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ABSTRACT
The majority of current techniques for pose transfer disregard the
interactions between the transferred person and the surrounding
instances, resulting in context inconsistency when applied to complicated situations. To tackle this issue, we propose InterOrderNet, a
novel framework to perform order-aware interaction learning. The
proposed InterOrderNet learns the relative order on the direction
of the z-axis among instances to describe instance-level occlusions.
Not only does learning this order guarantee the context consistency
of human pose transfer, but it also enhances its generalization to natural scenes. Additionally, we present a novel unsupervised method,
named Imitative Contrastive Learning, which sidesteps the requirements of order annotations. Existing pose transfer methods are easy
to be integrated into the proposed InterOrderNet. Extensive experiments demonstrate that InterOrderNet enables these methods to
perform interaction manipulation.
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Figure 1: Multi-person pose transfer results on our modified
version of DeepFashion dataset [16]. We aim at preserving
the identity of the input image, as well as obtaining the pose
and interaction relation of the reference image.
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INTRODUCTION

Human pose transfer aims to transfer a person from the input pose
to the target pose. This task is of great value for a wide range of
applications in computer vision and graphics, e.g., image/video
manipulation and data augmentation. It has been a long-standing
challenge that inherently requires meeting two goals: 1) achieving
plausible structure change while preserving the identity information, and 2) ensuring the pose transfer to be context-reasonable,
i.e., ensuring the interactions between the transferred body and
environment reasonable.
Recent studies have dedicated a lot of efforts to meet the first
goal and made remarkable contributions [3, 13, 14, 17–20, 22, 25,
28, 35]. They mainly focus on solving self-occlusion of a certain
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human body. InteractGAN [4] made the first attempt to explore the
interactions between humans and objects. However, InteractGAN
only discussed interactions defined by the instances’ 2D coordinates
on the X-Y plane. While in reality, the occlusion relationships are
determined by the 3D positions of instances. That is, learning the
relative orders among objects on the Z-axis is rather crucial.
In this work, we present an Order-aware Interaction Learning
Network (InterOrderNet). As shown in Fig. 1, our method can deal
with instance-level interactions. The overall pipeline is divided into
three stages as presented in Fig. 2. First, we extract the relative
orders from the input and target image. Then, we transfer the
extracted human body to the target pose. Finally, we merge the
transferred human body with the target context based on the target
relative orders. The whole process guarantees the settlement of
instance-level occlusion, leading to a harmonious pose transfer
with the context.
To learn the relative orders from a single image, we introduce
the modal mask and amodal mask. The modal mask parses only the
visible parts, while the amodal mask [39] describes the complete
structures of instances including the invisible parts. By analyzing
the modal mask with the amodal mask of an image, we can then explore the instances’ order on the Z-axis. For example, if the amodal
mask of an instance is larger than the corresponding modal mask,
we can infer that the instance is occluded.
Unfortunately, the amodal masks are difficult to obtain in practice. Existing approaches mainly use either synthesized or humanannotated amodal masks [8, 21, 39]. It results in domain gaps comparing with real amodal masks.
To avoid the influence of the aforementioned gaps, we propose
an unsupervised method named Imitative Contrastive Learning.
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We use datasets with only modal mask annotations for training.
We train the model to learn the completion of modal masks from
manually occluded modal masks. Then, the model imitates the
process to estimate the amodal mask from the modal mask.
Existing pose transfer methods are easy to be integrated in the
proposed framework. We use the pre-trained models for pose transfer at the second stage. We conduct extensive experiments based on
the state-of-the-art baselines [14, 28, 40]. Qualitative and quantitative results have been obtained on multiple datasets, including the
modified DeepFashion dataset [16] with objects, the modified DeepFashion dataset with multiple persons, and the COCOA dataset
[39]. All baselines gain significant performance improvements in
context-aware pose transfer, demonstrating the effectiveness and
generalization of our proposed framework.
Our contributions can be summarized as follows:
• We present InterOrderNet to perform order-aware interaction learning in the task of pose transfer. The proposed
method enables existing pose transfer methods to deal with
instance-level occlusions and perform interaction manipulation.
• We formulate the learning of relative orders between humans
and the context as perceiving amodal masks of instances. We
propose Imitative Contrastive Learning to trace the order
implicated by 2D images, sidestepping the requirement of
order annotations.
• Extensive qualitative and quantitative results prove the effectiveness and generalizability of the proposed InterOrderNet.

2 RELATED WORK
2.1 Ordering Recovery
The existing ordering recovery methods can be mainly divided into
two groups, including the supervised ones and unsupervised ones.
The supervised mechanisms [8, 21, 39] usually rely on datasets
with annotated order, which means a limitation in datasets. For
the unsupervised methods, for instance, Tighe et al. [29] created a
prior occlusion matrix between courses on the training set to recover the order. Wu et al. [32] recommended using object templates
to restore the order by recomposing the scene using object templates. However, none of them made efforts on natural scenes. We
propose to recover the order in a self-supervised manner, without
requirements for annotated data.
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instance-level occlusions into account and try to preserve context
consistency.

