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ABSTRACT
In human-object-robot interactions, the recent explosion of stan-
dard datasets has offered promising opportunities for deep learning
techniques in understanding the functionalities of object parts. But
most of existing datasets are only suitable for the applications where
objects are non-occluded or isolated during interaction while occlu-
sion is a common challenge in practical object affordance estimation
task. In this paper, we attempt to address this issue by introducing a
new benchmark dataset named FPHA-Afford that is built upon the
popular dataset FPHA. In FPHA-Afford, we adopt egocentric-view
to pre-process the videos from FPHA and select part of the frames
that contain objects under the strong occlusion of hand. To transfer
the domain of FPHA into object affordance estimation task, all of the
frames are re-annotated with pixel-level affordance masks. In total,
our FPHA-Afford collects 61 videos containing 4.3K frames with
6.55K annotated affordance masks belonging to 9 classes. Some
of state-of-the-art semantic segmentation architectures are explored
and evaluated over FPHA-Afford. We believe the scale, diversity
and novelty of our FPHA-Afford could offer great opportunities to
researchers in the computer vision community and beyond. Our
dataset and experiment code will be made publicly available on
https://github.com/Hussainflr/FPHA-Afford

Index Terms— Human-Object-Robot Interaction, Object Affor-
dance Estimation, Semantic Segmenation, FPHA-Afford

1. INTRODUCTION

Human-object-robot interaction is a classic research topic in the
deep learning and robotics communities. Although tremendous
researchers have shown a great success in object recognition task
and developed applicable systems to precisely recognize or detect
objects using computer vision techniques, only a few of them fo-
cus on finding a feasible way to predict how to interact with those
object safely and appropriately. [1] In recent years, Gibson coined
the term “Affordances”, which indicates “action possibilities” that
could carry out with the objects (e.g a cup affords contain and
grasp, a bottle affords wrap-grasp). Learning object affordances
from images or videos is of great importance in robotics, along with
accurate object recognition robots also require the ability of object
affordance estimation and functionality understanding to interact
with the recognized objects properly.

To learn object affordances in human-object-robot interactions,
significant works have been done on learning visual affordance
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Fig. 1: FPHA-Afford is proposed to learn occluded object affor-
dances in human-object-robot interaction.

and functionalities understanding of objects and scenes[2]. In this
case, these current methods focus on detecting and segmenting
non-occluded and isolated object regions [3, 4, 5, 6], and the devel-
oped systems might work well in the applications without occlusion
situations such as robotic pick and place. However, due to the
difference between controlled and practical environments, these sys-
tems could achieve satisfied performance in predicting affordances
for the occluded objects that might be more common in practical
human-object-robot interaction systems. This could be attributed to
the requirement of ideal data input. Most of existing methods are
trained and validated on some specific datasets that collect images
in a controlled environment with non-occluded annotated objects
and action labels. Therefore, lack of appropriate datasets limits the
advance of human-object-robot interaction applications.

In this paper, we attempt to address this issue by introduc-
ing a new domain-specific benchmark dataset that is built upon
First-Person Hand Action (FPHA) so we named our dataset FPHA-
Afford. To transfer the domain of original FPHA into our targeted
occluded object affordance estimation task, we re-annotate the
frames in FPHA with manual pixel-level annotations. Besides,
following the strategy of [7], we pre-process all of the frames by
adopting the egocentric view to make sure the video frames are
considered as the view of agent camera. In total, our FPHA-Afford
collects 61 videos containing 4.3K frames with 6.55K annotated af-
fordance masks. In particular, in FPHA-Afford, 10 actions are being
carried out with 14 different objects and 9 object affordances classes
are manually annotated. Moreover, in our purposed FPHA-Afford
dataset objects are under the strong occlusion of hand with different
affordancess performed. We aim to find all object affordance regions
in the frame where agent can take actions safely and appropriately.
Several experiments are constructed over our FPHA-Afford using
the state-of-the-art semantic segmentation techniques (e.g. FCN,
delatedFCN [8, 9, 10]) to provide the baseline for occluded object
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Fig. 2: Statistics in our FPHA-Afford
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Fig. 3: Visual comparison of different Datasets with FPHA-Afford

affordance estimation task.
In summary, our contributions in this paper are listed below:

