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Introduction (1/4)

* Recent Video/Vision Large Language Models (VLMs) have strong
capabilities for multiple tasks

* E.g., captioning, visual question answer, reasoning, etc.

* However, they still encounter difficulties while reasoning the
errors in long procedural videos
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Introduction (2/4)

* Fail to recognize spatially subtle errors

e E.g., Using knife instead of spoon Generated by
Qwen2.5-VL-32B

<Prompt>: Your goal is to ‘make tea’. You have finished the following steps: Measure water. Pour water into
kettle. ... Now you are trying to do action ‘stir using spoon’. Given a sequence of images for ‘stir using spoon’,

—— output a score to show the correctness of the action and determine if there has been an error during execution
and your reason. The score ranges from 0 to 1. Higher score indicates the action in the images is more correct.
The output format: Score: <score>, Reason: <reason>"

A 4

(

Score: 0.8, Reason: The person is holding a spoon and appears to be stirring the contents of the mug, which is
consistent with the action of stirring tea. However, the score is not a perfect 1 because the stirring motion is not
explicitly shown in the still image, and we cannot confirm the thoroughness of the stirring action. The overall
setup and the person's hand position indicate a high likelihood of correct execution, hence the score of 0.8.

BVP R DENVER \There does notappear to be any error in the execution based on the provided image.
4
JUNE 3-7, 2026 C[]L[]RA[][]




Introduction (3/4)
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* Fail to recognize temporally subtle and short errors
* E.g., Dropping tea bag Generated by
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Qwen2.5-VL-32B

<Prompt>: Your goal is to ‘make tea. You have finished the following steps: Measure water. ... Pour water into
mug. Now you are trying to do action ‘place tea bag in mug’. Given a sequence of images for ‘place tea bag in
—— mug', output a score to show the correctness of the action and determine if there has been an error during
execution and your reason. The score ranges from 0 to 1. Higher score indicates the action in the images is more
correct. The output format: Score: <score>, Reason: <reason>"
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Score: 0.8, Reason: The sequence of images shows the person handling a tea bag and placing it into a blue
mug, which aligns with the action of 'Place tea bag in mug'. However, the score is not a perfect 1 because the
images do not explicitly show the tea bag being fully submerged or the string being left outside the mug, which
are typical steps in this process. Overall, the action is mostly correct, hence the score of 0.8. There does not
appear to be any significant error in the execution based on the provided images. j




Introduction (4/4)

* Challenge1

* Failto recognize spatially and temporally subtle errors

* Challenge2

* Select keyframes to improve data efficiency for VLMs

* Challenge3

* Generate precise contextual details/prompts necessary for error reasoning
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Contributions
* Localize subactions in long procedural videos to facilitate
accurate error reasoning (detection and explanation) with VLMs.

* Automatically construct an Action eXecution Graph (AXG) to
represent subactions and feasible execution paths for each action.

* By aligning AXG to videos, we temporally localize subactions
and provide fine-grained prompts for error reasoning with VLMSs.
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Proposed method - pipeline

Subaction generation > Action eXecution Graph (AXG) Generation

AXG for action: | place tea bagin mug :

T—— 5 . Ly Graph-to-video
- i :
rab tea bag pen tea bag Put tea bag in mug | Alighment
Potential Error Potentially correct
You are doing grab tea. Are you doing it You are doing open tea bag and you have made a You are doing open tea bag. Are you doing it
correctly? mistake. Describe the mistake. correctly?

The person is attempting to
place tea bag in mug, but
dropped it on the floor

Yes! The person is doing
grab tea bag

Yes! The personis doing
open tea bag
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* For each action, generate subactions
from error-free training videos

Y
. <action> _ <action> _ <action> _ <action>
* We use Sentence BERT with temporal | onepesticrss  {Pacereavaginmus Openaplostionns 1 pacecabaginmug
. Plastic bag Blue mug Plastic bag <objects>
e n C 0 d | n g tO e m b e d text Tea package Tea bag Honey bottle Blue mug
Kettle Bowl Kettle Teabag
) ! ! { !
| Sentence BERT '
Sinusiodal 4 ¥ b4 4
o dofipm]  Ofm=n] $fmm=r] ¢{m=u]
* We jointlyuse VLMs and LLMstodo e § — J = e e
| Kmeans and Cluster Pruning ﬂ

captioning and summarization

<action> place tea bag in mug

Subaction clusters

cluster k e, <subaction>

Open a plastic bag
Put tea bag in mug

A 4 L4 3
pa pa
LLM U—P <object> tea bag, ... —FI LLM 07
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Proposed method — AXG generation

* For each AXG, we initialize it with all G
possible execution paths with [ O— ]
Subactions

source and sink nodes
C Open plastic bag )

 We use graph-to-video alighment tearpackage 2 -

(G2V) [1] with a counter to record the ] | s RN
paths ' E:?

