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Development of Simulation Technology Based
on 3D Indoor Map for Analyzing Pedestrian Convenience*
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ABSTRACT

Increasing transportation dependence on the metro system has lead to the
convenience of passengers becoming as important as the transportation capacity. In this
study, a pedestrian simulator has been developed that can quantitatively assess the
pedestrian environment in terms of attributes such as speed and distance. The simulator
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consists of modules designed for 3D indoor map authoring and algorithmic pedestrian
modeling. Module functions for 3D indoor map authoring include 3D spatial modeling,
network generation, and evaluation of obtained results. The pedestrian modeling
algorithm executes functions such as conducting a path search, allocation of users, and
evaluation of level of service (LOS). The primary objective behind developing the said
functions is to apply and analyze various scenarios repeatedly, such as before and after
the improvement of the pedestrian environment, and to integrate the spatial information
database with the dynamic information database. Furthermore, to demonstrate the
practical applicability of the proposed simulator in the future, a test—bed was
constructed for a currently operational metro station and the quantitative index of the
proposed improvement effect was calculated by analyzing the walking speed of
pedestrians before and after the improvement of the passage. The possibility of
database extension for further analysis has also been discussed in this study.

KEYWORDS : Pedestrian Simulator, 3D Indoor Map, Network, Pedestrian Algorithm, Level of

Service (LOS)
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Explanation

- The construction of 3D Indoor map

=  The Construction of Static DB

- The generation of Network(Node/Link)

- Importing OD(Origin-Destination) Matrix

- The Selection using K-Shortest path algorithm

- Limited Length : Shortest path Length + 109m

- The distribution of No. of pedestrian by an inverse proportion in the

length of each path

}
= Selecting of Path

i
= Distribution of Traffic

}

- The Using rate of link, Using width, delay time, calculation of traffic rate

=  Applying of Pedestrian Algorithm

}

- The calculation of traffic speed base on the using rate and traffic rate of

link

- The generation of dynamic DB included the No. of pedestrian of each link,

=  The Generation of Dynamic DB

Traffic speed, traffic time, delay time etc

}

- The calculation of the transfer convenience, impormation&service

= The Calculating and display of evaluation index

convenience and congestion by each link

- The calculation of total evaluation index

FIGURE 1. The main function and flow of simulator
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TABLE 1. The attribute of static DB
Type Column name Data type Type Column name Data type
NODE_ID CHAR[4] LINK_ID CHAR[4]
NODE_NAME CHAR[256] ST_NODE_ID CHAR[4]
COLOR CHARI6] EN_NODE_ID CHAR[4]
POS_X FLOAT LINK_SEC CHARI[3]
POS_Y FLOAT COLOR CHARI6]
Node POS_Z FLOAT Link LINK_LENGTH FLOAT
OD_SEC CHAR[1] LINK_WIDTH FLOAT
CENTROID_ID CHARI6] SPACE_SEC CHAR[1]
DIRECTION CHAR[1] DIRECTION CHAR[1]
- - HANDICAP_USE CHAR[1]
- - DT_SIGN_NUM INTEGER
- - USE_DEFINED STRING
TABLE 2. The attribute of dynamic DB
No. Column name No. Column name No. Column name
NODE_ID SCORE_SPEED ORIGIN_NODE_ID
, DELAY_TIME COLOR_SPEED DESTINATION_NODE_ID
Dynamic
node SCORE_DELAY DELAY_TIME ORDER
COLOR_DELAY SCORE_DELAY COLOR
ALPHADELAY COLOR_DELAY NON_HANDICAP_NUM
LINKID Dynamic FLOW_RATE Representa HANDICAP_NUM
ST_NODEID link SCORE_FLOW tive path PLAN_TRAVEL DISTANGE
EN_NODE_ID COLOR_FLOW
Dynarmic TRAVEL_TIME
link DIRECTION DENSITY SIGN_NUM
NON_HANDICAP_NUM SCORE_DENSITY CROSS_NUM
HANDICAP_NUM COLOR_DENSITY NODE_LIST
TRAVEL_SPEED ALPHA LINK_LIST
T T ARE 7 2o g7] ARE 5o Q1 A3} DB & 3% o] ol sdgy, &34,
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TABLE 3. The attribute of evaluation index DB

