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Abstract: Human itineraries are often initiated by some general intentions and will be optimized after considering
all kinds of constraints and available information. This paper proposes a category-based itinerary recommendation
framework to help the user transfer from intentions to itinerary planning, which join physical trajectories and
information of location based social networks. The main contributions are: (1) Build the category based activity
scheduling model; (2) Design and implement the category tree based POI (point or interest) query strategy and
algorithm; (3) Propose the Voronoi graph based GPS trajectory analysis method to build traffic information
networks; (4) Combine social networks with traffic information networks to implement category based
recommendation by ant colony algorithm. The study conducts experiments on datasets from FourSquare and
GeoLife project. A test on satisfaction of recommended items is also performed. Results show that the satisfaction
reaches 80% in average.

Key words: itinerary planning; trajectory mining; location-based system; multi-level categories
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ARG R AL AGET MR EITEZHN RV B H AR R N AW E N, EFENS
A D7 TR AR B AT 40 L AU J5 7 2 il 5 s P et W AT AL 5 SRIACHES . G TRIF IR 155,
T PR B FRAT AR, 30 ZE 25 1 B3k 1T A8 AR

4 H A B B — AN P AR I T AT I A A ) EAROASERT . b i — AN S b Ui 2 30 b OB I R K

TR 1S AR I B AR R LA D SRR T T S 0, R R AN R AR BT AR, TR
L) —3E W L e LR R B B ALY, 2 5 2. 2 AR A BE A R T A4 AR K A I AR R 7T B A
SE 22 WISy 5 2 T, A B T 2 T A LT AR 0 T X A b gl 1 I T A A P A

T8 3 A0 b a3 B AT N B A e AT R R R ) 7 SR R AT W T R

(1) AT B ARBTG5 R — A MBI (& — A0, A0 B H A b 22 47 0 5,
PN 2 iR s mn s B IR/ R 4

(2) AEIE R T AR & 50 AU AT B DL TR AR R A st s (B I e 42 B e F e A M A A2 R I e P8
I [s).

(3) A TR H AL 6 F RO A B VPR, BE A B S R i ], DA e Sk B — N
HE.

@) B2 AL H b5, A 282 G35 18 R 1, Lo 70 i bR 9% 1R I R) Jge (T DALREAT 402 B sik), B
L — BRI (0 MR, L << 2 1 e i st RS o LA T (IR A A RO,

DI 2 = 5| TV 6 B o ) v e o | S A S D PN T R e a8 R QR e < R E S N | S i o
RIS N 2K 5 Uit A8 A o HE X A2, DR A At AR A6 I T AR O S USSR s AR AR B AR AR IR AL
ST L EAAA S S AT B 2R RIS T GIS (R A B 26 8 R, b T A 26 S8 50 ORI B SE R AR A AT RS
(B CRIR, b BT TR)), D81 0bb A i 7 o7 58 ] (0 B A AT 0 470 R0 9T 5 o 60 BT (). by T 88 e 3 R ife A, 356 B D ik
H S A UK FRATT I G A F 2 AN P I8 D0 SE B RN AL 25 A 90 8% R4 S 32 (S T - RN I (R AT R HE IR 55 =2 is
BRI, 2 I PR e 5 D0 288 RS0 42 40 4 R T DA A 2 Ik 95 B (1A A0S 4.

(1) 24707, K850 82 3l 1 4 #R A e A Thifie, Wi 3 F W 4% 1) 58 A2 5k GPS 8 A, A IR B 5 P i azs 44
P AR AT AR 17 TR B 7RI T A AC . BRI T SR R R . FALS IR &AL B S B AR I
T-drive T REP] 3T HRH 22 ] ML 308 117 308 % 2R 2 e by B 0K — 9 500, 000 ek 4209 K B 0y R AR 4247 i S, b 2
BRI SN R T R S5

(2) H£TF07 B 424k B 2% (location based social network, f##% LBSN), il FourSquarel 14 55 ¢ B14% <7 4
P A BRI 2o b AT B A AT bR, 48 R VE 2 s PP IR S5 X S E B S T B T T &5 s
BT RR B AR &S 20 .

TG AR R B A S DS HE AT R SR AL T WL 4 BRI A, A i i A R R e T AR
SKIWAT FRHESE IR S5 AR SCH X 12 ) RUEAT @ASL(UL B8 2 7W9), 302 T O S S AT R I HE R (L2 3 49 28 4 °1).

