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tIn this work, we study dynami
al intera
tion between a pair of pedestrian walking side byside. From our experiments and observations of a real-life pedestrian 
ow, we 
on�rm that thegeneral anti
ipation that pairs of pedestrian walk slower than single ones. This 
on
ludes thatpair pedestrians should have some intera
tion that 
auses a de
rease in speed. We 
onsiderthat su
h a mental intera
tion appears depending on the relative distan
e and relative velo
ityof pair pedestrians, and then propose the optimal relative-velo
ity model based on the optimalvelo
ity model.
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cd{n[iw6bW]t[qrb /�v��!���nS��¨¢B''�9��C�[idxVnDE[FG�vdeD;<RB��STUWXYV{Vi��HIJKLbBfgBklhij�m�°[i¨��Gcde0[Bkl��bBM�[N,cdi���m�b£¤cde2 OPQRSTUVWX��SB�Yfgn��TUWX9VqrbZl�¢euV��b[ 1[±ce\gYS20]V^_7tRB`aR 5m VbcbW���uV9ZblB�¢estWXV��S35VdMe�bfwBTUWXV��S�gTUb`¨� 42 VdMe�bf¨¢e{{RBFhBbX�nijklR�dnhB�vdVRBijklV��Vmn thBbX�nBpo|0:05 iw?�]�dVRBpqr|�dnhB�vdei¨�BsZ�[stWXiwTUWXV7|qr|y]�¨�zd{n|k�det8 mON8 opqr kl tuvr1 35 1.23 0.114 0.3372 42 1.12 0.048 0.220w 1: xyz{|}~�������z{|���������� [m/s℄��������}
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´ 1: µ¶�·¸ ¹º»¼½¾¿ÀÁÂÃÄ�ÅÆÇÈ�2009 É 12 ÊËÌ2 [klmON��Í�v¢��b±cè aRX¨¢fg[ÎÏBÐÑR�d¢/�"#�[opqr|5�]�¨�z�BstWXnTUWXVopqrVr|ÒÓR�de{v[ÎÏB3t�dzS4tV
�WXYVopqr|TUWXYnr|>�v�z|B{v[i¨�stR�d�Ô�|opqrbÕÖ��zdn���vde{V��[��FhBbX�nBjklR�dnhB�vdeu{RBjklV��VFhBbX�nBpo|0:05 iw?�]�dVRBpqr|�dnhB�vde�¨�BklmONVsZ��xstWXiwTUWXV7|qr|y]�¨�zd{n|k�det8 mON8 opqr kl tuvr1 61 1.54 0.493 0.2202 14 1.26 0.033 0.1753 3 1.32 0.169 0.3354 2 1.26 0.003 0.0375 0 - - -w 2: µ¶z{|}~�������z{|�����������×�ØÙ��������}
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3 � � � � � � (OptimalRelative-Velo
ity)�V�3.1 ORV�	
��
TUWXYbA, B n�B��V��Bqrbuv�v xA; xB; vA = dxA=dt; vB = dxB=dt ncdeu��BWXYS�V�k7��[�¨�9Z��cdxVncd �dvAdt = a�V (xA � xB)� (vA � vB)�;dvBdt = a�V (xB � xA)� (vB � vA)�:¢ �B V (h) =8>><>>:��+h3 (h > 0)0 (h = 0)��h2 (h < 0) ;ncdea > 0 S��qr��HONBV (h) S^��� h [������^�qrb�c����� (ORV) !"R�dē18�Vfw7[	z�Sx3.2b#$e³�� > 0S��HONRBh = 0«%RVORV 18V��b /�zdēÌ2(a) b#$e³^��� h STUWXV^&V��b un�¢�kV^���R�wBoS'[x([x�w�deh > 0 V��S�k|^&iw6[��zd{n[�dVRB�)cd¢/[S*qcdÏ�n+,cde�¨�B{Vn���^�qrS(ncde-[Bh < 0 V��S�k|^&iw./[zd{n[�wB0123Ï45+,236789:;<54=>?1@A'5236BCD<EFGHIJKL<MJNOPQRS3TUGVW2363.2 ORVXYZ[\]^_7̀ ab<cdefghijkl<mn1@=opjk<EF7qHPQRS36;<rsGFt237uGORV vwAxy;5G236;;z=:I{7q|}O~GB3EF5��GB3EF5z=01 ��3B=�1�<��O�Sq:�<rs5�9hijkl<1@��O�;3H<52362S��:~TGB3jkl=IJ��GJ�9��G���9IJ1@A�4R��7u523O:;DGJ�9�TGB3jkl=:IJ��GJ23IJ1@A��Q�7u523@FBO��PQB7uG��236��:�^�:h � 0