2.3

Unsupervised Representation Learning

Unsupervised learning aims to pre-train a model network for use
in other tasks, where the corresponding labels are not needed. It
gives a possibility to achieve generic machine learning and draws
a lot of attention from researchers. There are dozens of excellent
work [1, 7, 23, 27, 30, 31, 33, 37] developing unsupervised methods in
different tasks, including segmentation, recognition, classification,
and so on. For instance, Chang et al. [2] predict clusters to retrain
the model, formulating unsupervised clustering as a pairwise task. Ji
et al. [10] realize unsupervised classification without fine-tuning on
data with labels. In our paper, we develop an imitative contrastive
learning strategy for completing amodal masks.

3

METHOD

We aim at manipulating the pose of a person H. Specifically, three
essential attributes are taken into consideration: 1) the identity i,
2) the pose p, and 3) the interaction relation r. They are denoted
as a triplet < i, p, r >. We use these variables with subscript in
lowercase to specify their affiliations. We use the presence and
absence of superscriptˆon a variable to indicate it is drawn from
the distribution of the generated data and real data, respectively.
Given an input image I𝑎 with < i𝑎 , p𝑎 , r𝑎 > and a reference image
I𝑏 with < i𝑏 , p𝑏 , r𝑏 >, our goal is to generate Î𝑡 with < î𝑡 , pˆ𝑡 , rˆ𝑡 >,
where î𝑡 = i𝑎 , p̂𝑡 = p𝑏 , and r̂𝑡 = r𝑏 . That is, the transferred person
Ĥ𝑡 in Î𝑡 should have the same identity with the input H𝑎 in I𝑎 , as
well as preserving the same pose and interaction relation as the
reference person H𝑏 in I𝑏 .

3.1

Overall Pipeline

We present an order-aware interaction learning framework (InterOrderNet) with three stages (shown in Fig. 2). First, the Order
Recovery Net (ORNet) 𝑓R extracts the relative order from both input
image I𝑎 and reference image I𝑏 (Eq. 1). Second, the pose transfer
network 𝑓P is responsible for transferring the input person H𝑎 to
Ĥ𝑡 based on the pose p𝑏 from the reference person H𝑏 (Eq. 2). Third,
the Merging Net (MNet) 𝑓M merges the transferred Ĥ𝑡 with other
instances in reference image I𝑏 under the guidance of learned r̂𝑏 .
This process is formulated as follows:
r 𝑗 = 𝑓R (I 𝑗 ), 𝑗 ∈ {𝑎, 𝑏},

(1)

Ĥ𝑡 = 𝑓P (H𝑎 , H𝑏 ),

(2)

Î𝑡 = 𝑓M ( Ĥ𝑡 , r𝑏 ).

(3)

Human pose transfer

Human pose transfer aims to transfer the view/pose of a person.
Existing methods mainly focus on addressing self-occlusion. Ma
et al. [18] proposed a two-stage CNN framework to synthesize an
image of a person in the target pose. In [19], they further enhanced
their work using disentangling based strategy. Pumarola et al. [20]
divided the problem into two parts. A pose conditioned bidirectional generator was proposed to generate person images without
the need to resort to any training image. Esser et al. [3] employed
a conditional U-Net [9] combined with the VAE [12] to disentangle the appearance and pose. Li et al. [14] utilized the estimated
dense and intrinsic 3D appearance flow to facilitate the process of
pose transfer. Apart from self-occlusion, we propose to take the

Note we use existing pose transfer methods as 𝑓P . These methods
act as baselines in the experiments. The ORNet and MNet will be
introduced in detail in the following parts.

3.2

Learning Relative Orders

We propose the Order Recovery Net (ORNet) to learn the relative
orders of instances along the Z-axis. We denote the order between
instances F1 and F2 as O ′ (F1, F2 ). To recover the relative order
of multiple instances in an image, the order between every two
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Figure 2: Overall pipeline of our proposed InterOrderNet. Given input images I𝑎 and I𝑏 , ORNet 𝑓𝑅 is responsible for estimating
the interaction relation between the target human and other instances. We get r𝑎 and r𝑏 as the relative order extracted from I𝑎
and I𝑏 , respectively. Let us take r𝑏 which is also the target relative order as an example, instance No. 4 pointing to instance No.
1 indicates that No. 4 is occluded by No. 1, representing the stick held by the slider. Second, the extracted human body H𝑎 is
transferred to Ĥ𝑡 by a pose transfer network 𝑓𝑝 . In the end , the MNet 𝑓𝑀 produces the final Î𝑡 containing Ĥ𝑡 under the guidance
of the desired relative order r𝑏 .
instances should be considered. Thus, the learned order from an
image that contains 𝑛 (𝑛 ∈ N∗ & 𝑛 ≥ 2) instances is formulated as:
Ø
𝑓𝑅 (I) = 𝑂 (F0 . . . F𝑛−1 ) =
𝑂 ′ (F𝑖 , F 𝑗 ),
(4)
where 𝑖 ≠ 𝑗, and 𝑖, 𝑗 ∈ {0 . . . 𝑛 − 1}.
Since the orders are intrinsically difficult to learn from 2D images,
we alternatively learn the relation between the modal mask and
amodal mask. The amodal mask describes the complete structures
of instances including the invisible parts. Particularly, we denote
the modal mask of instances F1 and F2 as M1 and M2 , respectively.
After perceiving the completed amodal mask A𝑖 of F𝑖 (𝑖 = 1, 2), the
order O ′ is inferred as:

