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1 OVERVIEW
This document contains supplementary material that complements
our primary submission.

• We provide more experimental details related to training,
testing and evaluation phases.

• We compare different parameter settings to explain why we
select the specific group of parameters for our experiments.

• We exhibit some video clips from our dataset.
• We present additional experimental results from both the
ablation studies and comparative experiments.

2 EXPERIMENTAL DETAILS
In total, 79 video clips are used for training and 47 video clips are
allocated for testing. During the training phase, all the simulation
models are trained for 1000 epochs. The learning rate starts from
0.001 and decays by 0.1 at epoch 500. Following training and testing,
the simulations corresponding to the 47 video clips compose a
prediction set, which is used to evaluate the performance of each
simulation model. The prediction sets are evaluated by objective
metrics including Inception Score (IS), Fréchet Inception Distance
(FID), and Structural Similarity (SSIM). IS and FID are calculated
based on a classifier called InceptionV3, which is trained on 345
video clips and tested on 112 video clips.

3 PARAMETER SETTINGS
In our primary submission, our governing equation for dense crowd
simulation is given as:

𝑓𝑎𝑐𝑐𝑥 = 𝜆1 𝑓𝑐𝑜𝑛𝑥 + 𝜆2 𝑓𝑣𝑖𝑠𝑥 + 𝜆3 𝑓𝑎𝑙𝑖𝑥 + 𝜆4 𝑓𝑛𝑎𝑣𝑥 + 𝜆5 𝑓𝑐𝑜ℎ𝑥 (1)

𝑓𝑎𝑐𝑐𝑦 = 𝜆1 𝑓𝑐𝑜𝑛𝑦
+ 𝜆2 𝑓𝑣𝑖𝑠𝑦 + 𝜆3 𝑓𝑎𝑙𝑖𝑦 + 𝜆4 𝑓𝑛𝑎𝑣𝑦 + 𝜆5 𝑓𝑐𝑜ℎ𝑦

(2)

where 𝜆1, 𝜆2, 𝜆3, 𝜆4 and 𝜆5 are parameters. For experiments, we
select the parameters as 1, -0.2, 0.5, 1 and 1 respectively. To explain
why we choose this group of parameters, we conduct some extra
experiments using different parameter settings and evaluated them
by objective metrics. Here, we mainly focus on 𝜆2 and 𝜆3, the other
parameters are still set to be 1.

Table 1: Comparative performance of different parameter
settings evaluated by Inception Score (IS), Fréchet Inception
Distance (FID), and Structural Similarity (SSIM). Note that
we conduct training for only 200 epochs here.

Parameters IS ↑ FID ↓ SSIM (%) ↓
𝜆2 = −1, 𝜆3 = 1 1.328 0.148 37.74
𝜆2 = −1, 𝜆3 = 0.5 1.042 0.074 38.36
𝜆2 = −0.2, 𝜆3 = 1 1.274 0.108 38.35
𝜆2 = −0.1, 𝜆3 = 1 1.293 0.076 38.39
𝜆2 = −0.2, 𝜆3 = 0.5 (ours) 1.323 0.083 37.81

As shown in Tab.1, although parameter setting 𝜆2 = −0.2, 𝜆3 =
0.5 may not yield the best performance in terms of IS, FID and SSIM
individually, it demonstrates strong overall performance. Parameter
settings 𝜆2 = −1, 𝜆3 = 1 and 𝜆2 = −1, 𝜆3 = 0.5 excel on certain
metrics but perform poorly on others. Parameter settings 𝜆2 = −0.2,
𝜆3 = 1 and 𝜆2 = −0.1, 𝜆3 = 1 performs slightly worse than the first
mentioned setting. Thus, we choose 𝜆1 = 1, 𝜆2 = −0.2, 𝜆3 = 0.5,
𝜆4 = 1 and 𝜆5 = 1 for experiments in primary submission.

4 VIDEO CLIPS
We select video clips that contain dense crowd motions under
six classic motion patterns from our Dense Crowd Flow Dataset
(DCFD). These video clips are named according to their motion
patterns and stored in the archive.

