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Abstract: To cut down the no-load rate of taxis and relieve the traffic pressure, an

effective hotspot recommendation method of picking up passenger is necessitated. Aiming

at the problem of lower recommendation precision of traditional recommendation technique

due to ignoring the actual road situation, we propose a two-phase real-time hotspot

recommendation approach for picking up passenger. In the phase of offline mining, time-

based hotspots are extracted by mining the history taxi trajectory dataset. In the phase

of online recommendation, according to the position and time of taxi requests, a potential

no-passenger time cost evaluation function that based on real-time road situation is pre-

sented to evaluate and rank hotspots, and obtain top-k hotspots of picking up passenger.
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Experimental results on taxi trajectory data show that, our proposal ensure smaller

potential no-load time overhead due to considering real-time traffic conditions, and hence

has good effectiveness and robustness as compared to the traditional recommendation

approached.

Key words: potential no-passenger time cost function; real-time traffic; hotspot;

recommendation
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Fig. 1 The examples of hotspots recommendation
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Algorithm1 Hotspot generation algorithm based on improved DBSCAN

Input: A list of pick-up locations point pointsList={p1, p2, · · · , pn},

MinPts,εtemporal, εspatio

Output: Clustering result clusterList

1: Initialize pointsList(clusterID←0, isVisited←false, isNoised←false);

2: cluster i← 1;

3: for each point pi in pointsList do

4: if(!pi.isVisited)then

5: pi.isVisited=true;

6: find the Neiborhood points for pi about εtemporal, εspatio : Nεtemporal ,εspatio
pi;

7: if(|Nεtemporal,εspatio
pi| < MinPts)then

8: pi.isNoised=true;

9: else

10: pi.clusterID=cluster i;

11: for each point p′
i.adjacent

in Nεtemporal ,εspatio
pi do

12: if(!p′
i.adjacent

.isVisited)then

13: p′
i.adjacent

.isVisited=true;

14: find the Neiborhood points for p′
i.adjacent

about εtemporal, εspatio:

Nεtemporal ,εspatio
p′

i.adjacent
;

15: if(|Nεtemporal,εspatio
p′

i.adjacent
| > MinPts)then

16: Nεtemporal ,εspatio
pi = Nεtemporal ,εspatio

pi ∪Nεtemporal ,εspatio
p′

i.adjacent
;

17: end if

18: end if

19: if(p′
i.adjacent

.clusterID=0)then

20: p′
i.adjacent

.clusterID=cluster i;

21: if(p′
i.adjacent

.isNoised)then

22: p′
i.adjacent

.isNoised=false;

23: end if

24: end if

25: end for

26: cluster i++;

27: end if

28: end if

29: end for

Äu±þU?� DBSCAN àa�{, «Oó�F!>EF, òJ�Ñ�1�:UÙ�m

Z©� 24 ��m¡?1��àa, )¤��m¡¥���Ý�p�Ñu�1�:8Ü, Ùà

a(J=��qB�,�ëY�ãS1�¯�u)��ª��«�. �©æ^ Graham×£

{ (Graham Scan)[12], uy���q3�má5þ�à� (Convex Hull), ±àõ>/L«1�

9�«��AÛá5, ¢yé��q�/nAÛêâ�=z, Ó�O�Ñ���q�q%, �L

T1�9�«�éÑu�iÅ?1í�, ��òT��q¤?u��m¡��Ù�ãá5.

�X¢½�*Ð±9C[, 1�9�«��©Ù���Cz. Ïd�XÑu�;,êâ�

È\, 1�9�«�Az��½�m (X 1 month) ?1Oþª�#�o, ±�O(/¼�u)C

z½#O\�1�9�«�.

3.3 3�í�

3.3.1 d3�1�mm�¼ê

Äu±þ1�9�«�J��{, O(¼��«©ó�F!>EF¥��ã�1�9�

«�8, TÜ©ó�±l���ª?1?n. 3�í��ã¥, �â�c�mZ Tcurrent ×ÀÄ

u Tcurrent �ÿÀ1�9�«�, ,�é�ÿÀ1�9�«��d3�1�mm� Tcost ?1O

�. �!SNÌ�0�d3�1�mm�¼ê Tcost ��E9O��{.

¢S)¹¥, Ñu�iÅÌ�±¯��1�e� ¦�±dJpó��Ç��ÙÀJÿ�
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/:�Ì�Ï�. �ÄXe�¹, Ñu�iÅ3�¤�g1��´�XÛU±�á�m�1�e

� ¦�, Ï~¬�Ä±eü�Ï�.