M1 = A1 & M2 = A2
 0,


M2 < A2
O ′ (F1, F2 ) = 1,
,
(5)

 −1, M1 < A1

where 0 indicates that there is no overlap between F1 and F2 , and
1/-1 indicates F1 occludes/is occluded by F2 .
Perceiving the amodal mask is quite a challenging task. Existing
approaches are mainly trained on datasets with amodal masks
either generated by neural networks or manual annotations [29, 32,
34]. These datasets suffer from a gap compared with real amodal
masks either because of the inherent defect of deep learning or
the stereotypes from annotators. The gaps in training will result in
bigger gaps in testing.
To address the aforementioned issue, we design an unsupervised
method named Imitative Contrastive Learning, sidestepping the
needs of amodal mask annotations. Specifically, we train our model
to learn the process of completing modal masks from manually
occluded modal masks. Then, we utilize the trained model to imitate
the process to complete amodal masks from modal masks. Note
that an instance can be occluded by other instances belonging to
any kind of category with any irregular shape. To improve the
generalization of the model to free form masks, we randomly select
instance masks from the dataset as the manual occluders.

As shown in Fig. 3, we design a siamese inference network based
on contrastive learning with two encoders, namely 𝐸𝑞 and 𝐸𝑘 , and
one decoder 𝐺 1 . The network is trained to complete a modal mask
from a manually occluded modal mask. Particularly, the encoders
are trained first to get effective representations of the modal mask.
Then, the decoder is trained to generate a complete modal mask
with the pre-trained encoders. In the testing phase, we use complete
modal masks as the input, the model will imitate its training process
and perceive the corresponding amodal masks accordingly. Specifically, given an input image I𝑎 , the modal masks fed into 𝐸𝑞 and
𝐸𝑘 are denoted as M𝑞𝑡 and M𝑘𝑡 , respectively. M𝑟𝑖 (𝑖 ∈ {𝑘, 𝑞}) represents the randomly selected instance mask that acts as an occluder
to make M𝑖𝑡 incomplete. The initial inputs are denoted as x𝑞 and
x𝑘 respectively, where x𝑞 =< I𝑎 , M𝑞𝑡 , M𝑞𝑟 >, x𝑘 =< I𝑎 , M𝑘𝑡 , M𝑟𝑘 >.
= M𝑖𝑡 ∪ M𝑟𝑖 is fed into the corresponding
Then the union set M𝑢𝑛𝑖𝑜𝑛
𝑖
encoder 𝐸𝑖 together with the input image I𝑎 masked by M𝑟𝑖 . When
M𝑞𝑡 = M𝑘𝑡 , the corresponding representation encoded by 𝐸𝑘 can
be regarded as z𝑘+ . Regarding contrastive learning as a dictionary
look-up task, the “query” represented by z𝑞 = 𝐸𝑞 (x𝑞 ) should be
as similar as possible to its corresponding “key” represented by
z𝑘+ = 𝐸𝑘 (x𝑘+ ) and dissimilar to others. We adopt a contrastive loss
to optimize the parameters of 𝐸𝑞 :

exp z𝑞 · z𝑘+ /𝜏

,
𝐾 exp z · z /𝜏
𝑞 𝑘𝑗
𝑗=0

Lz𝑞 = − log Í

(6)

where 𝜏 is the temperature hyper-parameter. Lz𝑞 aims at classifying
z𝑞 as z𝑘+ . We follow the settings in [6] where 𝜏 = 0.7, which has
been proved to be efficient.
Denoting 𝜃 q and 𝜃 k respectively as the parameters of 𝐸𝑞 and 𝐸𝑘 ,
the update of 𝜃 k can be formulated as:
𝜃 k ← 𝑚𝜃 k + (1 − 𝑚)𝜃 q,

