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Abstract 

Some pedestrians operate their smartphone while walking, which becomes a social problem. While the danger of the 
texting while walking (TWW) is often cautioned, we often encounter or sometimes collide with the TWW. In the 
present study, a numerical simulation based on a particle model is applied to the pedestrian space including the TWW. 
The inter-particle forces are modeled with DEM (Discrete Element Model). The effect of the ratio of the TWW on 
the inter-pedestrian collision is studied. The current situation of the TWW is also investigated. 
 
 

1 ($*& 
2017 � 7 Ï 27 ÆƫĬ_ǸȎǩ�ȀǷȋȋ�ǐ�Ũ
�ǋƫèŌłƵƭèƶǯȂȀƮǦƽǎƵǠƄŰǦãÃƿ

ǢƺǌǦĚƾǢÔ$ƵLîƼǣǄƬƺǐÔ$ǑR� 10
Ï 25 ÆƴǠÅŌƼǣƫƅHƽǄgQǏǑ 15�99 ǵȋ
ǐľƏƵěƼǣǢƬ 
èƶǯȂȀǑÆÒǋǜę�XƤǌǎǇǊưǢƬž�

ǐèŌłǋƯǣǒU]ǐèŌłȐŅŴųǝƜÙǎǍ

ǐƘ|ĀǏÇǛǏì�ƶƫŎģǦ[ƇƿǢƬƽƴƽƫè

ƶǯȂȀǦƽǊưǢ�ǑŖƍƵăƸǎǢǄǛƫ[ƇŌ=

ƵƁǣǊ�ǐèŌłǝƜÙǎǍǌŎģƿǢDƖ¥Ƶ

ƨǘǢƬǘǄƫé�ǦűǙmƽǊǐŴ)ǝƫƐƄƦƴǠ

ĹŰǔǐŴŊǎǍǐ�¼ǏǜļƵǢƬ 
Ö�óƕ�[1]ǏǟǢǌƫèƶǯȂȀħǏ%Ǣ�¼Ǒ

i;+SǏƯǡƫ�ª 28 �ǑÖ�óƕ�Ī/ǋ¾¤
µżƼǣǄ�$ǅƹǋ50�Ǐ�ǢƬ¾¤µżǏņǠǎ
ưŵ ǎŎģǝŴ)ƵǂǐÁ(ƴǠÁ?(Ǐ�Ǣƺǌ