2 HEEVFNELR
2.1 EFRIEERER
58— 8 5 BT B AR SRIK, L U s 2 AE — A T B B P EAT AL, — AN Bl Se 4 n] LA IR

NI A:=(P,T,condition). P} 7 & ri(Place HI4S), 7 ik 8l I 41 1) b LA B A% AL B R R — A
AT 3, T BUBK DG 5 2 [ 55 T 478 Time, 3% 3l 1A I 18] 41348 . Condiition A LU X0 a4 5 8 P (2403,

© HEBEERAET hipd/ www, jos. org. cn



LHE F R T ERE IR AR R W L6 ZAATRIEH 161

EE BTG Bl ) SCH AN BT 100 J6/ N AT T2 H O HEAH 29 48 A7 B LA 2 O, JH P B AN B 1 0 b ik AL 2% 1) LA

(category) & — 247 E M A:
C={R,P,R,...,P}.
RN AR )RR FR AL E ] LR 5 700 v
C cC,,BeC,.

Path = (P,P,i).
ATFE Trip A& 2 A& ) SRR A2 IR I 3 il ik -
Trip = {A,, Path, 4,, Path,,..., A,}.
A SCAT 0] 5 () 75 2 P AR AN B B () 7 R v R I A A R U T R BRI AT R 5 SRk AT
s 77 Ak
Need ={(?C,,T},condition,),....(?C,,T,,condition, ) : optimize),

Horh optimize F A PLAL H AR, WS FRIN (R 5 A . S5 sl D ARBE AR AL 28 1 AT 0on ol 1 ] LA IR A

{(?Fast Food Restaurant, Workday — 8 : 00, Taxi),(? Historic Site, Workday —9 : 00, Taxi),

(?Chinese Restaurant, Workday —12 : 00, Taxi),(? Plaza,Workday —13 : 00, Taxi),

(?Mall,Workday —18 : 00, Taxi),(? Wine Bar,Workday — 20 : 00, Taxi) :[MinTravelTime, AllPopular]).

2.2 T MR

FET AT R BRI B, 5 B B — A JF 4 s B S AT R B JT 4 Cost, i IT45 1T LU 16 9% (19 B ), 1 mf
A2 T AT B R 0 M 45 3580 B e, 2 AN T TV 1) B8 35 . 24 75 S P A S I (1) P35 /0N I, ) 35 28 i A 5 4
A7 A D6 (14 228 T e ) 7 BT TAR 5 1 sk 1 0 R ZE e, 5 v — N3 T 1A Sl BB G = {P, Path} .P 2T
BB AT B S Path AL & 55 T IG5 R 0k, P IR R S 5 SR BT A5 A B 0 P, LA AT AT 13 A o7 B
(B F) path 15 I8 7E 40 B8 XAS AR B B 5 R 7RSS 3 1 BURG .
2.3 {TERMAKIEL

A G5 AL R W 45 3R R4 B ASE
Wit GPS Bids s din v v AT A S AT X
AR T8 R B0 B P HER 2 A & AT R Oy
Z,Fh RN TRR VR A0 AR RS LU T AT AR
PR R AT BE B AN A A0 R TR (AT
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o o5 H S AE B AR AR B S RS B Fig.1 Framework of joint itinerary planning
SR Foursquare $2 (1 ()07 . 11 73 S0 5 SRR

A A JE 0 4 %A S DR A T PP AR AN T SO B A 1 e AT S0 T T R e e A AR SO A T AL
REFRAT I Y SR 1A S P 0 o425 i 1AL 4 10 D17 S 3 Bl 05 1 10 s A 5 R B 3 1 I LA ).

[ IR 3 Bl ) s £ A A SR AR Y (K0 A 5 SR R 4 5 BEIAT RS 0 P 1 UT 4545 Map &
48 90 LM e s B A AT R, O SR P A8 LA A I8 250 oK.
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Voronoi division of
Beijing City

Fig.2 Voronoi based traffic information graph
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A BRI 2 1 T,
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BT S22l ) BATIE . R 0IR 0 S8 R 3R 1 52 i 4 HE B BT 1) B AR AN S AT BN TR R R B T3 5
PR 52 4 P AN A A — o b T Aty - 2 A 5 ff b B0 9 D 9 B ) P o L B A
Algorithm 1. Voronoi-Based time matrix building.
Input: Trajectory: traj; Voronoi-Map: map;
Output: Time-Matrix[CellNum][CellNum]: matrix.
Point p=traj.next(); //Fetch a new GPS point
SemiList tmpList=new SemiList();
while (P!=null) do
SemiPoint S,=M.semi(P); //Get the semi-point based on physical location

