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Motivation

Supervised learning

<

Image X Image X
Widely-used recipe: . .
(1) Collect Y for each X. ﬁ s
(2) Supervise model f with (X,Y). =
Human annotator Model
l T
Tasill;: liel Y Tasillg Sel Y

Annotation phase Training phase

Neglected bit: Annotation byproducts (AB)

¥
Task
Human annotator
i |
Freely available! ” ‘ o

Time 16769 16832 16855 16881

Bird Selected? Mouse X .575 .498 .502 .770

True Mouse Y .991 .716 .684 .619
TaSk label Y ByprOdUCtS Z Click? False False True False

/ Original Our annotation byproducts

Y Y Z ]

\
Thrown away. il Example ABs for ImageNet annotation.

Human-computer interactions generate traces.
Task label Y is only one of them.

Example byproducts Z:
- Click locations
- Mouse trajectory 6% -

- Time to click % -
- Correction history

Weak object location?

Sample difficulty?

- Annotator ID

Tack 1D — Annotation bias?

Do ABs further improve models?
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Main Message

Information they contain:

Are you collecting annotations for supervised learning?
You should definitely log annotation byproducts.
They may improve model performances for free.

huggingface.co/datasets/
coallaoh/ImageNet-AB

Collecting Annotation Byproducts

I m age N Et-AB 1,272,225/ 1,281,167 (99.3%) ImageNet training images now have AB.

French bulldog "imageID":

Definition: Small stocky version of the bulldog having a sleek coat and square head

lowing images, click the image if it contains at least one object of type French bulldog. Sele
regardless of occlusions, other objects, or clutter or text in the scene. Only select if images
(no drawings or paintings).

"selected": true,
"imageHeight": 243,
Please make accurate selections! ! imageWidth ": 243 ’
about the object meaning, please consult the following Wikipedia page(s) or google the ob
"hoveredRecord": |

{"action":

{"action":
1,

"selectedRecord": |

https:/fen.wikipedia.org/wikifFrench Bulldog 4 (open in new tab)
s impossible to complete a HIT due to missing data or other problems, please return the HI

Seonghyeok Chun
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"imagePosition": {"x": 857,

"enter", "time":
"leave", "time":

DHITTE

c O M P A N Y

ImageNet-AB Dataset COCO-AB Dataset Code

L) L)
- -

huggingface.co/datasets/
coallaoh/COCO-AB

github.com/naver-ai/
NeglectedFreeLunch

24,365 USD spent.

"n01440764/n01440764 105",
"originalImageHeight": 375,
"originalImageWidth": 500,

Original Annotation

"y": 1976},

1641425051},
1641425319}

{"x": 0.540, "y": 0.473,

"time": 1641425052}

mouseTracklng

I

"worker id"
'a551gnment id":
"page_idx": 3

mm

Full page view Submit button

Example click locations.

Replication of ImageNet annotation interface.

COCO'AB 82,765 / 82,783 (99.98%) COCO2014 training images now have AB.

"image_id": 459214,
"originalImageHeight": 428,

Plea d g and drop ic fom the boltom panel to matching objects in the image. If and icon ma h multiple b| n drag the
uttol . . .
"originalImageWidth": 640,

o of the b] s. Ther a 11 sets of objects to drag on h e image. Use the b w keys yl h gh h . Ther
\ f20 images to la b .

"categories”: [”car”, “bicycle”], Original Annotation
Image contains "imageHeight": 450,
"imagewWidth": 450,
o> % "timeSpent": 22283,
"actionHistories": |
{"actionType": "add”,
"iconType": "car”,

"pointTo": {"x": 0.583, "y": 0.588},
"timeAt": 16686},
{"actionType": "add”,
"iconType": “bicycle”,
"pointTo": {"x": 0.592, "y": 0.639},

"timeAt": 167237}
1,
"categoryHistories": [
{"categoryIndex": 1,
"categoryName": ”“Animal”,

"timeAt": 10815,
Vehicle "usingKeyboard": false},
{"categoryIndex": 10,

s F a - "categoryName": ”IndoorObjects”,
< > "timeAt": 19415,
i Airpl Trai

Bicycle Car Motorcycle irplane Bus rain Truck Boat " us ingKeyboard " H fal se }
R 1s
"mouseTracking": [
{"x": 0.679, "y": 0.862, "timeAt": 15725},
{"x": 0.717, "y": 0.825, "timeAt": 15731}
14 page(s) [ 20 pages ] ,

"worker_id":

"00AA3B5E80",
"assignment_id": "3AMYWKA6YLE8OHK9QYYHI2YEL2YO6L",

"page_idx": 8 Annotation Byproducts

Replication of COCO annotation interface.

