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Fisheye-view-based visualization of trajectory data

LUO Luojia s GUO Yan, WANG Yang., FU Kun
(Key Laboratory of Technology in Geo-spatial Information Processing and Application System,
Institute of Electronics, Chinese Academy of Sciences, Beijing 100190, P.R.China)

Abstract: In the visual analysis of geo-spatial trajectories, analyzing are often done in a large scale, but
traditional methods of trajectory visualization often lead to the loss of some important information at such a
large level. This paper proposed a new method of magnifying details in large-scale geo-spatial trajectory
visualization. We constructed several fisheye lenses with exponential functions, and applied these fisheye
lenses to the areas with a high density of trajectories. At the same time, based on the drawing rule that
layouts should be balanced, we proposed a layout of these lenses using the rate of density to determine the
radius of each lens. The results shows that details are magnified and more information are presented to
analysts after the applying of fisheye lenses.

Keywords: trajectory; information visualization; fisheye view

B I 2o 2 = ) v oy T A — AR R TR 3 R LAR AR RS Bl R 0 6 BRI [ 30 SR R 8 L a2
B VR R e 4 s 8] [i) B s 48 1 9 g

Wt HHA:2017-04-19

ESWH FHEKARP ARG H ¥ B (41501485)
Supported by National Natural Science Foundation of China(41501485).

YEB B Z I 1991, 5 F 2 N FE 0 T AL A DG 52
MIARR NI ORI LA S0, FAE AL 5 8 & R PR DL S 3 25 ] {5 2 32 48 5 T L
AW 5T » (E-mail) fukun@ mail.ie.ac.cn,



82 TR KX FFR % 40 A

B 5 5 AL AR ) & R AT 28 RE A5 98 45 T i 1) 400300 2500 T 3K S 040 08 47 43 A T A4S 304/ 22 11 R 1
IR S E T Y AL SR AR 4 R 0 A R A K AR 22 DR A X A e AT 4 BT RN A
(1 S A% 228 2 f FH AT 000 BT R X B0 A7 b 3

IR e v NG LN E o D2 B & B R AR LA 8 G R & i el = R ok N DS S S st Dl =
FH P 3 3 N AL A B4 T3R8 [0 6 25 30 (9 OF f FVS B30, SR 05 FE 45 5 P R Bl N 5 5 AL F S 86T IB IE . 7
AN I AR L B KA 0 T A B R 0 T O HILAE A A R R P R DR 0k 3k B 3 A T Ak D 2 S B
(1 o FH rp @ AT L

FE B i AT — S ek R R RN RUEE 2 ROy OB R BRI Y . FE N RE 1 AT
e B A 2015 15 B S R R &G T R . AR RBE Il RAL b L B30 A 4045 15 8 Bk 55 1k, T ks i 3
KRG BRI P . FEIEAT AT W5 BT 00 B, O 7 — UM i 7R 6 3 1 B L AR A S I — A IR R R
RLLE P AT 43 AT B4 B, 42 0 5 2 — S 208 0% 0 {5 S R AT s TR R R G 3 AR AT AT Ak 1
i o G 3 5k 22 A R X 3l A T R R — A 43 EE Y R

gty 2 RUEE (] Ak J7 2 5 5% + 45 55 (Context +focus) QN 1 B 7 s BEYE + 41795 (Overview +
detail) WA 2 B 7R s 4 i 3 iz . S 240715 m) 0Lk 10-11],

(b) B2

B1 HT+&x B2 #iE+a@T
Fig.1 Context + focus Fig.2 Overview + detail

(a) AR ERIE (b) ZBUR I

B3 @i
Fig.3 Zooming

SCHRLCL2 M8 7 — i i 5 A e s RMLBL 209 5 B 0 T ik . SCHRLLS 148 17— Fh oL T Y8 + 2
1 T 2O U A A AR Y BE AT TR

TEASE YE 207 B8 5 L T8 35 X 224 DX AT [ IR o 7 O 5 TG 3k ) I i s L3 1) R RUBE A
KL W IGTE X Z2 A IR It AT TR . ()it b o g A 2, 3239 %k A HILAE B4 A AT — S8 OB, O T L P R
i 22 RUBE 7R 3 SR AR VR I A AR A 52 2%+ 45 A AT A0 20 B (9 2 i v 3 26 45538 A 1) X I A7 7 B P 22
I 452 119 XU 5 X1 I I S RE DR TIE S 28 XSk 9 15 BB E w2 3 TP .

