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Abstract Due to the rapid development in mobile communication technologies, the usage of mobile
devices such as cellular phones and PDAs becomes increasingly popular. One of the best ways to
maximize the usability of mobile devices is to make them aware of their current locations and the
locations of other fixed and mobile objects. In this paper, we propose a cost-effective Bus Information
System, ACE-BIS, which utilizes a mobile device to retrieve the bus routes to reach a destination from
the current location. To accomplish this task, ACE-BIS maintains a small amount of information on
bus stops and bus routes in a mobile device and runs a heuristic routing algorithm based on such
information. When a user asks more accurate route information or calls for a “leave later query”,
ACE-BIS entrusts the task to a server into which real-time traffic and bus location information is
being collected. By separating the roles into a mobile device and a server, ACE-BIS is able to provide
bus routes at the lowest cost for wireless communications, without imposing much burden to a server.
The results of extensive experiments revealed that ACE-BIS is effective and scalable in most
experimental settings.
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Algorithm  Find_Routes

INPUT: Directed multi-graph G, Start node S, Destination node D,
Maximum number of transfers MT

OUTPUT:  Set of routes R

1 SMALLEST_COST = <

2

3: priority_stack.push(S);

4 while(priority_stack.not_empty()) {

5: V := priority_stack.pop();

6: if (Vis D) {

7: R.add(V .current_route);

3. continue;

9: }

10: ADJ := V.get_adjacent_nodes(G);

11: foreach V' in AD]J {

12: V'.compute_num_transfers(V);

13: if (V'.num_transfers > MT) continue;

14: EC := V' .estimate_cost(V, D);

15 if (EC > BETA * SMALLEST_COST) continue;

16: else if (EC < SMALLEST_COST)

17 SMALLEST_COST := EGC;

18: V'.compute_angle_of_vectors(V, S, D);

19: priority_stack.push(V");

20: }

21: }

22: R.sort(});

23: Return R;

24}
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V' .current_cost(V, D) =
1: V.current_cost +
2 V.distance_to(V’) / AVG_MOVING_SPEED +
V.does_need_to_transfer(V’) *
AVG_TRANSFER_TIME;

V'’ .estimate_cost(V, D) =
1: V' current_cost +
2: V' distance_to(D) / AVG_MOVING_SPEED

V'.current_cost(V,D)9] 1¥5] Z& &9 JFgoew
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AZE WA HF SEZ UrE FH0ZA VoA
Ve g olgdlcd AUs A7HE =3 Bl
T E5E ALY 32 92 gg AREE, o] gse
WY B ujF Mue] Hésie] HalstA droh 3WA
£ v Vo] Zolels AFAY A% Zotge dH
Fge HT AHE AA wgd dilFe Aol
V' .estimate_cost(V,D)E =E V'] #x HLd k=
Vielx BFH AR DAY JXAYE 29 BT
£EE2 e g V'AA D2 olFdied dIde HA
AZEE Yt AA A2 g v gL oS3

4.3 Mo 2lRE gxalE

AHERL] 277 € AS ACE-BISE & 714
o] A F FUE Mo ALt A A 73
2aly 7716l 33 H2E A" o A2 g
2ot 389 JEE Mule] aFste Aolch Mule &
F "HolEo Agd wze AX7F 94X AR 2 WA
A% golEd ARAE FFAE vz oy 28 A
r ARE ol&ste] AREAZY AFFNA HAE 7o
ol st A7h W&o FFF 7 o)F Az, A7)
29 F 48 AT 5L AN

= ouiA §38e Al ARF 01, BF HFF o,
Zolely] Aol g2 7" AR AE Mud) A
F3= Aotk Myt dolgiolzd FE W2 =
An AFF ARZREH §F g5 2d= GE AN
F 4194 AW 2B9E guEy 55U duds
& 5 EFAAA ] FA2E gk o] o 6 &
gre Wz ARADL ol A Zoleke ARF
ANM MAE Jlgol = Azt oz Feghr) ol
23 ARE T £38 A% 2% FRgde &9
A =uld ri7]e] FHeME Ae)r) th

Al FsE dndEa 2akd 779 £33
He ¢uHEe B g q5-E Adse REL A3
IE FL3h AT dwrgoz Aurr mukd 7|7
Hoh A4 8ol Y53 94317 wjiEe] =xld 7]7)

flo de

ol



662 PRSI =EA : dlojepio] A 33 A A 7 Z(2006.12)

A A3 FelzdHe AL ¥ & daFelA
£ 9351302 H(Z, BETAY & 34 §) 29 4
A2 g 329 FFEE =Y F Ut