Ǒ}ÉǏ¦,ǋƶǢƬǘǄƫƃF 5 �ƒǏ¾¤µżƼ
ǣǄ�ǐ�¼/}ǌƽǊǑƫ�ǐèŌłƫƜÙƫŅ=

ųǎǍǌǐŎģƵ 45.6 %ǌǖǗ@ÁǦCǛǊưǢƬƺ
ǐƺǌƴǠƫāǏ�Ƶ~ƚƿǢg¬ǋǑèƶǯȂȀǏǟ

ǢŎģ�¼ǔǐ�ĨƵoƶǎţƤǌśƲǢƬ 
ÒĖġǋǑèƶǯȂȀǦƿǢƺǌƵèŌłƒǐŎģ

ǏGǗƿ�ơǦŤǕǢǄǛƫƛ¿ŔĴïȒDEMȓ[2]Ǐ
�¦ǹǶȆǳȋ[3,4]ǦĵǙźǧǅïǦĈưǄÁ*
ǭȃȇȌȑǭȈȏǦŌǇǄƬǘǄƫèƶǯȂȀǐąĂǦĔ

ǢǄǛǏz¨ŤÚǦŌưƫz¨ŤÚǌÁ*ǭȃȇȌȑ

ǭȈȏǐĶØƴǠƫèƶǯȂȀǐDƖ¥ǏǈưǊǐÝ

ŝǦŌǇǄƬ 



2 ���� 

2.1 !���� 
DEM Ǒē�"ĈǦGǗƽǎƵǠĝ=ƿǢ�ĕǐ°

=Ǧř×ƿǢđďǋƑĎƼǣǄïǋƫ�Ǐ`Ñ�

vǐ1ƍǋĎ�ƽǊƶǄ[5]Ƭ�Ǐƫĭ��v[6]ǝĮ
tİôēð[7]ǏǜƆĈƼǣǢǟƱǏǎǇǄƬŻ�ǋǑ
èŌłðǣǔǐƆĈǜşǙǠǣǊưǢ[3,4,8]Ƭ 

DEMǋǑĀĆďǏ±ŚƽǄĮtRjȒ^1ǐŮŇǌ
ƝŇǐĮtȓǐē�"Ĉ:ǦǹǶƫǱǲǭȇȁǲǴƫǯȉ

ǩǱǋŏąƿǢƬǹǶǑ�¥HĎ:ǦŏƽƫǱǲǭȇȁ

ǲǴǑƟ�¥ŎģǦŏąƿǢǄǛǐį¥÷Ő:Ǧ§V

ƿǢƬǯȉǩǱǑƿǕǡ·¹Ȓ=·¹ȓǦŏƿƬ 
ĀĆďǎ±ŚǏǟǢ:Ǒå�ǋ�ƲǠǣǢƬ 

 (1) 

 (2) 

ƺƺǋƫk ǑǹǶyÁƫδ Ǒk�Ǝƫη Ǒį¥÷Ő%

ÁǦŏƽƫõu n, t ǑǂǣǃǣƫïĹÄSƫ±ĹÄS
Ǧ§VƿǢƬµf Ǒ·¹%ÁƫVij ǑĮt i ǌĮt j ǐē
�ſ�ƫVsij ǑĮt iǌĮt jǐ±ŚýǏƳƹǢ±ĹÄ
Sē�ŏƠſ�ǋƯǢƬ ǑïĹÄSB�ǾǬǴȋƫ

Ǒ±ĹÄSB�ǾǬǴȋǋƯǢƬ�(2)ǐŞO min[A,B]
Ǒ A, BǐƱǆķ�*ǐ�ƼưÄǦǌǢƺǌǦ§VƿǢƬ
ǈǘǡƫ�(2)Ǒk�ƎƵ�ƼưƱǆǑƞæ·¹Ǧŏą
ƽƫk�ƎƵoƶƸǎǢǌƿǕǡrǛƫƿǕǡ·¹Ȓ=·

¹ȓƵ"ĈƿǢƺǌǦŏąƿǢƬ 

2.2 �	0/5-8 
DEM ǦèŌłǏƆĈƿǢgQƫĀĆďǎ±ŚǏǟ

Ǣ:Ǐ;ƲǊ¡Ćďǎ:ǦŏąƿǢǄǛǏ�¦ǹǶ

Ƶ�-ƼǣǢƺǌƵƯǢ[3,4]ƬĀĆďǎ±Ś:ǏƓƽǊ
Ǒ Newton ǐĦ�ï7Ȓ"ĈȐH"Ĉǐï7ȓƵªǡĤ
ǈƵƫ¡Ćďǎ:ǏǈưǊǑĦ�ï7ǦƆĈƽǎưƬ

