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Industry Trends and Research Directions

Jﬂhﬁ

Industry 4.0

Individual technologies and
system solutions for digitally
integrated production

Industrie 4.0 Transfer Center
Berlin

Berlin Center for
Digital Transformation

Digital engineering

= Digital development of the
future

= Digitaltwins

= |nformation factory
for PLM and loT

= Digital factory and inspection

= Smart products and services

= Model-based
systems engineering

Automation

® |ndustrial image processing
= Virtual reconstruction

= Computervision for safety
and security

» |ndustrial robotics

®= Processtechnology and
optimization

= [ntelligent systems for health
and ergonomics

Artificial Intelligence

= Research and Development
aligned with emerging trends
and industry needs.

= Computer Vision, Robotics,
Knowledge Representation.

®= |mage and Video
Understanding, Data curation
and benchmarking.

= Closing the loop on applied
research using industry
collaboration.




Motivation & Gaps

o 50% of the world‘s GDP is manual work, despite all the
automation (S42T).

o These tasks and processes are highly context-dependent and
cannot be programmed or automated by classical
approaches.

o Multimodal data and Video Understanding open new
avenues of industrial applications w.r.t. procedural data,
digitising expert knowledge and downstream developments.

o Such industrial applications need context-aware intelligent
assistants

o Egocentric vision provides a natural interface

o Application Potential: AR/VR, user guidance, cognitive
robotics.

© Fraunhofer IPK/Larissa Klassen



Motivation & Gaps

o Lack of representative data.

o Existing datasets poorly represent industrial use-cases and

their challenging settings.

o We need datasets that bridge academic vision and industrial use

Gaps:

X

X
X
X

Long sequence tasks

Collaborative Scenarios

Industrial setups and use-cases
Multimodality in industry

Dataset Scenario Hours (Ego) Exo Collaboration Gaze Motion Narration Actions Keysteps Mistakes QA
EPIC-KITCHENS [13] Kitchen 100 X X v X v v X X X
CharadesEgo [44] Daily 34 v X v X v X X X X
Ego4D [12] Multiple 3670 v X X v v X v X X
LEMMA [51] Daily 10 v v X X X v X X X
Ego-Exo4D [14] Multiple 221 v v X v v v v X X
EgoExoLearn [45] Daily, Lab 120 v X v X v v v X X
Nymeria [52] Daily 300 v v v v v v X X X
AssistQ [48] Assistive 3 X X X v v v X X v
Meccano [17] Industry-like 7 X X v X v v X X X
HoloAssist [48] Assistive 166 X v v v v v v v X
Assembly101 [18] Industry-like 42 v X X X X v v v X
IndEgo (ours) Industrial 197 v v v v v v v v v




Project Aria Research Kit
(Meta Reality Labs)

Setup

Industrial Tools and Devices Ego Perspectives

Exo Perspective

v' 20 Participants

v" Different locations, including
research labs and test fields

v" Varying setups depending on
the tasks & workflow



IndEgo Dataset

o The scenarios and use-cases were chosen to represent most
likely application areas for real-world deployment.

o Both perspectives have varying advantages and limitations.

Exocentric View

Category Tavg 1-Person  Collaborative Narration #Ego Tgg (h) #Exo Ty, (h)
Assembly 152 m v v v 188 47.5 152 304
Disassembly 1.1 m v v v 136 24.9 112 17.0
Inspection and Repair 7.8 m v v v 238 30.9 202 17.7
Logistics/Organisation 4.5 m v v v 456 354 158 8.1
Woodworking 7.5 m v v v 148 18.4 116 14.9
Miscellaneous 1.5m v v X 378 9.4 352 8.7
Tools/Objects in Context 120 s v X X 604 20.1 - -
Tools/Objects Demo 53s v X v 302 4.5 - -
Singular Actions 21s v v X 1010 5.9 - -
Total 205's v v v 3460 197.1 1092 96.8

Table 1: A breakdown of the IndEgo dataset, showing the key categories and related statistics. Tayg
gives the average duration of the recording, #Ego gives the number of videos from the Egocentric
perspective, Tgg, gives the total cumulative time for egocentric data, #Exo gives the number of videos
from the fixed exocentric perspective, Tgyo gives the total cumulative time for exocentric data.

