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Abstract
Unpaired image-to-image translation (I2I) is an ill-posed prob-

lem, as an infinite number of translation functions can map the
source domain distribution to the target distribution. Therefore,
much effort has been put into designing suitable constraints, e.g.,
cycle consistency (CycleGAN), geometry consistency (GCGAN),
and contrastive learning-based constraints (CUTGAN), that help
better pose the problem. However, these well-known constraints
have limitations: (1) they are either too restrictive or too weak
for specific I2I tasks; (2) these methods result in content dis-
tortion when there is a significant spatial variation between the
source and target domains. This paper proposes a universal reg-
ularization technique called maximum spatial perturbation con-
sistency (MSPC), which enforces a spatial perturbation function
(T ) and the translation operator (G) to be commutative (i.e.,
T ◦ G = G ◦ T ). In addition, we introduce two adversarial
training components for learning the spatial perturbation func-
tion. The first one lets T compete with G to achieve maximum per-
turbation. The second one lets G and T compete with discrimina-
tors to align the spatial variations caused by the change of object
size, object distortion, background interruptions, etc. Our method
outperforms the state-of-the-art methods on most I2I benchmarks.
We also introduce a new benchmark, namely the front face to pro-
file face dataset, to emphasize the underlying challenges of I2I for
real-world applications. We finally perform ablation experiments
to study the sensitivity of our method to the severity of spatial per-
turbation and its effectiveness for distribution alignment.

1. Introduction
In unpaired image-to-to image translation (I2I), one aims

to translate images from a source domain X to a target do-
main Y , with data drawn from the marginal distribution
of the source domain (PX ) and that of the target domain

† Equal Contribution. Code is released at https://github.com/
batmanlab/MSPC.
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T (Y )

(b) Spatial alignment of spatial perturbation
function T

Figure 1. In this figure, we illustrate the the proposed MSPC on
(a) consistency regularization under maximum spatial perturbation
and (b) aligning the spatial distributions between source XT and
YT via spatial perturbation function T .

(PY ). Unpaired I2I has many applications, such as super-
resolution [12, 15], image editing [13, 49], and image de-
noising [4,41]. However, it is an ill-posed problem, as there
is an infinite choice of translators G that can map PX to PY .

Various constraints on the translation function G have
been proposed to remedy the ill-posedness of the problem.
For example, cycle consistency (CycleGAN) [50] enforces
the cyclic reconstruction consistency: X → G(X) → X ,
which means G and its inverse are bijections. CUTGAN
[37] maximizes the mutual information between an input
image and the translated image via constrastive learning on
the patch-level features. The GCGAN [16], on the other
hand, effectively uses geometric consistency by applying a
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predefined geometry transformation g, i.e., fixed rotation,
encouraging G to be robust to geometry transformation.
The underlying assumption of the GCGAN is that the G
and g are commutative (i.e., g ◦G = G ◦ g). However, Cy-
cleGAN assumes that the relationship of bijection between
source and target, which is limited for most real-life appli-
cations [37]. For instance, the translation function is non-
invertible in the Cityscapes → Parsing task. Though geom-
etry consistency used in GCGAN is a general I2I constraint,
it is too weak in the sense that the model would easily mem-
orize the pattern of a fixed transformation. CUTGAN en-
forces the strong correlation between the input images and
the translated images at the corresponded patches; thus it
would fail when the patches at the same spatial location do
not contain the same content, e.g., in the Front Face → Pro-
file task (shown in Figure 5). Thus, the above models are
either too restrictive or too weak for specific I2I tasks. Be-
sides, all of them overlook the extra spatial variations in
image translation, which are caused by the change of object
size, object distortion, background interruptions, etc.

To tackle the issues above, we propose a novel regu-
larization called the maximum spatial perturbation consis-
tency (MSPC), which enforces a new type of constraint and
aligns the content’s spatial distribution content across do-
mains. Our MSPC generalizes GCGAN by learning a spa-
tial perturbation function T , which adaptively transforms
each image with an image-dependent spatial perturbation.
Moreover, MSPC is based on the new insight that consis-
tency on hard spatial perturbation would boost the robust-
ness of translator G. Thus, MSPC enforces the maximum
spatial perturbation function (T ) and the translation opera-
tor (G) to be commutative (i.e., T ◦G = G◦T ). To generate
the maximum spatial perturbation, we introduce a differen-
tiable spatial transformer T [24] to compete with the trans-
lation network G in a mini-max game, which we mark as the
perturbation branch. More specifically, T tries to maximize
the distance between T (G(X)) and G(T (X)), and G mini-
mizes the difference between them. In this way, our method
dynamically generates the hardest spatial transformation for
each image, avoiding overfitting G to specific spatial trans-
formations. The Figure 1a give a simple illustration of how
the image-dependent spatial perturbation works on the I2I
framework.

