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BellmanD &&E 4 [RIE(Bellman,1957) & v
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Hoogendoorn and Bovy (2004)
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#ZE&  velocity path [T & > TRE % EGREIEK
x(-):={x(t) € Qtp <<ty s.t. x(t) =v(r) and x(1) =x0}
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Hoogendoorn and Bovy (2004)
SITE DIZE)

pedestrian’s internal state prediction model

dx = vdr 4+ odw subject to x(7) = x
AN

white noise
l_[ o = o(x,v) the way white noise affects the location
uncertainty in the expected traffic conditions

restriction of velocity
v € Vy(t,x) where V,(t,x) = {v such that ||v|| < vo(t,x)} C R

by physical limitation, the presence of other pedestrians
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Hoogendoorn and Bovy (2004)
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Ci(Ts, vy | Tio, X(Ti-1)) = E[ / L(z,x(x), v(x))d + $(T;, x(T3))
N —

running cost terminal cost

terminal cost . _ . _
s BERISERSZFRACRE LISRE OEEIRFIO A

—Uij(T) x(I;) €edy T <t
; x(T;) € Uidy; T = 1
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Hoogendoorn and Bovy (2004)

BBOR bERIMET BREEER
r’[‘,m = arg minC; (t.fc: Vl.T;) {Aij-}) = arg minE[ / L(t,x(7),v(7))dt + ¢(T;,x(T7))

(MERGEX
T;
W(t,%) = E [ / L(z,x' (1), (1)) + (z»w--"*(”)}

subject to

dx* = v'df + o(x*, v")dw subject to x*(¢) = x

PUNEEIhEZZ 5 &,
BellmanD e E/RIEE(Bellman, 1957) & ¥

I'I'

- t+h
W(t,x)=E / L(t,x"(t),v"(t)) + W(t+ h,x"(t + h))
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Hoogendoorn and Bovy (2004)
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" pt+h
E / L(T..\‘(‘L’).l'(‘f))] L(t,x(t),v(t))h + O(h*)

| /
EWW(t+hx(t+h)) = W(t+ h,x+ hv) + 51 Z O;i(x,v)

O(x,v) :=a(x,v)d (x,v)
LA 72 MEREZRDOINICTRA L Th—0&T 5 &
Hamilton-Jacobi-Bellman (HJB) 5 &%\

9

_EW(t x)=H(t,x, VW, ,AW)

SISESaE W(t,x) = ¢,
=g e W(T;,x)=—-U;(T;) forxeAd; and T, <t

02w
H(t.x, VW AW) := mi (. i O;i(
(t,x,V ) lé}l"l(?r){ X. U +Zl 2Z i(x, ) - \}
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Hoogendoorn and Bovy (2004)
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v (t.x) = aremin<g L(t.x.v) + U; + — E O::(x.v — )
( ) arg ( . ) i ! @x,- b : ’J( ) a.\',‘ C ’xj
\ /

subject to v*(t,x) € V(1. x)

X
V*(t,x) := min{c; ' ||[VW|,v0(t,x)} and e*(t,x) := —VW/||VW||
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Hoogendoorn and Bovy (2004)

0

—5 W (tx) = H(e.x, VIW,AW) - (1) OBIENEEA

YWRZIEEEH/NEIV 6 x 6 (CTHE, BEEAEHUVNEER » ICoE] (FEEL)

(1) DR Zfinite differencelc BT H#: X 5
ACW = O '[W(t,x £+ du;)) — W(t,x)] fori=1,2

Arw forward finite difference A, :backward finite difference

A_‘:‘iW = 0 C[W (t,x + du;) — 2W (t,x) + W (t,x — du;)] for i=1,2

I .,
A W= :I:E(S_‘[W(t,x + 0(u; £u;)) +2W(t,x) + W(t,x — é(u; £ u;),)]

|
:FE(S_“[W(t,x + ou;) + Wit,x + (Suj) + W(t,x — ou;) + W(t,x — 5”}')]

(1) OEUERYITLIZS (Fleming and Soner, 1993)
W(t — h,x) = W(t,x) — hH(x, A, W, AL W, AL, W)

H (x, Af /8 A.i W,A* W)= min {L(t,x, v) + Z (LfAI+ W — vl._A; W)

XiX; veVa(1.x)

l 2 l y
3 2 Culn AW +3 ) (0 (x, )AL W — 6

i

x,0)A_ W)

x,-x. j
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Hoogendoorn and Bovy (2004)