Egocentric View



Woodworking

Miscellaneous

Logistics/Organisation

v 197 hours of Egocentric Data
v" 97 hours of Exocentric Data
v" Diverse industrial scenarios

v" Collaborative work, physically and
congitively demanding tasks



Collaborative Work

Coworkers Leader-Follower/Training



Annotations & Multimodality

. Safety Gloves, Toolbox, Allen Keys, Common 3D Point Cloud and
Required: s : ;
Drilling Machine with Attachments, ?‘ Worker Trajectories y
Screwdrivers, Trolley .
=g "“f
e = W:<;v | » .V & , ‘
> —% B e \ \\
( L 'orker'l Ego€entric

View at 7,

e

Py LAE
WJ

-

Worker 2 Egocentric

) “ '3 » J 6
PXocentric View at ¢, View at ;

Open Attach Remove| Hand Tool to Collect Detach | Place Puton | Remove | Sort Plan Grab | Remove | Grab Drill |Attach new
Worker 1 Toolbox Screw bit] Bolt Coworker Bolls Tabletop | Top Gloves Crank Crank | Action | Tools Bolts Machine bit

&‘ Carry Grab Remove |Take Drill] Loosen | Detach | Sort Put on Read Observe | Get Allen Remove Boits Detach Lower
Worker2  Lools | Screwdriver | = Bolt | Machine | bolts | Tabletop | Bolts | Gloves | Instructions | Coworker Keys Plate

Context Motion*

Remove the Tabletop

Remove the Lower Plate

Optional: Adjust height

Remove the Crank

Remove the Upper Cover

%

Separate the two Legs
A
Separate the Legs and the Lower base

A

Sort bolts with their original parts

Optlonal Pack items

Hand Pose* SLAM* *Processed
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Annotations & Multimodality

@ Cumulative Duration (s)

B Frequency

leD Top Adjectives led

led

Top Verbs

le3

le4

Top Nouns

1le3
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Bnx,
.D.RN ©
ar di
smnwé
Dopyg

Top Adjectives (Lemmatized)

Top Verbs (Lemmatized)

2000

1500+

10001

5001

Top Nouns (Lemmatized)

1200

1000



Egocentric Video Understanding

o Current Solution: Video frames
processed by VLM.

o Task grounding is necessary to
understand the process and guide
the user.

¢ Live Al

o Several other design and
engineering challenges exist (e.g.
latency, deployment, output
modalities).

o However, development and
benchmarking of SOTA models on
downstream tasks is important.




Benchmark: Mistake Detection

Approach P R F1 F15 FIFF F1¥ piH
>~ VL3 [78] 156 462 233 362 382 274 321
v IVL2.5[13] 162 482 242 381 371 290 332
N QvL25 (5] 159 50.1 24.1 388 365 28.8 34.1
ity "aii';oi“e e GFT* [25] 356 482 409 512 422 347 480
. : . o VL3[78] 304 567 39.5 48.1 388 321 413
: : g IVL25[13] 316 500 387 477 390 305 422
Allg".diill QVL2.5 [5] 314 51.6 39.1 426 398 354 440
uprig
. VL3 [78] 345 333 339 392 355 29.1 385
: B IVL2.5[13] 30.1 417 355 365 387 321 392
P‘”dersisl l"ihnlg‘e QVL25 [5] 333 410 367 370 394 295 367
5 o VL3[78](EM) 213 550 307 362 382 30.1 322
i g IVL2S[13](EM) 233 492 316 3520 327 316 305
o QVL25[5](EM) 24.1 510 327 342 320 321 40.1
Approach P R F1 F15 F1I’¥ F1¥ FiH
VL3 [54] 17.1 48.0 252 341 372 284 355
o IVL25[55] 182 487 265 323 36.1 30.1 342
. . . . . M QVL25([56] 165 505 248 341 29.1 305 320
o S:Severe Mistakes, e.g. mishandling of a fragile object. R 302 17 411 01 12 ve i
. : . . . . VL3 [54] 20.1 442 276 347 348 312 29.1
o PF: Process Failure, e.g. placing wrong item in a shipment. o IVI23[55 187 488 270 375 333 298 323
. M QVL25([56] 21.1 496 29.6 324 294 314 326
o IF: Impact to Future Steps, e.g. forget opening a hatch. GFT* [57] 351 51.1 41.6 485 41.0 343 46.6
o H: Risk of harm/injury, e.g. forgetting PPE.