z=01@= }PQRS35¡¢gD3<z:;<54V (h) / h
 (
 > 1) 5S37uG236£�<¡¤G789:¥¦<ORV vw<§=¨©gD9B364 ª«¬­®ª¯°±²³´ 2 GORVµc¶A·B�¸¹º»d¸¼½<rs5¡¤A¾26¿ÀÁde<��=£�<ÂqGk�D�6�Ã1@¿ÀÁde= a = 1 5236ORV vw<¿ÀÁde �� = �+ = 2:5_7` �� = 1 5Ä3;5G236ÅÆKL=xA = 0; xB = 1 52362S��:A O1m�TfgB AÇBfÈ36Å1@5�9=abcdefgop<jkl<1@AÉB:vA(0) = vB(0) = 1:54[m/s℄ 5��6wNÊË�<ÌÍÍÎ=dt = 0:01s 5�:500 ÏÐÑÒ �5Ó�<ÌÍÔÕAÊË��6��^�:1m <��<Ö=5Ó£×GØ©gD35BuÙ]G736�4.1 ÚÛZÜÝ(a) ORV vw5:Þjklfgß�IJKL_7`IJ1@<ÌÍÔÕ<àáA¾��6´âz:ãä<å=jkl A <B GJ23IJKLAæ�:å (�1; 0) fgçåèUf89ÌÍÔÕ�9B36éä<å=jklB<AGJ23IJKLAæ�:(1; 0) fgçåèUf89ÌÍÔÕ�9B36;;z:ORVµc¶<�êG7qIJKLGJ23IJ1@<ëÀì=:ORVvw<§GígCçåGJ�9JîGS36(b) hijkl<KL<ÌÍGJ23ÒïÑð6ñòfg_7� 2Ó�GA OB GÇBóB9B37uGß¢36�<�=ôõzjk�9B37uGß¢3O:(a) <ëÀìAß35:IJ1@O0 G }öRS89H÷ø<IJ��Aù89B3;5O}f36;D=:ORV vwOh � 0 zV (h) / h2 ��=/ h3 z�3�©GIJ��O0 GöúR7qûRIJ1@O0GöúB9��8�;5G736(
) hijkl<1@<ÌÍGJ23ÒïÑð6A=>Å<oüz1@A��3O:2ýG�1Gþÿ9B36��:B =>ÅG1@A�4R��9fg��G�1�9B36;DOORVµc¶<¾2���S��z�36(d) hijkl<ÞÌ�G_È3mn1@AÒïÑð��6>Å< 1 ÓÍzmn1@=>Å<N3
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 A����� �������� (�1; 0)�����������
��
 B����� � �����!(1; 0)�����������
(b)"#��
�$%&�'������	
()��� xA = 0; xB = 1 ���*+h = 1m�,-�
(
)"#��
�$%&�'�./���	
(./�vA = vB = 1:54[m/s℄,-�
(d)"#��
�01./�$%23
()01./� 1.54[m/s℄ ,!$%�45&6��1.26[m/s℄ &789���


1.54m/sfg:;1.26m/s �z�Oq:�<�=;<NA<=�>È361.26m/s =abcdeG7q?gD�hijkl<mn@@Got236A89:opjk<BCfghijkBCè<DkAE���;5GSF65 GHIHJKLMNz:O�=hijkl<jk@@<��GPQ�:hijkl<ÍGRRIST·A:]^:ab_7̀ µc¶WG789¡¤��U�G:>?@@µc¶AV½ðG:IJKLGJWF>?IJ@@AXY��>?IJ@@µc¶AZ[��U;<µc¶G7D\:hijkl=_SB<IJ��]IJ@@A0 GöúÈF7uG^_�SOgjkWFU��9:`kWFjkl]ÇAWFjkl<>?IJ@@<��<aB �ORV vw<bJî��G789:opjk<EF7qHhijkl<@@O��WF��OcdQDFU¥¦<MNrs<�·e]�9:f<7uSH<O¡¢gDFUabcdeG7D\:opjkl]hi£�<jklz=jk@@GdgSÖO�FU��:hijkl<âz=hijklO�jSkFAl©FUA89:@@<m<cdefgjkl<pw<ßnHqOopz�F]¡¢gDFU]q:ôõzjB9BFjklArsfgtu½ðWF]:vwGY89BFjklOtu½ðQDSB;]GS89��uO:jk@@fgxBy@zz�BpwAtu½ðzjF]Æ{QDFU¥�<ÔÕ]�9:jkl<�@�FB=�@<T|A}�R~���BUpO�@WFEF:j�A�RWFf�<¦þwA��Ff<��gf:�FB=�TOk�D9BFU�;z:@@]j�<v�AÊbWF;]G�89:�q�Rhijkl<@@����AMNWF;]Oop]SF]Æ{zjFU>�G:¥¦<MN=m�ÌG�AjRp��<IST·Aµc¶W��H<z�q:;D�z�Rk�D9j9BF:����p<�D���<MN]=�jR�SFU�f�SOg:>?@@µc¶A�·WF;]G�89;<�uSpÍ��<k�<µc¶WG����;]=:>?@@µc¶O��<���¹�ÏA���G�g¢9BF;]<�]¡¢FU
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