5 EXPERIMENTAL RESULTS
To conduct a more compelling comparison between our HINN and
ablated models or other simulation models, we present additional
comparative figures that are not included in primary submission
due to page limitations. Fig.1 to Fig.5 are comparisons for ablation
studies and Fig.6 to Fig.11 are for comparative experiments. For
typographical reasons, we opt not to display the "curve" pattern in
ablation studies again, which has already been shown in primary
submission.
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Figure 1: Comparison between groundtruth and simulations
of crowd motion under a "line" pattern at time-step 99. The
first and second column displays the horizontal and vertical
components of the groundtruth and simulations respectively.
The third column presents error maps of generated velocity
for each model compared to the groundtruth.
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Figure 2: Comparison between groundtruth and simulations
of crowd motion under a "curve" pattern at time-step 99. The
first and second column displays the horizontal and vertical
components of the groundtruth and simulations respectively.
The third column presents error maps of generated velocity
for each model compared to the groundtruth.

G
ro

u
n

d
tr

u
th

w
/o

 H
IM

w
/o

 p
h

y
si

ca
l 

o
p

er
at

o
rs

w
/o

 s
o

ci
al

 o
p

er
at

o
rs

H
IN

N
 (

o
u

rs
)

𝑢99 and ො𝑢99 𝑣99 and ො𝑣99 ෝ𝒖99 − 𝒖99

Figure 3: Comparison between groundtruth and simulations
of crowd motion under a "circle" pattern at time-step 99. The
first and second column displays the horizontal and vertical
components of the groundtruth and simulations respectively.
The third column presents error maps of generated velocity
for each model compared to the groundtruth.
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Figure 4: Comparison between groundtruth and simulations
of crowdmotion under a "cluster" pattern at time-step 99. The
first and second column displays the horizontal and vertical
components of the groundtruth and simulations respectively.
The third column presents error maps of generated velocity
for each model compared to the groundtruth.
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Figure 5: Comparison between groundtruth and simulations
of crowdmotion under a "scatter" pattern at time-step 99. The
first and second column displays the horizontal and vertical
components of the groundtruth and simulations respectively.
The third column presents error maps of generated velocity
for each model compared to the groundtruth.
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Figure 6: Comparison between groundtruth and simulations of the horizontal component of crowd motion under a "line"
pattern at different time-steps. The first row depicts the given initial state. The second and fourth rows present the groundtruth
and corresponding simulations at time-step 50 and time-step 99 respectively. The third and fifth rows display error maps for
each model compared to the groundtruth at time-steps 50 and 99.
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Figure 7: Comparison between groundtruth and simulations of the horizontal component of crowd motion under a "curve"
pattern at different time-steps. The first row depicts the given initial state. The second and fourth rows present the groundtruth
and corresponding simulations at time-step 50 and time-step 99 respectively. The third and fifth rows display error maps for
each model compared to the groundtruth at time-steps 50 and 99.



349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

ACM MM, 2024, Melbourne, Australia Anonymous Authors

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

Boids SFM PDE-Net NSFnets PPNN HINN (ours)Groundtruth
𝒖
0

𝒖
5
0

an
d

 ෝ 𝒖
5
0

ෝ 𝒖
5
0
−
𝒖
5
0

𝒖
9
9

an
d

 ෝ 𝒖
9
9

ෝ 𝒖
9
9
−
𝒖
9
9

Figure 8: Comparison between groundtruth and simulations of the horizontal component of crowd motion under a "circle"
pattern at different time-steps. The first row depicts the given initial state. The second and fourth rows present the groundtruth
and corresponding simulations at time-step 50 and time-step 99 respectively. The third and fifth rows display error maps for
each model compared to the groundtruth at time-steps 50 and 99.
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Figure 9: Comparison between groundtruth and simulations of the horizontal component of crowd motion under a "cross"
pattern at different time-steps. The first row depicts the given initial state. The second and fourth rows present the groundtruth
and corresponding simulations at time-step 50 and time-step 99 respectively. The third and fifth rows display error maps for
each model compared to the groundtruth at time-steps 50 and 99.
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Figure 10: Comparison between groundtruth and simulations of the horizontal component of crowd motion under a "cluster"
pattern at different time-steps. The first row depicts the given initial state. The second and fourth rows present the groundtruth
and corresponding simulations at time-step 50 and time-step 99 respectively. The third and fifth rows display error maps for
each model compared to the groundtruth at time-steps 50 and 99.
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Figure 11: Comparison between groundtruth and simulations of the horizontal component of crowd motion under a "scatter"
pattern at different time-steps. The first row depicts the given initial state. The second and fourth rows present the groundtruth
and corresponding simulations at time-step 50 and time-step 99 respectively. The third and fifth rows display error maps for
each model compared to the groundtruth at time-steps 50 and 99.
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