Type Column name Type Column name Type Column name
ORIGIN_NODE_ID ORIGIN_NODE_ID COLOR_RANKING_CONVENIE
NCE
DESTINATION_NODE_ID DESTINATION_NODE_ID RANKING. SUM
Mobiliy ORDER ORDER SCORING_MOBILITY
PLAN_TRAVEL_DISTANCE Convenience SIGN_MIN COLOR_SCORING
TRAVEL_TIME SIGN_OPT _Sl\éI;OOBILITg
RIN
SCORE SIGN_NUM Composite _CONGESTION
LINK_ID SCORE COLOR_SCORING
ST_NODE_ID RANKING_MOBILITY _CONGESTION
Congestion EN_NODE_ID COLOR_RANKING_MOBILITY SCORING
DIRECTION Composite RANKING_CONGESTION _CONVENIENCE
DENSITY COLOR_RANKING_CONGESTION COLOR_SCORING_CONVENIE
NCE
SCORE RANKING_CONVENIENCE SCORING_SUM
4. F=/55 DB Y Jlut £ 75 MY TR wEd f- 29 o187 Ans} wEek
Wg S A 0D MEYAS Q).
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The constructor of 3D indoor map

Impeorting CAD File

The generation of
floor and wall

The placement of
facility

The generation of network

Importing OD Matrix

The information of
user in the exit and
platform

Traffic Time

The information the
exit and platform

No. of user

FIGURE 3. The Constructor of Static DB
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FIGURE 7. Network status of before(left) and after(right) shot down
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FIGURE 8. The traffic speed analysis of before and after improvement
(left:P2 = P4, right:P4 =P2)
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TABLE 4. The traffic speed analysis of before and after improvement
Ratio(%) P2 = P4 P4 =P2
Before(m/m) After(m/m) Diff.(m/m) Before(m/m) After(m/m) Diff.(m/m)
50 53.29 51.15 -2.14 51.41 49.66 -1.75
55 51.98 48.94 -3.04 49.87 471 =2.77
60 52.91 50.36 -2.55 50.5 48.57 -1.93
65 46.89 50.16 3.27 46.52 47.73 1.21
70 47.44 50.38 2.94 46.91 47.86 0.95
75 47.77 51.48 3.7 47.15 49.16 2.01
80 4717 50.71 3.54 46.74 48.55 1.81
85 44.82 50.66 5.84 45.05 48.43 3.38
90 43.41 48.96 5.55 43.52 46.76 3.24
95 43.41 49.20 5.79 43.17 46.92 3.75
100 44.02 48.61 4.59 43.31 46.12 2.81
105 44.00 48.32 4.32 43.05 45.72 2.67
110 43.93 47.92 3.99 43.16 45.46 2.3
115 43.95 47.82 3.87 43.31 45.4 2.09
120 44.06 48.23 417 42 81 45.86 3.05
125 42.92 48.09 517 42.07 45.77 3.7
130 4117 48.07 6.90 39.95 45.8 5.85
135 41.30 48.79 7.49 40.06 46.44 6.38
140 41.10 48.46 7.36 39.81 45.96 6.15
145 40.79 48.45 7.66 39.69 45.98 6.29
150 41.03 48.44 7.41 39.74 45.93 6.19
PE (Mean Absolute Percent Error, %)=& % o7 Edgo] AL AI7tole= A BIE
sl on, 16.85%% 3 A3 Ay S AFgo=xn A8 RAAHS ATt
Bt (You et al, 2016). U= AoE yER} d8f 2 Wte] a&7Ql
A .
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