade of buildings along street remained unchanged. The experimental area’s
dimensions, street’s width, and positioning of baddings were based on Osu Street’s real dimessiwith

a 7.5-m maximum height for each structure.

A plan and a cross-section of the street whereptiestrian mall was studied are shown in Figure 3.
Examples of street components and dimensions aietdd in Figure 4. The subject’s walking speed s&ts

to 3.0 m/s at full speed and 1.5 m/s at half sp&&é. subject’s position in the virtual space wasrded
every second as coordinates, and the walking pajirctory was recorded by outputting a csh file. eye
mark was used to capture eye movement, and thetonsngazing point was produced as two-dimensional
coordinate data.

System functions Evidence from Jan Gehl's referense Number

Walking trajectory General knowledge of gait patterns can be obtained. 2) p.39

Optional activities City quality is so crucial for optional activities. 1) p. 134

Walking speed Pedestrians usually walk faster on streets thateifimear movement, and their pace fajlsl) p. 120
while traversing squares.

Eye Movement Heads move from side to side, and walkers turniopr ® see everything. 1) p. 120

Spatial models Evidence from Jan Gehl's references | Number

Steet components Street patterns, the design space, rich detailjrdedse experiences influence the qualityt) p. 129
of pedestrian routes and the pleasure in walking.

Facade The quality of the ground floors is so crucial toity's overall appeal. 1) p.81

Table 1: Desired functions and their sources ofiheaal space experimental system. 1) Gehl (2013afehl (2013b)
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Fig. 2: Osu area targeted for the virtual spaceexgental system. Fig. 3: Plan and cross-sectiogkkamon-dori.

Fig. 4: Examples of street components and dimession

4.3 Virtual Space Experiment

This experiment was designed to explore the faabpassing/stopping behavior and awareness ev@auat
by having the subjects walk through the unit spacéhe investigation (Figure 2) with and withouteth
pedestrian mall on Akamon-dori under the experimleabnditions. A walking experiment was conducted
from the east end of Akamon-dori to the west endBahshoji-dori to evaluate the effectiveness of the
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experimental system (marked S to G in Figure 2 &kperiment’s summary is shown in Table 2. In the
experiment, we took up unscheduled stopping behawibich is one of the optional activities in shomp
areas. We implored the participants to stop atoeesand take a picture. After completing the walkie
participants watched a video recording of the expemt. They conducted an impression assessmend and
post-experiment questionnaire (Kozaki et al., 20Minjstry of Land, Infrastructure, Transport andufism,
Government of Japan, 2020). Thereafter, the santkingaexperiment was conducted on the designated
streets. Fifteen subjects were tested in the egislisu area. Then, five subjects were tested ih ease of

low (0.047 persons/m2), medium (0.133 persons/a)l, high (0.218 persons/m?) pedestrian density on a
street that was created to be a pedestrian malAkamon-dori. Figure 5 depicts the space in the four
instances. Additionally, pedestrian density wasquirement for the trial as a factor affecting aamass.

(A) Walking trajectory recordings: Figure 6 depith® route choice rate and the number of pedestaan
intersections (1) and (2), following the walkingute trajectories recorded in the experiment. Athbot
intersections (1) and (2), the route choice raté\kdémon-dori increased because of the conversioa to
pedestrian mall.

(B) Optional activities: Subjects were asked tqstb stores and take pictures as optional actvifiering

the walk. The experiment's outcomes were calculated written down. The individuals in the
investigation’s walking path trajectory recordstbé store stops and images are displayed in inssaimc
Figure 7. The number of alternative activities person at locations in retail districts is showrFigure 8.
Streets with a sample size of four or larger wedected, and the number of store stops and the euoib
photographs taken were tabulated. The subjectsi heaements when selecting a route and product and
their shopping search behaviors were observed wheyn stopped at stores. Product search and shopping
behavior were mainly observed in the subjects’ damard the street components that made up thdibgil
facades and store product shelves. Optional aeswere more common in Akamon 3 and Shintenchi 1.
This is due to numerous open facades and the Haghity of stores. The number of optional activitiess

low in Akamon 2 and Honmachi 1. This is becauseesbmildings are under construction and severahef t
facades are closed because of the sparsenessfatithies.