(1) ¡éFÃ
��¢½�Ï�ä, �´P×��¹�ku), cÙ3�¢½¬��ÊH.

ÏdÑu�iÅ¬ÀJål�c ��C��ÏG¹ûÐ�1�9�«�, l
;m�ÏP×

´ã~�Ñu���1B1�m.

(2) �ÄØÓõUA��1�9�«�, Ùÿ��m��3��«O, X»�Õ<6þ��

�é8¥, Ùÿ��m��; 
éuú	!û|�duÙ¦�©Ù��©Ñ, ÿ��mK�á.

�,éu�1Ñu�iÅ
ó, Ï~¬ÀJÿ��m�á�1�9�«���Ùÿ��«�, ±

�á�m�1�e� ¦�, Jpó��Ç.

�©(Ü±þü�Ï�, éu��Äu �Pcurrent!�c�mZ�Tcurrent �Ñu�i

Å
ó, U��?u�c�mZ Tcurrent �¢S´ã�ÏG¹±9�1�9�«��ÿ��

m Twait, Äu�á�m�1�e� ¦���ÙÀJ1�9�«��üÑ. �©�Od3�1

�mm�¼ê Tcost éÄu�mZ Tcurrent �ÿÀ1�9�«�?1µÿ, úª�

Tcost = Tdrive + Twait. (5)

ª (5) ¥ Tdrive L«�1B1�m, =�c �Pcurrent �ÿÀ1�9�«��Ï1�m, eÄu

�c ��ÿÀ1�9�«��´ãPl�¹î­, �A/3T´ã�B1�mK��. du

�´�E,5, �Ï¯��ku), ´ã�Pl�¹´Ã5Æ�Ì�, Ïd�1B1�m´Äu

�c�m Tcurrent �, I�é´�¥�ÏG¹?1¢�µÿ, ��1 3.3.2 !. Twait L«ÿ��m,

du1�9�«��ÿ��m�ýÿ��ãk', =ÿ��m´Äu�m Tcurrent + Tdrive (=ý

O��1�9�«���m) ¤?�ã�, O��{��1 3.3.3 !. Ïd Tdrive Ú Twait ¿Ø´

�pÕá�. e©òé�1B1�mÚÿ��m�ýÿ�{?1�[�ã.

3.3.2 �1B1�mýÿ

�1B1�m Tdrive ��d3�1�mm�µÿ¼êTcost �|¤Ü©��, ��n)�Ñ

u��c ��1�9�«���m, Ù�Ì�d¢��´ã�Ï�¹û½, Ó�, duõêÑ

u�iÅÏ~ÀJü �m��á´»1¨, Ïd�©òÿÀ1�9�«� hi �q% hcen
i ��

c � Pcurrent �m��á´»��Ñu�� hi �ÿÀ´», ¿(ÜT´»¤�¹�´ã�Ï

�¹�¤�1B1�m�ýÿ.

(Ü´�ã G = 〈V, E〉, Äuå© � P ′

start Úª� � P ′

end ��á´» Rshort �ÏLX

eÚ½?1O�.

(1) �â �: P ′

start, P ′

end �²�Ý�I©OòÙ���ål�C�´ã ePm.s,Pn.s
,

ePm.e,Pn.e
, � ePm.s,Pn.s

, ePm.e,Pn.e
∈ G.E.

(2) ò´�ã G �±e��ö�: íØ> ePm.s,Pn.s
, ePm.e,Pn.e

, V\��º: Pstart, Pend,

��> ePm.s,Pstart
, ePstart,Pn.s

, ePm..e,Pend
, ePend,Pn.e

.

(3) Äu���U��´�ã, æ^ Dijkstra �{[13]��Ï´üÑ, �¤éÄuå© 

� P ′

start �ª� � P ′

end �m��á´» Rshort �O�.

Äu±þ�á´»�O��{, ·�ò¼�ÄuÑu��c � Pcurrent ��ÿÀ1�9

�«���á´»Pathi = Pcurrent → P1 → P2 → · · · → Pn → hcen
i , ���âT´»¥�´ã

�¢S�ÏG¹O�²þ�Ý, �¤é�1B1�m Tdrive �O�, úª�

Tdrive =
D(Pcurrent, P1)

speedPcurrent ,P1

+
D(Pn, hcen

i )

speedPn,hcen
i

+

n−1
∑

i=1

D(Pi, Pi+1)

speedPi,Pi+1

, (6)
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Ù¥, D(Pcurrent, P1) L«�c � Pcurrent ��´��� P1 �ål, speedPcurrent,P1
��c 

� Pcurrent ¤?´ãÄu�c�m�²þ�Ý, Ón, D(Pn, hcen
i )!speedPn,hcen

i

©OL«�

´��� Pn �ÿÀ1�9�«� hi �ål!ÿÀ1�9�«� hi  u´ã�²þ�Ý,

D(Pi, Pi+1) L«´ã ePi→Pi+1
��Ý, speedPi,Pi+1

L«´ã ePi→Pi+1
�Äu�mTcurrent �²

þ�Ý.

