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On Demand Bus Route Scheduling
with User Walking∗

Hiroki Masano

Abstract

On demand bus has been increasingly attractive for many applications, such
as transportation in sparsely populated areas and self-driving vehicle based
public transport services. However, most on demand bus systems are not good
at providing transport services and making profit, due to inefficient detours
for picking up and dropping off customers. In this research, we propose a
cost-efficient algorithm for on demand bus route scheduling with user walking,
which greatly reduces bus detours and increases profit. Different from other on
demand bus systems, where customers determine pick-up and drop-off points,
our algorithm dynamically determines proper pick-up and drop-off points to
reduce detours by considering user queries and bus locations. Customers need to
walk to pick-up points from their starting location and walk from drop-off points
to their destinations. To verify the effectiveness of our algorithm, we conduct
simulations to compare our algorithm with full demand, semi demand and taxi
systems. Simulation results show that our algorithm serves more customers with
less bus travel distance and time. The average profit of our proposed algorithm
is 33–40% higher than that of full demand system and 18–100% higher than that
of semi demand system in case of 800 queries in cluster village and dispersed
village.
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si si.time 4.3.3
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6

1

si.stopT ime = max{kstop × (si.p.num + si.d.num),

max(∀u ∈ si.p qu.t +
mα∑

k=0
α.d.ek−1 k.walkT ime − si.time + kstop)} (4.3.2)
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4.4:

S′
b u b
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u.d = u.d.e01, u.d.e12, ..., u.d.enu−1 nu ⊂ E u

B′

b.dist b

b.time b

endT ime

4.3.3

4.3.4

∀u ∈ U

nu∑

k=0
u.p.ek−1 k.dist < u.mwd ,

mu∑

k=0
u.d.ek−1 k.dist < u.mwd (4.3.4)

si

si.num si si.p.num si.d.num 4.3.5
si.num 4.3.6

si.num =
i∑

k=0
(sk.p.num − sk.d.num) (4.3.5)

∀b ∈ B ∀s′
i ∈ S′

b s′
i.num ≤ b.c (4.3.6)

t

depoti.num(t), stationj .num(t)
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∀depoti ∈ Depot ∀t depoti.num(t) ≤ bepoti.c (4.3.7)
∀stationj ∈ Station ∀t stationj .num(t) ≤ stationj .c (4.3.8)

t

depotmax(t)
stationmax(t)

∀depoti ∈ Depot ∀t depotmax(t).num(t) − depoti.num(t) ≤ 1 (4.3.9)
∀stationj ∈ Station ∀t stationmax(t).num(t)stationj .num(t) ≤ 1 (4.3.10)

u.goal.expect

u.goal.limit u.goal.expect

si 4.3.11 u.goal.limit

u.start u.goal route(u.start, u.goal) =
{u.e0 1, u.e1 2, ..., u.enυ−1 nυ

} klimit C

4.3.12 u.goal.expect u.goal.limit

4.3.13

u.goal.expect = si.time +
mu∑

k=0
u.d.ek−1 k.walkT ime (4.3.11)

u.goal.limit = C + klimit

nυ∑

k=0
u.ek−1 k.time (4.3.12)

∀u ∈ U u.goal.expect ≤ u.goal.limit (4.3.13)
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4.3.4

u u.p.pos

u.d.pos u.fare = fare(u.p.pos, u.d.pos)

fare() cost() 6

Maximize{
∑

u∈U

u.fare(u.p.pos, u.d.pos) −
∑

b∈B

cost(b)} (4.3.14)
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Algorithm 1
Require: qu, B.
Ensure: u S′′.