T LA R XA SO s O 17 50+ AR SRR ST SR ST Z A R R T 20 X 2 A KO AT UK 5



%54 T Hgw, 5 AR &AL A 6 Huim T ALK O ik 83

[l s DAy 1 3 S e T P 0 2 S O 4 L 2 O DA Bl A e WL A T A OB R T 3 8l 5 B Y T O 3 A
i S HEAT AL

P 1 Ch) Hh iy g R =X e IR ] o R A PR SO 3 8 2 RUBE W Ak b i) — F o DL - B 2 iz
{10 187 FH 7 AT A AR R AT A 20 A 1 45 A AR . Gutwin SFU ] A IR 01D 34T N HILAE B S0 s Furnas™* F
IR AR P BEA T H DG SCF 1A J) 5 Sarkar S5 ) 0 R HE AT P A A JR) o ) B 352t — i £ B0 18T 19 4 3
A 7R 3P AT A i IR AR PR D 58 ol R A HIL S 0 T BO A B . A AR L A 2 iR T8 e 2
P o L2 (R PR P BRI T 00 2R R A /N 3 T — A L 5 2R 3

B i S e — M+ T A JE Pk BT DA FON OO B n] Ak AR 2 ol A IR Bl i) kR Tk .
I3 A AE SE B AT A o A EE R S A M 44 T B S A5 A B A ROR E AT IZ 4 AN Ah AL B DL — S8 F B i
BRI DX I 118 2R A 22 % ] A 20 A 3 B S 9 5 L DR e S e B FR L 5 1Y R A DX Rt AT
LGN

75 JE B AE AT LA AT R P ST A T A A e ok B I 3 R R ) DX T 3 S T A R A R R
A AT AL B R (S B 2 B0 X, R T DL LS 88 05 T SR AR T S AR B A L B T — A
I AT AR AL T5 i R 5 80 RR RO 3 2 A # IR AT A R RUBE T 3 3k 22 A i R R Pl o 38 8 vy DX 3k
FTTRR A RN T 4 U £ 2401 i B S B oK

1 &RWE

B R SR AR TR AL 1 1) 1 A DR RUJE T o0 i 58 S s 94 DX R AT R O 88 4 7 R RUJBE B AT 2 4y s
IR REAE 52 I 25 T — S8 T S XA A 40 5 5 5
1 1R 75 5 S — P A SRR R LR A AR DR 1 8 B 5 3 3 R A B 3 3 A e ) DX e R T e i X sk
2 /) o i e R A P DUt A7 Bk e AR RCR Al 1 T AR RICR
e HIR AL ] 18 B AR Jit S 2 A DI 19 8 3R ) 300 5 D [ R AT SEE i SE R BN rR e B B — YD
T £0 IR P v v DX R T80 A T 0 5 DX Sl s 4 AT 52 B 1 % s XA L R A
A i IR T 0 Shy A bR DA B IR L N — S R R AR bR o C = (awy) S IERLIE R I Ak bRl C =
(z'5y"),
Xof 17 F) IS5 Sy
C/:Fﬁsheye(c)o @)
e C=(x,y) H+ax MR o.C= (", y) 5+ Sis s £ e i o W2 (D A LS 1R
JIE 1= eI s

(2)
150/ = G hisheye (@) o
TESCh O T A % B A A BRI B 09 I R [ 3 o e 448 ) b i it ofe S5 30 f IR A [T I 3808
CIES
g tisheye (@) =@ s 3)
PRIt e 555 T 7 Ak
I |1= FraaCICD 0