4.4 JREZ O A2t OIS

AFAT W29 olF At =2 A% Ad, &
Y, A7 5 ook a9l 93] H ke wet) odet
A B =RdAs d<Ed dele 71w i (history
data-based approach)®] 3h4Q) A4 olF Hit(expo-
nential moving average)[18]& AMg3te w29 HF
A3t o)F ATE A&k AFAT o5 Akl g
n¥A A3 g3} old Wi AA % AF Pt
Tholgt 31E, n+1¥A dF F Puad U3 2o
Axgct

Py=T, (L

P,,,=cl,+(1-a)P, 0=0,0<a=<1) 2

A9 oA o nHA AR SHG] n+1HA oS
ol vt 92 FUtE 2Ase Wi HEEA,
a7t 848 8 42 4P, AEF7AY S2Ed
(PETE A9 A FAHITHS o gol g3
"ot B =FoMe ol AT tiFd dFo] 10% &
A2 o]FAdn JpFF) A9 A5 olF HIAE °
2381 AR tg AF hPan)& 3FNA AF3 w2
=XH% el S ROUTE® #¥ PRETICTED_TTSI
W gl 3, B& =A% dHolEe #3F PREDI-
CTED_TT #3 A% Hol&¢9 #A¥E TIME_FROM_
LAST_BS 39 & Axsd g AFgolA s
£ Jtge AkE &8 £ Qo

4.5 0|24 Helo| X2

g} Aoje ZA F /A #3322 vdd. A HA
FEe AR EHAE F3 5T AL Fol &2
she Agold, ¥ HA §3e AFA DR ALER
7v BAAY =&Fsfof sh= Aol ol F 7HA

el AoJE ANy A A W2 HolEe
e AT ARTS L% FH AHY AT wE =
Mz dHolBd Sle AINE AFAT A 28 AR
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°lZ 93 tge ¥ 37 o] A AR HlE 4
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o714 TIMESTAMPE Volx V/7txe] &8 A3t
At Al dAlY AHE HEE AJAE e A
e, wek EdAIZdo] Tl V7R & W} AlZfe]
T'o)8}%, TIMESTAMPE T'#s zteth waa o]
FrE 42 Fd B HE = e g, =2 VR
FE V7R Y 48 A7 Astge] glo], S_ROUTE
gol825E TIMESTAMPZe] UAsl= PREDIC-
TED_TTE AH&3t},

£

%3 03 A9 AYE 9D Hg 43 ¥
Current Node V, Destination node D,
TIMESTAMP
Estimate_cost

Input:

Output:
1 V'.current_cost =
V.current_cost + PREDICTED_TT from
S_ROUTE bet. V and V'
TIMESTAMP mathes

V'.estimate_cost =

no

V'.current_cost +
V' distance_to(D) / AVG_MOVING_SPEED +
V.does_need_to_transfer(V') *
AVG_TRANSFER_TIME

Return V'.estimate_cost
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[ee}

tgol] B¢l Future_Find_Routes: vlg} 29 )
g 9% 7B 23 gl

S 2 vy A A FadF
(Future_Find_Routes)
Directed multi-graph G, Start Node S,
Destination node D, Maximum number
of transfers MT, Time to Leave T

Input:

QOutput: A route and expected time of arrival
11 R := Find_Routes(G, S, D, MT) with
redefined estimate_cost method

2 For each route r in R

3 Find out the nearest bus, b, of r at T
using S_ROUTE and S_BUS

4 WT := Estimated the time for the b to
arrive S

5 put a pair r and its total time, WT +cost
of r, into Candidates

6 End For

7 Sort Candidates based on the total time of
each route

8 Return the route whose total tirne is the
minimum

o] ¢xFEL T3 o] F£YPT. WA Find_
RoutesZ A H.2) estimate_cost TFE AH:s| 3
8lE], S9A)7E Tol| EUdAERE V7R o)Fsled 2
Y AIZH2 '3l estimate cost ol FUHFez AY
HH 1. 8, Ad2 Fo42 4 A= r& AU B
2 F AZ T 2% AFF S 2AH 9XE M= b
gol o] W27 Fd AFA) =AY w7t ZAe
Al WTE A3 3-4). v, B2 r9 costs}
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