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Abstract: As a high-quality source in social media big data, the geographic location has been widely adopted in the fields of disease
control, population mobility analysis and ad delivery positioning with the rapid development of online social media and the prevalence of
localizable mobile devices. However, the location data are quite sparse because often the locations cannot be accurately specified by the
users. To overcome this data sparsity problem, this paper proposes UGC-LI, a user generate content driven location inference method to
infer the location where users and social texts are created. The method can provide supporting data for location-based personalized

information services. A probability model is constructed by comprehensive considering the distribution of location words and social graph
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of users via local words extracted from user generated texts to locate the users in multi-granularity. Further, a parameterized linguistic
model based on location is presented to calculate the city where the tweet is published. The results of experiment on real-word dataset
demonstrate that this new method outperforms existing algorithms. In the experiment, 64.2% of users are identified within 15km
displacement distance, 81.3% of the living cities and 32.7% of the cities where the tweets were tweeted are correctly located.

Key words: location inference; user generate content; data sparsity; online social media; social graph
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Fig.1 Occurrence frequency of the word “Chongqing” in different areas across the country
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B EL R T Bk N B ST W, T AT AT 15D Sikenooa(lw)TESRAR U w; AHXS T 1 ALE
W3R w A IR 1 A AT R R A

Siikenooa (L1 W), weWg, .
v mpi,,n {Siikehooa W)}, We Wer (6)
weE GL

X F SRS ¢, TS AL T e R
L(t)= arg max (L 1ODT] p(w, 11:6,)% 0, o

Feeh, 6, W 3T T 9 B el Sl 512 b (0w L ¢ 405 (938 0,0, T o IR T
H A

1 A A7 TSR R, 00 41 o 7 A O (timy dlata)”, B 0, 26 38 0 H BV HO
21> LA AR H I 350 I T W, 24 KOS X S A 1/ B 5 8 S 2 8L R, S 7 193 18 £ L A0
Dirchlet J5 352535 w,, i H B2 24T 7 4«

p(w, |1:6,)= uPw, | 6.)+ Count(w,,1,) N
[ W | +u

FErt e (0,1) 0 F 1 8, T E S0 B 3 Count (o, [)A R o 75 1 MBI UKL O R w16 L o BT AT i T
R 5345 ) W 4 A
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4 KWESH

4.1 HEESHELE

RIS R A ot D P A7 e 0 ot B A SR RS B ) 1 M 1 3K 0 T AR SCROF 5 SR i AN B R T R AR
SCSEB Y ground-truth HHE, B AT 7 ELARAG F P AR RE A A5 BN, £E AR SO HR BRIV A P S F I 1) A A L
T o, B VR S A% 0 FH P 2 A ABURN 24 A2 (http://www.cnnic.net.cn/), BT AE L 5 TAFE 820 & b i — S (T AE Hb 55
Py P A BT FE SR L R AT T P B TR RS BT S A
(http://www.amap.com/){8 & 5 Hi 3 gty APT SRAG T AEFIZE Hb 200 B2 1) 40 AR b 4 D FH 7 (1) SEBr v B X
SE o A7 AR FH P HEUS T A M TR P 16 P (A A IR 9.4%), K4 AR SCSE G 1) ground-truth £k 4. [F]
i, T ke 7, B 125 I Jurgens %5 U200 vk 06 4 46 1L 75 BH BT 46 1 20km 4276 BN 220 R K T 3 4B
GPS #RZ S0, HAA W SCEA DT 10 4010 8, A I 9 5 20) 467 B AN 2 1 P P (n 428 381 b i A7 119 7
PO B LR T 136 945 £ AN MG B M 2 472 436 4518 S04 K, JE P, 724 540 41307 4T GPS k.

o T-45 2 19 18 S0 SCA A8 38 5 BRF & (language technology platform, i #% LTP)3152 543 37 1 i 44 S 44
VU ERAE N T 38 N AE A A AR SCAR B i E LR IE 2 . SO K B S A e, A5 6 T B 9 LTP R0, 7
NLPIR @d‘iﬁT@13%*4ﬁ(http://Www.nlpir.org/)J:iﬁﬁ PR SE YN G, T BE G- 3 335 42 46 SC AR 2317 AT NER 75 3R WA SCAS Fp
6 IR R 5 VS R 2 5 R ATTAN 724 540 45745 GPS AR 18 SC I T 255 203 ANAS A (1938 .38 2 41
TR HARE A B S S5 R

Table 2 Attributes of the data set

Fz2 BUEERM
J& It (=l
T GPS bR SCH(%) 28.55
FA PP SCH(4%) 17.3
BN SR GPS bR S0 (4%) 4.95
T ST B BE (AN 0 2.6+0.3
PSR P T YR AN S 8.5+1.4

