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Visual Analysis of Spatiotemporal Situation via Representation Learning

Li Jie, Ma Xinying, Zhao Danning, and Tan Huailian
(College of Intelligence and Computing, Tianjin University, Tianjin  300350)

Abstract: Spatiotemporal situations involve the process of change in the continuous spatial distribution of a large
number of moving objects over a long period of motion. Aiming at the problems caused by the huge amount of
data and unavoidable data loss and distortion for analyzing spatiotemporal situations, a representation learn-
ing-based approach is proposed for exploring representative spatiotemporal situations from large datasets. Firstly,
we implement a spatiotemporal situation representation model based on the denoising autoencoder framework,
which can encode each spatiotemporal situation as a compact representation vector. The distance between the
representation vectors reflects the overall difference between different spatiotemporal situations. By introducing
noise to the input data of the model encoder and allowing the decoder to restore the original data without noise,
our model can effectively improve the characterization accuracy and robustness under the conditions of missing
and distorted data. Second, we propose a summary algorithm that can visualize the overall characteristics of con-
tinuous spatiotemporal situations with a streamlined glyph. Furthermore, we construct a spatiotemporal situation
projection for users to quickly find representative spatiotemporal situations from large datasets. Based on the New
York taxi dataset and Chicago crime dataset, we use self-similarity and cross-similarity indicators to compare
with the existing methods. The quantitative experiments show the representation model’s accuracy, robustness,
and high execution efficiency under the conditions of large data volume and a high missing rate. User experi-
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ments include selection and ranking tasks, and the results illustrate that the representative spatiotemporal situa-

tions found by our method are more consistent with users’ subjective perceptions.

Key words: spatiotemporal situations; representation learning; visualization summary; autoencoder; visual ana-

lytics
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B, KR T By 200 i as i R AT
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1600 TR B S BB %53k 94536 &
1 SHINEHEFEFRENBMBEMERIBER
Tk NG L
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
36 336.02 255.29 191.34 152.92 92.03 58.62 45.83 15.08
BDF 24 284.08 210.70 118.93 70.34 39.32 17.70 10.58 2.92
12 223.80 143.16 86.33 29.06 20.44 5.53 1.57 1.01
36 329.62 236.80 175.01 147.52 66.73 40.76 22.14 12.83
ED 24 258.28 189.08 110.02 41.31 20.33 10.16 3.10 1.00
12 222.40 101.14 71.56 17.21 8.34 2.74 1.00 1.00
36 122.46 59.92 29.26 21.62 12.09 5.86 4.65 1.04
JpH 24 114.95 48.80 18.52 6.26 4.23 1.52 1.00 1.00
12 97.02 39.37 14.74 3.62 2.48 1.15 1.00 1.00
36 40.93 36.96 20.76 15.60 12.94 10.64 8.31 4.20
STS2vec 24 21.03 18.80 11.71 5.80 4.19 3.76 3.16 2.40
12 12.92 10.60 5.08 2.00 1.72 1.50 1.38 1.20
. HUAFR R B AR,
F2 ZmMIALRBEHEHECIERSBER
ik M A RAEE
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
51 169.14 157.90 143.53 128.50 114.78 82.75 60.92 39.92
BDP 34 86.12 73.11 66.13 61.94 52.74 52.11 45.97 30.41
17 60.69 52.26 36.41 38.07 34.11 26.08 16.69 5.97
51 192.43 177.21 174.68 166.77 146.25 133.18 89.34 53.41
ED 34 104.14 90.69 85.21 82.77 71.09 69.18 54.07 29.45
17 65.61 61.82 58.41 56.46 47.22 38.84 30.27 25.16
51 123.27 103.40 99.75 87.58 70.65 50.84 44.70 18.31
Jp™ 34 50.75 37.46 37.36 36.42 26.39 24.28 20.58 9.79
17 26.09 22.37 22.57 18.28 16.43 14.89 13.20 10.46
51 61.71 29.89 21.71 21.98 18.91 17.73 18.19 16.36
STS2vec 34 19.07 17.58 16.98 15.79 14.51 12.67 11.03 7.74
17 13.15 8.72 8.51 5.82 4.88 4.25 3.78 2.16
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% 10 ZEAN, A BT RIEFE S BB S SRR B T ik 1601
#*3 SHRHBAFRHENRZ BRI BER
ik RS g 75 2%
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
BDE 0.161 0.189 0.271 0.386 0.403 0.087 0.184 0.217 0.288 0.301
ED 0.572 0.628 0.680 0.747 0.807 0.129 0.186 0.263 0.324 0.511
JD™ 0.273 0.292 0.374 0.398 0.428 0.104 0.176 0.273 0.386 0.467
STS2vec 0.061 0.092 0.163 0.193 0.220 0.023 0.054 0.072 0.093 0.128
TE. MR RN EALE.
FT4 ZMISERHIENRXXELIERSBER
ik RS g 7 2%
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
BDF? 0.025 0.029 0.038 0.044 0.059 0.011 0.026 0.042 0.081 0.179
ED 0.224 0.274 0.308 0.381 0.418 0.183 0.277 0.304 0.339 0.416
JD¥ 0.172 0.209 0.270 0.392 0.404 0.136 0.182 0.281 0.305 0.394
STS2vec 0.006 0.012 0.018 0.023 0.031 0.004 0.007 0.009 0.014 0.029

T MR R AL,

®5 ESMPHBAEREEIYRITHEER s

. RS
50 100 150 200
BDF? 0.008 4 0.016 8 0.026 0 0.0334
ED 1.7251 3.460 5 5.205 9 7.018 0
Jp 3.7513 7.6412 115710 15.2504
STS2vec  0.000 4 0.000 6 0.000 8 0.001 2

. HiAFR RIHE.

*6 ZMALFHERBYRIFHEER s

ok AR
50 100 150 200
BD 0.014 2 0.028 2 0.042 2 0.055 7
ED 4.657 3 94080  14.0955  19.0270
Jp 94377 187856 284275  37.9820
STS2vec  0.000 4 0.000 6 0.000 8 0.0010
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