ƺǣǑƫèŌłȒ^ 1 ǐŮŇǐĮtȓƵ8ÄǐèŌł
Ȓ^ 1 ǐĸŇǐĮtȓǐ�ơǋſ�ǦŊǌƿȒƯǢưǑ
ƇƹǢȓƺǌǦ�¦ǹǶǋŏąƿǢǌƶƫǂǐH"ĈǦ

8ÄǐèŌłǏ�ƲǢǐǑ�ŅþǋƯǢǄǛǋƯǢƬ

¡Ćďǎ:ǑïĹÄSǐǹǶǐǙǦĈưǊŏąƽƫ

ǱǲǭȇȁǲǴǏǟǢį¥÷Ő:ǝ±ĹÄSǐ:ǑŁ

©ƽǎưƬ 

2.3 �5;4:.5-8 
èŌłǑž�ƫđáÄSǏç�ƽǊèŌƿǢƬ�ǐ

èŌłǌǐŎģǎǍǋèŌłǐSƶƵđáÄSƴǠǀ

ǣǄgQǏǑƫŅǠǀǣǦ'çƿǢƬƺǐƺǌǦŏąƿ

ǢǄǛƫHȆȑȅȏǴȆǳȋ[4]ǦĈưǄƬ 

2.4 �� �'�� 
DEM ǏǟǢ±Ś:ƴǠƫNewton ǐƂ=ÄĞ�ǦÁ
*Ġ1ƿǢƺǌǋĮtǐƂ=ǦíǛǢƺǌƵǋƶǢƬĮ

tǐ	ƀƂ=ǅƹǋǎƸƫ±ĹÄS±Ś:ǏǟǢ[Ŵ

Ƃ=ǜŜĩƽǄƬ 

3 �+369;+7: 
3.1 ���� 
�Ÿ20 mǐçÄ�Ƣd/Ǐ50�ǐèŌłǦȉȏǱ
ȄǏƋĽƽǄƬƺǐǌƶǐŀƚ~�Ǒ 0.125 �Ȕm2 ǌ

ǎǢƬhċǏǑ.ǊUÐhċÔ�ǦƆĈƽƫƢd/ǐ

èŌłǐ�ÁǦ�yǏ&ǇǄƬèŌłǑĒ� 40 cm
ǐ0�ĮtǋŏąƽǄƬ 
èŌłǌƽǊƫž�ǐèŌłǌèƶǯȂȀǦƽǊưǢ

�ǐ 2ğƥǦŁƲǄƬž�ǐèŌłǑçƠƴǠ�NǏ
90 �ǀǈǐŖƍŘǦ¯ǈǌƽƫǂǐŖƍŘǐ
ǋŅ
1ƴǠ 1 m �/ǐůƛǏưǢ�ǐèŌłǐ�ơǦJ
ƹǢǜǐǌƽǄƬǈǘǡƫƺǐī]/Ǐ�ǐèŌłƵư

ǢgQǏ�¦ǹǶȆǳȋǋ¡Ćďǎ:Ǧ�ƲǄƬ�

¦ǹǶyÁƵ�ƼƿƷǢǌž�ǐèŌłƵ�ǐèŌ

łǦƇƹƶǣǀǏŎģƫoƶƿƷǢǌ�ǐèŌłǌ±

ŻƽǄǌƶǏ�ǀƼǡƿǢǟƱǎ�Ņþǎ°=ƵđĤǈ

ǟƱǏǎǢƬž�ǐèŌłǐǙǐÔ�ǏƳưǊèŌł

ǐ°=Ƶ�ŅþǏǎǠǎư*ǌƽǊƫÒŜĩǋǑ�¦

ǹǶyÁǦ 500 N/mǋ�ƲǄƬ 
èƶǯȂȀǦƽǊưǢ�Ǒ�2U]ǦŕǊưǎưǜ

ǐǌƽǄƬǈǘǡƫèƶǯȂȀǦƽǊưǢ�ǏǑ¡Ćďǎ

:Ǧ�2�ƲǎưƬ 
ǘǄƫž�ǐèŌłǐèŌſ�ǐoƶƼǑ 1.0�2.0 

m/sǐ�àÁǋ�ƲƫèƶǯȂȀǦƽǊưǢ�ǐèŌ
ſ�ǐoƶƼǑ 0.7�1.5 m/sǐ�àÁǋ�ƲǄƬſ
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^ 1: DEMǏǟǢèŌłȆǳȋ 
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ȅȑǰǦŏ 1ǏǘǌǛǢƬ 

3.2 ���� 
ÒïǏǟǢÁ*ǭȃȇȌȑǭȈȏĶØǐ�$Ǧ^ 2
ǏĘƿƬƝŇǑž�ǐèŌłǦŏƽƫŮŇǑèƶǯȂ

ȀǦƽǊưǢ�ǦŏƿƬ^ 2 ǑèƶǯȂȀǦƽǊưǢ�
Ƶ 50 %ôaƽǊưǢgQǐĶØǋƯǢƬŎģƽǊưǢ
ǿǨǑĸŇǋĘƼǣǊưǢƬ 
ÒȆǳȋǏǟǢÁ*ǭȃȇȌȑǭȈȏǐĶØƫž�ǐ