42 NEIERE
T SRR T 1) B8 ST AL IR, 52 b 3ok ot 2 1) 36 v, B T S S AR R TR PR DKL R AR B 2 S B (WA
IR bk, A SO P b P 3 5 ST 5 At 34 AR o5 0 19D 8 e, 3R TAE L Ly 22 70 JLAAT Tl s B 55 22 Ak gt a5 1
R LA b B TRE AR AR KR Co, BRSO E m A
m = argmin Z dis(x,y) )

xeCo  yeCo

HARCRSE, 454 Cheng &5 NP5 i 060 T4 w, it 88 €, Flla, 19532 00:(1) 8 5 K5 m 1K s i P &) 43
10kmx 10km [ P H4;(2) A TAEE — AWK g, 3R BITA HILTE g WAL I w 1 S0 R X Lo 1 SCRf A1 ) GPS
ABBR s A2 1) Ly 200U R0 SAPE R w AR S B IE T A (DTSR £ 1E5;3) &S ¢ HIEIR R
{180 P 5 T il — A8 530 BB B K1 WA g, % RO IR Q) h (K 7 v 8 f (8;(4) R PIR3), 52 A5 B X &
—ANPIRE(5) X E A R AT KPS S5 AR i) B, B R K XS R A AL B C R o5, BI N p,,.C Fl o,
4.3 EEAE

SR T e T v A BT T 3R R TR R, A S AT 9 D 4 R 5 T A 1) ) 1 X U B COF 44 A B ) LA
TE B IR A0 P e 18 S SEA 5 4 7P A o L (HE T AR 20V 0 WA FR AR A 5 A8 WG AIE 775t UGC-LI
J% AT 0 LT AT S G B0 AE . S0 R L S00m R 28 BE B AR R AT A VR 28, DLBR IR SR B AT AR R T
UGC-LI J7 359256 5 B A7 ELW AR, I8 ATK UGC-LI 5 Cheng,Kinsella %5 A2 H 1) 5 30175 b 3 285457 HE 7
W H AT T2 AT ELIS AT 5 R SR (AL A T 3 R IR AR T 4 4 LA T VEE S Baseline, % iiE
A SCOW A5 R0 7 V2 00 LA AT e P R S A 1 o Ll T R I L 3 Rk 4.
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Table 3 Comparison methods of locating user u
3 WHIVE M u
i Eiipay

Baseline#1 VST Wgp PTITA ) i 45 AT HE  JLAT Th PR e B
Baseline#2 AHE ST ARG B W TR I G B PEHEWT u 175
BE T SCRR8], 480 FH 9 17 oo s A Ay 5 A o B0 P 8 A O RN
b R OB B, 55 1 P AR AT IR 2% 6w T B3k Tl
BT SCHR[9LANHE R S, v S 5 1 30 GPS br % [ B Aff 5 1] (1)
FE A RS M A S

Cheng’s method

Ryoo’s method

Table 4 Comparison methods of locating tweet ¢
T4 ke ¢
Baseline#1 B ¢ B 0 SUE N ¢ AR
Baseline#2 AN 18 VAR AT A B T A T S R AR I SR
FEF-SCHR[ 107,455 F8 1] ¥ AH X 147 B 1A TR, f A Kullback-Leibler
76 S TE T w5 AR T HE W (1) b B g B

Kinsella’s method

4.4 KWERSHH

SLIGI H M E 2 3 A3 S0 UE A ] T A B R ) P () 90 TE I T A b o R AR RN AL RS 8 R I
LR8OSO P s A s R i) S S 3 VA L M AR A A A AR A R v SO W A R
4.4.1  ARHbIEE AT

EHEAT A M iR FE VR Oh T B IR Bs S P tiny data 3 80 <O AR b 3R] TR Gl BB /D . E I SE T H e
{EAR K 1A ), 2 8 Chneg 25 A (177 VA A T 6 B VRO T 50 WK K118, 3647 18 747 AN A SO 4,
T T o A5 R BUE Y5 L K (0.01,1.43),47 80% 11118 afH AT 0.2~0.6 2 18], 243 (K] afE /N T 0.4 I FHAE ANl 2
1] oA 22 ) T AR /N S8 v BEE o B N 0.62,36 4% 1 500 A B 55t i 3R] VB AG B W 205 N AR, 3 o i i
1 000 ANIA] 1A B3 7T 4 Bk B LAt & A 44 0], B W Aff b g s (6