HFHME 4 fin.
T SIS A R T A ST — S NLOL TIEIL0, 1 By i =l 2 o e S A o 48 1 b 1 Ll e B
BRI R DR 21 A R 7 e » DX P A B B PO A BB Oh BE TR OC R
r = ¥ (1= —r/rm)™) (5
N R RAE KRR B S " IR G S BB O B R
G 1 /7 o BV BE TS B A L0 1] SR FH 7/ 1 26 FE AR i3] B4 L A0 2 E AT A5 7 420 1) A0 11 ot 2 38/ 8 R n D 5
FToR . DI 5 AT LLZE HE S8 30T A s A DX 3 00 R T 2 25 H 0 A9 DX 3 4



84 TR KXKFFER % 40 %

0.8 oy P
09 [ s

0.7 -
08 [ R
07 | e

0.6 g e

" 0.6 yd
=~ 0.5 Los5f /F '
~ /

04 [ / O

0.4 otk H pa -0

. i / ———N=2
03 o2y: , - | =5
B -
0.1 f/ ——N=10
/
0.2 1 L 1 1 )
02 03 04 05 06 0.7 0.8 0 0.2 0.4 0.6 0.8 1.0
x T
B4 &RNE BS5 ZmifMmiEE
Fig.4 Fisheye view Fig.5 Radial distortion

2 ZREHMKXKESSHIER

XF T 22 AN TR DI A A TR DX ) 038 s S B RD hy omys ee v, s R BRCEEAS IXIUAY 0 Sy SR ARG
T FE 3T AR A 25 T) (5 A6 45 10 46 A1 Jmy v 19 5 85 B 2 S v U, FE SO s 3 T RUR 2 2% HE U 47 AT 41
AT )Ry -

HEN 1 AEAAH B.A2 2 AR B0 F AR DU T BERCK 5

YEDN 2 4> DX PP B e 2 S ] BEAR DA

18 2 AR BR B B X3 o om; B DL T

robr=d, (6)
m;  m;

T, T T g (D)

r; T
Kb edy Ameom; WL ZIBEE 57y ory A m, omy XPRE AR 1242,
CIEE:

r’ 7%4_%%’ (8)
o A+ fmy
XF T2 A DI AT DI PR UGE A M- M, wd g HOD BEECAR Dy o BT LU S rp o0 o 0 i 42
A EARH I AR A o A . BTG 2 A KB IE O0  5E SCREAS Tl 3 K Ry

Jr

VM,
P = o 9
2,V/M,
=1
EXHK EANRKIRERE o or, o4 i =0G =140 LA EAHE
rlo=r.+oid, (10

M tr' >D i S R T A OR XA 1R AR

IR BN L BE A GE X U B A5 A B A A BRI 1R 22 DA T3 AT DL L 3 B — B ]
P 8 200 B9 A R AR 3R A S 2 A T) N SCAN 68 T 00 A A0SR i B K 1 2 )

XEFREA R KRS BN (18 28 5 B BR BEAT ORI B3 IR 42 0 R R i Ui DX ) 2 42
R’ i Z A0 R i 1% IR X B A2 R O 7 5 (8 1 3BT 78 S o J00F SR FRAE 454 £ HR X3 1 35



%50 F %3, 3 A S RAL B 6 St T AL T & 85

FEREREE N
_ R, an
==

a AR BAT R E H IR AR ] o A 0300 1) DXl 1 2 42 5 A £ IR AL 18 1 2 A2 1 L A8
A B R T TR —E U M e a0 HIENG) TG

R’():R*<1—<1—%>N), 12)

a

az(l* (1*%>N)>ao»
AT LLGE 2o A= ok iR N
3 ZRERERH

SCHR BT Al B BB S M BRI I I S 5 2% A B GeoLife B 4 o 12 5500 4 S BT TN AF 5% e Wic 4 1 182
AR 2007 4 4 H 2 2012 4 8 A H ARG GPS EALRUE . SO O] He — 44 1 P (9 Br A B
K AT I AL

