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Introduction

1. Key Challenges in Video Anomaly Detection

» Fixed-Length Sampling Limitation: Clash with variable anomaly

durations, causing misalignment. and discontinuity.

» Complex Event Modeling Gap: Conflicts between temporal scales

hinder contextual reasoning for extended anomalies.

(A) Exisiting Training-free VADs (LAVAD, et al.

)
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“6.3s-16.35”: “A man and woman are together in a room,
where the man is attacked by another man. They kiss in a
dark room, and later the man in a suit is pushed by another
man. The scene ends with the man and woman standing in a
hotel lobby. score: 0.4.”

“7.6s-17.65”: “A man and woman are standing in a room
together, possibly kissing based on the subsequent
descriptions. The room has a couch and a lamp....”...
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(B) VADTree (Ours)

Fine:9.0s-10.3s”: “The person on the left is agitated, shouting,
and using emphatic gestures... it‘'s a moderate score 0.7.”...
“12.0s-13.3s”: “... a man in a dark suit choking another man.
That's already concerning because choking someone is a serious
act of violence...I think a 0.8 is appropriate...”...

Coaran:9.0s-14.6s”:*... The scene is a video with a tense
conversation turning into a physical altercation, and a third
person trying to intervene...Given that it's a serious altercation
but not necessarily the most extreme, I'll go with 0.8.”
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2. Core Contributions
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» VADTree:Tree structure driven video anomaly detection.

» Hierarchical Granularity-Aware Tree (HGTree):

Constructs multi-granularity event nodes from pre-trained

knowledge for robust representation.

UCF-Crime dataset (AUC)

XD-Violence dataset (AP & AUC)

VADTree: Explainable Training-Free Video Anomaly

Detection via Hierarchical Granularity-Aware Tree
Wenlong Li, Yifei Xu

, Yuan Rao, Zhenhua Wang, Shuiguang Deng

Hierarchical Granularity-Aware Tree

(C) Sampling Efficiency Statistics

Overlapping Sample
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Hierarchical Granularity-aware Tree

» Segmentation Confidence Sequence: Based on pre-trained GEBD model and
overlapping sampling.

» Generic Event Node Initialization: Depth first traversal for representation initialization.

» Adaptive Node Stratification: Maximization of inter-hierarchical event confidence

divergence via K-Means, RemoveDup, and Complete.

» Sampling Efficiency Statistics: Our sampling method more effectively captures

Experiments Results

Explainable VAD Methods

Explainable VAD Methods

VADor [24] Fine-tuning 88.13 Holmes-VAD [59] Fine-tuning 90.67 -
Holmes-VAD [59] Fine-tuning 89.51 Holmes-VAU [60] Fine-tuning 87.68 -
Holmes-VAU [60] Fine-tuning 88.96 VERA [50] Verbalized Learning  70.54 88.26
VERA [50] Verbalized Learning 86.55 Blip2 [1£] Training-free 10.89 29.43
Blip2 [18] Training-free 46.42 ZS CLIP [27] Training-free 17.83 38.21
ZS CLIP [27] Training-free 53.16 7S ImageBind (Image) [ 7] Training-free 27.25 58.81
ZS ImageBind (Image) [ 7] Training-free 53.65 ZS ImageBind (Video) [ 7] Training-free 25.36 55.06
7S ImageBind (Video) [12] Training-free 55.78 LLaVA-1.5 [20] Training-free 50.26 79.62
LLaVA-1.5 [20] Training-free 72.84 Video-Llama2 [5%] Training-free 53.57 80.21
Video-Llama?2 [5%] Training-free 74.42 LAVAD [55] Training-free 62.01 85.36
LAVAD [55] Training-free 80.28 SUVAD [11] Training-free 70.10 -
SUVAD [11] Training-free 83.90 MCANet* [9] Training-free 69.72 87.43
MCANet [Y] Training-free 82.47 EventVAD [30] Training-free 64.04 87.51
EventVAD [30] Training-free 82.03 VADTree (Ours) Training-free 67.82 90.44
VADTree(Ours) Training-free 84.74 VADTree* (Ours) Training-free 68.85 90.55
MSAD dataset HGTree Ablation
Method Supervision AUC (%) AUC, (%) AP (%) AP, (%) Ymin  Cluster Tool Clusters AUC (%)
RTFM [37] Weakly Supervised 86.65 - - - 0.3 - Fine 80.89
MGEN [4] Weakly Supervised 84.96 - < s 0.4 - Fine 82.81
TEVAD [3] Weakly Supervised 86.82 - - - 0.5 - Fine 80.85
UR-DMU [26] Weakly Supervised 85.78 67.95 67.35 75.30 0.3 K-Means Coarse + Fine 83.74
GS-MoE [7] Weakly Supervised 87.72 69.54 68.26 76.68 0.4 K-Means Coarse + Fine 84.74
m-VAD [26] Weakly Supervised 88.68 71.25 71.26 77.86 0.5 K-Means Coarse + Fine 82.40
VADTree (Ours) Training-free 89.32 67.85 71.41 75.49 0.4 K-Medoids  Coarse + Fine 85.24

» Comparison with SOTA: Surpassing the best

training-free methods. Significantly outperforms

weakly supervised methods on MSAD.