Date Nov. 9-13, 2020 | Subject | 15 engineering students

(1) Practice of spatial cognition in virtual space.
(2) Conduct a virtual space experiment (screen recomagaction logging will be conducted at the saime s
Method the start of the experiment).
(3) Evaluate impressions of the streets while viewihg tecorded images and conduct a post-experiment
questionnaire.
(1) Visiting alone to accomplish an errand with no ticoastraints.
Assumed | (2) Going through the main street.
situation | (3) Look at a map and know the location of the destinah advance.
(4) Permission is granted to go sightseeing at your distretion while heading to your destination.
Existing case/pedestrian mall case of Akamon street
with pedestrian density (low/medium/high).
Table 2: Virtual Osu experiment.

Cases

Pedestrian low density
(Pedestrian Mall)
v

Pedestrian medium density=", Pedestrian high density
(Pedestrian Mall) (Pedestrian Mall)
v

Fig. 5: Space in the four cases used in the expetinfrig. 6: Route choice rate and the number oégteidns at intersections.
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Fig. 7: Examples of recorded store stops. Fig.u@nbler of optional activities per person at shoppiisgict sites.

(C) Walking speed: The walking speed at Akamon dlepicted in Figure 9. The distance traveled by the
subject per second was calculated from the codelidata that recorded the subject’'s position in the
experiment. A speed of 2 m/s or more was givensfptled, 1 m/s or more but less than 2 m/s wasdemesi

half speed, and less than 1 m/s was consideregistppl he half speed time tended to increase amduth
speed time tended to decrease on the streets temhterpedestrian malls compared to the existireget. It

is assumed that the pedestrian mall has increasedumber of streets that people want to seeeisarély
pace. Conversely, stopping time decreased. This lmeapecause the system has lost its novelty and the
subjects have become more adept in the gaming topera

(D) Eye movement: Subjects’ eye movements wererdecbas eye marks from the video recorded in the
experiment. The number of eye movements at Akamisnshown in Table 3. The eye marks registered in
the experiment were recorded as the gazing zonesnsin Figure 10, which are located in the street
components. The streets were categorized intozivees: the sky above, left wall, right wall, roadface,

and the back of the street toward travel. Thenwhk was classified into gazing zones for eachestand

the road surface was categorized into three zolmesddition to the gazing zones, gazing at street
components was recorded separately. Then, 20-sneyk positions were recorded every 0.3 s, and the
number of eye movements was tabulated. On the pegesnall transformed streets, the number of eye
movements rose higher than that on the previoudwags. The pedestrian mall is claimed to have ased

the number of attractions on the route.
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(N=5) °
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30 3
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®» °
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% S B 27 27 0 |
T -
0 ' - e C 25 28 3 2.A |2-B 3 B|4-A
Staying  Half Full
Speed Speed D 19 27 8
Left: existing Right: pedestrian mall | Average | 25 28 3 3 6 7

Fig. 9: Time per walking speed. Table 3: Numbeeyd movements in seconds at Akamon-dori. Fig. Hre&one position.

(E) Impression evaluation: at the end of the wdlle participants completed an impression evaluation
guestionnaire while watching a video recording bé texperiment. Figure 11 depicts the impression
evaluation of the four instances at Akamon 1. Peidesmall streets received higher ratings in @llagions,
particularly on high density streets. The low sdoré'Have good visibility” may be due to the largamber

of pedestrians obstructing visibility. The low seerin the “Want to walk” category are thought to be
because people do not want to walk on streets tebhmany pedestrians. Additionally, the “Adequate
sidewalk width” was significantly improved by theegestrian mall conversion, which means that
dissatisfaction with the existing sidewalk width svaliminated. Medium density was the highest for
“Adequate traffic volume,” which means that respamd felt that neither too many nor too few pedkessr
were adequate. Although the facades did not chbaffge and after pedestrian mall conversion, pedest
density and pedestrian mall conversion may affeetimpression of neighboring buildings as pedeastria
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mall-converted streets tend to be rated higheh@items related to surrounding buildings as welle
impression ratings for each street are shown imrgidll. The reason for the higher assessment of the
Honmachi-dori in the items related to street coritfmys can be attributed to the presence of treestrast
components and wider sidewalks. Shintenti-dori Bathshoji-dori received high ratings for surrounding
buildings, possibly due to the full-cover arcaded adense store density. The low evaluation of
Uramonzenmachi-dori in the “Want to walk,” “Want stay,” and “Want to come back” categories are
thought to be due to the street’s low attractiven&he increase in the selection ratio of Akamori-doove

is believed to be due to an improvement in the @apion evaluation.
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2 3 4 51 2 3 4 5
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Fig. 11: Impression evaluation at Akamon-dori anceach street.