To align the spatial distribution of the content, T and G
cooperate to compete with a discriminator Dpert in another
mini-max game, which we mark as an alignment branch.
In the alignment branch, T participates in aligning the dis-
tribution between the translated images and the target im-
ages by alleviating the spatial discrepancy, i.e. adjusting the
object’s size, cropping out the noisy background, and fur-
ther reducing undesired distortions in the translation net-
work G. We evaluate our model on several widely studied
benchmarks, and additionally, we construct a Front Face →

Profile dataset with significant domain gaps to emphasize
the challenges in real-world applications. The experimen-
tal results show that the proposed MSPC outperforms its
competitors on most I2I tasks. More importantly, MSPC
performs the most stable across various I2I tasks, demon-
strating the universality of our constraint. The Figure 1b
shows the visual examples the alignment effect on source
and target images via dynamic spatial transformation func-
tion.

2. Related Work
2.1. Generative Adversarial Network

Generative adversarial networks (GANs) [19] train a
min-max game between the generator G and the discrim-
inator D, where D tries to discriminate between the data
distribution and the generated distribution. When G and D
reach a equilibrium, the generated distribution will exactly
match the data distribution. In recent years, GANs have
been explored in many image synthesis tasks, such as super-
vised and unsupervised image generation [3, 11, 18, 33, 34],
domain adaptation [2,17,47], image inpainting [36,40,42],
etc.

2.2. Image-to-Image Translation

The paired image-to-image translation task can be traced
back to [14], which proposes a non-parametric texture
model. With the development of deep learning, the recent
Pix2Pix model [23] expands the conditional GAN model to
the image translation and learns a conditional mapping from
source images to the target images with paired data. There
are also other works in this line of research, such as [25,39].
However, paired images are expensive to collect, and thus
the latest works focus on the setting with semi-supervised
and unsupervised settings. Compared to existing unpaired
setting, [44] considers a more challenging setting where
contents of two domains are unaligned and proposes to ad-
dress this issue with importance re-weighting. As a semi-
supervised method, [35] performs image translation with
the combined limited paired images and sufficient unpaired
images. Furthermore, [1, 5–8, 16, 26, 28, 29, 31, 37, 43, 46,
48, 50] focus on the unsupervised image translation tasks.
In these works, CycleGAN [50] proposes a cycle consis-
tency between the input images and the translated images.
GCGAN [16] minimizes the error translated images via the
rotation on the input images. CUTGAN [37] maximizes the
mutual information between the input and the translated im-
ages via contrastive learning. UNIT [28] proposes a strong
assumption of content sharing and style change between
two image domains in the latent space. To obtain diverse
translation results, MUNIT [22] and DRIT [27] disentan-
gle the content and the style and generate diverse outputs
by combing the same content with different styles. In this
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paper, we focus on the unsupervised task with deterministic
output of image translation.

2.3. Consistency Regularization of Semi-Supervised
Learning

Among various methods for the semi-supervised classi-
fication, clustering, or regression task, consistency regular-
ization has attracted much attention, as discussed in a re-
cent survey paper on deep semi-supervised learning [45].
The constraint of consistency regularization assumes that
the manifold of data is smooth and that the model is ro-
bust to the realistic perturbation on the data points. In other
words, consistency regularization can force the model to
learn a smooth manifold via incorporating the unlabeled
data. Though GCGAN was proposed from a different per-
spective, it can be considered as a variation of Π model [38],
which enforces consistent model prediction on two random
augmentations on a labeled or unlabeled sample.

