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A pedestrian walking behavior model based on nested and cross
nested logit model
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(1. Department of Traffic Engineering, Nanjing University of Science and Technology, Nanjing 210094, China;

2. School of Transportation, Southeast University, Nanjing 210096, China)

Abstract To study on pedestrian behavior and simulate pedestrian walking trajectory quantitatively, a

pedestrian behavior model based on nested logit (NL) and cross nested logit (CNL) model is proposed. At

first, starting from the modeling approaches, basic theories of behavior theory, NL model and CNL model

are analyzed emphatically. Then, in the model, pedestrians are divided into two types of free flow and

non-free flow. Different functions are built for the five willingness of keeping direction, toward destination,

speed changes, avoiding opposite pedestrian and transcend the pedestrian in same direction, respectively.

Furthermore, the NL and CNL model of pedestrian walking behavior is proposed. Finally, the software of

biogeme is applied to calibrate the coefficients of the model using the data tracked in the video, and the

model results are compared with the real trajectory data to validate the accuracy of the model. Accuracy

of the model is 80.26%. The results show that, the built discrete choice model can simulate the real walking

trajectory in the low-density situation with high accuracy.

Keywords traffic engineering; pedestrian walking behavior; nested logit model (NL); cross-nested logit

model (CNL); microscopic simulation; pedestrian trajectory
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1 @A

�����������������������, �������������������. ��

����� � �!�, � �!!"�#$��"�"#$�������� [1]. ��"��%$�&

Æ�%'�: &�'(�%�()��%��*���%��#��%)$*+����%�, %�� �%
$. ����� ��,!- �����!�, �&$�%��"+".'#��, , �#$ �-(

��#��% [2]. Johansson #$�#��%, %$$��- ��/��, '��.�/��!012�
/)$3"&'%)�/0��/�� [3]. %*� $���1&�42��, $*+����%��$,
 , �#$!����� [4]. 533�#$*+����%%$$��$'6(+�()�#$)$4,�
� [5]. )*�%7- ")85�����!��, +�$�*$������+.

,6�����,�%-$-7��.-�#&9�, :$.8/./;����0�1��/;&

�. ��,�-/59��"#�0Æ, 2 ',1<:��/;1�,;&�, �%�2$�0�3(�
  1 [6]. Robin ���#$.8<)����&3<)�%, =�&- ���#4$�%���>=

* [7]. Nasir 5$>?�2��3+4?@��/;�46A4,�56, )���".5.@(,�5
,, �#��67�% [8]. �*$�%�.A*, BB� ���--��7�8,$, �#$6�.8C
8 (nested logit, NL) 0�>C8 logit �% (cross nested logit, CNL) �����&3<)�%, �%2<

:����.�09�.�97C���/;&�0��67, �.:��.-/0:��;<����;
;��D4.

2 BCDEF12GH

2.1 IJKL
/.����/;&�<��/DE: 6�38D, ��/0��1$E"��"F; F�4�D, ��

=4��46G5�>�".$"F [9]. .8*$�;, BB�#&397C��������%:

1) 3��46�<��.�)$9�.��/67. �.�-!����/;.�=GH/0, �/;

#/�&7289�:;HI/��"F�)$�.�67C�@">�97�?@. 9�.�67!�-
��#/������?@, '�JK$F��)$42 F����67;

2) #$ NL �%0 CNL �%, D4��".�"F)$<&�@;�#'$'#, ?0��=?1-

�2�L09�@>, �#����&3<)�%;

3) .8)?A@�����67)$IB#4$�%���#90, #$�A#4=*�%1C�:
?�. B.��@A 1 BC.

2.2 ;<MN
2.2.1 OPJQ

D����;E,@(-M, ���&�)$I8,$6D� 6C)*, �FC)*�#&9�, �

��N�09�2 Pn(xn, yn), ".� Vn, ��"F5.� θn, $�>/�4%$�������. BB�

#����%�&3�%,2$��=? Δt1-%�C6/��09�@>��%$, Δt2J�%2D?,

 22<:���-7/;��. 59GO"#GE#4D.9K, HBB Δt E 1s.