(7)
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Figure 3: Training strategy of the proposed ORNet 𝑓𝑅 and MNet 𝑓𝑀 . Note they share the same inputs, network structure, and
training strategy. As shown above, both of them are trained by siamese inference networks with two encoders and one decoder.
As shown in the caption part, the input x𝑞 is composed of the target instance mask M𝑞𝑡 , a randomly selected instance mask M𝑞𝑟
and an input image I𝑎 . The other input x𝑘 is composed of an instance mask M𝑘𝑡 , a randomly selected instance mask M𝑟𝑘 and the
input image I𝑎 . The two encoders perform momentum contrastive learning. The 𝑓𝑅 and 𝑓𝑀 aim at reconstructing the target
mask M𝑞𝑡 and target instance F𝑞𝑡 , respectively.
where 𝑚 ∈ [0, 1) represents the momentum coefficient that is
set to 0.9 in this paper. 𝜃 q is updated following the regular backpropagation. The momentum update allows 𝐸𝑘 to be updated slowly
and progressively, ensuring the consistency of the dictionary.
After training encoders, the decoder 𝐺 1 is trained under the supervision of M𝑞𝑡 with Binary Cross-Entropy loss. The loss function
of ORNet can then be denoted as:

1 ∑︁ 𝑡
LR = −
M𝑞 log 𝑓R < x𝑘 , x𝑞 >, 𝜃 R
𝑁



+ 1 − M𝑞𝑡 log 1 − 𝑓R < x𝑘 ; x𝑞 >, 𝜃 R ,

(8)

where 𝜃 R and 𝑁 represent the parameter of 𝑓R and the number
of queries introduced in the training phase, respectively. During
testing of InterOrderNet, both the input image I𝑎 and reference
image I𝑏 are fed into the ORNet 𝑓R to get the corresponding relations
r𝑎 and r𝑏 .

3.3

Merging Net

To mitigate the gap between the transferred person Ĥ𝑡 with the
reference image I𝑏 , we propose the Merging Net (MNet) 𝑓𝑀 . MNet
aims to complete each instance including invisible parts. Then we
recombine them based on the desired relative order r𝑏 . The model
is trained to complete visible instances from manually occluded
instances. Then, the model is used to mitigate this process and estimate a complete instance including invisible parts from its visible
parts.
The completion network is developed under the frame of Generative Adversarial Network [5]. The generator G, which produces
instance F̂𝑞𝑡 as a reconstruction of the target F𝑞𝑡 , plays a min-max
game with the discriminator D:

L𝑎𝑑𝑣

 
= min max E log D F̂𝑞𝑡
G D
   .
+E log 1 − D G F𝑞𝑡

(9)
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Figure 4: Amodal completion results of different methods on COCOA [39]. From left to right are the input modal mask, the
amodal completion results of convex [34], convex𝑅 [34], Zhan et al. [34], ours, and the ground truth. For every image tuple, the
left one is the masked image, the right one is the zoom-in results with interested areas.
Note G shares the same structure with ORNet, including two en′
′
coders 𝐸𝑞 , 𝐸𝑘 and one decoder 𝐺 2 . First, the encoders are trained
for learning effective representation of visible instances. Second,
the decoder 𝐺 2 learns to generate the complete visible instances.
As shown in Fig. 3, there are mainly two differences with ORNet.
First, we further process the inputs x𝑖 to get M𝑖𝑛𝑡𝑒𝑟
= M𝑖𝑡 ∩ M𝑟𝑖 (𝑖 ∈
𝑖
𝑖𝑛𝑡𝑒𝑟
{𝑘, 𝑞}). Then the relative complement ∁M𝑡 M𝑖
= {𝑥 ∈ M𝑖𝑡 | 𝑥 ∉

Table 1: Order recovery accuracy of ORNet on the COCOA
dataset compared with OrderNetM , OrderNetM+1 [39], Area,
Y-axis, Convex, and De-occ [34]. “Ours w/o con” denotes our
baseline without contrastive learning.
Method

𝑖

M𝑖𝑛𝑡𝑒𝑟
} together with F𝑖𝑡 masked by M𝑖𝑛𝑡𝑒𝑟
is fed into the network.
𝑖
𝑖
′
′
′
′
With encoded query z𝑞 = 𝐸𝑞 (x𝑞 ) and encoded key z𝑘 = 𝐸𝑘 (x𝑘 ),
′
the corresponding loss function of 𝐸𝑞 can be formulated as:
 ′ ′

exp z𝑞 · z𝑘+ /𝜏

.
Lz′ = − log Í
(10)
𝑞
𝐾 exp z′ · z′ /𝜏
𝑞 𝑘
𝑗=0
𝑗

M𝑞𝑡

Similar to ORNet, when
′
′
tation z𝑘+ encoded by 𝐸𝑘 .

=

M𝑘𝑡 ,

we have the positive represen-

The decoder 𝐺 2 is trained to generate reconstructed Fˆ𝑞𝑡 under the
supervision of F𝑞𝑡 , leading to reconstruction loss function denoted
as:
L𝑟𝑒𝑐 = Fˆ𝑞𝑡 − F𝑞𝑡 ,
(11)
1

where ∥ · ∥ 1 denotes the vector 1-norm. Moreover, we utilize the perceptual loss [11] over the target instance F𝑞𝑡 and generated instance
Fˆ𝑡 . It is calculated by using L loss where 𝜙 (·) denotes extracting
2

𝑞

image representation with VGG16 [26]:
L𝑝𝑒𝑟 = ∥𝜙 ( Fˆ𝑞𝑡 ) − 𝜙 (F𝑞𝑡 )∥ 2 .