The regularization method closely related to the pro-
posed MSPC is virtual adversarial training (VAT) [32]. VAT
introduced the concept of adversarial attack [20] as a consis-
tency regularization in semi-supervised classification. This
method learns a maximum adversarial perturbation as a ad-
ditive noise on the data-level. To be more specific, it finds
an optimal perturbation γ on a input sample x under the
constraint of γ < δ. Letting R and f denote the estimation
of distance between two vectors and the predicted model
respectively, we can formulate it as:

min
f

max
γ;∥γ∥⩽δ

Ex∈PX
R(f(θ, x), f(θ, x+ γ)). (1)

3. Proposed Method

In unsupervised I2I, one has access to the unpaired im-
ages X ,Y ⊆ RC×H×W , which are from the source and
target domains, respectively. The goal is to translate im-
age of {x;x ∈ X} to {y; y ∈ Y}. Our proposed MSPC
has four components and three branches. For the compo-
nents, we have an image translator G, a spatial perturba-
tion function T and two image discriminators D and DT .
As the three branches, a) G and D are for regular adver-
sarial training for the image translation; b) G and T com-
pete with each other in the maximum spatial perturbation
branch; c) G and T cooperate together to compete with DT

in the spatial alignment branch. The overall architecture of
our method is shown in Figure 2a. Below we will explain
our method in the order of the branches.

3.1. Adversarial Constraint on Image Translation

A straightforward way of building the translation frame-
work (branch a) is to utilize generative adversarial train-
ing [19], which forces the translated images to be similar

to the target images.

min
G

max
D

Ey∼PY
logD(y) + Ex∼PX

log(1−D(G(x))),

which is exactly branch a) of our method and has been
widely adopted in most I2I approaches [16, 37, 50].

3.2. Maximum Spatial Perturbation Consistency

In the maximum spatial perturbation branch (branch b),
we specify the proposed maximum spatial perturbation con-
sistency (MSPC) for regularizing the unsupervised transla-
tion network. Concisely, we propose an adversarial spatial
perturbation network T that is to be trained together with
the translator G. The formulation is as follows:

min
G

max
T

Ex∼PX
∥T (G(x))−G(T (x))∥1, (2)

where T aims to maximize the L1 distance between the
translated image from original input x and the spatial per-
turbed image T (x), and G learns to minimize the diver-
gence caused by T , which is the effect of of spatial perturba-
tion. It is worth noting that T is a parameterized and differ-
entiable network, thanks to [24]; details will be introduced
later. Thus, for each image xi, the learned spatial perturba-
tion Ti is specific to the image. In other words, T generates
different spatial perturbations for different images, while
in GCGAN, T only represents a fixed spatial transforma-
tion. Moreover, our spatial perturbation function T changes
as training proceeds. To design the consistency loss, we
construct the correspondence between the translated image
G(xi) and the perturbed translated image G(Ti(xi)) via ap-
plying the learned Ti on the translated images, which is
Ti(G(xi)). A graphic illustration of this branch is given
in Figure 2b.

3.3. Spatial Alignment of the Transformer T

In branch b), T plays an important role to generate max-
imum perturbation that tries to confuse G and enable G to
be more robust across different I2I tasks. Furthermore, the
deforming property of T can help align the spatial distribu-
tion in an unsupervised manner between the source images
X and the target images Y by scaling, rotating, cropping
noisy background, etc. As shown in Figure 2c, G and T try
to force the distribution of G(T (X)) to approach the distri-
bution of the transformed target images T (Y ) via adversar-
ial training with another discriminator DT . In this process,
the target distribution of P (T (Y )) is also deformed to be
close to the generated distribution, which is different from
the regular generative adversarial training with a fixed tar-
get distribution. Thus, in the process of c), the adversarial
training process can be formulated as the following min-
max game,

min
G,T

max
DT

Ey∼PY
logD(T (y)) + Ex∼PX

log(1−D(G(T (x)))).

