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Development of a Location-Based Guidance System for
Indoor Public Spaces

Ryo WATANABE
Abstract
Our life spaces can be categorized by living, working, and public spaces linked
them. It is very active to study the Ubiquitous Computing. In the ubiquitaous
research community, computers and networks are always in our life spaces, even
if we are aware of using them.

We have many studies of small-scale spaces like houses or offices. But there
are few stadies about large-scale spaces like public spaces because the folloing
problems in system development for public spaces have noto been achieved.
Requirement of Generality [

Our lives have become efficient. The systems to support our lives are
required efficient. Therefore, such systems should have high utility and
usability. Generality is also needed in order to develop systems for public
spaces. For example, the main users in living space are inhabitants, but it
is very hard to identify users in public spaces. Various users may exist in
public spaces. So, utility, usability, and generality are needed. This is why
the system development is difficult.
Difficulty of Evaluation [

When we develop a system, we must evaluate it. It is essential to the
evaluation that we prepare as much spaces as target spaces. But if the
target spaces are highly public like stations and airports, it is very difficult
to rent the facilities for evaluation experiments. And, it is also difficult to
make replicas of the facilities. Therefore, it is difficult to evaluate a system
even if we develop it for public spaces.

We use public spaces when we move to other life spaces. Global Positioning
System (GPS) is well known to support our transfer. But, we cannot use GPS
in doors. In this research, we use a guidance system for indoor public spaces.

This paper propose the guidance system for indoor public spaces, using the
communication system with virtual spaces. Then evacuation experiment in a

real public facility is performed for the evaluation of our system. Following



v

approaches is proposed in this paper.

Location-based Guidance System using virtual space [
Pedestrians in a target domain are replicated as agents in virtual space
using sensor system. Each agent has a scenario that makes guidance mes-
sage from his position and local circumstance and sends to a corresponding
pedestrian. Each pedestrian can receive guidance messages automatically
if he only have a device for our system. In this research, we use a mobile
phone as a device for our system, so everyone can use our proposed system.
In addition, users need not to be aware of delay caused by processing be-
cause this paper proposes a method for looking ahead a few seconds using
agents. As a result, it can send messages speedy for emergency evacuations,
and the development of the guidance system with high utility is achieved.

Evaluation Experiment by Agents and Avatars [
The evaluation experiment is performed at the Kyoto Station where have
is very crowded with many passengers. Since it is highly public and very
large occupation of the facility or preparation of the replica is impossible.
Then, an experiment in real space is overlapped with agent simulation in
virtual space. As a consequence, the experiment can be achieved by only a
few subjects. Subjects are replicated as avatars in virtual spaces. Avatars
tell their subjects the virtual situation, and subjects can take part in the
experiment. Then the evaluation experiment for large-scale public spaces
is achieved.

Two different kinds of guidance messages are used in this evaluation exper-
iment and this paper compares two results. One kind of guidance message is
dependent on the position of each subject. The other is independent of the po-
sition of each subject. We must take account of the failure of system evaluation
because the information of virtual evacuees is very simplified. We solved the
problem by subjects that manipulate corresponding avatars directly looking at
the 3D simulation. This approach enables us to evaluate in more detail.

In the result, location-based guidance is higher rating in degree of confidence,
understandability, and cogency. Therefore, it is proved that this guidance sys-

tem is effective.
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HREEN
Al AROOODDOOOODOO

b

;; AROODOODOOOOOOOOOODOODOO

b

(defscenario scenario-skyoto-keitai?2
($area $scenario-type $emailaddress)
(let
(($route (list (list(list 0.0 0.0)) $area $area))
($agents ’()) ($tagent > ())
($tmpf 0) ($tmps 0) ($tmpd 0) ($tmpi 0)
($mes "") ($imes "") ($1f "
")
($tmp 0) ($do-guide (return-list *do-guidex))
($experiment-cond (car (return-list *experiment-condx*)))
($last-guide-time (current-seconds)))
;3 00000D0O0OOODOODOOO
(scene_init
(#t
(display ‘(,self ready)) (newline)
(!!walk :route ’((374.0 -41.0))
:angle_velocity 300
rangle_acceleration 360)

(go scene_walk)))