1: bmin ⇐ null, Sbmin ⇐ null

2: for b ∈ B do
3: if si ∈ Sb si.num == 0 then
4: S′ ⇐ newSchecule(), s′

0.pos ⇐ b.pos, s′
1 ⇐ qu.start, s′

2.pos ⇐ qu.goal

5: P ⇐ getMP (qu.start, s′
0.pos, s′

2.pos) // 5.1

6: for p ∈ P do
7: route(s′

0.pos → p) A*
8: route(p → s′

2.pos) A*
9: if (route(s′

0.pos → p).cost + route(p → s′
2.pos).cost <

route(s′
0.pos → s′

1.pos).cost + route(s′
1.pos → s′

2.pos).cost) then
10: s′

1 ⇐ s′
p

11: end if
12: end for
13: D ⇐ getMP (qu.goal, s′

1.pos, nearestDepot(qu.goal)) //
5.1

14: for d ∈ D do
15: route(s′

1.pos → d) A*
16: if (route(s′

0.pos → s′
1.pos).cost + route(s′

1.pos → d).cost <

route(s′
0.pos → s′

1.pos).cost + route(s′
1.pos → s′

2.pos).cost) then
17: s′

2 ⇐ s′
d

18: end if
19: end for
20: else
21: S′ ⇐ changeSchedule(qu, Sb) // b

2
22: end if
23: if (bmin == null||S′.cost − Sb.cost < S′′.cost − Sbmin .cost) then
24: S′′ ⇐ S′, bmin ⇐ b, Sbmin

⇐ S′′

25: end if
26: end for
27: u.d ⇐ setPreliminaryMP (qu.goal, S′′) //

5.1 5.3
28: return S′′
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13 : s′
2 5–11

s′
1
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14–20 :
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1, s′
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21–22 :
2
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27 : u
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qu.walk
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Algorithm 2 (changeSchedule)
Require: qu, Sb.
Ensure: S′′ , Flase .

1: for i = 0...Sb length do
2: if si.num + qu.num > b.capacity then
3: return False

4: end if
5: if slackT ime(Sb, i) < k · delayT ime(si, si+1, qu.start) then
6: return False

7: end if
8: P ⇐ getMP (qu.start, si.pos, si+1.pos) // 5.1
9: for p ∈ P do

10: Sp ⇐ insertion(p, Sb, i) // i 3
11: if (Sp.cost < S′.cost) then
12: S′ ⇐ Sp

13: minIndex ⇐ i

14: end if
15: end for
16: end for
17: for j = minIndex...S′ length do
18: if slackT ime(S′, j) < k · delayT ime(s′

j , s′
j+1, qu.goal) then

19: return False

20: end if
21: D ⇐ getMP (qu.goal, s′

j .pos, s′
j+1.pos) // 5.1

22: for d ∈ D do
23: S′

d ⇐ insertion(d, S′, j) // j 3
24: if (S′

d < S′′.cost) then
25: S′′ ⇐ S′

d

26: end if
27: end for
28: end for
29: return S′′
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1 :
2–4 : i

5–7 :
slackT ime(Sb, i) Sb i

delayT ime(si, si+1, qu.start) si si+1

qu.start

k

8–16 :

17 :

18–20 :

21–29 :
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Algorithm 3 (insertion)
Require: pd, Sb„

i.
Ensure: Return S′ , Flase .

1: S′ ⇐ Sb

2: route(s′
i.pos → pd) A*

3: route(pd → s′
i+1.pos) A*

4: for j = i + 1...S′ length do
5: s′

j+1 ⇐ s′
j

6: end for
7: s′

i+1 ⇐ s′
pd

8: k = 0
9: for j = i...S′ length do

10: if s′
j .pos == s′

j+1.pos then
11: merge(sj , sj+1)
12: k + +, j − −
13: end if
14: s′

j ⇐ s′
j−k

15: if s′
j .num + qu.num > b.capacity then

16: return False

17: end if
18: s′

j .time ⇐ s′
j−1.time + s′

j−1.stopT ime + route(s′
j−1.pos → s′j.pos)

19: end for
20: adjustment(S′, i)// 4
21: for j = i...S′ length do
22: qipd ⇐ impendingQuery(sj) //
23: if qipd.goal.limit − time(s′

j → qipd.goal) > sj .time then
24: return False

25: end if
26: end for
27: setCost(S′)
28: return S′
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1 :
2–3 :
4–7 : i

8–14 :

15–17 :
18-19 :
20 : 5.3

21–26 :
impendingQuery(sj) sj

27–28 :

5.3

5.2 5.2(a) β

α t 150
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Algorithm 4 (adjustment)
Require: S, i.

