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1. Overview

In this document, we provide the following supplemen-

tary contents:

* The details of Personalized Optimization for SDM Coeffi-
cients (Sec. 2)

* Supplementary Algorithm: Personalized Optimization for
SFM Coefficients (Sec. 3)

* Supplementary Algorithm: Personalized Optimization for
SFM Coefficients (Sec. 4)

» Supplementary qualitative comparison (Sec. 5).

* Supplementary ablation study (Sec. 6).

* Stylized motion evaluation (Sec. 7).

* Quantitative experiment in motion diversity (Sec. 8).

* The details of user study (Sec. 9).

* Analysis of falling process during evacuation (Sec. 10).

¢ Limitations (Sec. 11).

2. Details of Personalized Optimization for
SDM Coefficients

Table 1 shows the real escape speeds [1, 2, 4] and opti-
mized driving force coefficients in social force model for the
five categories of people in Section 3.3.

Table 1. Escape Speed and Self-drive Coefficient for Different
Categories of People

People Categories Vo Trelax  Survey Data(m/s)
the Young 5.75 0.498 2.37
the Middle-aged 4 0.492 1.69
the Old 2.625 0.501 1.07
Patients 3.25 0.5 1.340
the Disabled 2.5 0.506 1.00

3. Supplementary Algorithm: Personalized Op-
timization for SFM Coefficients

Algorithm | provides the detailed pseudocode for per-
sonalized optimization algorithm for SFM Coefficients de-
scribed in Section 3.3 of the main paper.

Algorithm 1: Personalized Optimization for SFM
Coefficients
Input: Input initial position of an agent py,
simulation duration g, real-world escape
speed Vgim

Output: SFM coefficients vy and 7yejax

Initialize SFM coefficients vy and Trelax;

Simulate forward motion in physics engine using the
social force model with the current coefficient v
and Trelax;

Get current position peyr;

VUsim < (pcur - pO)/tsim;

repeat

Trelaxs V0 < Update(Trelaxa V0, Usim 'Ureal);

Initialize SFM coefficients vy and Tyejax;

Simulate forward motion in physics engine using
the social force model with the current
coefficient vy and Tyejax;

Get current position pey;

Vsim (pcur - pO)/tsim§

until abs(vgim — Vreqr) < 0.005 m/s;

return vy and Tyepax;

4. Supplementary Algorithm: Gait Frame
Matching

Algorithm 2 provides the detailed pseudocode for gait
frame matching algorithm described in Section 3.4 of the



main paper.

Algorithm 2: Gait Frame Matching
Input: Unpersonalized motion frame set
Fo = [f,1,f52, ..., fo n], personalized
motion frame set 7, = [f, 1,f,2, ..., f, 1]

Output: Matching relation R C F, x F,

Initialize R + 0 ;

Initialize gait values V, = [0]"Y and V, = [0]™;

Compute ankle distance sequence D, =
[dg,lv dg,27 ceey dg,N]’DP = [dp,la dp,23 ey dp,M] of
ForFps

Detect gait keyframes (peak, trough, peak, trough) in
D, and D, based on local extrema;

According to the relative position of the feet, assign
gait values 0, 0.3,0.5,0.75 to these keyframes
respectively.

Interpolate gait values to surrounding frames in V,
Vs

foreach f, ; ¢ F, and v, ; do

Define candidate set: C; =
{£5.; € Fp | vpj — ve,i| = minyey, [ — vg il }s

Compute the joint angles similarity between
candidates and £, ;:
Sij = Sim(fg)i,fp’j), pr’j e Cy;
Select the most similar frame:
J* = argmax; s; j;
Add matching pair to relation:
R RU{(fg, £,5-) 3

return R;

5. Supplementary Qualitative Comparison

Figure 7 shows the evacuation processes and evacuation
motions executed by the three comparison models and our
framework on 2 classic evacuation scenarios as well as a
large-scale scenario. Our approach achieves more rational
evacuation processes and simulates personalized evacuation
motions tailored to individuals with different attributes. We
also test the recent methods TECRL [8] and tlcontrol [6] in
our evacuation scenarios as shown in Figure | and 2 .
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Figure 1. Qualitative results of TEéRL.