(3)
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G

<latexit sha1_base64="kAK5QuD2eKuFonc5n5uK8Ft4JHM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6p3U/Ua15XadR5HEc7gHC7Bg1uowQPUoQUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8ArWuM0A==</latexit>

T

<latexit sha1_base64="0EMtLxv3xOVsUYa71WAPhEKk0m4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp611WvWavUa3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBs3uM1A==</latexit>

X
<latexit sha1_base64="ityzOFSEyZE8y/ZFNEFMDTcoQjA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4EGPFewHtEvJptk2NMkuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTG8zv/tElWaRfDSzmPoCjyULGcEmk+6qvcthueLW3AXQOvFyUoEcrWH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExPe+CmTcWKoJMtFYcKRiVD2OBoxRYnhM0swUczeisgEK0yMjadkQ/BWX14nnaua16h5D/VKs57HUYQzOIcqeHANTbiHFrSBwASe4RXeHOG8OO/Ox7K14OQzp/AHzucPCiiNig==</latexit>

G(X)

<latexit sha1_base64="Df6uKn4Vv153EZys4JK1XqbmzKg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBCSS9iVoB4DHvQYIS9IljA76SRDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBZcG9f9djY2t7Z3dnN7+f2Dw6PjwslpS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQbZhqjH9KR5EPOqLFSu1G6L3XK5X6h6FbcBcg68TJShAz1fuGrN4hYEqI0TFCtu54bGz+lynAmcJbvJRpjyiZ0hF1LJQ1R++ni3Bm5tMqADCNlSxqyUH9PpDTUehoGtjOkZqxXvbn4n9dNzPDWT7mME4OSLRcNE0FMROa/kwFXyIyYWkKZ4vZWwsZUUWZsQnkbgrf68jppXVW864r3WC3WqlkcOTiHCyiBBzdQgweoQxMYTOAZXuHNiZ0X5935WLZuONnMGfyB8/kDdr+OTQ==</latexit>

T (G(X))

<latexit sha1_base64="IGaJp6zT7R2/OBnk+lSDG6nYBqc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBCSS9iVoB4DHvQYIS9IljA76SRDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBZcG9f9djY2t7Z3dnN7+f2Dw6PjwslpS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQbZhqjH9KR5EPOqLFS+77UKHXK5X6h6FbcBcg68TJShAz1fuGrN4hYEqI0TFCtu54bGz+lynAmcJbvJRpjyiZ0hF1LJQ1R++ni3Bm5tMqADCNlSxqyUH9PpDTUehoGtjOkZqxXvbn4n9dNzPDWT7mME4OSLRcNE0FMROa/kwFXyIyYWkKZ4vZWwsZUUWZsQnkbgrf68jppXVW864r3WC3WqlkcOTiHCyiBBzdQgweoQxMYTOAZXuHNiZ0X5935WLZuONnMGfyB8/kDdqWOTQ==</latexit>

G(T (X))

<latexit sha1_base64="kAK5QuD2eKuFonc5n5uK8Ft4JHM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6p3U/Ua15XadR5HEc7gHC7Bg1uowQPUoQUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8ArWuM0A==</latexit>

T

<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1

<latexit sha1_base64="h6Arzk9B4qVWGZFPwc/UdgT3Si8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCHjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmrf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77LqNWuVei2PowgncArn4MEV1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/lSuMwA==</latexit>

D

<latexit sha1_base64="aTCj9iBVwMQC+kJKbP/M0m9Z+80=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2FZpQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84RK81jemUmCfkSHkoecUWOl5kO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6x6zVqlXsvjKMIJnMI5eHAFdbiFBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtP+M1Q==</latexit>

Y

<latexit sha1_base64="kAK5QuD2eKuFonc5n5uK8Ft4JHM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6p3U/Ua15XadR5HEc7gHC7Bg1uowQPUoQUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8ArWuM0A==</latexit>

T

<latexit sha1_base64="Ec/evaxGAqY1HKkNADwnkBCEZUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBDx4r9gvaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg1cJJwP6JDJULBKFrp8a7f6JcrbtWdg6wSLycVyFHvl796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+q6j1cVmqXeRxFOIFTOAcPrqEG91CHJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHvN42H</latexit>

DT

<latexit sha1_base64="E6TgAeeSwRBp2YSt8JwbJyLQqRg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4MVjhX5Bu5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbe/s7hX3SweHR8cn5dOzro4SRWiHRDxS/QBrypmkHcMMp/1YUSwCTnvB7D7ze09UaRbJtpnH1Bd4IlnICDaZ1K72r0fliltzl0CbxMtJBXK0RuWv4TgiiaDSEI61HnhubPwUK8MIp4vSMNE0xmSGJ3RgqcSCaj9d3rpAV1YZozBStqRBS/X3RIqF1nMR2E6BzVSve5n4nzdITHjnp0zGiaGSrBaFCUcmQtnjaMwUJYbPLcFEMXsrIlOsMDE2npINwVt/eZN0b2peo+Y91ivNeh5HES7gEqrgwS004QFa0AECU3iGV3hzhPPivDsfq9aCk8+cwx84nz8eA42X</latexit>