4.4 Further Development Directions
The virtual space experimental system’s repeatglsitid operability will be improved in the future.

On the basis of the above research, future workimglude constructing a system for VR experimeots
acquire behavioral sequences such as eye and lmadnants in shopping district spaces. The objecsive
to clarify pedestrians’ dynamic spatial awarenass @ help in creating an urban area with a riclking
experience. Using the Osu shopping district agéBearch target, we will analyze the impact of patm
flow and density on people’s route choices and ieha

The analysis will be conducted from two axes: anacspace experiment and a VR experiment. Inehé r
space experiment, subjects will be asked to walkhm actual Osu shopping district as a preliminary
experiment and their behavior logs will be obtainElde VR experimental system will be built basedius
real-space investigation. A spatial model of thewated case will be produced, and the subjectsbsil
requested to walk in the same manner. As a behbbgome will record the travel trajectory, stagispots,
time, and optional activities and locations. We @s® planning to analyze the behavior factors dasethe
records using a questionnaire survey.

5 VD22: COMBINATION STUDY BETWEEN VR EXPERIMENT AND V ISION-DRIVEN
AGENT SIMULATION

5.1 Introduction

Because the guide signs show the destination irsftbom, the layouts of the guide signs will affebe t
pedestrians’ wayfinding behavior in subway statiohisis part proposes a vision-driven pedestriamiage
model VD22 that simulates the pedestrians’ wayfigdiehaviors on a three-dimensional walking surface
detecting signs, which can help the urban desigaedsmanagers evaluate and improve the layoutiseof t
guide signs. A VR experiment was conducted to nreathe internal parameter, sign detectable ratio, f
introducing the model VD22. Finally, the efficacy the VD22 model was confirmed by comparing the
agent simulation results with the VR experimengaltts.
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5.2 VR Experiment

We selected the Oasis 21 Square, which includesstovay stations and an outdoor square space. An
immersive virtual reality environment was built amity (ver2019.2.8f) to design the VR experimental
system, in which the spatial and temporal databearecorded in real time. Using the VR equipmetih\ain
eye-tracking function, the participants’ gaze peicdin also be recorded. The subjects were divittedvo
groups of 30 architectural students. Each partitipas required to complete three tasks. The paatits in

the experiment had a first-person perspective autdlcmove and rotate in the visual space usingviRe
controller.

We calculated the sign detectable ratio proposetivaya et al. (2013) and Gu et al. (2015) basedhen
calculation method of the sign detectable ratithenhorizontal and vertical directions in a hemesgharea.
We also examined the read ratio of each sign aadwmdlking trajectory of the pedestrians. The rasult
showed that the pedestrians’ walking trajectory @iasctly related to sign recognition. This demoaigts
that an appropriate layout of guide signs will ¢glycand accurately guide the pedestrians to threiget
destinations.

5.3 VD22 Pedestrian Agent Model and Agent Simulation

Vision-driven pedestrian agent models, namely, VOM8koyama et al., 2020) and VD19 (Maekawa et al.,
2021) built by our laboratory based on the EVA nmdéenn et al., 2002), are vision-driven agent nede
that detect the sign and perform the wayfindingavédr according to the sign information directidmodel
VD19 encoded the ratio as a sign detectable prityaeasured by Iwata et al. (2013), which acheetiee
wayfinding behavior by detecting signs in three-eimsional space. However, owing to the constraisig
detectable ratio in vertical directions, model VDd&uld not move on three-dimensional surfaces sisch
stairs and slopes.

VD22, a 3D vision-driven agent, is an enhancediorrsf agent model VD19. Agent model VD22 was built
by importing the sign detectable ratio measurethénVR experiment. It approaches its move on theeth
dimensional walking surface by accurately detecsiigms in vertical directions. Agent model VD22 ahs
follows guide signs to its destination. It will p@m a natural movement requiring the directiontiod
deepest sightline without detecting a sign. It nsoata walking speed of 1.0 m/s, which reduces#b /s
when moving on stairs and slopes, and decisionmade at 0.3-s intervals with a constant probgbilihe
spatial and sign recognition by agent model VD28 #re dimensions of the visual range used in agent
model VD22 are shown in Figure 12.