www.amap.com/)3R 5. 3K 5 A7 401,10t 10 AN ] T B A B R A S e S X e AN AN 44 ] E
FOZAHL I T 22 193 W R K TP ME— o>0.3 B T, HER VR E R 1R T AR S B T e B SRR
TR BEZY 670km K it A7 1) 1 4% oof B B R 1, e B 14 10 )15 62 B W3R 6. i 2 ml LU i, 0k 10 AN Al 53
YR R UL A4 PR, 25 1 PR AR U L A AR X P i B DX P o << T 2 A LA A, FL R AL
PR B b mt [ 22 R BRBA I T3 T AR H 54 13km.
T AP P AL A e ] 0 A7 R )4 o P A LE .
Table 5 Geographic distribution of the most used words

&S5 WU LA VI S P A

il i o G i {7 B iR
—A 0.127 33.43 116.41 R N T
AR 0.094 31.11 119.97 Wb ' BT
KF 0.215 29.97 116.51 AN E<pIFIN]
AT 0.136 39.16 116.88 48 2842
Ho 0.113 31.77 119.50 LA 5 N T
T 0.242 29.27 107.20 T RY PR b S E A
iRl 0.212 33.761 109.578 e 76 44 7 94 i
o— 0.106 32.21 114.43 W FGAE {5 AT
Jeat 0.377 3491 111.88 T 45 65 BH T
{H FLRR 0.188 26.23 114.00 91 R 44 M6 JH T
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Table 6 Geographic distribution of the words with high o
R 6 orfEL i e U] T L BE ) Al

i 1 o % Gl A
L 1.424 31.15 121.38 T AT X
[ % 1.420 39.91 116.30 A6 mt G vE X
bzt 1.273 39.047 117.35 KT AR X
AR 1.205 22.54 114.02 YR T AR X
) 1.114 23.32 113.28 JoHT AR X
W 1.113 30.52 11431 W AIIE=1
HH 1.102 31.27 121.50 LT X
EA 1.008 31.85 118.61 LT X
A 1.008 31.26 121.38 g R X
b5 7 3 1.007 39.84 116.31 dbrmEax

4.42 L EHERT

92 1R RN, UGC-LI T 7 A7 B HE IR 5 325 R I 1] B2 2% BE DR o (LI x| W gy ). AR SCSE 38 | L v R OK i e 1 41 31
Bl T 5 3EAT 6 275 AN W | 0 AN 32 (K KN, SE 36 R W6, |= 1500845 26 3 51 1o P Al ik, 1T
SEAL VPG AR WA 7.0 T AN T2 AT GPS BRAE I SCAN S 5 4%, A B 1) M i M 3 20 Baseline#1 J7
IR RS B AR B T 120km. Ak ,Cheng 1977 V5 TG 18 JEHE W7 RS FEIE JE HER 2, #8CVE S Baseline#2,
Ryo’s Method LA K UCC-LI J7 VA L 3% b5 i 32 9 45 10 2 — 0. 24 1 P 1 SCAR th B A il i 1) 1 3 el Avg () >
8 (S v ¥ 6=0.75) 1, Baseline#2 15 Ryo’s Method #ff W JE AR JE A S5 4bL; 24 By A7 1] 15 (1 V- 1) o fi Avg () < & It
Baseline#2 18 I v 55 1] 5 i1 45 A2 Sk vl A AR A< R HE DU T 7 BT IR R 3 T XA AT AR 15km i A2 R A
Baseline#2 ¥ AL HEMI L Ryoo KL 20%, (HAEHEN A 7 BT I 380115 i (— MEAE 30km~45km w2 85 25 1Y),
Baseline#2 HIHERT SR 5 Ryoo [ 7715 B4 25 5 AN K A, 5 HoAe e 8 42 B 1) 51256 45 S 41 B, Cheng T Ryoo
(AT VEAE AR SCHUH B b HEAT (57 B 41 T 1)~ 49 i B B 120 50/ X A 53 A — D T ) T o SCRE AT G T kT 2R
ERER R ILA.