T (X)
<latexit sha1_base64="pfz6ETlOJ1AXWhEEXgL8XeUyb84=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8OKxQr+kXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf53SeqNItky8xi6gs8lixkBJtMalUfL4fliltzF0DrxMtJBXI0h+WvwSgiiaDSEI617ntubPwUK8MIp/PSINE0xmSKx7RvqcSCaj9d3DpHF1YZoTBStqRBC/X3RIqF1jMR2E6BzUSvepn4n9dPTHjrp0zGiaGSLBeFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2npINwVt9eZ10rmredc17qFca9TyOIpzBOVTBgxtowD00oQ0EJvAMr/DmCOfFeXc+lq0FJ585hT9wPn8AH4iNmA==</latexit>

T (Y )

(a) Complete Model of MSPC.

<latexit sha1_base64="oFP12ymge4gzRW0r5vE1e1Kqe1w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCBz22YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmrf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77LqNWuVei2PowgncArn4MEV1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/mbeMww==</latexit>

G

<latexit sha1_base64="oFP12ymge4gzRW0r5vE1e1Kqe1w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCBz22YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmrf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77LqNWuVei2PowgncArn4MEV1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/mbeMww==</latexit>

G

<latexit sha1_base64="kAK5QuD2eKuFonc5n5uK8Ft4JHM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6p3U/Ua15XadR5HEc7gHC7Bg1uowQPUoQUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8ArWuM0A==</latexit>

T
<latexit sha1_base64="0EMtLxv3xOVsUYa71WAPhEKk0m4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp611WvWavUa3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBs3uM1A==</latexit>

X
<latexit sha1_base64="ityzOFSEyZE8y/ZFNEFMDTcoQjA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4EGPFewHtEvJptk2NMkuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTG8zv/tElWaRfDSzmPoCjyULGcEmk+6qvcthueLW3AXQOvFyUoEcrWH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExPe+CmTcWKoJMtFYcKRiVD2OBoxRYnhM0swUczeisgEK0yMjadkQ/BWX14nnaua16h5D/VKs57HUYQzOIcqeHANTbiHFrSBwASe4RXeHOG8OO/Ox7K14OQzp/AHzucPCiiNig==</latexit>

G(X)
<latexit sha1_base64="Df6uKn4Vv153EZys4JK1XqbmzKg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBCSS9iVoB4DHvQYIS9IljA76SRDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBZcG9f9djY2t7Z3dnN7+f2Dw6PjwslpS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQbZhqjH9KR5EPOqLFSu1G6L3XK5X6h6FbcBcg68TJShAz1fuGrN4hYEqI0TFCtu54bGz+lynAmcJbvJRpjyiZ0hF1LJQ1R++ni3Bm5tMqADCNlSxqyUH9PpDTUehoGtjOkZqxXvbn4n9dNzPDWT7mME4OSLRcNE0FMROa/kwFXyIyYWkKZ4vZWwsZUUWZsQnkbgrf68jppXVW864r3WC3WqlkcOTiHCyiBBzdQgweoQxMYTOAZXuHNiZ0X5935WLZuONnMGfyB8/kDdr+OTQ==</latexit>

T (G(X))

<latexit sha1_base64="IGaJp6zT7R2/OBnk+lSDG6nYBqc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBCSS9iVoB4DHvQYIS9IljA76SRDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBZcG9f9djY2t7Z3dnN7+f2Dw6PjwslpS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQbZhqjH9KR5EPOqLFS+77UKHXK5X6h6FbcBcg68TJShAz1fuGrN4hYEqI0TFCtu54bGz+lynAmcJbvJRpjyiZ0hF1LJQ1R++ni3Bm5tMqADCNlSxqyUH9PpDTUehoGtjOkZqxXvbn4n9dNzPDWT7mME4OSLRcNE0FMROa/kwFXyIyYWkKZ4vZWwsZUUWZsQnkbgrf68jppXVW864r3WC3WqlkcOTiHCyiBBzdQgweoQxMYTOAZXuHNiZ0X5935WLZuONnMGfyB8/kDdqWOTQ==</latexit>