{"x": 0.003, "y": 0.629,
{"x": 0.441, "y": 0.600,

"47DBDD543E",
"3AMYWKA6YLE8OHK9QYYHI2YEL2YO6L",

1 Us[e the last click Iocatlon as a proxy of object location.

"time": 1641425051},
"time": 1641425052}

Annotation Byproducts
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9,936 USD spent.

Use the last icon location as a proxy of object location.
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Distribution of icons wrt GT boxes.
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Learning Using AB (LUAB)

Special case of Learning Using Privileged Information (LUPI).
This work: Focus on AB approximating object locations.

Y) + AlA(f(X))

Bird Bird
7@—»% —> Bird

Task label Y
Image X Model

min L(g(f(X)),

— /
159,k Hﬂ

7@ g <Cla55|flerg
0.3,0.4) «<— @

Image X Model f Regressor h Byproducts Z
Training (LUAB)

Results
ImageNet-AB + LUAB

Model |Params|IN-1K7T IN-V27 IN-Realf|IN-AT IN-CT IN-OT|Sketch? IN-R7T|CoccT ObjNetT |SI-sizeT Sl-locT Sl-rot7|BGC-gap] BGC-acctT

R18 11.7M} 721 599 796 | 2.0 374 527 | 22.0 340|419 21.7 | 464 229 321 9.0 221
+LUAB|11.7M| 72.2 599 79.6 1.9 37.6 53.0 | 21.6 343|447 219 | 478 231 32.7 8.6 20.4

R50 [25.6M| 774 652 835 | 5.5 438 56.7| 254 37.8|537 27.8 | 539 319 40.1 6.3 26.7
+LUAB|25.6M| 77.5 65.2 838 | 5.1 447 57.0 | 25.7 382|551 285 | 55.6 335 409 5.6 274

R101 [445M| 78.2 66.0  84.1 76 470 60.7 | 265 382|558 294 | 534 33.1 389 5.6 30.2
+LUAB |44.5M| 78.6 664 843 | 7.8 479 605 | 27.0 39.0 | 585 300 | 544 333 398 5.5 28.2

R152 |60.2M| 79.0 672 845 | 95 495 62.0| 27.6 396|588 305 | 539 333 38.6 6.6 27.2
+LUAB|60.2M| 79.2 67.2 848 | 95 499 62.1 | 27.6 39.7 |59.0 313 | 555 342 40.6 5.8 31.6

Prediction

Inference (identical to original)

ViT-Ti | 57M| 728 60.7 80.7 | 7.9 485 523 | 205 328|638 23.1 | 463 238 339 8.2 13.9
+LUAB| 5./M| 729 60.8 809 | 84 484 529 | 211 338 642 23.7 | 474 254 34.7 7.8 14.4
VIiT-S |22.1M]| 80.3 69.1 86.0 | 20.0 603 534 | 294 423|738 312 | 545 320 395 6.4 17.4
+LUAB|22.1M| 80.6 69.7 864 |228 61.2 55.1 | 30.0 43.0 | 741 323 | 551 33.7 39.6 5.9 18.7
ViT-B [86.6M| 81.6 703 86.6 |26.1 64.1 58.0| 33.0 457|760 31.7 | 56.6 35.1 413 6.4 18.1

+LUAB|86.6M| 825 719 874 |31.1 66.0 585 | 355 484|775 350 | 571 368 41.6 5.6 23.9

ID generalisation

LUAB improves ID & OOD gen. and reduces BG dependence.

OOD generalisation Spurious BG dependence

baddy LoCation e Rotation

#7 Original

4 Mixed-Rand

Sl Scores BG Chalen o

COCO-AB + LUAB

Model | R18 Rand LUAR | R50 Rand LUAB | R152 Rand LUAR

mAPT |67.9 67.8 68.0 73.0 73.6 74.2 |73.3 74.6 754
ymn 151.8 52.1 51.6 [47.6 473 47.0 474 478 47.1
vael 12877 28.7 28.4 [25.0 249 245 248 255 24.7

Model | ViT-Ti Rand LUAB | ViT-S Rand LUAB | ViT-B Rand LUAR

mAPT| 72.6 722 727 |76.2 769 713 | 764 745 TI.5
ymn 1491 489 484 |47.1 469 458 46.6 47.1 45.6
vael 27.0 269 26.8 | 2577 25.6 24.6 | 25.0 25.1 24.5

Image - frisbee
S (frisbee) = 0.5

Image - human
S (frisbee) = 0.3

— Vmin & Vavg %

- LUAB helps ID_generalisation.
- LUAB reduces spurious BG dependence.



