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Abstract Active cognition of affordance of household tool parts is regarded as an important aspect to improve home
service robot intelligence. In order to meet the needs of real-time task of the service robot, a fast algorithm to
improve the efficiency of affordance detection is proposed based on structured random forest (SRF). In the offline
training phase, SRF is used to train affordance edge detector and affordance detector. Then the corresponding coarse-
to-fine threshold of each affordance is determined by evaluating the results F of affordance detection. In the online
detection phase, the affordance edge detector is used to calculate the initial probability map of the edge of affordance
region. Then the coarse-to-fine threshold is used to obtain an outer rectangular including the region of the tool parts
of corresponding affordance. Finally, the affordance detector is used to detect affordance of tool parts in the region
obtained. The experimental results show that compared with the existing global search detection methods under
normal non-grapnic processing unit systems, the average detection efficiency of the proposed method increases
obviously, and the recall and precision are also improved.
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Table 1 Feature selection of each affordance edge detection model of tool parts
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Table 2 Affordance description and examples of tool parts

Affordance Description Examples
Grasp Can be enclosed by a hand for manipulation Handles of tools
Wrap-grasp Can be held with the hand and palm The outside of a cup

Cut Used for separating another object The blade of a knife
Contain With deep cavities to hold liquid The inside of bowls
Support Flat parts that can hold loose material Turners

Scoop With a curved surface and mouth for gathering and holding soft material Trowels
Pound Used for striking other objects The head of a hammer
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Fig. 4 7 kinds affordance detect results of different tools in single scene using the method

and that in ref. [16]. (a) Single scene image to be detected; (b) affordance edge detector results;
(¢) coarse-to-fine threshold filtering results; (d) final detection results of the proposed method;

(e) detection results of the method in ref. [16]
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Fig. 5 Different affordance detect results in cluttered scene using the method proposed and that in ref. [16].
(a) Cluttered scene image to be detected; (b) affordance edge detector results;
(c) coarse-to-fine threshold filtering results; (d) final detection results of the proposed method;

(e) detection results of the method in ref.[16].
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Table 3 Fj§-measure evaluation results of different affordance detection methods

F%-measure (single objects)

Affordance
S-HMPH® SRF! Proposed method

Grasp 0.367 0.314 0.554
Cut 0.373 0.285 0.224
Scoop 0.415 0.412 0.573
Contain 0.810 0.635 0.605
Pound 0.643 0.429 0.511
Support 0.524 0.481 0.489
Wrap-grasp 0.767 0.666 0.787
Mean 0.557 0.460 0.534

® 4 ARIOTTEE HALTT R RCR YT I

Table 4 Comparison between the proposed method and the other methods on the execution efficiency

Computation time /s

Affordance Single objects Cluttered scene
SAE!N SRF!] Proposed method SRF Proposed method
Grasp ~ 2400 14.60 1.12 15.54 1.61
cut 14.70 1.08 15.43 1.25
Scoop 15.34 0.95 14.84 1.09
Contain 14.29 0.95 14.90 1.76
Pound 14.80 1.04 15.01 1.53
Support 15.28 1.29 15.06 1.07
Wrap-grasp 14.52 0.97 15.93 1.05
Mean 2400 14.79 1.06 15.24 1.34
6 ¢ e

P T — M T SRF MIZEE H & T 55644 o A s A 77 7% . {5 % coarse-to-fine AR fg 8 T —
Ff 3% T SRF 3RIR 19 T EL A A Dy I i G A DA A, 54 L 5 oy TP G 0 A8 7R 45 5, DTG 42 18 17— 7o 0 2 IR
G5 Wl NAE LA 55 5 S0 T BB AR 2 sl A M 38k . e AR GPU RS T o A SOy 60 4% 2 AT 38
P B R DU A58 X B 000 T A SR ELRG N [ o E  vy , SA pILA ADR A D0 T L 4 E ve RO g Ik
%5 BEE LA

2 % X

[1] Gibson ] J. The theory of affordances [ M].//Shaw R, Bransford J. Perceiving, acting, and knowing: toward an
ecological psychology. Hilldale: Lawrence Erlbaum Associates, 1977: 67-82.

[2] ZhuY, Fathi A, Li F F. Reasoning about object affordances in a knowledge base representation [C]. European
Conference on Computer Vision, 2014: 408-424.

[3] Koppula H S, Saxena A. Physically grounded spatio-temporal object affordances [C]. European Conference on
Computer Vision, 2014: 831-847.

[4] Stark L, Bowyer K. Function-based generic recognition for multiple object categories [J]. CVGIP: Image
Understanding, 1994, 59(1): 1-21.