Escalalors lo : T sl & 7 Escalators 10
train platform , % it A train platform

-

20 10 o | 40
x1-axis (m) x1-axis (m)

Fig. 4. Expected minimum perceived disutility functions for leaving Schiphol Plaza via escalators for uncertainty levels
(a) oo = 0.01 and (b) 6, = 0.25. Optimal paths are perpendicular to iso-expected minimum perceived disutility function
curves.

iso-expected minimum perceived disutility function curves
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Hoogendoorn and Bovy (2004b)
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~

oW,

—— L = H(t,x, V7)) s.t. Wy(t1,x) = ¢, and W(T,x) =

Ot
T <t

aﬁj(tax) + V(f)j(t,x)v;(t,x)) = Sj(tvx) - rj(t’x)

—U;(T) for x € D,

ZZC,
H(t,x, V7)) :=L(t,x,0") + v* (t,x) - VI,
v*(t,x) = argmin{L(t,x,v) + v - V W|subject to v € I'(t,x)}
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Hoogendoorn and Bovy (2004b)
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e o : Infrastructure: : £ Personal characteristics: 3

~__ P s obstacles, traveling surface &2 . traveling abilities, :

- i z i g

{ : B QO : : personal preferences :

i i = m u H .

| i : :.II-II-III-II-IIII IIIIIIII-.II-II-II' --II-II-II-II-II.II II-II-II-II-IIIIII’

Trajectory x, ;,

Origin area O,

Admissible velocities under
ideal traffic conditions

and terminal cost
L(t,x,v) and O(T,x(T))

LI LR L LD LD R L ]} (AL LR L L L] ]} l-’.

Obstacle B,,

Path (projection of trajectory on £2) 1—‘0 (t9 x)

&
Specification of running cost :

Destination arca D/

' ---------------------------------------
|
1
: Admissible velocities given Route choice
: prevailing traffic conditions (minimal actual route costs)
: ['(t,x) W.(t,x)
1
1
1
1
1
EIIII. LU LR L LR L L L LR L LD L L L LR L LR L LAl ) II= :
i Dynamic OD : Traveler flows
- demand patterns —— (via optimal velocities)
; Q(j(t) E : qj(t~-x)=pl(t~x)u;(t~x)
:l.. LU LA L LR L LR L LD L L LR L DL LR L L L] l; l
‘ - _E _E E E E E =E =E HE HE =E = = = 5 5B 5 H =H =5 = = = = = =B = = =B =5 =5 &= = =N = = = = =

Fig. 5. Framework of the dynamic assignment model in continuous space.
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Hoogendoorn and Bovy (2004b)

Heuristic approach to continuous dynamic assignment
1. Initialization

BHEMIRREZ R E (FEE0, REZXK)
2. Assignment

HBREER " (1,x) ITED  RBIREREIRTE

FTANTOUXITH L CRBBE 5 (%) Z3HE

X MEAE W V(1,x) ITEDE all-or-nothing assignment

P (t,x) == (1= 2)pl (t,x) + 2p)V(t,x) ICEDEBERBH

i

3. Compute speed reduction factors

BEICEDEREBETERZFE | o,x) =« (p¥(1,x))

I(t,x) = {a(t,x)vo(t, x)|oe(t, x) = o (p(2,x)) Vvo(t,x) € To(t,x)} (T KV HFRRE S BH
4. Determine route-choice .

Hoogendoorn and Bovy (2004) 5 ET ' (t,x) B W (t,x) ZRBH

5.lterate
as long as |p§k)(t,x) —p

(k-

{ Y (t,x)| > & for some very small value 0 < d< 4
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Hoogendoorn and Bovy (2015)

Global value function : from Hoogendoorn and Bovy (2004)

mmE{/ L(s,X(s
Ui.T)

SIREERHAREL
s))ds + 04(T, x(T))} AEASAYLAEA

- FLDBREZINCTHTES
LI AHIREHIEIREH
Local route choice DE A —s> 7L My T DREBEIR
Local value function : & HE LEEFIICETE
Py = (/)(Cirowdedness o (pgelay
N ~
E%%DE?%%%%&& BHEICKDREET 5
Py = Z/}, Ds OF” =2a(p)  P=D M5 p
Ja(prs-.., pp)dt < SR )dt
Route choice R i U(py,--.,pp) U(0)
= Vg Vg + Vo, SITRE
T T IV ay| /||v¢,d +Vao,l
global route choice — desired velocity

influenced by local route choice