��N�".� Vn, �C6/ Δt %HIL"BL��<&%� Vn ∗ Δt. D�� Δt 1-���8!
I"�/E� 1.75 P, 8FJ"�/E� 0.25 P, ��#6/QMN� Δt 1-����2L����<

)�. 3<)�R=��".GH�<�J"G�L"G)$I"G, <S8C 0.25Vn ∗ Δt ∼ 0.75Vn ∗ Δt,

0.75Vn ∗ Δt ∼ 1.25Vn ∗ Δt, 1.25Vn ∗ Δt ∼ 1.75Vn ∗ Δt.

�".<G�.A*3<)�R=���"FGHO<: 3�QM<)�<TUK� 1∼9 � 9 /HN

�, .>?1<S� 30◦�20◦�20◦�15◦�10◦�15◦�20◦�20◦�30◦, J"�� 9 /@<)�.>?1<S9
1∼9, L"�� 9 /@<)�7>�1<S9 10∼18, I"�� 9 /@<)�7>�1<S9 19∼27[7]. 90◦

VP8C��N�� $"F. ��� Δt %BA�09#�� 27 /@<)��<), �F06E%, #N
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NL

CNL

R 1 STUB

vnt1.5vnt 0.5vnt Pn=(xn, yn)

vn

n

R 2 VWXYZCD
TQ�QM<)�, �� #9Q�".)$ $"F, B�%G-�#��/QM<)�.A-*. 87
�#�QM<)�@A 2 BC.

2.2.2 NL JQ
NL �% (nested logit)- MNL (multinomial logit)�%�L�, � $M<)E--�IB�, 3M<

)E--�B�%$�I6HN, I�I2<>WR�J,-6/X#� MNL �% [10].

BB�#�D��� NL �%: Y6D<)E�'$� Ui (i = 1, 2, · · · , m), '$?0S� Vi (i =

1, 2, · · · , m); YFD<)E�'$� Uij (j = 1, 2, · · · , n), n 8C i JKC�<)E#�. '$?0S� Vij

(j = 1, 2, · · · , n), $M*D<)E i EL, �NTX#� MNL �%, %MS<)�@>�:

P (ij|i) = ebVij

/ n∑
j=1

ebVij (1)

�� b � logit �%Z#, - T1<)EC� b F- .

$8Y6DT1<)EEL, <)E i �<)@>�:

P (i) = eλVi

/ m∑
i=1

eλVi (2)

λ �Y6D��%Z#, .@>��G, YFD<)E ij �@>�:

P (ij) = P (i) ∗ P (ij|i) (3)
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2.2.3 CNL JQ
CNL (cross-nested logit) �%� NL �%/�.BIM, - �- NL �%=6DJKC�<)E--

[�ÆI8X#, \D�<)E-2 1N8�/*DJK. ] CNL �\D<)E2O 1N8�/P�
/)*�*DJK, N,5K)�<JK�!�971, U��$ CNL �% [11].

D�Y6D<)E i �'$ Ui (i = 1, 2, · · · , m), '$?0S� Vi (i = 1, 2, · · · , m), YFD<)E�'
$ Uij (j = 1, 2, · · · , n), n 8C i JKC�<)E#�. '$?0S� Vij (j = 1, 2, · · · , n). CNL �%��

OQ8@C:

P (ij|i) = (αij ∗ eVij )1/ui

/ n∑
j=1

(eVij )1/ui (4)

�� αij 8C�-JK i C� j /<)E�IB�#, ui - m /T1<)E--�IVZ#.