1
2
3
4
5. if (S, is different from temList.last()) then
6 for each SemiPoint S;etemList do
7 Matrix[S;.ID][S,.ID)=StatisticFuction();
8 end for
9 tmpList.add(semiPoint);

10.  endif

11.  p=traj.next();

12. end while

13. return matrix;

KA PS8 GPS BB TEAC % T A AEAT SN 1] B AT USO8, 54> GPS i BE BB 2 26 2 A br B W 5 7E
B AT R PRI T B e X B R AT T USRS v 2 T Vv S B YA A B R AT Bl A R AT B
I Ia) A T 5 5 ) ) o B AH Rl 3R R 4> GPS RUITAE 1) Voronoi 1) cell-ID AF 4 Hili S ii(SemiPoint).i%
T 75 305 T LUK P17 9000 1 D8R 5 SR R 3 J LT AN A A8A5 FE 1, KO B AR T A7 A R0 U S5 40 T 4 R KR 22 AN 2
AR 2847 1> Voronoi [EIF cell I [] (1 ¢ T P AN 23 A2 il w5 ) (AT BN TA) AN 22 B 10 43 i), 3X il 10 53
i 2 PN FR A 2 08 AT RIS 3K A 0T I TR B2 S SRAN v B IS T I 5 A T A S P S ) DR, TR AN AT T
A=) cell Z [0 W 2 BIATRE(— A Trip, & A— R B —A B B9 9908 LGS THERT AN cell 2
V7 PR AT S T R] b, A S g L AT R B o ) DX 3, P AN i 26y )R 258 1, A O 9 o PR 50 . B, — AN Trip
N A=A TR FEE I 1 DA AT R, R R A

(4, 4,4,,4,,....,4,,4,).

WAL 1 7R, AT G Ay B A3 PIAS cell Z IR HIAT BLECE N 12 AT HE A-A K TEEAR A1-Ar-A; BAE A —
AN GETH B U JC R HEAT B AR 48 v I X A 5 2 A DL S B R e A B AT R e PR B AR B 1 R 5
AT, AN — AN H ) cell I S5090k 712 AT R P AT 180 7 58 08 SURE B A DR AE R AN P S48 AL & SR8
1 SO AT BN 1), R BEAT e v (5 BB (3 6 17~58 8 4T).

4 ETEANMzZUITEREFERZ
4.1 (LB SHRREWHIE

LB BRI FA RS, T 6 0 75 3R, 4% SR B a0 i K36 T 07 B IR 45 I AE 2 M 3 Foursquare
MR B 2R T7 M 3 JE IR T 8B4 H S TR 45 4 24 FH P 4 25 S 5 1a) (R A B 28 N, J8 T3 28 i i o
FRNZZET S 2007 B A IR e R 2 .
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Fig.3 Hierarchy of the location points
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e 2% H O TF A 060 A e ade 4 b AR 38w 1 P 2L e 4 AR 4 4 41 36

SEAESVETI B . ELEAAFAE I R AL

A BRNE IRk BRI, 25 3 H A7 B R 2 SRIBGEMESTE, 5 2w D A AL & & k 19 dim IXD5 .
JIv i VT SN SR, 2 dim 2 6,k D9 10 I T it (R vE IR SE B A 2 328ms, AN i 1 AL 7E 2 IR 55 f) I S8 225K

B E AR I BEAR A ) 8 24 0 e J B AR AT AL, B e BOR, 45 30E 1) M BB SR 22 I BT A ) HE R 45 R AR
BT AE B A [ YA ™ A A T AR T AL R ST R R A T TR

g5 b TATRRHERS 0] 3L, J T 2 H bm A0 Ak il . [ BT 12 i 5050 g (00 A 1) 22 SRS 8 7 s, 10 AR e 0 o B ) 3
L 3R DR LM, AT 5 S5 P Bk e DI i SR s, R 0 AR5 1) 22 H s s DAL (DU
43 ETWHEZINE BRTEAR

2 HARUAL 0] U AE R 5 TR o 3 38 A7 7 B — 2RO A ) L. — SR B0 1, Al A A 2 5 AU — > S H A
T A HARR LA RIS B H bR i LI B 5 RS T H AR OBUE JF R A s e . KRB R 2, 0T
LA A TR M, i A S A0 A6 T BO H A R 208 BRI 7 Z1. B e M 10 3 g R0 T LUK S D0 A6 HE 1y bR e A
A ZAS HAR B INAT- 35 AR AR AR SR e e FRATT I AN e Rt M v oH AT AL, DA 31 H e . B G, A2 3 I 22
AN i R AT TRE AR A — RS i