Table 7 Result comparison of user location inference experiment

R EHEWT S 45 RN L

S SR
PRI WAL B B (km)  15km {RFE B A (%) BT R IT (%)
Baseline#1 127.9 2.7 12.2
Baseline#2 53.5 42.8 68.4
UGC-LI 29.6 64.2 81.3
Cheng’s method 110.4 29.8 57.6
Ryo0’s method 37.0 61.5 72.1
2 JEIR T AR B U5k I HE B o A e B A R B B AR Ak R AR
1.0
09 oo
o T e
g8 e
£ gt
g 8'2 e — UGC-LI
o ] menem Ryo0’s method
"g 0 i ///W - - - Baseline#2
g 04[7r —— Cheng’s method
5 03[/ / e Baseline# 1
2 02)fr .
0.1 f ot L
0 Al

0 20 40 60 80 100

Displacement distance (km)

Fig.2 Experimental performance of user location inference methods

2 S B HEWT VR SR e
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AT LU 3, UGC-LI KIF I mB BB h 29.6km,7F 15km 1575 N BE % IE A TE 7 64.2% 0 11 )7, 3 68 1E i $2 5]
81.3% 1 7 BB Ik 7T . 24 AR iR 25 4E 70km S5 FH P I, UGC-LI REGE R 2 A7 90% LA L [ P TG 8 M HE BT v
i 200 SR HEWT RS BE K G, UGC-LL #F L1 T Ryoo Fl Cheng 1975 14

B AL VR 5 T A P S o R 2 O R 1) 7 2 e B8 A 2 S o B HE BT R
4.43  ERSCARAN EAHEWT

I TG AL BEAR S ST 724 540 45,205 A ER IS 29%. 5 B P A7 B HEWTAS A, B T4 38 g iR
P X SCAR K P PR s, A ok S AR AT AR DT ) D % S8 0 3 . T, Kimsella 25 AEOV5 % (16 4 T v i R Je v,
RERS IEAR TN 32% A1 SC & H A3 1 (B 738 B8 PR BB 7 S0km. 25 £8 381 o 1] 338 117 00 1~ 340 T B, B T )
B AJISRAE 30km~45km AVFRES BE 85 A HEWT I SO IR IR T B T H P 7 BT 5 AT T Sinenooa(Liw) )
T UGC-LI AL i SUAA B HEWT VLA TR L 5 Wep HEAT 358 AT H, N TH AR E o |L|x| W) 3% 8 41U
T A SO, B HE T IR S5 4 R

Table 8 Result comparison of user generated text location inference experiment

R8O B HERT S5 RS E

i T 311 (%)
Baseline#1 10.2
Baseline#2 21.4

UGC-LI 32.7
Kinsella’s method 26.5

S MRTSCAAE, S8 T Wy W A A BSOS B A v A 5 R IR, 1X 3 2 Baseline#1 Js
TLIHEWTHEDR 2 AUH 10%. Baseline#2 J7AKE T B 5 KR UF 5010 SRR 78 117 At A0 RBE %<, 41 v ) < 42
w1 A5,I5 3] 21% Kinsella (197772 [FJFE B AT % 18 1l T AH X 100 B AOBCHE (B A ) KL BEE B IE T 58 0% 22, #E
W E T 505 1) 26.5%. 5 A 0] 1 A B 147 B J P v S50 3) TE SRR O 45 5 A B 5 AR B DU UGC-LL 7V g
fi TEAF 8 02 32.7% 110 185 ST BT 8 14 3k 117 A5 FUA T 32 B BX — T3 A H 1 SR B DT 28R R e e 1.

F SR AL ] T AR A6 e 7 R 5 R A AR A A A S A RSO B T ROR

5 % 8

o80T A B (RO A Y S B e O — e R AR R B AR T el T B R A A
R TR A A1 A Ao 5 S o ik ) B30 1 20 i L AR SR — B JH P 2 Rl 9 A (A HEWT U7V UGC-LL S B
P SO AT BRI 5 A J ST R or B B A SO FRATTAR A A 3] ¥ 1) 0 Al 22 5 45 B AR AR AR
P AN [ KL FSE PR 07 8 T B, T A ) 8 57 A B T 5 R AR B R PRI A SRR ST AR A 8 B IR BR
A ZCSE A B b, S B 45 R B UGC-LI J5 i RB WS 7 15km i B8 S5 25 HE Al 72 07 64.2% 119 F 7 ok TP BT A6 40k i
(K FFE T YHE A 38 3] 81.3%; [7] IR, AT TE A RE A7 32.7% 009 P AR S SCA A H (R Tl

IR, AT I T Bt 0T rp SCAE 2R AR AT A B A SCHR I I T ik 58 A 0 T 0 P AR N 3 X AE R B T
FEAT Web #EAF 6 Bk TAHN ) B SR TE 5 AL BEBA LA AR ST A7 it RE R A2 FAt AN [R5 O AE At A2
BARTR 0 Twitter - AN ASCHIFFTIE T 11 )™ B 13 52 A2 i A A T B 17 /T BT A B A B 25 AR Al SR R o7
HEWT S W0 FATREAE T — 2 AR oI N IS T 28 52 060 1 P 10 S I 50 28 6, T8 9 W 1) it — 2D A 9
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