P (i) =
( n∑

j=1

(αij ∗ eVij )1/ui

)ui
/ m∑

i=1

( n∑
j=1

(αij ∗ eVij )1/ui

)ui

(5)

� NL�%- �-,��O8%�<)@>1,U^RN8!/*DJK�CDJK@>IIPE,@

C8BC:

P (ij) =
m∑

i=1

P (i) ∗ P (ij|i) (6)

3 C[\]H^

'$'#$8�O��<)L6/G�1B���'$, '$2M�G���<)�@>2S [12]. I
$�.�)$9�.�� 5 �97, <S�#'$'#.

3.1 _`a
�.�97C, <W��HI/"F�<&��1 9)$@">�97.

3.1.1 _`a
���&����-#?_L@"F, �X��A4�TQ, ��#MJHI/E���"F. /"F

U� 90◦ VP"F, Δt %B<)�G��VP"F�V52J, �G��'$2M, @A 3 BC.

�� θn 8C<)G��/"F�V5, dfa 8C���N�)`"F, dch 8C<)��"F. HI/

"F�'$'#@8 (7) BC:

βθθi (7)

βθ �/0�#, 8CV52J'$2M�RS, �F:�W.

3.1.2 ÆbKLMc
���&����N-`F60���1��, a!T97�, ��&���=6�:F&��1 9,

U��"F�72"F�5.b :HIXJ, @A 4 BC.

i

dfa

dch

dfa

dch

Ld

d

R 3 OPQdefR R 4 g9RSTh
�� θd 8C<)�"F���1�V5, Ld 8C<)��Y?��1�<&. � ��EF�IJ"

GHIYZ, V-�HI=6�&72 9, ��G 9�2W7<)I"���@<)�, AcU�� 

��dW".$'$�, . MC�%�>�".G�, Z�IBZN [13]. )$#4��1�"e�, ^�
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��".<�\", �")$S">�97, \"8C 0∼1m/s, �"8C 1∼1.5m/s, S"8C >1.5m/s, B

�#�'$'#@8 (8) BC:

β′
θθd + β′

LLd[ILS + IMS(Vn/1)λMSd + IHS(Vn/1.5)λHSd ] (8)

8�� ILS�IMS $ IHS O�!C'#, ILS ���N�".� 0∼1m/s �\"1EF� 1, [%� 0. IMS

���N�".� 1∼1.5m/s ��"1EF 1, [%� 0. IHS ���N�".� 1.5m/s )*1E 1, [%
� 0. �>/F 1U96/� 1. Vn 8C��N�".. β′

θθd B�8C�G[08 (1) I , /0�# β′
θ

:EWF.

β′
LLd[ILS + IMS(Vn/1)λMSd + IHS(Vn/1.5)λHSd ] -$- ".C<& 9�'$�, , .8<&2

J'$:F2M, B) β′
L  :FEWF. ���\"1-$�, , ��"1, .8".N8 1∼1.5m/s,

(Vn/1)λMSd �EFM8 1, #$/B�W�'$F��, , �� J, �c λMSd :E #.  � λHSd  

� .

3.1.3 _`aiKVj
���\���S">�971[9- �IJ"GH: \"1I"GHXS; S"1J"GHXS; �

"1%#f56/PM 7<g��h\�-S�@"GH [14]. I$- �@"97<S��:

1) \"1�I"GH:

βLSAILSIA(1.25/(Vn + 0.25))λLSA (9)

8� IA �!C'#, ��V<)I"�1%� 1, [%� 0. /0�# βLSA 0 λLSA E F. (1.25/(Vn +

0.25))λLSA <\$".2J���I"GH:F2M, ,��$KQN".� 0 1,5XKM�H\, 3/

E� (1/Vn)λLSA <@<R*C[I$ 0.25, '#5.�FG./0�# βLSA 0 λLSA ESW. � ��%

�O1�+#, .85�$9P�'$'#�#90�ZN=-!, AcU$2O8C��@"GHRS�
8]i'#N8,�'$'#.