Graph-to-Video Alignment
l Frequent subaction sequences

-0:9:0 -0 0200

BVP R m DENVER [1] Flow graph to Video Grounding for Weakly-supervised Multi-Step Localization, Nikita Dvornik, Isma Hadji, Hai 10

Pham, Dhaivat Bhatt, Brais Martinez, Afsaneh Fazly, and Allan D. Jepson, ECCV 2022
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* Select the paths that appear
frequently to construct the AXG

Counters




* During inference, we perform
temporal action segmentation to get
action segments

* We then perform G2V on each action
segment with its AXG to temporally
localize subactions

* VLM prompts are based on if
segments are matched or dropped

CUPR /% DENVER

1 AXG = Graph-to-video Alighment

v

Prompt for VLM

Matched segment ‘ Dropped segment ‘

You are doing grab tea
bag. Output a score that
measures the correctness
of the subaction being
performed.

You are doing open tea bag
and you have made a
mistake. Describe the
mistake being made.
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Experimental results (1/4)

e Setting: E
goPER
. Error explanation Method VLM esadilla  Oatmeal Pinwheel Coffee Tea All
* GT action segments Naive 2 4.0 4.0 40 00 6.0 3.6
* Qwen2.5-VL-32B VTREE < 5.0 6.0 4.0 1.0 9.0 5.0
AXG z 22.0 17.0 180 17.0 13.0 17.4
* AXG outperforms naive Cook4D
i P ) . Hot Chocolate Sandwich Burritos Ramen Raita All
baseline (uniform sampling)
and other keyframe select Naive E 8.0 4.0 4.0 20 3.0 40
method (VTREE[Z]) VTREE : 3.0 3.0 6.0 20 1.0 3.0
AXG z 18.0 21.0 20.0 18.0 19.0 19.2

cv P R m DENVER [2] VIDEOTREE: Adaptive Tree-based Video Representation for LLMReasoning on Long Videos, Ziyang Wang, 12

Shoubin Yu, Elias Stengel-Eskin, Jaehong Yoon, Feng Cheng, Gedas Bertasius, Mohit Bansal, CVPR 2025
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Experimental results (2/4)

e Setting:
* Error detection Method VLM EgOPER
 GT action segments N. E. Fl
" Qwen2.5-VL-328 Naive 5 87.1 263 56.7
VIREE < 85.6 222 539
« AXG can detect more errors (higher AXG & 80.1 47.0 63.6
E.) without high false positive rate _Na_ive_: 2 8_8 ) _13_7_ 50_9
(maintaining high N.) AXG £ 792 441 61.6
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Experimental results (3/4)

e Our generated AXGs are very { Hold I 'Open I PLac.e bowl into 1 'Close ] OMLI LML
.. bowl microwave microwave microwave é
similar to the manually @~ ~—A A A J_|

constructed ones. o | ‘_P' [Cputdown noney bore |
2A Loa]  TcE

P ey

[ Open honey bottle I pouring honey into the mug ] g >

o ]

* Visualization of AXGs
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Experimental results (4/4)

. Qualitative I’eSUltS fOI’ Score: 0.8, Reason: The images show a person handling a plastic bag, which is

consistent with the action of opening a plastic bag. However, the score is not a perfect
tem pora uy su btle errors 1 because the images do not explicitly show the bag being fully opened or the contents
* Dropping tea bag

Open
plastic bag
g

being revealed

F : =
A .| Score: 0.0, Reason: You are attempting to place the tea bag in the mug, but you
accidentally drop it on the floor, which is a mistake as it can contaminate the tea bag.

<Dropped=

Score: 1.0, Reason: The images show a person holding a tea bag and using their fingers
to tear it open, which is a clear indication of the subaction "The person is tearing a tea
bag." The person is carefully manipulating the tea bag, which is consistent with the action

of tearing it to prepare for steeping

?
1

e AXG-reasoner detects the
errors with good explanation

Tear atea
bag
a

b Dg _4& Score: 1.0, Reason: The sequence of images shows a person holding a tea bag and
§ En ‘_‘f placing it into a mug, which aligns perfectly with the subaction "The person is placing
g8 ateabaginamug."
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Thank you

* My personal website: https://robert80203.github.io/

* If you have any question, feel free to connect with me online or in-
person in Denver.
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