6. Supplementary Ablation Results

We compare the pipeline of our framework after removing
the 3D-adaptive SFM Decision Mechanism, the Personal-

Figure 2. Qualitative results of TLControl.

izing Gait Control Motor, and both components together,
which degrades into the PACER[3] baseline. Figure 8 shows
the evacuation processes and evacuation motions on 2 clas-
sic evacuation scenarios. Our complete framework achieves
more rational evacuation processes and simulates personal-
ized evacuation motions tailored to individuals with different
attributes.
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Figure 3. Stylization.

7. Stylized Motion Evaluation

We conducted an evaluation of the stylized motions using
Style Recognition Accuracy (SRA)and obtained a score of
80.79%, and Figure 3 gives representative examples with
style labels.

8. Quantitative Experiment in Motion Diversity.

Motion diversity quantifies the variability of motion em-
beddings across agents and scenarios, indicating the ability
to generate dynamic and diverse behaviors. Table 2 com-
pares the diversity scores. The generative method OmniCon-
trol [7] achieves greater diversity but often lack stability in
multi-agent scenarios. MaskedMimic [5], the character con-
trol state-of-the-art (SOTA) method, produces actions that
are overly uniform. Our method strikes a balance between
controllability and diversity by integrating personalized ac-
tion generation with stable control techniques. Hence, our
approach surpasses MaskedMimic in diversity.

9. User Study

We conduct a user study with 128 participants spanning
various age groups. The study comprises 17 questions rank-



Table 2. Diversity Comparison Across Methods

Method Diversity (Mean + Std)
MaskedMimic 1.01 £0.67
OmniControl 1.64 £1.13
Ours 1.32 +0.64

ing visual effects and 6 questions assessing contact judg-
ment.
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Figure 4. Comparisons of average first-choice rates with standard
deviation.

As illustrated in Figure 4, the results of the ranking ques-
tions (Questions 1-17) underscore the proposed framework’s
superiority across multiple evaluation dimensions. Specifi-
cally, in trajectory planning and motion realism, our method
achieves significantly higher average rankings (62.2% and
59.1%, respectively) compared to MaskedMimic (20.0%,
23.0%) and OmniControl (17.8%, 18.0%). The lower stan-
dard deviation further confirms the stability of these statis-
tical outcomes. Notably, the framework excels in simulat-
ing specific demographics (59.1% best rate) and contacts
force credibility (59.0%), validating the efficacy of our 3D
adaptive SFM mechanism and personalized gait control in
replicating diverse human behaviors.

For contact detection judgments (Questions 18-23), the
visualization of component-level forces in the same scenario
enables observers to more intuitively determine whether con-
tact occurred between individuals. These results align with
our technical contributions. The physics-aware decision-
making process and attribute-driven motion generation en-
hance the realism of evacuation dynamics, particularly for
vulnerable groups, while maintaining stable interactions in
dense scenarios.

Figure 5. Visualizations of falls caused by pushing and limb entan-
glement in dense crowd scenarios.
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Figure 6. Failure cases of personalized gait.

10. Analysis of Falling Process during Evacua-
tion

Our simulation effectively captures the human falling due
to collisions in dense crowd scenarios, providing realistic
insights into evacuation dynamics. The experiments demon-
strate the falls in evacuation scenarios predominantly. This
would be due to two key factors: pushing caused by high
crowd density and physical interactions, and entanglement
arising from limb crossing in tight spaces. As shown in
Figure 5, these results highlight the importance of modeling
both physical forces and individual motion patterns.

11. Failure Cases and Limitations

When implementing personalized gait, lower body move-
ments have a significant impact on gait stability and are
limited by terrain. As a result, we are currently unable to
personalize lower body gait that would allow us to simulate
conditions such as limp and legsapart due to disabilities. We
show some failure cases in Figure 6. Additionally, our simu-
lation framework is currently limited to single-story escape
scenarios and does not support multi-story scenarios.
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Figure 7. Qualitative comparison.



Ours
w/o 3DA-SFM &
& Gait Control

Ours 3
w/o 3DA-SFM

Ours
w/0 Gait Control

\\{\ﬁp"\
Ours ,
Ours \\@
w/0 3DA-SFM |
& Gait Control <
Ours N/
w/o 3DA-SFM
Ours \%

w/o Gait Control

Ours

Evacuation Processes

2
- %

v i
2

Figure 8. Ablation study results.
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