We implemented agent simulation 100 times of Tdsksd 2 (both are approximately 100 m of unmanned
subway transfer corridor, including stair climbingach using our new agent model VD22. Comparékeo
VR experiment, the agent model maintained a cotsfaed throughout the process, except for somsepau
and deceleration during sign recognition. Regarding walking trajectory, it was generally straight
compared with the results of the VR experiment.

5.4 Comparison of the Simulation and VR Experimental Reults

To compare the walking trajectory between the VRegixnent and agent simulations, we establisheakthre
patterns for each task and determined the propartf the patterns in Tasks 1 and 2. The findings
demonstrate that the proportions of the patterrisasks 1 and 2 simulation results are highly colplarto
those in the VR experiment, which confirms our nagent model VD22, and the sign detectable ratio
determined in the VR experiment and encoded inemauigodel VD22.

An analysis of variance was used to determine tfierence in walking distance and time of the resul
between the agent simulations and VR experimemt§dsks 1 and 2. There is no significant differeimce
walking distances in Task 1 (p-value > 0.05) andkTa (p-value > 0.05). However, in terms of walking
time, there was a significant difference in TasfEl= 7.7, p-value < 0.001) and Task 2 (F = 5.2aue <
0.001). The VR experimental results are signifigalinger than the simulation results, which iskéd to
the following two factors:

a) The VD22 model is incapable of detecting paaseisdeceleration.

b) The participants were unfamiliar with how to reassing the VR controller, which led to some tirpers
during the experiment.
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Fig. 12: Spatial recognition and sign recognititait( and the dimensions of the visual range ohageodel VD22 (right).

5.5 Summary and Future Work

We built a vision-driven agent model VD22 to simalghe pedestrians’ wayfinding behavior by detertin
guide signs, which will help the urban designerd mranagers improve the layouts of guide signs sy
stations. A VR experiment was conducted to obthim internal parameter, sign detectable ratio, & th
horizontal and vertical directions. Our new agemdsi, VD22, can perform a wayfinding behavior on a
three-dimensional walking surface. Finally, theeefiveness of the VD22 model was validated by
comparing the results of agent simulation and VReexnents.

The VD22 model was created at a barren metro stafioture studies might benefit from an agent model
that handles stops and decelerates under variegbsipigah concentrations. To identify the paramefiershe
new agent model, an examination of guide sign itleation and pedestrian wayfinding behavior afafiént
pedestrian densities will be necessary.

6 CONCLUSIONS

In this paper, we positioned virtual space and $Rsignificant digital twin technologies that cohtrie to
human-dimensional urbanism and reported on tharelsef two experimental systems in which the agtho
were involved. This digital twin was triggered lyotIT innovations, namely, the mobile-phone locatimd
3D open data, and is the confluence of two diffesmurces: urban simulation and participatory eigpee
tools.

Virtual Osu, described in Section 4, is a virtysdse environment based on a 3D model of the Ogupéimp
district. Its fundamental performance as a virtsighce experimental system was demonstrated thraugh
gaming experiment conducted as a mall planningdasijn case study. The concepts of walking trajgcto
optional activities, walking speed, and eye movenoan be treated as the “human dimension” mentidayed
Gehl. The analysis of the subjects’ spatial behaiiothe virtual space was confirmed to simulateirth
actual behavior by comparing it with the data ofithactual shop-around behavior obtained from the
questionnaire survey. The factor analysis using RigBession obtained the effect analysis on thadels
details. Nevertheless, owing to space limitatiohe,report will be left to the next issue (Hire2621).

For the sign layout problem described in Sectionv®,measured the sign detectable ratio in humam sig
recognition using VR experiments, conducted a wisldven agent simulation with these parameters as
input, and confirmed its reproducibility. Virtugbace and virtual reality require many 3D buildingdals,

but VR is characterized by conversion to viewpaiettered coordinates using immersive VR goggles. It
also capable of unprecedented micromotive analysid) as eye movement, opening the way for innawati
future exploratory research. These combinationthefelemental technology of this digital twin stiate
remarkable research.
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