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Detecting Human-Object Interactions (HOI) HO-RCNN: A New Multi-Stream DNN-based Framework

Motivation HO-RCNN 2. Classifying HOI Category for Each Proposal

1. Recognition of human-object interactions (HOI) (e.g. “riding a horse”, A two-stage framework inspired by the region-based object detectors: -
“eating a sandwich”) is an impprtant image understanding problem. 1. Generating human-object proposals } Crop + Resize Deep Neural Network (Fﬁlll?fggi]c:etggd) Element-wise
2. Recent work by Chao et al. [1] introduces a new large-scale benchmark 2. Classifying HOI category for each proposal
HICO and studies image-level HOI classification. We seek to extend the
task to further detect each HOI instance.

Note the differences to object detection: -object (bi Human Stream —> \

proposal
Each detection instance consists of: \ === Ride Bicycle

\ Object Stream _
1. A pair of bounding boxes: one for a person (blue) and one for an % J(Bi::yctle) = @ =) === Walk Bicycle

Problem Statement 1. Each proposal is a pair of bounding boxes instead of a single one.
oblem Stateme 2. We classity the HOI category instead of the object category

object (green). 1. Generating Human-Object Proposals
2. An interaction class label.

— = Repair Bicycle

( Output Scores :
/ '
Pairwise Stream

Interaction Pattern j

Riding Bicycle

Input Image

Human Detection - i Pairwise Stream: extracting features for human-object spatial relations

Interaction Pattern: a novel DNN input characterizing the spatial relations between two bounding boxes.

(a) riding a horse (b) feeding horses
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Contributions
1. HICO-DET: a new large benchmark for HOI detection. ' 2 \

2. HO-RCNN: a new multi-stream DNN-based framework that exploits T AR Al aE AR aE Al 2R AR SR - » » 64
features from a person, an ()bject, and their spatial relations. THRE Tl B ) ; T W 1 g —_— A

Human-Object Proposals Human-object (bicycle) Attention Remove contexts

HICO-DET: A New Benchmark for HOI Detection oroposal window outside

Interaction Pattern Pairwise Stream

We augment HICO [1] with instance annotations

Sample Images and Annotations Experimental Results

Evaluation Metric: mean Average Precision (mAP) Average Interaction Patterns Comparison with Prior Approaches

e Define the overlap between a prediction and ground Left: human channel. Right: object channel. Default Known Object
truth as the minimum of the overlap on human and | H Full Rare Non-Rare Rare Non-Rare
P Random 1.35%1072 | 5.72x10~* | 1.62x1077 : 0.17 0.19

= = — the overlap on object. . —
S e L \ Fast-RCNN [8] (union) 1.75 0.58 2.10 . 1.75 273
chasmg a b1rd hosing a car idi ' * Declare a true positive if the overlap > 0.5 N— - J . A 4 . Fast-RCNN [3] (score) 2.85 1.55 3.23 . 2.37 4.59

riding a bicycle sitting on a chair petting a dog HO+IP1 (conv) 7.30 4.68 8.08 : 9.06 10.76

Evaluation Settin gs HO+IP1 (conv)+S . 5.37 8.54 . 8.94 10.85
1. Known Object (KO): for each HOI category, evaluate ' |- m ” | -
only on the images containing the associated object T —

cate gory. walking a bicycle carrying a chair running a dog

\mwu///%

2. DefaUIt: fOI' eaCh HOI Category, evaluate on the fllll T ” r , = | e holding am‘otoxrq’fcle | scratching a cat  catching a ball | ]u»mpmg blcyle N standing on a snowboard fdic-ling”a-bicycle tall;;;g on a cell phone

0.99 0.81
test set. I . -

Ablation Studv on the Pairwise Stream swinging a baseball bat holding a baseball glove riding an elephant

USlng Interaction Pattern achieves the hlgheSt mAP. washing a motorcycle hugging a cat kicking a ball walking a bicycle swinging a tennis racket shearing a sheep sipping a wine glass
0.10 0.82 0.96 0.64 0.85 0.97 0.33

Leverageing Object Detection Scores

eating at a dining table boarding an airplane repairing an umbrella herding cows Default Known Object ] Ref
Rare | O™ || Full | Rare | NO Improves mAP in the Default setting. ererences

Dat t Statisti Rare Rare
atase atiSticS 1o . 391 | 6.48 246 | 753 | 874 Default Known Object [1] Y.-W. Chao, Z. Wang, Y. He, J. Wang, and J. Deng. HICO: A benchmark for recognizing

HICO-DET HO+vecO (fc) . 357 | 7.34 932 | 819 | 9.65 Rare | Non- |1 o | Rare | NOD- human-object interactions in images. In ICCV, 2015.

— , , Rare Rare 8] R. Girshick. Faster R-CNN. In ICCV, 2015.
Fposiive | Finstance | _oounding box iqres il Il ol G I Bl Bl B e 732 ot [ 56 [ 75 (804 | b
70373 | 117871 (1.67/pos) | 199733 (2.84/pos) HO+IP1 (fc) 93 | 391 | 7.84 || 1007 | 843 | 10.56 HO+S 07 | 379 | 676 || 809 | 679 | 847 Dataset and Code
20268 | 33405 (1.65/pos) | 56939 (2.81/pos) HO+IPO (conv) || 7. 447 | 7.95 || 1023 | 8.85 | 10.64 HO+IP1 (conv) 30 | 468 | 8.08 || 1037 | 9.06 | 10.76
90641 | 151276 (1.67/pos) | 256672 (2.83/pos) HO+IP1 (conv) || 7.30 | 4.68 | 8.08 || 1037 | 9.06 | 10.76 HO+IPI (conv)+S || 7.81 | 537 | 854 || 1041 | 8.94 | 10.85 http://www.umich.edu/~ywchao/hico/