;3 D00D0O0O0O0ODOOO

;5 -0NwalkDO0OOOO0O0 ARODOOOOOOOOOO

(scene_walk

((?receive :from_s $agents :word "experiment-start")

(display ‘(,self start))(newline)

(set! $experiment-cond 2); (car (return-list *experiment-condx*)))

(display ‘(,self mode ,$experiment-cond)) (newline)

(!'walk

:route ’((375.5 -40.0)(374.2 -58.0) (372.0 -62.0)(363.0 -62.0)(362.0 -75.0))
:angle_velocity 300

:angle_acceleration 360)

(set! $agents ’()) (set! $tagent ’>()) (set! $tmpf 0) (set! $tmps 0) (set! $tmpd 0)
(go scene_makemessage) ;00000000000

; (go scene_judgement) ;00000000000

; (go scene_evac) ; 000000

)

(scene_evac

((?receive :from_s $agents :word "evacuate-finish")
(set! $agents ’())

A-1



(go scene_end)))

;; 0000
;3 ~,dd0o0o00O00Ob0cOO000ooooooooOoOooooo
(scene_judgement
(
(?receive :from_s $agents :word "evacuate-finish")
(go scene_end))
(otherwise
(display ‘(,self judgement)) (newline)
(set! $agents ’()) (set! $tagent ’()) (set! $tmpf 0) (set! $tmps 0) (set! $tmpd 0)
(go scene_0-3f)))

;3 od03m 00O

(scene_0-3f

; 0000000DOo

(

(?receive :from_s $agents :word "evacuate-finish")

(go scene_end))

;, 00D000D0o0o0obooOoooD

(

(7position :from self :name_s $agents :distance_range (0.0 3.0)

:angle_range ‘(-38.2 38.2))

(if (< 6 (length (return-list $agents)))

(begin

(set! $tmpf (+ $tmpf 1)) (set! $agents ’())

(display ‘(,self check 0-3f ok)) (newline))

(begin

(set! $tmpf (+ $tmpf 0)) (set! $agents ’())
(display ¢(,self check 0-3f no))(newline)))

(go scene_3-5f))

; 00b0ooobooooobooooo

(otherwise

(set! $tmpf (+ $tmpf 0)) (set! $agents ’())

(display ¢(,self check 0-3f 0))(newline)

(go scene_3-5f)))

;3 306m O 0O
(scene_3-5f
(
(7receive :from_s $agents :word "evacuate-finish")
(go scene_end))
(
(7position :from self :name_s $agents :distance_range ‘(3.0 5.0)
:angle_range ‘(-14.0 14.0))
(if (< 4 (length (if (1list? $agents) $agents (list $agents))))
(begin
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(set! $tmpf (+ $tmpf 2)) (set! $agents ()
(display ‘(,self check 3-5f ok))(newline))
(begin
(set! $tmpf (+ $tmpf 0)) (set! $agents ’())
(display ¢(,self check 3-5f no))(newline)))
(go scene_5-7f))
(otherwise
(set! $tmpf (+ $tmpf 0)) (set! $agents ’())
(display ‘(,self check 3-5f 0)) (newline)
(go scene_5-7f)))

;3 bB07Tm OO
(scene_5-7f
(
(7receive :from_s $agents :word "evacuate-finish")
(go scene_end))
(
(?position :from self :name_s $agents :distance_range ‘(5.0 7.0)
:angle_range ‘(-9.46 9.46))
(if (< 4 (length (if (1ist? $agents) $agents (list $agents))))
(begin
(set! $tmpf (+ $tmpf 4)) (set! $agents ’())
(display ‘(,self check 5-7f ok))(newline))
(begin
(set! $tmpf (+ $tmpf 0)) (set! $agents ’())
(display ‘(,self check 5-7f no)) (newline)))
(go scene_0-1f))
(otherwise
(set! $tmpf (+ $tmpf 0)) (set! $agents ’())
(display ¢(,self check 5-7f 0))(newline)
(go scene_0-1f)))