2) �"1�L"GH:

βMSCIMSIC(−V 2
n + 2.5Vn − 0.5)λMSC (10)

/0�# βMSC 0 λMSC :� F, '#85�-�-\�hS�L"GH, .8 7<g�8@�O
!�, Ac$T&G5�FE'#EjX,  ]'#F�MJ. βMSC 0 λMSC ESW.

3) S"1�J"GH:

βHSDIHSID(Vn/1.5)λHSD (11)

/0�# βHSD 0 λHSD [:� F. '#85�-�S"1".2M, J"GH 2M. .8!C'
# I �EF, )* 3 �97��%� 1U#96�6D, Ac^�.�>�97�'$'#�kII��
,�.���������%.

3.2 X_`a
9�.�������<�JK$F��)$42 F����97.

3.2.1 YZ[kOl
���JK��#6D���<)�A�HN��, ]--�%GHNG��[#6D, JK��'�

F>)$F1JK. )HN� 3 0 4 �AELU, @A 5 BC.

Y^0[$F���@0, $F��#,5�< 1.75Vn ∗ Δt �8M<)�QV<& L �l4�, ��

�/HN���<?P V �V5 θR ($F���"F`115.A� R, @2 A) )$ θL ($F���"

F`>15.A� L, @2 C), �F |θL| )$ |θR| �F�� [0◦, π/6] 1, m�Z�$F��, U�A 5 �
� A�B�C >�. ]&��/;�89�Z�$F��G-F Δt 1--?WP�?@,$��^$F�
�, U��� A.

5.���"#@A 6 BC. $F�� A `11, 5.A� θR, EF� [−π/6, 0◦]; `>1, 5.A�

θL, EF [0◦, π/6]. /;�X>� θ∗L EF� [−π/6, 0◦]; X1� θ∗R F� [0◦, π/6], 5.b Δθ = |θ∗θ|.
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JK$F���'$'#@C:

βac|Δθac|λacθΔvλacv
ac Lλacl

ac (12)

8� |θac| 8C<)��$F���5.b, Δvac 8C��".�Y$F-0, Lac 8C<)��Y<&�
$F���<&. λacθ, λacv, λacl, βac �/0�#, [:� F. '#<:�-�JK$F��, /;�#<
)�$F��5.b M�<& _�<)���, =U���I$".2M, B/��JK'$ 2M.

3.2.2 \mnkOl
���`���>Z� F��1#<)42,  F���0["#�$F��IM (A 7). $8�^

 F�� A EL, V�`11, 5.A� θR, EF� [0◦, π/6]; V�`>1, 5.A� θL, EF [−π/6, 0◦]. ]

$8/;�EL, X>� θ∗L EF� [−π/6, 0◦], X1� θR EF� [0◦, π/6]. �5.b Δθ = |θ − θ|.
42 F���'$'#@C:

IΔvβep|Δθep|λepθΔvλepv
ep eλeplLep (13)

IΔv -!C'#, N/;�".J[ F��".M8�8 0.5m/s1E 1, [%E 0. 8� Δθep 8C<)�
� F���5.b, Δvep 8C/;�� F���".b, Lep 8C<)��Y< F���<&. βep,

λepθ , λepv, λepl �/0�#, βep, λepθ, λepv :� F, λepl �WF. '#<:�-�$42 F��, /;

�#<)� F��5.b M, <& 9�<)���, =U���".b2M, P��42'$ 2M.

L

AB

C
V

0

L

R

1.75Vn *

A

LR

L R
**

L

A
B

C

V

0

1.75Vn *

LR

R 5 ]^_dVWefR R 6 o`paQb R 7 cqrdVW

4 C[dsFe^fg
4.1 JQtu

3*$B9'$'#II��,&3<)97C�����'$'#. U90��#9�.�k<�
βθ, β′

θ, βl, λMSd, λHSd, βLSA, λLSA, βMSC , λMSC , βHSD, λHSD _� 11/)$9�.�k<� λacθ, λacv,

λacl, βac, βep, λepθ , λepv, λepl _� 8 /, C� 19 //90�#.

