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State-of-the-Art of Ensemble Visualization
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Abstract: Ensemble simulation is increasingly popular in scientific domain such as climate research, weather report, mathematics and
physics. Ensemble simulation data sets are usually multi-valued, multi-variate, time-variant and large in scale. Thus, analyzing such data
sets is challenging. Ensemble visualization helps scientists to compare ensemble members and give overall summary to the whole data
sets by utilizing visual encoding and human interaction. It thus helps scientists to explore, conclude and validate their findings. This
article describes analytical tasks and strategies for organizing existing works on visualization and visual analysis on ensemble simulation
data sets. The analytical tasks for ensemble simulation data sets include comparing individual members and summarizing whole ensemble,
whereas the analytical strategies consist of location-based method and feature-based method. This article reviews major works in
ensemble visualization. It gives explanation to their visual design, interaction approaches and application scenarios, along with a
discussion of recent trends and future research directions.
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Table 1 Anillustration of ensemble visualization classification
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Fig.2 Location-Based comparative ensemble visualization helps locate difference among ensemble members
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Fig.4 Feature-Based comparative ensemble visualization
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Fig.5 Location-Based uncertainty visualization for ensemble simulation data,
uncertainty information described by parameter (1)
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Fig.6 Location-Based uncertainty visualization for ensemble simulation data,
uncertainty information described by parameter (I1)
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Fig.7 Location-Based uncertainty visualization for ensemble simulation data,
uncertainty information described by parameter (I11)

B 7 T B A A B A AN 2 R T LA, T2 Bl A 2 PR AR B ()

() KEHHE
DLE SR 0] o i 7 B 15 AU R () 75 T2 ARDRE T B i 37, R B 37 (0 B 4 AL UL B 55 S K 1R ol SR B2 TN
VO AR AN E VE R s T B R i TR B A B0 1 AN ULER S 4L, K2 HUR B S & B ]

© TEBREEEEIEDT  htp/ www. jos. org. cn



AR RO AR o

WAL 1 ASLLESEORE mATE M B T Liv 25 AU Guo 25 AP TAER ] 2 53 (77 K LASH).
i, Liu 2 AW ST — i A AL 1A 07 (10 P 80 3 2%y O AR A A ) R T T A R P TS 4 AT
3 4 R P A0 d K 23 37 )7 71 (longest common subsequence, R #R LCSS) 3k v 514 4 18 2k 22 18] (R HR AL 5 22
Stk 8(F) R Ad F 17 T AT B 72 5 3 A ATT B H 1 B e ST AR Je b 33 M 7 R S (L P AR 0, B A
SE AT {5 H AR A A AL ) P e IR AN kAR ATTI T IR A T B S AR R B IR LF M 45 5 . Lodha 55
N R FUR 25 T 5 % 13 P AN e P45 R B 3 300 0 28 1 45 Ao vk (i B 8(a) T 7), G AN B e Pk B bR
“f2% 2 (flow envelope). #fjiif(animation). JiE#%4% J3 #% (twirling baton)Z5[® Wittenbrink 25 A B3 A 2 1k &
P T AR — 2 ) b R 3 (R TR R/ < 1 B ) TR AN 5 P s 5 S 2, 7 Sk /I < 7 1) AL 6 3% (A
K 8(b)FTa), 5 B S8 J (5 b b e 25 B3 B30 v RO AS T S A B B0 R R /AN 3k R T 00 P AT A Ak vt
Jarema % ARG T 4 AL B BUE 0 HT R T B 8(d) T oR), IF FLABAIM T 5 i sk, 7
R 1 4 A R A v R B A I, T B bR R R 2 AR

B TS 800 7 E R R AN 7 PR R LA 3 T DL F T Rk B H 5 i i P I, T R e
SRR S A AL B PO AN 481 1, Guo 5 AT 4 B L 00 B 59 s SCOM ) A B 8 g H R £ )
AHHBE S (U1 8(e) I 7r) AT T AR IE e+ P AT A A A T R A 7 ¥ R IO = 4 T 3 4R B IS DL 000 o 1) 22 R 2 )
VI 1) PP R 40 A7 5 28 4 AT T 2 160 i 1 BE 2R G HE 2 eFLAA SR i MapReduce XU 5 22 5 4550 5 AT I A4
R A AR, DL SRR MBI 3 4 A AR AL (0 AR 2 E 2 A Hummel 25 N B2VEL 5t 37 37 4 2 BP0 1)
WEFTARAE T P B H 55 AT A S 18 T 8 A LA P S R L R R s RS TR B H R B R
1B RY 7 22 7 (individual variance)”, &+ & 21 22 < /3 1 55, e SC“AH T 22 5 (joint variance)” sk Hifiid 2 /N K it
2 IR R Tk (P 8(c) ). AATT F4 B 400 3 AT 7 TR A 7 7 22 S 80 I 380 o4 (90 Y- Db, 5 D 0 60 0F 1 /I A
FH P BEA% 15 42 00 AN [ 7 e A0 B 4 RS0 3t 32 50308 o 1) AT

| City group:

shanghai,

2 | Suzhou and
i+ Nanjing

| Hafei

=7~ Hangzhou

(@ © M

(2) £ Bt F7(line segment glyph) Ji 31 4% ¥t 25 45 4L 1) 2% 5 B!
(b) AT Ak Vel O dek 37 RO JBE KIS« 71 B2 5 10 B AS G s 2
(C) IR b 255 5 M L 2 R BRI B AR 2 AN 5 B3 1 A i e 1B
(d) T BBRIK J7 0275 25 1) 5B O k3 1 AS fl s 124
(&) HET-Hk BT I 7 32k 00 B 5 900 62 v 4 0 X8 7% 2 S5 K/ 31 1) 72 2 S DX sk s A% i s 121
(F) FETIm Ko 357 3 5 O 2 A B 1) 3 WAk Bl o TS g S8 A BRI (0 2 597, 55 Sk T2 9 €60 I 00t 7 5 1K 1 X 40

Fig.8 Uncertainty visualization for ensemble vector fields
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Fig.9 Location-Based uncertainty visualization for ensemble simulation data,
uncertainty information described by probability distribution function
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Fig.10 Feature-Based uncertainty visualization for ensemble simulation data
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