;3 001m O 0O
;3 ~,000000000O0000O0O000O0O00ODOOOODODOOO
;3 0000000000 OOOOOOOO0OO0
(scene_0-1f
(
(?receive :from_s $agents :word "evacuate-finish")
(go scene_end))
(
(?position :from self :name_s $agents :distance_range ‘(0.0 1.2)
:angle_range ‘(-25.0 25.0))
(if (< 0 (length (if (1list? $agents) $agents (list $agents))))
(begin
(set! $tmpf 1) (set! $agents ’())
(display ‘(,self check 0-1f ok)) (newline))
(begin
(set! $tmpf (+ $tmpf 0)) (set! $agents ()
(display ‘(,self check 0-1f no)) (newline)))

A-3



(go scene_makemessage))

(otherwise
(set! $tmpf (+ $tmpf 0)) (set! $agents ’())
(display ¢(,self check 0-1f 0)) (newline)

(go scene_makemessage)))

;3 003m OO0
(scene_0-3s
(
(?receive :from_s $agents :word "evacuate-finish")
(go scene_end))
(
(7position :from self :name_s $agents :distance_range (0.0 3.0)
:angle_range ‘(-90.0 90.0))
(if (< 14 (length (if (1list? $agents) $agents (list $agents))))
(begin
(set! $tmps 1) (set! $agents ‘())
(display ¢(,self check 0-3s ok))(newline))
(begin
(set! $tmps 0) (set! $agents ‘())
(display ‘(,self check 0-3s no)) (newline)))
(go scene_makemessage))
(otherwise
(set! $tmps 0) (set! $agents ‘(D)
(display ‘(,self check 0-3s ng)) (newline)

(go makemessage)))

;3 306m OO0
(scene_3-5bs
(
(?receive :from_s $agents :word "evacuate-finish")
(go scene_end))
(
(7position :name_s $agents :distance_range ‘(3.0 5.0)
:angle_range ‘(-26.6 26.6))
(if (< 8 (length (if (1list? $agents) $agents (list $agents))))
(begin
(set! $tmps 1) (set! $agents ‘())
(display ‘(,self check 3-5s ok))(newline))
(begin
(set! $tmps 0) (set! $agents ‘())
(display ‘(,self check 3-5s ng)) (newline)))
(go scene_makemessage))
(otherwise
(set! $tmps 0) (set! $agents ‘())
(display ‘(,self check 3-5s ng)) (newline)

(go makemessage)))
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;3 0™m O 0O
(scene_5-7s
(
(?receive :from_s $agents :word "evacuate-finish")
(go scene_end))
(
(7position :name_s $agents :distance_range ‘(5.0 7.0)
:angle_range ‘(-18.5 18.5))
(if (< 8 (length (if (1list? $agents) $agents (list $agents))))
(begin
(set! $tmps 1) (set! $agents ‘())
(display ‘(,self check 5-7s ok)) (newline))
(begin
(set! $tmps 0) (set! $agents ‘())
(display ‘(,self check 5-7s ng)) (newline)))
(otherwise
(set! $tmps 0) (set! $agents ‘())
(display ‘(,self check 5-7s ng)) (newline)

(go makemessage)))

;; DOoOoOoOoOooOOg
;; ~.0O00O00O0O0ODOOO0ODOOOOODOoOO
(scene_dead
(
(7receive :from_s $agents :word "evacuate-finish")
(go scene_end))
(
(7position :name_s $agents :distance_range ‘(0.0 0.3))
(display ‘(,self check deadlock)) (newline)
(if (<= 1 (length (if (1list? $agents) $agents (list $agents))))
(begin
(wait-time-for 1)
(guard
(;front deadlock
(?position :name_s $tagent :distance_range ‘(0.0 0.3)
:angle_range ‘(-90.0 90.0))
(if (equal? $tagent $agents)
(begin
(set! $tmpd (+ $tmpd 1)) (set! $tagent ’()) (set! $agents ’())
(display ‘(,self check df ok))(newline)
(go scene_makemessage))
(begin
(set! $tagent ’())(set! $agents ’())
(go scene_judgement))))
(;back deadlock
(7position :name_s $tagent :distance_range ‘(0.0 0.3)
:angle_range ‘(90.0 270.0))
(if (equal? $tagent $agents)
(begin
(set! $tmpd (+ $tmpd 2)) (set! $tagent ’>()) (set! $agents ’())
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(display ‘(,self check db ok)) (newline)
(go scene_makemessage))
(begin
(set! $tagent ’())(set! $agents ’())
(go scene_judgement))))
(otherwise
(set! $agents ’())(go scene_makemessage))))
(begin
(set! $agents ’()) (go scene_makemessage))))
(otherwise