èŌłRjǑ.ƸŎģƽǎưǐǏ�ƽǊƫèƶǯȂȀ

ǦƽǊưǢ�RjǑƣĻǏŎģƽǄƬ�łƵôaƽǊ

ưǢgQǏǑƫž�ǐèŌłǌèƶǯȂȀǦƽǊưǢ�

ǐƒǋǜŎģƵŕǠǣǄƬƺǣǑƫž�ǐèŌłǐŃ

�ƴǠèƶǯȂȀǦƽǊưǢ�ƵŻǉưǊƸǢǌƶǏǑ

�łǐƒǋŎģƵĎćƿǢǄǛǋƯǢƬāǏƫ�ǐè

ŌłǌǐŎģǦ[ƇƿǢǄǛǏž�ǐèŌłƵſ�

ǦŊǌƽǊưǢǌƶǏèƶǯȂȀǦƽǊưǢ�ƵŃ�ƴ

ǠŎģƿǢàtƵnƸŕǠǣǄƬ 
èƶǯȂȀǦƽǊưǢ�ǐ9QǦ 0 % ƴǠ 100 %ǘ
ǋ 10 %6Ǚǋk>ƼǁǊŜĩǦŌǇǄƬ50 Ĝƒǐè
Ō°=ǦŜĩƽƫ(a) ž�ǐèŌłRjƫ(b) èƶǯȂ
ȀǦƽǊưǢ�Rjƫ(c) ž�ǐèŌłǌèƶǯȂȀǦ
ƽǊưǢ�ǐ 3ǈǏ1ƹǊǂǣǃǣǐŎģ[ÁǦÁƲ
ǄƬǂǣǃǣǐèƶǯȂȀǐ9QǏ�ƽǊƫ3ÐƋĽ

ǝèŌſ�ǦÁǋ�ƲĒƽǄŜĩǦ 10 [Ōưƫ(a)
�(c)ǐ 3ğƥǐŎģ[Áǐ�cǦíǛǄƬ 
ưǀǣǐgQǏƳưǊǜƫ(a)ǐž�ǐèŌłRj
ǐŎģǑ.ƸǎƴǇǄƬ(b)ǌ(c)ƳǟǓǂǣǠǐQŜ[

ÁǦèƶǯȂȀǐ9QǏ�ƽǊǽȍǲǴƽǄǜǐǦ^ 3
ǏĘƿƬèƶǯȂȀRjǐŎģ[ÁǑèƶǯȂȀǐ9

QǐĲ 2.2 �Ǐê$ƽǊi;ƽǊưǢƬ�Äƫž�ǐ
èŌłǌèƶǯȂȀǦƽǊưǢ�ǐŎģ[ÁǑƫèƶǯ

ȂȀǐ9QƵ 50 %ǐǌƶƵÎoǌǎǇǊưǢƬŎģǐ
QŜ[ÁǑèƶǯȂȀǐ9QǐĲ 1.7�Ǐê$ƽǊi
;ƿǢĶØǌǎǇǄƬ 

4 �#,21'�
�� 
4.1 ���� 
�ōbǋǐèƶǯȂȀǐz¨ǦĔǢǄǛƫèƶǯȂ

ȀǦƽǊưǢ�ǐ9QǦŤÚƽǄƬāyǐg¬ǏƳư

ǊƫèŌłÁǦÁIZȒPLUS, KT-101ȓǋŜÁƽǄƬ
èƶǯȂȀǦƽǊưǢ�ǐÁǜ5ŽŜÁƽǄƬ�ǏoƔ

�/ǐ 7 ǈǐƦ8ȒA�GȓǋŜøǦŌǇǄƬPŜøg
¬ǋ 300�350 �ǐèŌłǏǈưǊŤǕƫǂǐƱǆè
ƶǯȂȀǦƽǊưǢ�ǐ9QǦíǛǄƬèƶǯȂȀǋƯ

ǢƴǍƱƴǑŗøłǐ4ÃǌǎǢƵƫeÒďǏǑ��

ǐeúǏ�ǇǄƬ 
1. èƶǎƵǠĊƠǦŕǊưǢ�ǦèƶǯȂȀǌƿǢ 
2. èƶǎƵǠžŠƽǊưǢǅƹǐgQǑèƶǯȂȀǌ
ǙǎƼǎư 

3. x.ǏĤǆæǘǇǊĊƠǦŕǊưǢgQǑèƶǯ
ȂȀǌǙǎƼǎư 

4. �ŞǐÔ�ǦùǄǁǒƫǯȂȑǴǼǫȏǅƹǋǎƸƫ
¶�ƜŠǜèƶǯȂȀǌǙǎƿ 

4.2 ���� 
ŤÚĶØǦŏ 2 ǏǘǌǛǢƬA�D ƦǏǈưǊǑ 12
ÌƻǤȒËȓǌ 18 ÌƻǤȒlȓǐčǎǢÌƒ�ǏǈưǊ
ŤÚƽǄƬèƶǯȂȀǐ9QƵÎǜ�ƴǇǄǐƵ A Ʀ
ǐËǋ 5.4 %ǋƯǇǄƬ�ÄƫÎǜƨƴǇǄǐƵDƦǐ
lǋ 17.1 %ǋƯǇǄƬg¬ǝÌƒ�ǏǟǇǊǒǠǈƶ