(12)

The overall loss of 𝑓𝑀 can be denoted as:
L𝑀

= 𝜆𝑎𝑑𝑣 L𝑎𝑑𝑣 + 𝜆𝑟𝑒𝑐 L𝑟𝑒𝑐 + 𝜆𝑝𝑒𝑟 L𝑝𝑒𝑟 ,

(13)

Unsupervised

Accuracy (%)

OrderNetM+1

✗
✗

81.7
88.3

Area
Y-axis
Convex
De-occ

✓
✓
✓
✓

62.4
58.7
76.0
87.1

Ours w/o con
Ours

✓
✓

88.2
90.9

OrderNetM

where 𝜆𝑎𝑑𝑣 , 𝜆𝑟𝑒𝑐 , and 𝜆𝑝𝑒𝑟 are all set to 1.

4

EXPERIMENTS

We conduct experiments on the modified DeepFashion dataset [16]
with objects and multiple persons, the Market-1501 [38] dataset,
and the COCOA dataset [39]. We introduce three state-of-the-art
pose transfer methods as our baselines, namely XingGAN [28],
PATN [40], and the method of Li et al. [14]. They are integrated
into our framework, providing both qualitative and quantitative
results. The implementation details and analyses will be discussed
in the following parts.
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Figure 5: Pose transfer results on the modified DeepFashion dataset. We introduce (a) XingGAN [28], (b) PATN [40], and (c) Li et
al. [14] as our baselines. In each triplet, the pictures denote the image generated by the officially released model, the retrained
model on our modified dataset, and the model trained by our framework. Red boxes indicate the wrongly rendered textures.
Table 2: Datasets comparison.
Dataset
DeepFashion
The modified DeepFashion with objects
The modified DeepFashion with person
Market-1501
COCOA

4.1

Occlusions

Single/Multiple Person(s)

Environment

No
Yes
Yes
No
Yes

Single
Single
Multiple
Single
Multiple

constrained
constrained
constrained
unconstrained
unconstrained

Datasets

Table 2 presents an overview of the datasets involved in our experiments.
The DeepFashion dataset [16] collects high-resolution person
images in clean background. Following [28, 40], we split the training/testing sets of 101,966/8,570 with all the images re-scaled to
256 × 256.
To create artificial occlusions, we modify the DeepFashion dataset
in two ways. First, we paste objects on the persons. The objects
are collected from the internet, including 8 categories, 60 images of
each. In each category, 50 images are selected for training, while the
rest 10 images are for testing. During training, these 400 objects are
pasted onto images of the DeepFashion dataset with random size
and positions, ensuring the robustness of the model. The newlycollected object dataset is provided in the supplementary materials.

Second, we reorganize the persons in the dataset to form images
with two persons, where one is partially occluded by another.
The Market-1501 [38] dataset is a famous dataset on the task of
pose transfer, person ReID, and so on. We use this dataset to train
the pose transfer methods. The dataset contains 1,501 identities with
32,668 images captured from 6 disjoint surveillance cameras. Humans included in this datasets vary from each other in illumination,
pose, and viewpoint. Following [36], we split the training/testing
sets of 12,936/19,732 with all the images re-scaled to 128 × 64. We
have 439,420 training pairs and 12,800 testing pairs.
The COCOA dataset [39] is a subset of the COCO2014 dataset
[15] with annotations in order, modal masks, and amodal masks. It
is used for training the proposed ORNet and MNet. The training
split contains 2,500 images with 22,163 instances, and the testing
split is composed of 1,323 images with 12,573 instances.
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Figure 6: Multi-person pose transfer results on the modified DeepFashion dataset. The introduced three baselines include (a)
XingGAN [28], (b) PATN [40], and (c) Li et al. [14], respectively. Red boxes indicate the obviously wrongly rendered textures.
Table 3: Structure Similarity (SSIM, the higher the better),
Inception Score (IS, the higher the better), and user study on
the modified DeepFashion dataset with objects.

