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Abstract

Human body part parsing, or human semantic part seg-
mentation, is fundamental to many computer vision tasks.
In conventional semantic segmentation methods, the ground
truth segmentations are provided, and fully convolutional
networks (FCN) are trained in an end-to-end scheme. Al-
though these methods have demonstrated impressive result-
s, their performance highly depends on the quantity and
quality of training data. In this paper, we present a novel
method to generate synthetic human part segmentation da-
ta using easily-obtained human keypoint annotations. Our
key idea is to exploit the anatomical similarity among hu-
man to transfer the parsing results of a person to another
person with similar pose. Using these estimated results as
additional training data, our semi-supervised model outper-
Sforms its strong-supervised counterpart by 6 mIOU on the
PASCAL-Person-Part dataset [6], and we achieve state-of-
the-art human parsing results. Our approach is general and
can be readily extended to other object/animal parsing task
assuming that their anatomical similarity can be annotat-
ed by keypoints. The proposed model and accompanying
source code will be made publicly available.

1. Introduction

The task of human body part parsing retrieves a seman-
tic segmentation of body parts from the image of a person.
Such pixel-level body part segmentations are not only cru-
cial for activity understanding, but might also facilitate var-
ious vision tasks such as robotic manipulation [! 1], affor-
dances reasoning [19] and recognizing human-object inter-
actions [14]. In recent years, deep learning has been suc-

*This work was done when Xiaolin Fang was an intern at MVIG lab of
Shanghai Jiao Tong University.

TThe corresponding author is Cewu Lu, email: lucewu@sjtu.edu.cn.
Cewu Lu is also a member of SJTU-SenseTime lab and Al research insti-
tute of SJITU.

yuwingtai@tencent.com lucewu@sjtu.edu.cn

human body part
parsing dataset ——5

eighbors Searching based
on K eypoints Similarity

| morphological
image with constraints
keypoints
Pose-Guided
K nowledge Transfer
part-level prior

Figure 1. Due to the morphological constraints, persons that share
the same pose should have similar semantic part segmentations.
For a person with only keypoints annotation, we search for persons
in the human body part parsing dataset that have similar poses and
then transfer their part parsing annotations to the target person.
The transferred annotations form a strong part-level prior for the
target person.

cessfully applied to the human part parsing problem [4, 5,

1.

To fully exploit the power of deep convolutional neural
networks, large-scale datasets are indispensable [9]. How-
ever, semantic labeling of body parts on a pixel-level is
labor intensive. For the task of human body part parsing,
the largest dataset [6] contains less than 2,000 labeled im-
ages for training, which is order of magnitudes less than the
amount of training data in common benchmarks for image
classification, semantic segmentation and keypoint estima-
tion [9, 25, 12]. The small amount of data may lead to over-
fitting and degrade the performance in real world scenarios.

On the other hand, an abundance of human keypoints
annotations [ 1] is readily available. Current state-of-the-art
pose estimation algorithms [27] have also performed well
in natural scene. The human keypoints encode structural
information of the human body and we believe that such
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high-level human knowledge can be transfered to the task
of human body part parsing.

However, despite the availability of keypoints annota-
tions, few methods have investigated to utilize keypoints as
augmented training data for human body part parsing. The
main problem is that human keypoints are a sparse represen-
tation, while the human body part parsing requires an enor-
mous amount of training data with dense pixel-wise annota-
tions. Consequently, a end-to-end method which only relies
on keypoint annotations as labels may not achieve high per-
formance.

In this paper, we propose a novel approach to augmen-
t training samples for human parsing. Due to physical
anatomical constraints, humans that share the same pose
will have a similar morphology. As shown in Fig 1, giv-
en a person, we can use his/her pose annotation to search
for the corresponding parsing results with similar poses.
These collected parsing results are then averaged and for-
m a strong part-level prior. In this way, we can convert the
sparse keypoint representation into a dense body part seg-
mentation prior. With the strong part-level prior, we com-
bine it with the input image and forward them through a
refinement network to generate an accurate part segmenta-
tion result. The generated part segmentation can be used as
extra data to train a human parsing network.

We conduct exhaustive experiments on the PASCAL-
Part dataset [6]. Our semi supervised method achieves state-
of-the-art performance using a simple VGG-16 [30] based
network, surpassing the performance of ResNet-101 [16]
based counterpart trained on limited part segmentation an-
notations. When utilizing a model based on the deeper
ResNet-101, our proposed method outperforms the state-
of-the-art results by 3 mAP.

2. Related work

This paper is closely related to the following areas: se-
mantic part segmentation, joint pose and body part estima-
tion, and weakly supervised learning.

Human body part parsing. In this subtask of semantic
segmentation, fully convolutional network (FCN) [26] and
its variants [4, 5, 32] have demonstrated promising results.
In [4], Chen et al. proposed atrous convolution to capture
object features at different scales and they further combined
the convolutional neural network (CNN) with a Conditional
Random Field (CRF) to improve the accuracy. In [5], the
authors proposed an attention mechanism that softly com-
bines the segmentation predictions at different scales ac-
cording to the context. To tackle the problem of scale and
location variance, Xia et al. [32] developed a model that
adaptively zoom the input image into the proper scale to
refine the parsing results.

Another approach to human parsing is the usage of re-

current networks with long short term memory (LSTM)
units[17]. The LSTM network can innately incorporate lo-
cal and global spatial dependencies into their feature learn-
ing. In [23], Liang et al. proposed the local-global LSTM
network to incorporate spatial dependencies at different dis-
tances to improve the learning of features. In [22], the au-
thors proposed a Graph LSTM network to fully utilize the
local structures (e.g., boundaries) of images. Their network
takes arbitrary-shaped superpixels as input and propagates
information from one superpixel node to all its neighboring
superpixel nodes. To further explore the multi-level corre-
lations among image regions, Liang et al. [21] proposed a
structure-evolving LSTM that can learn graph structure dur-
ing the optimization of LSTM network. These LSTM net-
works achieved competitive performance on human body
part parsing.

Utilizing Pose for Human Parsing. Recent works try to
utilize the human pose information to provide high-level
structure for human body part parsing. Promising methods
include pose-guided human parsing [34], joint pose estima-
tion and semantic part segmentation [10, 20, 33] and self-
supervised structure-sensitive learning [ 1 5]. These methods
focus on using pose information to regularize part segmen-
tation results, and they lie in the area of strong supervision.
Our method differs from theirs in that we aim to transfer the
part segmentation annotations to unlabeled data based on
pose similarity and generate extra training samples, which
emphasizes semi-supervision.

Weak Supervision for Semantic Segmentation. In [29,

, 28, 8, 24, 2], the idea is to utilize weakly supervised
methods for semantic segmentation. In particular, Chen et
al. [7] proposed to learn segmentation priors based on vi-
sual subcategories. Dai et al. [8] harnessed easily obtained
bounding box annotations to locate the object and generated
candidate segmentation masks using unsupervised region
proposal methods. Since bounding box annotations cannot
generalize well for background (e.g. water, sky, grasses),
Li et al. [24] further explored training semantic segmenta-
tion models using the sparse scribbles. In [2], Bearman et
al. trained a neural network using supervision from a single
point of each object. Under some time budget, the proposed
supervised method may yield improved result compared to
other weak supervised counterparts.

3. Our Method
3.1. Problem Definition

Our goal is to utilize pose information to weakly super-
vise the training of a human parsing network. Consider a se-
mantic part segmentation problem where we have a dataset
Dy = {I;,5;, K;}Y ; of N labeled training examples. Let
I; € RMwx3 denote an input image, S; € R"*W*% de-
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