 
^ 3ȕ èƶǯȂȀǐ9QǌŎģ[ÁǐƓ% 

 
^ 2ȕ ŜĩĶØ$ 

ĮtĒ� 40 cm 
èŌłŭƎ 60 kg 
ĀĆǹǶyÁ 1.0ƪ104 N/m 
�¦ǹǶyÁ 5.0ƪ102 N/m 
�¦@� 1.0 m 
ŖƍŘ 90 Ʃ 
HȆȑȅȏǴ%Á 1500 Nm 
ŜĩÌƒ6Ǚ 0.01 s 

ŏ 1: �ǎŜĩǺȉȅȑǰ 



ǑƯǢƵƫoƔ�/ǐƦ8ǏƳƹǢèƶǯȂȀǐ9Q

Ǒ 10 %8�Ğ�ǋƯǇǄƬ 
A�D ƦǐËǌlǦêŶƿǢǌƫB Ʀ�mǑlǐÄ
ƵèƶǯȂȀǐ9QƵÈǠƴǏƨƸǎǇǊưǢƬƺǣǑ

Ʀ8ǐèŌłǐā¥ƵËƒǌlÄǋčǎǢƺǌƵE\

ǋƯǢǌŁƲǠǣǢƬËƒǑ��
ǐǻǮǶǯȂȏǝū

ưĀ
ǐ�sƵnƴǇǄǐǏ�ƽǊlÄǑ���ǡǐ

�ƵnƸƫËƒǏêǕǊ!őǐƯǢ�ǐ9QƵnưǌ

ŁƲǠǣǢƬ 
oƔ�/ǐƦ8Ǒƫ�²Û/ǝb^ǐǨǽȊ#Ĉ

ĄƵƨƸƫǂǣ�mǐg¬ǏêǕǊèƶǯȂȀǐ9Q

ƵêŶďƨƸǎǡǝƿưǌ�¦ǋƶǢƬǂǣǋǜèƶǯ

ȂȀǦƽǊưǢ�ǐ9QǑ 10 %8�Ğ�ǋƯǡƫąĂ
ǋǑǂǣǖǍƨưÁ*ǌǑśƲǎưƴǜĔǣǎưƬƽ

ƴƽƫ^ 3 ǏĘƿǟƱǏŎģ[ÁǑèƶǯȂȀǐ9Q
Ǐ�ƽǊƟĹ�Ǐi;ƿǢǌŁƲǠǣƫ��ƼǠǏèƶ

ǯȂȀǦƿǢ�ǐ9QƵƨƸǎǢǌƌoǎ�¼ǏļƵ

ǢLń¥Ƶ¤ûǏƨǘǢǌ�¦ƼǣǢƬȀǷȋȋ�ǐÔ

$ǐǟƱǏƫ Ǡƴǐ�ĨǦÇǛǏÝŝƿǢƺǌƵƌŔ

ǋƯǢƬ 
ǎƳƫÒŤÚǏƳưǊèƶǯȂȀǦƽǊưǢ�Ƶz

ƗǏŎģƽǄgƠǑ.�ǋÁ[Ğ�ǋƯǇǄƬ^ 3ǋ
ǑèƶǯȂȀǦƽǊưǢ�ǐ9QƵ10 %ǋǜ50Ĝƒǋ
Ĳ 8 [ǐŎģƵĎćƽǊƳǡƫz¨ŤÚǟǡǜƴǎǡƣ
�ƵƨưƬƺǣǑèƶǯȂȀǦƽǊưǢ�ǏǑ¡Ćď

ǎ:Ǧ�ƲǎưǌưƱßĥǎÔ�ǋŜĩƽǊưǢƺǌƵ
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g¬ èŌłÁ èƶǯȂȀ 9Q 

AƦȒËȓ 350 19 5.4 % 
AƦȒlȓ 350 36 10.3 % 
BƦȒËȓ 350 42 12.0 % 
BƦȒlȓ 350 40 11.4 % 
CƦȒËȓ 350 31 8.9 % 
CƦȒlȓ 350 44 12.6 % 
DƦȒËȓ 350 48 13.7 % 
DƦȒlȓ 350 60 17.1 % 

EƦ 300 29 9.7 % 
FƦ 300 36 12.0 % 
GƦ 300 26 8.7 % 

QŜ 3700 411 11.1 % 
ŏ 2: Ʀ8ǋǐèƶǯȂȀz¨ŤÚĶØ 