SIa A WU A BIRLR KL ML EVE . MM A RS RAELCEN TREZ NN A
SR U R A RSURE S92, Y DU AT R A 17 i A, A e H B B R ) s D SR A SURE SRV R I Ak i
5T T LUAR 8 28 58 57 3807 0 U BEABURE X RS AT 4T 88 AT B2 T 28 8 AR AR i 55 o
4.3.1 WURFRGRIA LT

WS 5% (ant colony algorithm) e A7 AR AL SESACS (1 SE AR R AL T i £ AT O B K
Ant TEH R A BEHLS %R, JF H A5 R 3 PherOInone S IIRAE R 2k, 51 5 HAl Ant HER R 5IME B
4% K (evaporation) L il K 36F 4 B A JRd 5 B DL, 3 A 5 | N A% R LAl 00 1 S 1307 AR A3 i STE RE e R B 2 R i 2
AN AU, T AS 23 18 A 13 R SR RE AR DR B N Jm 0 e U0 Ak, L TR HG A 5 1) 47 1, B 408 7 {0 M S B R AT o
SRR SORE WSURE S92 B R BIAT R A7 00, A i ™ B T AR RR 42 JR Ak b R BN AR M IH 4k it b e i A
SN 5 XU R a0 5% e P A0 1R 8 i N 81 g o ) 5 G 3% S0 A0 AR A5 ST ) 228 A 1 B v oL
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A

—MTRERIKIERR R n DA LS T ICE G P HE (Path).

Path=(S,,S,,...,S,).

PEE R py RN T NG IE A R RN E G R ICRN I kAR AR TR Z Y

P SURCE - IR VA e
E(pys D)

J T /R BCRE RS, T IAW R FRS

A" (k) 55 ke AR ¢ AT RE D BARES ISR 2 H 0k m;

Dy Piivry) <P B 2 [P 5 LIS S

I'(pys Py 8 UARIR P AL B 5 2 18)34 E 45 B3R L

BL(Dys Piary) 7N ¢ ARG ke NS p, B3 p,), IR,

H(p;) A bi B sl py BT,
432 FETIHICEE B R )

WS BT R AT R

(1) WIURAk K AE A T s it L b 8 B 28 1 A A B e B (B 2 128 1 AT~36 4.47);

(2) WILAE n ARG 2 (AR AT W U7 P N 30 0 22 ) P 3 A M2 0 (925 2 [ 28 6 17~2F 10 4T)
Iz(pzj>p(i+l)l) x H(p(mw)

B(DysPisy) = 1
k(Pl, D) Dy Do) (@8]
(3) BF M T B SR 58 B — YRR AT I, T A 4% B AR () SV TR, R AT e TR 1) B AR R B DR A A TR VA
T A R A G R WU [P B A AT R R A DU B S A T A R 2 I e Al — IRk
T2 G, ARG B CCS W (G 2 58 1147~ 18 4T)Fi:
0
—, i A" (2) cover E(p, Pji1y)
N;(Pijapml)z): Ly et s
0, else
Horr, I, FRIRAEA AT F2 H 505 (1 50 4iE
[Hl(pij’p(iﬂ)/):Ir(pij’p(iﬂ)/)x(l_a)-"_ZMli(pij’p(H])/) 2

k=1
(4) FPTBCEMSE IR T —MTREEWIGEE 2 5 19 17).
R A A A, SR s Ak 1) D AR 4
Algorithm 2. Ant colony based activity scheduling.
1. for all edge, ant do
2 I'(Py,Psry)=linitial,
3 Place ant on a randomly choose POI of S;
4. end for
5. Let Pathyinpeiay be the best path and Ly, its delay;
6. for =1 t0 ty.y do
7 for k=1 to m do
8 Build tour Path, by applying n—1 times the following step;
9 Choose next POI with probability computed by Formula(1);
10. end if

11. for k=1 to m do
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12. Compute the delay L, of Path, produced by ant k;
13. end for

14. if an faster path found then

15. Update the Pathyinpeiay and Liyin;

16. end if

17.  for all edge do

18. Update the I(#+1)(P;;,P(;+1y;) by Formula(3);
19. Replace ant on a randomly choose POI of Si;
20. end for

21. end for

22. Return the Pathyinperay and Liin;

5 BRTARFREZRMERETN
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IR FRGE N S50 IR T oAb 5T A 2 AL A Bt Kk [ Foursquare, 1% M 2671 T - © 48883 2 000 7, & 45 K 1)

He AL E A AT M 2.
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« Total traffic time: 32 Mins
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o CheckCount:147
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Table 1 Itinerary recommendations for Example 1 in Beijing City
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