Y^90�.��� 11 /�#, �.�97C�'$'#@C:

βθθi + β′
θθ

′
d + βLLd

[
ILS + IMS

(
Vn

1

)λMSd

+ IHS

(
Vn

1.5

)λHSd
]

+ βLSAILSIA

(
1.25

Vn + 0.25

)λLSA

+

βMSCIMSIC(−V 2
n + 2.5Vn − 0.5)λMSC + βHSDIHSID

(
Vn

1.5

)λHSD
(14)

B9!C'# I [�".9B, Ac�3����GHG<�^<)@"G�h�M@"��<)8
�"F� 9 /@G�, \%$ NL �%�O, @A 8 BC.

(A) (C) (D)

19 20 26 27... 10 11 17 18... 1 2 8 9...

R 8 NL TvefR
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[ALU: D�GO����6E/;�<)�-@<)� 19, N8I"�, IA � 1, IC 0 ID � 0, c

1�'$'#@�:

βθθi + β′
θθ

′
d + βLLd

[
ILS + IMS

(
Vn

1

)λMSd

+ IHS

(
Vn

1.5

)λHSd
]

+ βLSAILSIA

(
1.25

Vn + 0.25

)λLSA

(15)

<)� 19?0-%, ��i,N�/;1�@; θi, θd, Ld, ILS, IMS , IHS , Vn [2O�&@aA@�

67��?0, 3�j68 (1), (2), (3) �, �#$`MM\a�#$�.�C�'$'#� 9 /�#��

90 [15].

9�.���#90U�#��.��;*,.8��JK$F��)$42 F�����#6D�
��3#<)�A�HNG�, ]--6D�%G�HN�, 3HNG����<, 3 (1, 2)�(2, 3)�(3,

4)�· · ·�(7, 8)�(8�9) MI\��/HN�U� 1�2�· · ·�8 �G�, �O9�.�97C� CNL �%JK

@A 9 BC.

1 2 3 7 8

1 2 10 11 19 20

...

2 3 11 12 20 21 8 9 17 18 26 27...

R 9 CNL TvefR
)@<)� 2 �A���OLU, <)� 2  1N8*D<)E 1, 2, 8CY i /*D<)E�Y j /

<S, @<)� 2 ��/'$'#�:

V12 = Vf2 + βac|Δθac|λacθ Δvλacv
ac Lλacl

ac + IΔvβep|Δθep|λepθ Δvλepv
ep eλeplLep (16)

V21 = Vf2 + βac|Δθac|λacθ Δvλacv
ac Lλacl

ac + IΔvβep|Δθep|λepθ Δvλepv
ep eλeplLep (17)

�� Vf2 -�.�1�?0�<)� 2 1�'$F. ���'$F  �?0, �&)?GO��<)- 
@<)�1� Δθac�Δvac�Lac�Δθep�Δvep�Lep,j68 (4)�(5)�(6)�5$`MM\a�#��90 [16].

4.2 jwkl
��)?#4:b�]^��M"]K_!����n, �o 30m, ` 6.3m, cWA 10 BC�&9�.

<S����;J� 14:00∼15:00a^�.�1�)?@a, ����;M� 17:00∼18:00a^9�.�1
�)?@a. $)?=? 1b"_, 3�`?�&9�*, cW��67, )���a^G���8%6/2
,������1$=6/672��#4��. BBGO$�.�C 134 �, <E�� 100 �_ 3120 a

#4, 9�.�C 113 �, <E�� 98 �_ 3356 a#4. A 10 ��d20>5/T�67<Sj8$�
.�09�.�1��67)$��#41i�emP.