ZS: Zero-Shot

VL3: Video-LLaMA3 IVL2.5: InternVL2.5 QVL2.5: Qwen2.5-VL GFT: Gemini 2.0 Flash Thinking



Mistake Detection

Model Ego Exo Ego+ Exo

0.43
0.33
0.29

0.39
0.32
0.30

0.44
0.37
0.33

GFT (ZS) [56]
VL3 + Tr [53]
IVL2.5 + Tr [54]

Ego/Exo Fusion

Task 3-
Miscellaneous Omission Mistake:

e.g.
- skipping putting on a part of
the safety gear

Put on Put on Put on Put on

jacket gloves shoes earmuffs
Execution Mistake:
e.g.:
- not zipping up jacket

- not tightening shoes

- wearing earmuffs wrong
- only putting on one shoe
- only putting on one glove

Task 21- L

A

Put on gloves

Get trolley

—

Take trolley

toLab 1

'\_\\

Find Toolbox

Find defective devices

—— ]

Hand the objects to the
coworker

Load new objects onto
the trolley

o

Task 23- Assembly
eg.

- not attaching one of the
components

Omission Mistake: ‘
- not inspecting camera stand

Take trolley to Lab 2

i

Attach vertical
bar Attach holder bar| | Attach camera
Execution Mistake:
e.g.:
- attaching vertical bar
Inspect loosely
- attaching holder bar loosely

- attaching camera loosely

- attaching component at
‘wrong spot

- attaching component facing
the wrong way

tasks across all scenarios.

Model RGB only RGB + Audio

RGB + Gaze

RGB + Audio + Gaze

0.38 0.41
0.27 0.26
0.30 0.28

GFT (ZS) [56]
VL3 [53]
IVL2.5 [54]

0.39
0.28
0.29

0.42
0.30
0.29

VL3: Video-LLaMA3 IVL2.5: InternVL2.5

QVL2.5: Qwen2.5-VL

Optional and Repeatable:
i Adjust objects on the trolley f

Bring trolley to the unloading station

/’v—\—\_\_\—\_

Leave devices and toolbox at
designated location

Leave empty trolley
for collection

Intentional and Unintentional Errors in procedural and non-procedural

GFT: Gemini 2.0 Flash Thinking

Modality Ablation

Safety Compliance Mistake:
e.g. Not Putting on gloves.
Leaving defective electrical
devices plugged in.

e.
heavy objects.

Improperly handing objects to
coworker.

Collaboration Mistake:

g. Not helping colleague with

Omission Mistake:
e.g. Skipping a Lab.
Skipping a step.

Loading Mistake:

e.g. Placing heavy object on top
of a fragile object.

Not picking up objects if they
roll/fall off.

/
~
Detour Mistake:
e.g. Taking the trolley to
Lab3/4 before lab 2.
. _/
Logistical Mistake:

e.g. Abandoning trolley on
the floor.
Leaving devices at the wrong
location.

ZS: Zero-Shot




B e n C h m a r k ° VQA Singular Action: Unplugging the Drilling Machine
° L

For Long and Short Tasks

. When is th(? action likf:l)f to occur
* Temporal Understanding (Tm) st fag o teling o
* Situated Reasoning (Si) ')

< (a) Before using the drilling machine. The action of plugging in the power
S()TA x drill is likely to occur before using the dril b i nsi t 3

* Visual Recognition (Re) T [ e T e
° AnalogicaI/Abd uctive Reasoning (A) Singular Action: Closing the door (from the inside)

VL3 [78] 52.2 60.3 594 575 582 |

Model Acc™  AccS Acc® Acc*  Acc
IVL2.5[13] 51.7 61.1 58.2 56_0 57.6 CI I T T 1T T 1T 1T 1T T 1T 1T 1T 1T 1T 1T 1T T 1T 1T 1T 1T 1T 1T 1T T 1T 1T 1T T 1T 1T 1T 1T 711

QVL2.5 [5] 532 608 593 565 58.1 . s ™
GFT* [25] 554 621 672 683 64.1 Gk FRSDle AtlsWeE
ML2 [47] + Label 923 514 428 783 614 'my

Human 926 8.6 904 886 90.0 SOTA | X *

VLMs

) To get something from another

(
1 av A_ t, p
lo

VL3: Video-LLaMA3 IVL2.5: InternVL2.5 QVL2.5: Qwen2.5-VL GFT: Gemini 2.0 Flash Thinking ZS: Zero-Shot



Task Understanding in a Collaborative Setting

;, v" Anticipate co-worker’s action
-z

g v Understand worker’s role

~ GFT: 35.2% (action anticipation)

O

g

O

=

Summarisation

Raw Data Time —>»

VL3: Video-LLaMA3 IVL2.5: InternVL2.5 QVL2.5: Qwen2.5-VL GFT: Gemini 2.0 Flash Thinking ZS: Zero-Shot



Project Page: https://indego-dataset.github.io/

Dataset: https: / /hug_gingface .co/datasets/FraunhoferIPK/ IndEgo
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