4.2

Method

SSIM

IS

Human-eval

XingGAN [28]
XingGAN Retrain
XingGAN + ours

0.698
0.760
0.773

3.479
3.550
3.553

PATN [40]
PATN Retrain
PATN + ours

0.710
0.763
0.770

Li et al. [14]
Li et al. Retrain
Li et al. + Ours
Real Data

Table 4: Ablation study. Structure Similarity (SSIM, the higher
the better), and Inception Score (IS, the higher the better) on
the modified DeepFashion dataset with objects.
Method

SSIM

IS

3%
11%
86%

Li et al. [14]
Li et al. + DRNet (w/o con)
Li et al. + DRNet (w/ con)

0.702
0.744
0.767

3.351
3.427
3.454

3.407
3.411
3.412

2%
30%
70%

Li et al. + DRNet + MNet (Ours)

0.773

3.476

0.702
0.614
0.773

3.351
3.340
3.476

11%
0%
89%

1.000

4.053

-

Implementation Details

During training, the three stages of the framework are trained
separately. Specifically, the ORNet and MNet are trained on the
COCOA dataset. We use Stochastic Gradient Descent (SGD) as our
optimizer, with the initial learning rate set to 0.015 and weight
decay set to 1e-4. The SGD momentum is set to 0.9. The encoders
are trained on an NVIDIA Tesla V100 for 13 epochs. Note in our
network, the decoders are trained after the training of encoders.
We also use SGD as our optimizer. We set the initial learning rate

to 0.001 with weight decay set to 1e-4. The decoders are trained on
an NVIDIA Tesla V100 for 80 epochs. The training of pose transfer
methods belong to the second stage. For each baseline, the model
is trained on DeepFashion, and the modified DeepFashion dataset
with objects. We follow [14, 28, 40] to set the parameters of each.

4.3

Analyses

Ordering Recovery
As shown in Table 1, our proposed unsupervised method achieves
comparable results in ordering recovery compared with the supervised method [39]. Moreover, among all the other unsupervised
methods, including Area, Y-axis, Convex, and de-occlusion [34], our
method achieves the best ordering recovery accuracy on the COCOA dataset. Table 5 further presents ordering recovery accuracy
on the modified DeepFashion dataset with objects.
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Figure 7: Pose transfer results from the Market-1501 dataset to the COCOA dataset. In each quaternion, the pictures denote
the input image, the reference image, the result of the baseline [14], and our generated results with the baseline, respectively.
There may exist multiple humans in one image, we use red bounding boxes to specify humans we are interested in.
Table 5: Order recovery accuracy on the modified DeepFashion dataset with objects.
Method

Accuracy

XingGAN [28]
XingGAN Retrain
XingGAN + ours

0%
87.1%
99.6%

PATN [40]
PATN Retrain
PATN + ours

1.3%
92.2%
98.7%

Li et al. [14]
Li et al.
Li et al. + Ours

11%
0%
99.9%

Since our order recovery is realized by perceiving amodal masks
from images, the amodal completion results are also presented
as shown in Fig. 4. It can be observed that our results are more
precise than that of the other competitors. For example, in row 2,
we get better-estimated chairs. Both qualitative and quantitative
comparisons demonstrate that we are better at dealing with details
and produce fine-grained amodal masks.
Pose Transfer
For images occluded by objects, to perform a fair comparison,
we conduct experiments on each baseline with models trained by
three different strategies, including their officially released models,
the retrained models on the modified dataset with objects, and
the models of baselines integrated with our framework. We also
provide results comparison for images with two persons. Note that
the frameworks of baselines are only designed for single person
pose transfer. For quantitative analyses of evaluating context-aware
pose transfer, we introduce Structure Similarity (SSIM), Inception
Score [24] (IS), and human preference. As shown in Table 3, all
three baselines achieve performance improvements after being
integrated in our framework. Table 4 presents the results of ablation
studies, which demonstrate the effectiveness of DRNet, MNet, and
the imitative contrastive learning.
Moreover, for qualitative analyses, we present pose transfer results as shown above. As shown in Fig. 5, we have emphasized
the obviously wrongly rendered textures with red boxes. We can

find that the officially released models are not able to deal with
occlusions caused by objects well. Although the performance of
baselines becomes better after retrained with our modified DeepFashion dataset, these methods still regard the occluded parts between the human body and objects as part of the person, resulting
in texture inconsistency while generating the transferred person.
For instance, take the input girl on the right, whose leg is occluded
by a red beg, as an example. The retrained model regard the red
beg as part of her left leg and resulting in generating red legs.
As shown in Fig. 6, when interaction relations become more
complicated, these baselines perform even worse. It is obvious that
they can not handle complicated pose transfer where more than
one person is involved. They only transfer the pose of one person
instead of two. In addition, as emphasized by the red boxes, they
mistakenly regard the occlusions caused by the other person as
part of the transferred person and generate textures accordingly.
It demonstrate that our framework enables existing pose transfer
methods to better deal with occlusions and complex scenarios.
Moreover, to evaluate the generalization of the proposed InterDepthNet, we also conduct pose transfer experiments in the fused
datasets of Market-1501 and COCOA. It makes the task even more
challenging and more applicable to practical scenarios. Fig. 7 shows
the generated results of using images in the Market-1501 dataset
as inputs and the person-related images in the COCOA dataset as
reference images. It is obvious that the results of Li et al. [14] suffer
from interference from the context of the input images.