5 10 15 20

5

2.5 7.5

2.5

7.5

0

12.5 17.5 22.5 25 27.5 30 X /m

Y /m

R 10 xynoefR
.8 NL �%)$ CNL �%�9M;�bGZ#U�a�, bcf\�%��..0$]B�2M�,

Ac3 NL �%��CD�# b �� 0.5, *D�#�� 1, CNL �%- C�CD�#�6�� 0.5, *D
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�#�� 1. h#$ biogeme c+���#90, ) 4:1 ��A3#4<�90/0$=/. Y^390/
��.�#4_� 2496 /]Bj6c+�� NL �%, ��@8 1 BCH\.

p 1 z{Uqxrs
pc βθ β′

θ βl λMSd λHSd βLSA λLSA βMSC βHSD λMSC λHSD

�
 −0.048 −0.102 −1.793 1.154 1.709 1.403 1.874 3.633 0.713 0.475 2.544

t t −5.26 3.93 8.83 4.87 −6.63 5.60 5.64 2.75 2.25 −5.31 −1.40

p t 0.56 0.54 0.05 0.42 0 0.31 0.18 0.24 0.66 0.18 0.21

q
d�t −567.67 R2 gd 0.6434

p2 0.451

,L CNL �%56B+� Utilities S, 38 1��#Fe6B+, h39�.�_� 2729/#4j6

c+�, ��@8 2 BCH\.
p 2 uz{Uqxrs

pc λacθ λacv λacl βac βep λepθ λepv λepl

�
 0.877 1.254 0.006 1.714 1.259 2.047 3.090 −0.037

t t 2.12 −1.67 −5.24 5.11 2.03 −2.14 1.94 −3.71

p t 0.52 0 0 0.49 0.28 0.61 0.28 0

q
d�t −613.67 R2 gd 0.6517

p2 0.433

�% t h=F |t| > 1.96, �� 95% �9fG-�i/90�H\, ]�]B#� 2500 )*1, p FJ
8 0.6745, U� 95% �9fG-i/90�H\, �j90H\�f. �/�%�-.�!9<S� 0.451

0 0.433, kC�^:$�D.UÆ.

��.�'#�, HI���15.�# β′
θ �PHI/"F�# βθ  J, �J,�� v�HI��

�1�"F, <&�# βl �WFUgw�8S, LU��8-^<)-8M�.i9��1, �>/�#9
0H\NT$�%�lm, U���ZNB<\��^��97I6J.

$8".�, �# λMSd�λHSd�λLSA�λMSC�λHSD�βMSC�βLSA )$ βHSD [� #, Ud$
gw�UÆ, LUX�-S"1�J", �"1�L"P-\"1�I"GH[.5��������-�,

UkC'$'#B(5�@(RS.

9�.�'#�, λacl 0 λepl �Fni9 0, �J,<&A4���JK)$42&���,$=-U
g, �[a. �%�� βac�λacθ�λacv�βep�λepθ�λepv � WF[�a�F6J,  .5$���JKP-
42$F��1, 8gw�@(-".�"F�L@�65h.

39�.�$=/�#4j6�%�, 3�O,���<)@>8M�@G�,���<)�G�, =

����^<)�@G���$�, �$=/ 20 /��_� 627E/;&��, 9 19.74%�#4��^H

\-kC, �j�%�1C�.X1.

5 |H

BBN�$2O<\���^/;&��&3<)�%, 3�%<��.�09�.���97, I$
HI/"F�<&��1 9��.�C�@"�JK$F��042 F��_i���GH, <S�#

'$'#, #$ NL �%0 CNL �%���O=90�#. T&#41C=*, �%:?>S, 2OÆ�<
:5����67. ,�, �������!��rJ�Be9b:-W, %7f��2ZN:

1) ) logit �%�.A����7�����%�\e.12$�nS, s-XK3(�Se.97,

6")Se.1����8,$�\e.1- , ,6")�Se.1��/W846, +4�<)�tg
d, K).5&3<)�%�-S.

2) �%X#%$���o_)$�/���, ���#�!�9%!�, 2Of"�7S"@�Æx,

BBU2%$-7�����.

3) �%�)F\e.1���Hu��P-&g���"Fh(, �)�&.I- �'$'#, �-
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