» Ablation Study: Hierarchical structure brings

robust performance gains. Prior information

effectively enhances anomaly perception.

> Qualitative Results: VADTree exhibits a

superior ability to capture multi-granularity

anomalies.

VADTree Ablation

B parameter experiment of correlation

Module AUC (%)
HGTree Fine Cluster 71.57
+ Prior-infused Node Scoring 75.67
+ Intra-cluster Node Refinement 83.05
+ Inter-cluster Node Correlation 84.74

anomalous events of varying lengths and generates fewer segments.

First, the scene is described as a

background has a window with a
blurred view outside.

man with dark hair and a blue shirt
standing in an indoor setting. The

VADTree

» Prior-infused Node Scoring: Injecting prior knowledge

to enhance anomaly perception.

» Intra-cluster Node Refinement: Refine scoring through
intra cluster similarity.

» Inter-cluster Node Correlation: Integrating multi-
granularity scores to enhance robustness.

Hierarchical Granularity-aware Tree
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VVeChat

Coarse: “Given the casualfies and the description of the crowd's behavior, this
seems to be a high-suspicion scenario, possibly leaning towards criminal activities.
I think the appropriate rating would be 0.9.7

L]

Fine: “It shows signs of potential criminal activity due to the violence and the chaotic setting. I think the presence of weapons, injuries,
and the chaotic environment push this scene towards the higher end of the scale. It's not just a political protest; it's a situation with clear
signs of danger and possible illegal activities. Se, I'd rate it higher than 0.5, maybe around 0.7 or 0.8.”

. Protests with police presence can

’ ! be standard, espemally in urban Theuser has provided alspesitic

| scenario where a man in a suit is
' being interviewed by several
reporters with different logos.

The first individual is aggressive,
grabbing the second, using a white
cloth to cover their face. The
second is struggling and resisting.

higher level of conflict.

©0.75
o

GoldenEye

1995 #00-24-53_00-25-06_label B1-0-0

0.61 054 0.61 0.69

[

3
20.50
£

<
<0.25

172]
2050
[ £

—

e
< 0.25

0/0

50/2 100/4

201/8 251/10 302/13

LAl

0/0

490/20

]47b/6] 1966/82

Frame/Sencond

980/41 2450/102

2940/122

——e 5
If; tl(l)lrgi?g:;’ez;ﬁ: (f:ilrlnti)za? Putting it all together, the scene -
o . h: 1 red flags: nightti
I | ctviies appen at i hats osevent i Sags ighine Complex case studies
/ . . /|| dark clothing, possible attempt to
5 bit concerning because hooded break in. usine a flashlicht
N clothing can help hide identities... — £t Arrest024_x264.mp4
-_—
050 038 059 30 gm0t BT H 5 000
-
042 0.34 0.53 032 047 046 0. 0.06 006 0.04
‘Stealing038 x264 ! ;
20754 i Hbd
g ;'_L‘__I; Il i A man runs across a street in front of cars, and a motorcycle drives down a highway with other cars and motorcycles...
Z o5 i ; | L. LAVAD soldiers shoot at a car in the street.
1) . | -_L""_'L_._‘ [l . . . . : :
o 1 i TS T 3:726/108 402‘3,13‘4 484"0’,161 The scene described is a busy street with traffic, then a person in dark clothes running across the street, being chased by
’ Frame/Sencond - - ' VADTree another person... The environment seems tense, possibly involving law enforcement because there's a person in a uniform

approaching the car.
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debris, tense atmosphere. These factors add up to a scene that's quite suspicious.

A man walks through a parking garage for approximately 10 seconds, as shown by a security camera...A man is shown

LAVAD walking in a parking garage on a security camera for several minutes before he exits the garage and walks down the
sidewalk.
The debris on the ground adds to the suspicious vibe because it might be from an attempted break-in or something else
VADTree illegal...Putting it all together: an open vehicle, someone with a tool, another person inside moving around, nighttime,