1: for j = i...S length do
2: qipd ⇐ impendingQuery(sj)
3: if qipd.limit − time(sj → qipd.goal) > sj .time then
4: if getDeliverNum(sj) > 1 then
5: for k = j...S length do
6: sk+1 ⇐ sk

7: end for
8: sj ⇐ divide(sj+1, qipd)
9: end if

10: for d′ ∈ 1, 2...qipd.D′ length do
11: S′ ⇐ S

12: route(s′
j−1 → d′) A*

13: route(d′ → s′
j+1) A*

14: s′
j ⇐ sd′

15: if qipd.limit − time(s′
j → qipd.goal) ≤ s′

j .time then
16: setCost(S′)
17: if (S′

d < S′′.cost) then
18: S′′ ⇐ S′

d

19: end if
20: end if
21: end for
22: S ⇐ S′′

23: end if
24: end for
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6

6.1

6.1.1

6.1.2

endT ime t
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6.1.3

100
20

20%

6.1.4

4.3.14

[30]
2km 2
Bsc[ ]

Std[ /km] u Disti[km] u

u.fare() 6.1.1
Bsc = 150, Std = 30

Distu

Distu

4

47



u.fare() = Bsc + Std × Distu × 2 (Distu ≤ 2000)
u.fare() = Bsc + Std × 2 × 2 + Std × Distu(Distu > 2000)

(6.1.1)

[31]

3
costfuel

dist[km] FC[L/km]
Pfuel[ /L] b 6.1.2

b.costfuel(dist) =
dist

FC
× Pfuel (6.1.2)

10
FC = 9.5 [32] 1L

2017 9
98.604 [33] Pfuel = 98

costvehicle Pvehicle[ ]
L[ ] 1 b

b.costvehicle 6.1.3

b.costvehicle =
Pvehicle

L
(6.1.3)

10 3,521,782 [32]
10 Pvehicle = 3, 521, 782 L = 3652

costslr 1
1 b

48



Slr[ /h]
t 6.1.4

t = endT ime

b.costslr(t) = Slr × t (6.1.4)

28
1 1240[ /h] [34]

Slr = 1240
b

cost(b) 6.1.5
Sb.cost 6.1.6

Sb.cost

cost(b) = b.costfuel(b.dist) + b.costvehicle + b.costslr(endT ime) (6.1.5)

Sb.cost = b.costfuel(Sb.route.dist) + b.costslr(sn.time − s0.time) (6.1.6)

6.2

With Walk: WW 3

TX

Semi Demand: SD
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Full Demand: FD

1

6.3

6.3.1

3
10km OpenStreetMap OSM [10]

6.1
6.1

6.1:

(36.6366, 136.9537) (35.4485, 136.2495) (35.8323, 136.1934)
4,394 4,040 1,203
13,219 11,540 3,056
12,985 11,607 2,827

5 4 3

114 190 41
44,503 51,493 10,490
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(a) (b)

(c)

6.1:
: : :
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2

2
1

OSM

6.2
5km/h

10km

OSM OSM
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6.2:

OSM [km/h]
motorway 100

trunk motorway 60
primary 50

secondary 50
tertiary 40

unclassified 1 30
residential 20

service 10

[35]

6.3.2

[36]

53



1

6.2

1
qu.t Q, λ

1 qu.num 1 1
nummax

4.3.12 C

klimit 10km/h 15km/h
34.3km/h 3 [37][38]

5
C = 300, klimit = 3.0

6.3.3

SUMO[11]
SUMO

OSM SUMO
SUMO

SUMO 1
1 SUMO

6.3.4

6.1
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(a) (b)

(c)

6.2:

800 / 3
5–60
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50 /10 5
50 / 5

6.3
/

30

6.3:

B.num 5–60 / 5–40 stationi.c 20
b.c 9 kspeed 0.33

Q.num 800 / 50–400 Bsc 150
λ 12.5s / 720–90s Std 30 /km

1 nummax 4 / 3 F C 9.5L/km
qu.mwd 1000m Pfuel 98 /L

C 300s Pvehicle 3,521,782 /
klimit 3.0 L 3652

1 kstop 10s

6.4

800 5–60

6.4.1

6.3
2 3

6 8
2 3

6.4
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15

6.4
16 19

12

qu.goal.kimit

4

6.4.2

6.5 1
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