�©ÏLÄuwÄI��;,6àa�{[9]¼��´ãÄu�m Tcurrent �¢�²þ�Ý,

T�{ÏLò¢����Ñu�;,êâ6?1Oþªàa, ¿�UíØL�êâ (=l�m

Z Tcurrent ���;,êâ)éàa(J�K�, ÏdTàa(J����c�ã�´ã�ÏG

¹�µÿ�I.

3.3.3 ÿ��mýÿ

ÿ��m��d3�1�mm�µÿ¼ê Tcost �,��|¤Ü©, �©æ^ÄuÈ���

d©aì[14]��{é1�9�«��ÿ��m?1ýÿ.

ØÓ�1�9�«�3ØÓ��ãÿ��mØÓ, Ó���Ä�´Ä�ó�Fé1�9�

«�ÿ��m�kK�, =éuÿÀ1�9�«� hi, duÿ��mÉ�mã Tperiod ±9´Ä

�ó�F D �K�. �â��d½n, TÿÀ1�9�«� hi ÿ��m Twait� yi ���VÇ�

P (Twait = yi |Tperiod, D ) =
P (Twait = yi)P (Tperiod, D |Twait = yi )

P (Tperiod, D)
. (7)

ò 1 d ©� 24 ��mã, K Tperiod ={00:00-01:00, 01:00-02:00, · · · , 22:00-23:00, 23:00-

24:00}, ¿�«Oó�F!>EFD = {workday, weekend}. ��1�9�«�, Ùÿ��m�

,Ø�U´Ã���, =XJÿ��m�u��ÿ��mtmax, K@�í��}. Ïd·�òÿ

��m [0, tmax] ²þ©�m ��m× (�©�� tmax = 30 min, m = 30), K�m× yi ���

{

∆t= tmax/m,

yi = ((i − 1)∆t, i∆t), i = 1, 2, 3, · · · , m.
(8)

Äu yi ���, 1�9�«��ÿ��m Twait �ýÿK=z� yi �4���VÇ, L«�

úª�

Twait = arg max
yi,i=1,2,3,··· ,m

P (Twait = yi|Tperiod, D). (9)

(Üúª (7) ¥ P (Tperiod, D) éu yi �ØÓ��´�½�, Ïd=z�

Twait = arg max
yi,i=1,2,3,··· ,m

P (Twait = yi)P (Tperiod, D |Twait = yi ). (10)

duCþ Tperiod!Twait �m�pÕá, pØK�, Ïdúª (10) ���=z�

Twait = argmax
yi,i=1,2,3,··· ,m

P (Twait = yi)P (Tperiod |Twait = yi )P (D |Twait = yi ). (11)

� â ú ª (11), ò { ¤ Ñ u � ; , ê â ��Ô ö 8, � ½ ÿ À 1 � 9 � « � hi, �

m ã Tperiod ± 9 ´ Ä�ó � F D, ·� ò U é T ÿ À 1 � 9 � « � � ÿ � � mTwait ?

1 ý ÿ. Ù ¥ � m ã Tperiod Ì � � 6 u � c � m Tcurrent ± 9 d 3 � 1 1 ¨ � m Tdrive,

= Tperiod�Tcurrent + Tdrive éA��ã¼�. ¿�úª (11) ¥k�VÇ P (Twait = yi)!^

�VÇ P (Tperiod |Twait = yi )!P (D |Twait = yi ) Ñ�ÏLO�Ôö8¥�A¯�¤Ó�'~?