5

CONCLUSION

This paper has proposed an Order-aware Interaction Learning Network (InterOrderNet) to address interaction manipulation in the
task of pose transfer. We demonstrate that human-object interaction can be defined by the relative orders between humans and the
surrounding context. We propose an unsupervised method namely
Imitative Contrastive Learning. It enables us to perceive interaction
relations between persons and surrounding context without the
requirements of ordering annotations. We conduct experiments
with multiple baselines on multiple datasets. Both quantitative and
qualitative results demonstrate the effectiveness and generalization
of our proposed framework.

Order-aware Human Interaction Manipulation

REFERENCES
[1] Piotr Bojanowski and Armand Joulin. 2017. Unsupervised learning by predicting
noise. In International Conference on Machine Learning (ICML).
[2] Jianlong Chang, Lingfeng Wang, Gaofeng Meng, Shiming Xiang, and Chunhong
Pan. 2017. Deep adaptive image clustering. In IEEE International Conference on
Computer vision (ICCV).
[3] Patrick Esser, Ekaterina Sutter, and Björn Ommer. 2018. A variational u-net for
conditional appearance and shape generation. In IEEE Conference on Computer
Vision and Pattern Recognition (CVPR).
[4] Chen Gao, Si Liu, Defa Zhu, Quan Liu, Jie Cao, Haoqian He, Ran He, and
Shuicheng Yan. 2020. InteractGAN: Learning to Generate Human-Object Interaction. In ACM MM.
[5] Ian Goodfellow, Jean Pouget-Abadie, Mehdi Mirza, Bing Xu, David Warde-Farley,
Sherjil Ozair, Aaron Courville, and Yoshua Bengio. 2014. Generative adversarial
nets. In Conference on Neural Information Processing Systems (NeurIPS).
[6] Kaiming He, Haoqi Fan, Yuxin Wu, Saining Xie, and Ross Girshick. 2020. Momentum contrast for unsupervised visual representation learning. In IEEE Conference
on Computer Vision and Pattern Recognition (CVPR).
[7] Ran He, Baogang Hu, XiaoTong Yuan, and Wei-Shi Zheng. 2010. Principal component analysis based on non-parametric maximum entropy. Neurocomputing
(2010).
[8] Yuan-Ting Hu, Hong-Shuo Chen, Kexin Hui, Jia-Bin Huang, and Alexander G Schwing. 2019. Sail-vos: Semantic amodal instance level video object
segmentation-a synthetic dataset and baselines. In IEEE Conference on Computer
Vision and Pattern Recognition (CVPR).
[9] Phillip Isola, Jun-Yan Zhu, Tinghui Zhou, and Alexei A Efros. 2017. Image-toimage translation with conditional adversarial networks. In IEEE Conference on
Computer Vision and Pattern Recognition (CVPR).
[10] Xu Ji, João F Henriques, and Andrea Vedaldi. 2019. Invariant information clustering for unsupervised image classification and segmentation. In IEEE International
Conference on Computer vision (ICCV).
[11] Justin Johnson, Alexandre Alahi, and Li Fei-Fei. 2016. Perceptual losses for realtime style transfer and super-resolution. In European Conference on Computer
Vision (ECCV).
[12] Diederik P Kingma and Max Welling. 2013. Auto-encoding variational bayes.
arXiv preprint arXiv:1312.6114 (2013).
[13] Markus Knoche, István Sárándi, and Bastian Leibe. 2020. Reposing Humans
by Warping 3D Features. In IEEE Conference on Computer Vision and Pattern
Recognition Workshops (CVPRW).
[14] Yining Li, Chen Huang, and Chen Change Loy. 2019. Dense intrinsic appearance
flow for human pose transfer. In IEEE Conference on Computer Vision and Pattern
Recognition (CVPR).
[15] Tsung-Yi Lin, Michael Maire, Serge Belongie, James Hays, Pietro Perona, Deva
Ramanan, Piotr Dollár, and C Lawrence Zitnick. 2014. Microsoft coco: Common
objects in context. In European Conference on Computer Vision (ECCV).
[16] Ziwei Liu, Ping Luo, Shi Qiu, Xiaogang Wang, and Xiaoou Tang. 2016. DeepFashion: Powering Robust Clothes Recognition and Retrieval with Rich Annotations.
In IEEE Conference on Computer Vision and Pattern Recognition (CVPR).
[17] Zhengyao Lv, Xiaoming Li, Xin Li, Fu Li, Tianwei Lin, Dongliang He, and Wangmeng Zuo. 2021. Learning semantic person image generation by region-adaptive
normalization. In IEEE Conference on Computer Vision and Pattern Recognition
(CVPR).
[18] Liqian Ma, Xu Jia, Qianru Sun, Bernt Schiele, Tinne Tuytelaars, and Luc Van Gool.
2017. Pose guided person image generation. In Conference on Neural Information
Processing Systems (NeurIPS).
[19] Liqian Ma, Qianru Sun, Stamatios Georgoulis, Luc Van Gool, Bernt Schiele, and
Mario Fritz. 2018. Disentangled person image generation. In IEEE Conference on
Computer Vision and Pattern Recognition (CVPR).