[5] BohgJ, Kragic D. Grasping familiar objects using shape context[C]. International Conference on Advanced Robotics,
2009.

[6] Saxena A, Driemeyer J, Ng A Y. Robotic grasping of novel objects using vision[J]. The International Journal of
Robotics Research, 2008, 27(2): 157-173.

[7] Stark M, Lies P, Zillich M, et al. Functional object class detection based on learned affordance cues[C]. International

Conference on Computer Vision Systems, 2008: 435-444.

0215001-10



ot % % i1

(8]

£9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Grabner H, Gall J, Van Gool L. What makes a chair a chair?[C]. IEEE Conference on Computer Vision and Pattern
Recognition, 2011: 1529-1536.

Kjellstrom H, Romero J, Kragic D. Visual object-action recognition: inferring object affordances from human
demonstration[J]. Computer Vision and Image Understanding, 2011, 115¢(1): 81-90.

Zhu Y X, Zhao Y B, Zhu S C. Understanding tools: task-oriented object modeling, learning and recognition[C]. IEEE
Conference on Computer Vision and Pattern Recognition, 2015: 2855-2864.

Hassan M, Dharmaratne A. Attribute based affordance detection from human-object interaction images [C].
Proceedings of the Image and Video Technology Workshops, 2015: 220-232.

Kemp C C, Edsinger A. Robot manipulation of human tools: autonomous detection and control of task relevant features
[C]. International Conference on Intelligent Manipulation and Grasping, 2006: 1-8.

Mar T, Tikhanoff V, Metta G. Multi-model approach based on 3D functional features for tool affordance learning in
robotics[C]. IEEE-RAS International Conference on Humanoid Robots, 2015: 482-489.

Lenz I, Lee H, Saxena A. Deep learning for detecting robotic grasps[J]. International Journal of Robotics Research,
2015, 34(4-5): 705-724.

Redmon J, Angelova A. Real-time grasp detection using convolutional neural networks [C]. IEEE International
Conference on Robotics and Automation, 2015: 26-30.

Myers A, Teo C L, Fermuller C, et al. Affordance detection of tool parts from geometric features [C]. IEEE
Conference on Robotics and Automation, 2015: 1374-1381.

Ferrari V, Fevrier L, Jurie F, et al. Groups of adjacent contour segments for object detection[J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 2008, 30(1): 36-51.

Ullman S, Basri R. Recognition by linear combinations of models[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1991, 13(10): 992-1006.

Arbeldaez P, Maire M, Fowlkes C, ez al. Contour detection and hierarchical image segmentation[J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 2011, 33(5): 898-916.

Wachinger C, Fritscher K, Sharp G, et al. Contour-driven atlas-based segmentation[]J]. IEEE Transactions on Medical
Imaging, 2015, 34(12): 2492-2505.

Dollar P, Zitnick C L. Fast edge detection using structured forests[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2014, 37(8): 1558-1570.

Pedersoli M, Vedaldi A, Gonzalez J, et al. A coarse-to-fine approach for fast deformable object detection[]J]. Pattern
Recognition, 2015, 48(5): 1844-1853.

Ho T K. Random decision forests[C]. International Conference on Document Analysis and Recognition, 1995: 278-
282.

Criminisi A, Shotton J. Decision forests for computer vision and medical image analysis[C]. Advances in Computer
Vision and Pattern Recognition, 2013: 201-212.

Kontschieder P, Bulo S R, Bischof H, er al. Structured class-labels in random forests for semantic image labelling[C] .
IEEE International Conference on Computer Vision, 2011: 2190-2197.

Koenderink J J, Van Doorn A J. Surface shape and curvature scales[J]. Image and vision computing, 1992, 10(8):
557-564.

Criminisi A, Shotton J, Konukoglu E. Decision forests: a unified framework for classification, regression, density
estimation, manifold learning and semi-supervised learning [J]. Foundations and Trends in Computer Graphics and
Vision, 2012, 7(2-3): 81-227.

Lei Qin, Shi Chaojian, Chen Tingting. Structured random forests for target detection in sea images[]J]. Opto-Electronic
Engineering, 2015, 42(7): 31-35.

ORI, PRI W] WO TE H AR B9 25 AL AR AR T 1 L] DG TR, 2015, 42(7): 31-35.

Besl P J, Jain R C. Segmentation through variable-order surface fitting[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1988, 10(2): 167-192.

Margolin R, Zelnik-Manor L., Tal A. How to evaluate foreground maps? [J]. Proceedings of IEEE Conference on
Computer Vision and Pattern Recognition, 2014: 248-255.

0215001-11