G(T (X))

<latexit sha1_base64="kAK5QuD2eKuFonc5n5uK8Ft4JHM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6p3U/Ua15XadR5HEc7gHC7Bg1uowQPUoQUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8ArWuM0A==</latexit>

T

<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1
Backward

Reversal 
Gradient

Reversal 
Gradient

<latexit sha1_base64="E6TgAeeSwRBp2YSt8JwbJyLQqRg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4MVjhX5Bu5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbe/s7hX3SweHR8cn5dOzro4SRWiHRDxS/QBrypmkHcMMp/1YUSwCTnvB7D7ze09UaRbJtpnH1Bd4IlnICDaZ1K72r0fliltzl0CbxMtJBXK0RuWv4TgiiaDSEI61HnhubPwUK8MIp4vSMNE0xmSGJ3RgqcSCaj9d3rpAV1YZozBStqRBS/X3RIqF1nMR2E6BzVSve5n4nzdITHjnp0zGiaGSrBaFCUcmQtnjaMwUJYbPLcFEMXsrIlOsMDE2npINwVt/eZN0b2peo+Y91ivNeh5HES7gEqrgwS004QFa0AECU3iGV3hzhPPivDsfq9aCk8+cwx84nz8eA42X</latexit>

T (X)

(b) Maximum Spatial Perturbation Consistency

<latexit sha1_base64="oFP12ymge4gzRW0r5vE1e1Kqe1w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCBz22YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmrf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77LqNWuVei2PowgncArn4MEV1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/mbeMww==</latexit>

G<latexit sha1_base64="0EMtLxv3xOVsUYa71WAPhEKk0m4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp611WvWavUa3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBs3uM1A==</latexit>

X
<latexit sha1_base64="IGaJp6zT7R2/OBnk+lSDG6nYBqc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBCSS9iVoB4DHvQYIS9IljA76SRDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBZcG9f9djY2t7Z3dnN7+f2Dw6PjwslpS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQbZhqjH9KR5EPOqLFS+77UKHXK5X6h6FbcBcg68TJShAz1fuGrN4hYEqI0TFCtu54bGz+lynAmcJbvJRpjyiZ0hF1LJQ1R++ni3Bm5tMqADCNlSxqyUH9PpDTUehoGtjOkZqxXvbn4n9dNzPDWT7mME4OSLRcNE0FMROa/kwFXyIyYWkKZ4vZWwsZUUWZsQnkbgrf68jppXVW864r3WC3WqlkcOTiHCyiBBzdQgweoQxMYTOAZXuHNiZ0X5935WLZuONnMGfyB8/kDdqWOTQ==</latexit>

G(T (X))

<latexit sha1_base64="kAK5QuD2eKuFonc5n5uK8Ft4JHM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6p3U/Ua15XadR5HEc7gHC7Bg1uowQPUoQUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8ArWuM0A==</latexit>

T

<latexit sha1_base64="aTCj9iBVwMQC+kJKbP/M0m9Z+80=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2FZpQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84RK81jemUmCfkSHkoecUWOl5kO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6x6zVqlXsvjKMIJnMI5eHAFdbiFBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtP+M1Q==</latexit>

Y

<latexit sha1_base64="kAK5QuD2eKuFonc5n5uK8Ft4JHM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzzMy6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6p3U/Ua15XadR5HEc7gHC7Bg1uowQPUoQUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8ArWuM0A==</latexit>

T

<latexit sha1_base64="Ec/evaxGAqY1HKkNADwnkBCEZUw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBDx4r9gvaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg1cJJwP6JDJULBKFrp8a7f6JcrbtWdg6wSLycVyFHvl796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+q6j1cVmqXeRxFOIFTOAcPrqEG91CHJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHvN42H</latexit>