MM ’22, October 10–14, 2022, Lisboa, Portugal

[20] Albert Pumarola, Antonio Agudo, Alberto Sanfeliu, and Francesc Moreno-Noguer.
2018. Unsupervised person image synthesis in arbitrary poses. In IEEE Conference
on Computer Vision and Pattern Recognition (CVPR).
[21] Lu Qi, Li Jiang, Shu Liu, Xiaoyong Shen, and Jiaya Jia. 2019. Amodal instance
segmentation with kins dataset. In IEEE Conference on Computer Vision and
Pattern Recognition (CVPR).
[22] Yurui Ren, Xiaoming Yu, Junming Chen, Thomas H Li, and Ge Li. 2020. Deep
image spatial transformation for person image generation. In IEEE Conference on
Computer Vision and Pattern Recognition (CVPR).
[23] Danilo Jimenez Rezende, SM Eslami, Shakir Mohamed, Peter Battaglia, Max
Jaderberg, and Nicolas Heess. 2016. Unsupervised learning by predicting noise.
In Conference on Neural Information Processing Systems (NeurIPS).
[24] Tim Salimans, Ian Goodfellow, Wojciech Zaremba, Vicki Cheung, Alec Radford,
and Xi Chen. 2016. Improved techniques for training gans. In Conference on
Neural Information Processing Systems (NeurIPS).
[25] Aliaksandr Siarohin, Enver Sangineto, Stéphane Lathuiliere, and Nicu Sebe. 2018.
Deformable gans for pose-based human image generation. In IEEE Conference on
Computer Vision and Pattern Recognition (CVPR).
[26] Karen Simonyan and Andrew Zisserman. 2014. Very deep convolutional networks for large-scale image recognition. In International Conference on Learning
Representations (ICLR).
[27] Nitish Srivastava, Elman Mansimov, and Ruslan Salakhudinov. 2015. Unsupervised learning of video representations using lstms. In International Conference
on Machine Learning (ICML).
[28] Hao Tang, Song Bai, Li Zhang, Philip HS Torr, and Nicu Sebe. 2020. Xinggan for
person image generation. In European Conference on Computer Vision (ECCV).
[29] Joseph Tighe, Marc Niethammer, and Svetlana Lazebnik. 2014. Scene parsing
with object instances and occlusion ordering. In IEEE Conference on Computer
Vision and Pattern Recognition (CVPR).
[30] Lei Wang. 2016. Discovering phase transitions with unsupervised learning.
Physical Review B (2016).
[31] Ning Wang, Yibing Song, Chao Ma, Wengang Zhou, Wei Liu, and Houqiang Li.
2019. Unsupervised deep tracking. In IEEE Conference on Computer Vision and
Pattern Recognition (CVPR).
[32] Jiajun Wu, Joshua B Tenenbaum, and Pushmeet Kohli. 2017. Neural scene derendering. In IEEE Conference on Computer Vision and Pattern Recognition (CVPR).
[33] Tailin Wu and Max Tegmark. 2019. Toward an artificial intelligence physicist for
unsupervised learning. Physical Review E (2019).
[34] Xiaohang Zhan, Xingang Pan, Bo Dai, Ziwei Liu, Dahua Lin, and Chen Change
Loy. 2020. Self-Supervised Scene De-occlusion. In IEEE Conference on Computer
Vision and Pattern Recognition (CVPR).
[35] Jinsong Zhang, Kun Li, Yu-Kun Lai, and Jingyu Yang. 2021. Pise: Person image
synthesis and editing with decoupled gan. In IEEE Conference on Computer Vision
and Pattern Recognition (CVPR).
[36] Liang Zheng, Liyue Shen, Lu Tian, Shengjin Wang, Jingdong Wang, and Qi
Tian. 2015. Scalable person re-identification: A benchmark. In IEEE International
Conference on Computer vision (ICCV).
[37] Tinghui Zhou, Matthew Brown, Noah Snavely, and David G Lowe. 2017. Unsupervised learning of depth and ego-motion from video. In IEEE International
Conference on Computer vision (ICCV).
[38] Tinghui Zhou, Shubham Tulsiani, Weilun Sun, Jitendra Malik, and Alexei A Efros.
2016. View synthesis by appearance flow. In European Conference on Computer
Vision (ECCV).
[39] Yan Zhu, Yuandong Tian, Dimitris Metaxas, and Piotr Dollár. 2017. Semantic amodal segmentation. In IEEE Conference on Computer Vision and Pattern
Recognition (CVPR).
[40] Zhen Zhu, Tengteng Huang, Baoguang Shi, Miao Yu, Bofei Wang, and Xiang Bai.
2019. Progressive pose attention transfer for person image generation. In IEEE
Conference on Computer Vision and Pattern Recognition (CVPR).

