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1. Unsupervised Cross-Domain Crowd Counting

> Goal

* Transfer source domain pre-trained
counting model to target domains using
unlabeled data.

» Importance

* Pre-trained model is inferior in practice due
to different data distributions.

* Annotation is expensive and laborious.
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1. Unsupervised Cross-Domain Crowd Counting

» Challenge

* How to explore concealed information in unlabeled data for knowledge
transfer from source domain to unseen target domains?

* How to measure the reliability of supervision signal?

> Solutions

e Regard density isomorphism reconstruction as self-supervised signal.

* Model reconstruction erroneousness using estimation-reconstruction
consistency.
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-Domain Crowd Counting

2. Error-Aware Density Isomorphism Reconstruction for

Unsupervised Cross

» 2.1 Algorithm I: Density Isomorphism Reconstruction

Density Isomorphism Reconstruction
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2. Error-Aware Density Isomorphism Reconstruction for
Unsupervised Cross-Domain Crowd Counting

» 2.1 Algorithm Il: Reconstruction Erroneousness Modeling
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Error-Aware Density Isomorphism Reconstruction
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2. Error-Aware Density Isomorphism Reconstruction for
Unsupervised Cross-Domain Crowd Counting
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2. Error-Aware Density Isomorphism Reconstruction for
Unsupervised Cross-Domain Crowd Counting

» 2.2 The Proposed Framework
* Input:

Image tuple 7¢ = {1,_,,1,, 1, ;} with time interval ¢, where I, is the

image frame at time .

* Density and Erroneousness Inference Module:

Estimate a density map D; € RUP*"» and erroneousness matrix
E; RE/ODXHD for each image IZ

* Isomorphism Reconstruction Module:

Generate a reconstructed density map Djd' (or Dj*d') for the i-th
image using D,_, (or D;,4).



2. Error-Aware Density Isomorphism Reconstruction for
Unsupervised Cross-Domain Crowd Counting

» 2.2 The Proposed Framework

* Reconstruction Erroneousness Modeling Module:

Simultaneously minimize an density isomorphism reconstruction
error and maximize an estimation-reconstruction consistency.



2. Error-Aware Density Isomorphism Reconstruction for
Unsupervised Cross-Domain Crowd Counting

» 2.3 Key Technique I: Density Isomorphism Reconstruction

(1). Calculate image mapping matrix

M:z* — argmin ||I; — p(I;,M?)||?, (3)
v

(2). Convert image mapping matrix to density mapping mapping matrix

i—d; N _ wgi—d(W;, . Hy \ |[WR+H}
G; “(u,v) = M (WD s Hp ) \/ W2+H? (4)

itd(, N _ Nfitd( Wi Hp . |WhtHE
G " (u,v) = M; (WD w. HDL-) \/W?+H?' (5)



2. Error-Aware Density Isomorphism Reconstruction for
Unsupervised Cross-Domain Crowd Counting

» 2.3 Key Technique I: Density Isomorphism Reconstruction

(3). Reconstruct density map according to mapping matrices

Di_df(:z:,y) = D;_q(u,v),¥(z,y) = Gﬁi_d(u,@), (6)
D:}}er’(zﬁ-y) =D, q(u,v),Y(x,y) = G:’;er(-u.,-t:), (7)



2. Error-Aware Density Isomorphism Reconstruction for
Unsupervised Cross-Domain Crowd Counting

» 2.3 Key Technique Il: Reconstruction Erroneousness Modeling

£ (I:f) — ﬁ-i.{;r_‘; (I;f) + E?ﬂ-f_’)d (Igd) )

(1) Error-aware density isomorphism reconstruction objective:

2

Liso(Td) = |||Di = DI™"| @ Ei_al| +

e @ E'i-—f—d.

(2) Erroneousness matrix regularization term

/C-m.r..od. (I;d) — 10g(E-i—d) + log(E-z’.—l—d)a

5

(8)
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2. Error-Aware Density Isomorphism Reconstruction for
Unsupervised Cross-Domain Crowd Counting

> 2.4 Experiment:

Table 1: Performance Evaluation on Four Benchmark Datasets.

Supervision | Method Venice UCSD MALL FDST
MAE|, MSE] | MAE| MSE| | MAE| MSE| | MAE| MSE|

— Baseline 3305 3944 | 796 854 | 427 5904 | 477 833
Supervised PFlow 1500 1960 | 08 107 — — 284 357
BL 9.99 1424 | 084  1.08 | 154 200 | 142 188
Semi-supervised | SOK 1984 3113 | 168 207 | 269 338 | 541  6.13
FSSA 17.83 2524 | 145 185 | 232 297 | 296  3.86

CSCC [8.05 2234 | 889 987 | 401 499 | 515  7.84

CODA 3139 3717 | 525  6.07 | 337 443 | 474 827

Unsupervised | SCP 2279 2652 | 455 571 3.03 404 | 428 674
Ours-w/o mod | 14.66 1748 | 222 271 317 403 | 397 476

Ours 1123 1516 | 179 247 | 236 312 | 325 394
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2. Error-Aware Density Isomorphism Reconstruction for
Unsupervised Cross-Domain Crowd Counting

> 2.4 Experiment:

1 3 5 7 d 9 11 13 15

Figure 3: Influence of different d values.
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2. Error-Aware Density Isomorphism Reconstruction for
Unsupervised Cross-Domain Crowd Counting

> 2.4 Experiment:

Table 2: Robustness to Different Pre-trained Models.

— et Venice UCSD MALL FDST
MAE|, MSE| | MAE, MSE| | MAE| MSE| | MAE| MSE]
Bascline MESA | 5157 5368 | 1680 1781 | 1567 1675 | 1280 2550
ShanohaiTocha | OUIS 1783 2219 | 513 583 | 557 654 | 627  7.64
g Baseline-BL 1013 5154 [ 1536 1618 | 1248 1299 | 507 S.09
Ours 1410 1913 | 422 501 | 477 593 | 396 5.2
Baseline-MESA | 43.16 5788 | 9.04 977 | 571 667 | 612 757
_ Ours 13.05 1572 | 264 360 | 465 601 | 495  6.10
UCE-QNRF e Tine BL 1395 3044 | 796 854 | 427 3594 | 477 833
Ours 1123 1516 | 179 247 | 236 312 | 325  3.94
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2. Error-Aware Density Isomorphism Reconstruction for
Unsupervised Cross-Domain Crowd Counting

> 2.4 Experiment:

Missing Counting

220.43

(a) Input Image (b) Ground Truth (c) Baseline

2020/12/9 15



Thank you