(go scene_makemessage)))

;3 D0000O0OO0OO0DOOOOO
;3 ~,000000000O000O0O0O0O0O00OO0DOOO0OO0DO0OOO0D0O0
(scene_makemessage
(#t
(cond
((= $tmpi 0)
(begin
(set! $tmpi 1) (display ‘(,self 1st Navigation Mail)) (newline)
(if (member $experiment-cond ‘(2 3))

(begin

(set! $mes "0 ODODODOOOOOOOOOOM™M

(set! $imes (string-append "0OOO0000O0O0O0OOOOOOO" $1f "---" $1f )))
(begin

(set! $mes "OOOOODOOOOOOOOOOM

(set! $imes (string-append "ODODODOOODODOODOODOO" $1f "---" $1f ))))))
((= $tmpi 1)

(guard

((?position :name_s self :from_coordinate ‘(0.0 0.0 0.0 0.0)
:rectangle ‘((371.0 -43.0)(379.0 -28.0)) :height ¢(-13.0 -10.5))

(set! $tmpi 2) (display (,self 2nd Navigation Mail)) (newline)

(if (member $experiment-cond (2 3))

(begin

(set! $mes "OO0O0OODODODOODOOOOOO™

(set! $imes (string-append "ODDO0DODO0ODOODOODODOO" $1f "——-" $1£)))
(begin

(set! $mes "OOOOOODODOODOOOM

(set! $imes (string-append "0 O O0O0O0OOOOOOOOO" $1f "---" $1£)))))
(otherwise)))

((= $tmpi 2)

(guard

((?position :name_s self :from_coordinate ‘(0.0 0.0 0.0 0.0)
:rectangle ‘((371.0 -43.0)(379.0 -32.0)) :height ¢(-13.0 -10.5))
(set! $tmpi 3) (display ‘(,self 3rd Navigation Mail)) (newline)

(if (member $experiment-cond ‘(2 3))

(begin

(set! $mes "OOODODOOOOOOOOOODOODOOO"M

(set! $imes (string-append "0 0000000 DODODOOOOOOODOOM" $1f "——-" $1£)))
(begin

(set! $mes "OOODOOOOOODOOCOOOM™
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(set! $imes (string-append "OD0DDD0ODODODOODOODO"™ $1f "-—-" $1£)))))
(otherwise)))
((= $tmpi 3)
(guard
((?position :name_s self :from_coordinate ‘(0.0 0.0 0.0 0.0)
:rectangle ‘((372.5 -45.0)(377.5 -37.0)) :height ‘(-13.0 -10.0))
(set! $tmpi 4) (display ‘(,self 4th Navigation Mail)) (newline)
(if (member $experiment-cond (2 3))
(begin
(set! $mes "0 0000000 OOOO0OOODODDOODOOOM
(set! $imes (string-append "0 00000000 OD0ODDOOOODOODOOO" $1f "-—-" $1£)))
(begin
(set! $mes "DOODODODODOOOOOO™
(set! $imes (string-append "0 O O0O000O0O0O0OOOOO" $1f "---" $1£)))))
(otherwise)))
((= $tmpi 4)
(guard
((?position :name_s self :from_coordinate (0.0 0.0 0.0 0.0)
:rectangle ‘((372.5 -60.0)(377.5 -42.0)) :height ¢(-13.0 -9.0))
(set! $tmpi 5) (display (,self 5th Navigation Mail)) (newline)

(if (member $experiment-cond ‘(2 3))

(begin
(set! $mes "OOOOOOOOOOOOOOOM
(set! $imes (string-append "0 O 0OOOO0O0OOOOOOOOO" $1f "---" $1£)))
(begin

(set! $mes "O0OOOOOOOODOOOOOOOM

(set! $imes (string-append "0 000000000000 ODOOCOO" $1f "-—-" $1£)))))
(otherwise)))