1�O, ÙO�úª�úª (12)!(13)!(14).
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Twait = yi L«3T1�9�«�¥�1�e� ¦�¿�ÿ��m Twait 3�m× yi ¥

�¯�, Kk

P (Twait = yi) =
Γ24

0 (0 ∼ 1; (t1 − t0) ∈ yi)

Γ24
0 (0 ∼)

. (12)

éu��1�9�«� hi, duÙ��õ>/��ª?1�;, J��Tõ>/k

�:�Ñu�{¤;,, ��Ñu���T1�9�«���m t0, ±91�G�aC

�“1”��m t1. Ïd, Ñu�3T1�9�«��ÿ��m Twait = t1 − t0 (X½Â 5). ú

ª (12) ¥ Γ24
0 (0 ∼ 1; (t1 − t0) ∈ yi) L«31�9�«� hi ¥, Ñu��1�e� ¦�¿�ÿ

��m Twait 3�m× yi ¥u)�êþ; Γ24
0 (0 ∼) L«31�9�«� hi ¥, Ñu�±�1G

�?\T1�9�«�u)�êþ. Ón, �â��dúª, ^�VÇ�L«�

P (Tperiod |Twait = yi ) =
ΓTperiod

(0 ∼ 1; (t1 − t0) ∈ yi)

Γ24
0 (0 ∼ 1; (t1 − t0) ∈ yi)

, (13)

P (D |Twait = yi ) =
Γ24

0 (0 ∼ 1; (t1 − t0) ∈ yi; D)

Γ24
0 (0 ∼ 1; (t1 − t0) ∈ yi)

. (14)

úª (13) ¥ ΓTperiod
(0 ∼ 1; (t1 − t0) ∈ yi) L«31�9�«� hi ¥, 3�mã Tperiod ¥, Ñu�

�1�e� ¦�¿�ÿ��mTwait 3�m× yi ¥�êþ; úª (14) ¥ Γ24
0 (0 ∼ 1; (t1 − t0) ∈

yi; D) L«31�9�«� hi ¥, Ñu��1�e� ¦�¿�ÿ��m Twait 3�m× yi ¥u

)FÏ�D �êþ.

3.3.4 top-k í�

Äu±þé�1�mm�¼ê Tcost ��E9O��{�£ã, �©òéÄu�c�

m Tcurrent �ÿÀ1�9�«�?1�1�mm��µÿ, =ÿÀ1�9�«���1�mm�

���, KÑu��c ��TÿÀ1�9�«��´ã�Ï�¹�Ð, Ñu�iÅuT1�9

�«�òU±�á��m�1�e� ¦�. )û
DÚÑu��'í�ïÄ�À
¢S�Ï

G¹�"�. Ó�, �
;�“e?u�Ó ��õýÑu�iÅÓ�uÑí��¦�, í�X

Ú�í�(J�Ó�1�9�«�”ù��¹, �©ò�1�mm�����ck �1�9�«

�éÑu�iÅ?1í�±øÙ]À.

4 ¢ �

4.1 ¢��¸9êâ8

�©¢�æ^�®,/« 2013 c 10 �� 30 d S�Ñu�;,êâ8, Têâ8�¹C

30 000 õýÑu��ý¢ GPS ;,êâ. �©����ü�ã�í�XÚ, Ù¥l��÷Ü©

Äu{¤êâuy1�9�«�, 3�í�Ü©KI�ÏLÑu��¢�;,6©Û´��Ï

�¹. Ïd¢�òêâ8©�l�êâ8 C1!3�êâ8 C2. |^l�êâ8 C1 uy1�9

�«�¿��1�9�«�ÿ��m�Ôö8éÿ��m?1ýÿ, ¿|^3�êâ8 C2 �

[¢�Ñu�;,6êâ, ±é¢���Ï´¹?1µÿ�¤í�. Ù¥Ñu�� GPS êâ

�ªXL 1 ¤«. ¢�¦^ java �ó¢y�{�?�, ¿3 Windows 8.1 ö�XÚ, Åì���

2.20 GHz Intel Core i5 ?nìÚ 4 GBÔnS��PCÅþ$1.

4.2 ¢�©Û

�©¢�À��®½�?³zÀ¥%±�«���¢�«�, ¿J�T«�¥�;,ê

â, =÷vÀ²Ý lon∈ [116.405 467◦, 116.436 109◦]!��Ý lat∈ [39.906 797◦, 39.926 151◦]. Ä

u±þ¢�«�, �â�©¥�1�9�«�)¤�{, 3��àaL§¥ÀJØÓ�ëê, ¿

/Ïp�/ã��é1�9�«�?1�Àzö�, Xã 5(b)!5(c) ¤«.
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LLL 1 ÑÑÑuuu��� GPS êêêâââ���ªªª

Tab. 1 Taxi GPS trajectory data format

êâiã êâa. £ã («~)

Time char �m&E (20131023000013)

ID char Ñu���I£ (001141)

Longitude float ²Ý� (116.439 972)

Latitude float �Ý� (39.850 876)

Speed short �Ý� (62.000 000)

Direction short ��&E (170.000 000)

Stat char
1�G�(1)

�1G� (0)

du1�9�«�äk�ãá5, Ïd�©@���äkØÓ�ãá5�1�9�«�

ÒAT��ØÓ��N�3. Ïdã 5(b) ±9ã 5(c) ¥­U�õ>/K´duØÓ��ãá

5E¤�, ØUòÙÀ�Ó��1�9�«�. Ó�ëê εspatio ���éàa(JK��²w,

e εspatio ���L�, àaL§éD(êâØ¯a, ����q¥�m�Ý��, 
«���C

�, Xã 5(c). �©@�1�9�«���1�¯�u)�ª��«�, àa(J=��q¥1

�:©Ù��8�1�9�«��äë�d�.