K 6 JE R 1 A JEUR BOls 2t 4T m] AL AR SO T 3 o Bt BE AT AT ARAL AR

41 ¢ 44 1
40 f
42 r
39 ¢
38 40
37
- i 38T
® 36 =
35¢ 36
34} 34+
33t
32 | 32+
31 30 . : . . : g
116 117 118 119 120 121 122 112 114 116 118 120 122 124
233 ZE
(a) FEHET AL (b) S ER

6 BEEWHAUSGERSXHFTENER
Fig.6 Traditional method and Fisheye method

P 6 Ca) 27 (92 ELAR X DA B AT Al (AL O 45 2R . mT LR B AR TR 19 2 B A B o0 FAS 1 i i e
s s R 1 2 A DX A X U RO ) B T A B AR RO 2 A DX 5 A L T o 9 T AR A R
EEAER B 2 A X E] L

TEFTRR 3 AT 0 B T X 2 A X ()3 2R Z b AR R 2 G T 78 B A R T Kb ) i 5. g HL7E
— BT A ZE BRI X LS T N 5 R B TE B AT A R A5 R X 2 AN XA
N RPEBRMHEA . TEF G RTRLAL J5 2 b An 2R P R S e /NROBE T 0 50l A 7 ARME RS 3 2 4> DX Y
HEA B Oy ER .

P 6 () oy FHSCHR 5 i R B0 s e A7 rTARAR B 25 21 . T LR L 5 D50 AT AL S R AR LB 22 BT
A5 B SMER 2 0 X e R g TR . FSE R XTSRRI A . Al RO 6 (b)
AR A 1 R A 7 b DSOS O P 5 ot B A7 6 DA A 5t e JHG TR 3 D3 ) ik ol U % B b A% 3
T Sl 3 DX A R AR AR IX

TEIE 6 (b) AP R b L BR T 7R 1R RRUEE T 8 20 (945 B 2 A0 I DX ) 3 4 W 42 11 [ feit . 3
AT AT A 53 M7 () I A0k o 308 3o Ml % | % IO B8 S 5 £ R 1 A A £ B A ) DX W A 5 A 2 X 23 T i
IR FEWE . AEABI X 2 A X R A L S PR TR LR AL F R AL BT b (8] 4T R 5 d



86

TR KX FFR % 40 %

o 1 2 X I P i ) 44 15 ok B MRS 1) 3 2 AN 2 0 S B 119 23 B 3 IR

T3 SR R O i AR RRUEE TR SR 2 A 5 BRI T AT A B L BT A0 DR T P 2 g
F8 XS ] Pt i o 1 AT AR 23 BT A9 855

K7 XL 728N X T AR BORBCR B .l =) Al

N
az(l—(l—%) ). (14
%o 5N HER A 8 B,
481 48 7
46 1 46
44 ¢ 44
42 42 r
% 40 r g‘% 40
38 38
36 36
34+ 34t
32 32 ¢
30 —_— 30 —
108 110 112 114 116 118 120 122 124 108 110 112 114 116 118 120 122 124
ZR 233
(a)N=5 (b) N=10
48 1 48 1
46 | 46 1
44 44
42 r 42
B 40 ® 40
ol ® 35
36 36
34 1 34
32 32t
30 . . . . . . . ! 30 . 1 . . . . . '
108 110 112 114 116 118 120 122 124 108 110 112 114 116 118 120 122 124
2353 233
(¢)N=20 (d) N=40

B7 FARENNTAREKIREZ

Fig.7 Different N impact on visualization

1.0 -
09 ¥
0.8
0.7
0.6 -
305
0.4 -
03
0.2
0.1

— RJR=0.1
___ RJR=03
.......... R,/R=0.5
——— RJR=0.7
—— RJ/R=0.9

5 10 15 20 25 30 35 40

E8 a 5NKWXE
Fig.8 The relationship of ¢ 5 N



%50 F %3, 3 A S RAL B 6 St T AL T & 87

M 8 W LAE 24 Ry /R BN o Z2RT N B MR 2 N BUNRHE .o BEE N BB H
KI5 N BRI o BiE N 7S #0108 B2

4 B £

SE AR — BT Y B mT AR T ik s A ORORUEE A 03 T A AP R T o 2 A DX TR B A
Ko TRl 7 T — Bl T G 22 E U 224t IR AL VT R AT A JRy T3k o SCHR 07 96 25 B AE AN I IR Il 34 2k 1 i
PEN 4 A B Al A A B T LA 2 — 5 R R R R T R IR A AL {F B AT SR Ak .l SO U7 ik e
5 fife R — UL R L0 A o o DR Sy RO KT 7 R ) JE 5 99 1 sl B0 ™ 22 s g ) 2