(else

(set! $agents ‘())))
(go scene_makemessage-sub))) ;; 00000000000 O00ODO

;; OOO00OOOOODOOOO

;; ~0d0o0o0ooOOooOoOO0obOOoobOOoooobooobooo0obooboOooDo
(scene_makemessage—sub

((?position :name_s self :from_coordinate ‘(0.0 0.0 0.0 0.0)
:rectangle ‘((372.5 -60.0)(377.5 -42.0)) :height ‘(-11.91 -7.0))
(if (not (= $tmpi 5))

(begin

(set! $tmpi 5) (display ‘(,self 5th Navigation Mail)) (newline)

(if (member $experiment-cond ‘(2 3))

(begin

(set! $mes "OO0O0OOOODOODOOOOOOM

(set! $imes (string-append "0ODDODOOODOOOOOOOOOCOO" $1f "---" $1£)))
(begin

(set! $mes "0 O0O00ODODOOOOOOOOOM™

(set! $imes (string-append "OO OO 0OOO0OD0OOOOOOOOOM $1f "--=" $1£))))))

(go scene_makemessage-main)) ;; 00 000000000000
(otherwise ;; DO DOOODOOOOOOO
(go scene_makemessage-main))) ;; 00000000 00O0OOCOO
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;; DOo0ooOoooOoobooooo
;3 ~.0O00O000OO0O0O0OO0ODOOO0ODOOO0OOO0bOOoOoDoOoo
(scene_makemessage-main
(
(7receive :from_s $agents :word "evacuate-finish")
(go scene_end))
(otherwise
(display ‘(make-message ,self (tmpi tmpf tmpd) -> (,$tmpi ,$tmpf ,$tmpd))) (newline)
(set! $mes "")
(cond
((= $tmpf 0)
(set! $mes (string-append $imes "0 OO O")))
((= $tmpf 1)
(set! $mes (string-append $imes "OOOx ")))

; 00b00oo0obo0obooboobooooobobooboooonoo

; (£ (= $tmps 1)

; (begin

; (set! $mes (string-append $imes "OOOx " $1f "OODOO™)
; (set! $tmps 0) (go scene_guide))

; (begin

; (set! $mes (string-append $imes "OOOx " $1f "OO OO "))
; (go scene_guide))))

((= $tmpf 2)
(set! $mes (string-append $imes "OO OO "))

; (if (= $tmps 1)

; (begin

; (set! $mes (string-append $imes "0 OO OO $1f "OOOO"))
; (set! $tmps 0) (go scene_guide))

; (begin

; (set! $mes (string-append $imes "OOOODO" $1f "OOOO™)
; (go scene_guide))))

((= $tmpf 3)
(set! $mes (string-append $imes "O O Ox ")))
((= $tmpf 4)
(set! $mes (string-append $imes "O OO0 ")))

; (if (= $tmps 1)

; (begin

; (set! $mes (string-append $imes "OOO203mO" $1f "OODOO™)
; (set! $tmps 0) (go scene_guide))

; (begin

; (set! $mes (string-append $imes "O O 0O203m0O" $1f "OOODO "))
; (go scene_guide))))

((= $tmpf 5)
(set! $mes (string-append $imes "OOOx ")))
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((= $tmpf 6)

(set! $mes (string-append $imes "OO OO ")))
((= $tmpf 7)

(set! $mes (string-append $imes "O OO x ")))
(else

(set! $mes (string-append $imes "OO 0T x "))))
(go scene_guide)))

;; 0O0O0OoOooDoooo
;5 ~00000000000O0000b000D00
(scene_guide

(

(7receive :from_s $agents :word "evacuate-finish")

(go scene_end))

(otherwise

(do ((cs $last-guide-time cs)) ((> (current-seconds) cs)))

(if (member self $do-guide)
(begin
(display ‘(,self guide)) (newline)
('guide :type "email" :recipient $emailaddress
(begin
(display ¢(,self notguide)) (newline)))
(set! $last-guide-time (+ (current-seconds) 5))

(go scene_judgement)))

;3 OOO0OO
(scene_end

(#t

; (lguide :type "email" :recipient $emailaddress
(display ‘(,self end)) (newline)))))

:message $mes))

mmessage "00000000000000O0OOOOOO"
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