(a) 

(a) The themodynamic diagram

MinPts = 20,  εtemporal = 5 min,  εspatio = 50 m

(b) 

(b) Hotspots

MinPts = 30,  εtemporal = 5 min,  εspatio = 100 m

(c) 

(c) Hostpots

ã 5 1�9�«��Àz

Fig. 5 Hotspots visualization
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�©��Äg�Ä¢S�Ï´¹�í�XÚ, �
�yí��{�k�5, �Ä±e�/.

e,Ñu� u � P = (116.411 39◦, 39.910 533◦)�¤�g1��´�JÑí��¦,

XÚ�c�mZ�T = 9 : 00. TXÚ�í�(J� k ��1�mm�����1�9�«

�, �� k = 3, Kí�(JXã 6 ¤«, �XÚò±“H1!H2!H3”�ü�gSéÑu�iÅ

?1í�, Ù¥1�9�«�H1 � � P �m��á´»��0.5 km, ýOÏ1�m�60 s;

H2 � � P �m��á´»�� 1.1 km, ýOÏ1�m� 100 s; H3 � � P �m��á´»

�� 0.8 km, ýOÏ1�m�150 s. �,1�9�«� H2 ��á´»ål��u1�9�«

� H3, 
d � P ÷�á´»¨� H3 òå² 3 �ùÉ�´�, �~E¤´ãP×, �du 

� P � H2 ��á´»�´ã¢��ÏG¹ûÐ, Ù�11¨�mm��K��, ÏdÙ�1�

mm��K`u1�9�«� H3.

��yí��{�O(5, ·�O�í�(J H1, H2, H3 Äu��ã�1�VÇ

(Probability of take a passeger), Xã 7!ã 8!ã 9.

1�9�«���TXÚ�í���, ÙÄu�c�mZ�1�u)¯�VÇ��, K`

²XÚí�O(5ò�p, Äu±þò�ã, ·�uy1�9�«� H1, H2, H3 3�ã 08:00—

10:00 �Ùu)1�¯�VÇ��uÙ{�ãÑ�p, ÏdÑu�iÅòù
1�9�«���

Ï�8�/ò�N´�1�e� ¦�.

ã 6 Äu � P !�m T �1�9�«� top-k í��Àz�Jã

Fig. 6 The top-k hotspots for taxi based on P and T
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Fig. 7 The probability of hotspot H1



1 5 Ï Ç 7, �: Äu¢�´¹� top-k 1�9�«�í� 199

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

workday
weekend

P
ro

b
ab

il
it

y
 o

f 
ta

k
e 

a 
p

as
se

g
er

00
:0

0-
02

:0
0

02
:0

0-
04

:0
0

04
:0

0-
06

:0
0

06
:0

0-
08

:0
0

08
:0

0-
10

:0
0

10
:0

0-
12

:0
0

12
:0

0-
14

:0
0

14
:0

0-
16

:0
0

16
:0

0-
18

:0
0

18
:0

0-
20

:0
0

20
:0

0-
22

:0
0

22
:0

0-
24

:0
0

ã 8 1�9�«� H2 �1�VÇ

Fig. 8 The probability of hotspot H2
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Fig. 9 The probability of hotspot H3

��, ��yTí��{�k�5, òí�(J H1, H2, H3 Äu¢Sêâ8�²þ�1�

mm��DÚí��{ (Äu1�VÇ���í��{) �í�(J H ′

1, H ′

2, H ′

3 �²þ�1�

mm�?1'�. J�ÑÑu�{¤;,êâ8¥�U?u 08:30—09:30�mãS, Ñu�3 

� P �1�G���1G�, �3�á�mSuýí��1�«�«� H1, H2, H3 S1�G�

�aC�1�G��Ñu�;,. ¿O�ù
;,�²þ�1�mm�. Ón���DÚ�í

�(J H ′

1, H ′

2, H ′

3 �²þ�1�mm�. Xã 10 ¤«, Äu¢�´¹�1�9�«�í���
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Fig. 10 The histogram of average empty time cost
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