S %30k

[ 1] Demsar U, Kirsi Virrantaus. Space-time density of trajectories: exploring spatio-temporal patterns in movement data[ J].
International Journal of Geographical Information Science, 2010, 24(10) . 1527-1542.

[ 2 ] Cohenour C, Graas F V. GPS orbit and clock error distributions[ J]. Navigation, 2011, 58(1); 17-28.

[ 3 ] Andrienko N, Andrienko G. Visual analytics of movement: an overview of methods. tools and procedures[]]. Information
Visualization, 2013, 12(1); 3-24.

[ 4] FEALR o e dn. Bl B vl 0o i i o L) 1. 1H 53 AL B i it 5 BB 2 %4, 2015(1) : 9-25.

WANG Zuchao, YUAN Xiaoru. Visual analysis of trajectory data[ J]. Journal of Computer-Aided Design & Computer
Graphics, 2015(1): 9-25. (in Chinese)

L5 1 &0, i A R AR W 2% S Bm SO /9 T LA L) 1S LA Bl i it 5 DB 22 4R, 2012, 24(10) 1 1273-1282.

PU Jiansu, QU Huamin, NI Mingxuan. Survey on visualization of trajectory data[ J]. Journal of Computer-Aided Design &
Computer Graphics, 2012, 24(10): 1273-1282. (in Chinese)

[ 6] Wang Z, Lu M, Yuan X, et al. Visual traffic jam analysis based on trajectory data[ J]. IEEE Transactions on Visualization &
Computer Graphics, 2013, 19(12); 2159-2168.

[ 7 ] Andrienko G, Andrienko N, Bak P,et al. Visual analytics of movement[ M]. New York: Springer, 2013.

[ 8 ] Goncalves T, Afonso A P, Martins B. Visual analysis of mobility data[ C]//IEEE International Conference on Mobile Data
Management. IEEE, 2013, 7-10.

[ 9] Jakobsen M R, Kasper H. Interactive visualizations on large and small displays: the interrelation of display size,
information space, and scale[J]. TEEE Transactions on Visualization & Computer Graphics, 2013, 19(12); 2336-45.

[10] Cockburn A, Karlson A, Bederson B B. A review of overview+ detail, zooming, and focus— context interfaces[J]. Acm
Computing Surveys, 2009, 41(1). 1-31.

[11] Mikkel R J, Kasper H. Sizing up visualizations: effects of display size in focus+ context, overview+ detail, and zooming
interfaces[ C] // Proceedings of the SIGCHI Conference on Human Factors in Computing Systems. Vancouver, BC,
Canada, 2011: 1451-1460.

[12] Klein T, Matthew V D Z, Telea A. Dynamic multiscale visualization of flight data[ C] // International Conference on
Computer Vision Theory and Applications. IEEE, 2014 104-114.

[13] Liang S, Xu Q, Guo Y, et al. Multiscale visualization of trajectory data[ C] // International Conference on Information
Visualisation. IEEE Computer Society, 2015: 206-210.

[14] Jakobsen M R, Hornbzek K. Fisheye interfaces-research problems and practical challenges[]]. Lecture Notes in Computer
Science, 2011, 6431(16): 76-91.

[15] Gutwin C, Skopik A. Fisheye views are good for large steering tasks[J]. Proc Chi, 2002, 5: 201-208.

[16] Furnas G W. Generalized fisheye views[J]. Acm Sigchi Bulletin, 1986, 17(4): 16-23.

[17] Sarkar M, Brown M H. Graphical fisheye views of graphs[ C]// Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems. ACM, 1992 83-91.

Chit EXxRTP)