� To the best of our knowledge, the first domain-specific dataset
FPHA-Afford is published for object affordance estimation
in human-object-robot interaction. Our FPHA-Afford con-
tains 61 videos, 4.3K frames and 6.55K pixel-level affordance
mask annotations. This benchmark will significantly pro-
mote the effectiveness and usefulness of applications of new
human-object-robot interaction approaches.

� FPHA-Afford defines, analyzes and attempt to address a de-
tailed domain-specific issue: occluded object affordance es-
timation, in which strong occlusion is a common problem in
practical robot applications.

� We give comprehensive and depth performance evaluations
of the state-of-the-art semantic segmentation techniques in
FPHA-Afford. We believe that FPHA-Afford provides a fea-
sible benchmark dataset and well facilitate further research
on human-object-robot interaction field. Our dataset and code
will be made publicly available.

Table 1: Comparison with some other popular datasets

Pixel-level Occlusion Action
IIT-AFF [12] X
UMD [4] X
CAD-120 [11] X X
FPHA [13] X X
FPHA-Afford (Ours) X X X

2. RELATED WORK

Affordance learning and functionality understanding is of great im-
portance in both computer vision and robotics fields. The concept
’affordance’ is not limited to the objects but includes a variety of
applications [affordancenet], from understanding human body parts
[14] to environment affordances[15, 16]. In robotics, affordance is
used to teach robots how to interact with real-world objects[4]. In
a given environment, affordance could help anticipate possible ac-
tions since it represents all possible actions that can be carried out
on or with objects. Besides, in the context of future action anticipa-
tion and prediction, affordance is also regarded as a specific signal to
predict future human or robot actions [17, 11, 18]. In past, traditional
image processing techniques are the major methods for affordance-
based agent (e.g. a human or robot) activity recognition to recog-
nize the interaction between agent and the surrounding environment
[19, 20, 21]. For example, [7] proposed to learn social affordances
to understand prohibited actions in the whole scene such as crossing
road while the signal is red, happen in our daily life. Meanwhile, a
similar method was also developed to detect object affordances from
human-object interactions [22].

With the emergence of deep learning, a large number of re-
searchers paid their attention on convolutional neural networks as
main tool to design affordance detection frameworks. The work in
[23] employed two deep neural networks to detect grasp affordances
from RGB images. Apart from 3-channel images, RGB-D images
were also considered as input for extracting deep features from neu-
ral networks to detect affordances [5]. In terms of network architec-
ture, multi-scale convolutional neural network was designed by [15]
localize environment affordances. In [24] a weakly supervised deep
learning approach was adapted to segment object affordance in order
to avoid highly expansive pixel ground-truth labels. Most recently,
authors of [25] introduced to relationship-aware module along with
Atrous Spatial Pyramid Pooling (ASPP) to improve affordance de-
tection performance.

Despite that deep learning object affordances models have
gained state-of-the-art improvement over hand-crafted geometric
features[4], one limitation of these systems is that most of current
datasets are difficult to be transferred into practical human-object-
robot interaction applications since only non-occluded and isolated
images considered, such as IIT-AFF[12] and UMD[4]. This results
in a failure when objects are occluded or an action is being carried
out. Keeping this gap in mind, we build a new domain-specific
occluded object affordances dataset with pixel-level annotations
specially designed for human-object-robot interaction scenarios.

3. FPHA-AFFORD DATASET

3.1. Data Collection

Instead of building a dataset from scratch that is laborious and time-
consuming task, we decide to annotate FPHA [13] according to spe-
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