DT

Reversal 
Gradient

<latexit sha1_base64="E6TgAeeSwRBp2YSt8JwbJyLQqRg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx4MVjhX5Bu5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbe/s7hX3SweHR8cn5dOzro4SRWiHRDxS/QBrypmkHcMMp/1YUSwCTnvB7D7ze09UaRbJtpnH1Bd4IlnICDaZ1K72r0fliltzl0CbxMtJBXK0RuWv4TgiiaDSEI61HnhubPwUK8MIp4vSMNE0xmSGJ3RgqcSCaj9d3rpAV1YZozBStqRBS/X3RIqF1nMR2E6BzVSve5n4nzdITHjnp0zGiaGSrBaFCUcmQtnjaMwUJYbPLcFEMXsrIlOsMDE2npINwVt/eZN0b2peo+Y91ivNeh5HES7gEqrgwS004QFa0AECU3iGV3hzhPPivDsfq9aCk8+cwx84nz8eA42X</latexit>

T (X)

<latexit sha1_base64="pfz6ETlOJ1AXWhEEXgL8XeUyb84=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8OKxQr+kXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJR0eJIrRNIh6pXoA15UzStmGG016sKBYBp91gepf53SeqNItky8xi6gs8lixkBJtMalUfL4fliltzF0DrxMtJBXI0h+WvwSgiiaDSEI617ntubPwUK8MIp/PSINE0xmSKx7RvqcSCaj9d3DpHF1YZoTBStqRBC/X3RIqF1jMR2E6BzUSvepn4n9dPTHjrp0zGiaGSLBeFCUcmQtnjaMQUJYbPLMFEMXsrIhOsMDE2npINwVt9eZ10rmredc17qFca9TyOIpzBOVTBgxtowD00oQ0EJvAMr/DmCOfFeXc+lq0FJ585hT9wPn8AH4iNmA==</latexit>

T (Y )

Backward

(c) Spatial Alignment of the Transformer T .
Figure 2. Illustration of proposed MSPC model, (a)we can summarize our model as three branches of learning 1) X → G → D ← Y ;
2) X → G → T → L1 ← G ← T ← X; 3) X → T → G → DT ← T ← Y . 1), 2), 3) specify the regular adversarial training,
maximum spatial perturbation and spatial alignment respectively. To be more specific, we show the adversarial training between G,T in
(b) and G,T,DT in (c) via the forward and backward flow.

3.4. Differentiable T

<latexit sha1_base64="VTYKckGup/J2LljMtU1qpkAhdlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epPHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/k6GMxw==</latexit>

A
<latexit sha1_base64="KjfrvaHcOLpGhblLvoyRqpXbNvw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epPHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/lSWMyA==</latexit>

B

<latexit sha1_base64="hivSoGJjWN2IM57Ys6aaPyxeFwc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUevHYgv2ANpTNdtKu3WzC7kYowV/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM6jO/84hK81jem2mCfkRHkoecUWOlZn1QrrhVdw6ySrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCXwq9VONCWUTOsKepZJGqP1sfugTObPKkISxsiUNmau/JzIaaT2NAtsZUTPWy95M/M/rpSa88TMuk9SgZItFYSqIicnsazLkCpkRU0soU9zeStiYKsqMzaZkQ/CWX14l7Yuqd1X1mpeV2m0eRxFO4BTOwYNrqMEdNKAFDBCe4RXenAfnxXl3PhatBSefOYY/cD5/AJapjMk=</latexit>

C
<latexit sha1_base64="63SuZFEBeKQfiWng8x2TiiGecpU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCHjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9bteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6k0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AJgtjMo=</latexit>

D

Figure 3. Illustration of spatial transformation network (STN). The
network T outputs the coordinates of the deformed grids over the
images and then the new images are generated via interpolating in
these grids; it is differentiable and can be optimized with stochastic
gradient decent.

All of these functionalities of T in the above sections are
based on the nice property that T is differentiable and can
be optimized with stochastic gradient decent. According
to [24], it can be modeled in two steps. In the first step of

transforming image, we construct a grid over the image, and
the transformation network T outputs the coordinates of the
transformed grids. Assuming the image size is H ×W , we
can simply formulate the process of transformation as

{(p1i , p2j ); i = 1, 2, 3, ..., n, j = 1, 2, 3, ...,m} = T (x),

V c
i,j =

H∑
n

W∑
m

U c
nmk(p1i − q1m; Φp1)k(p2j − q2n; Φp2),

∀i,m ∈ [1 . . . H]; ∀j, n ∈ [1 . . .W ]; ∀c ∈ [1 . . . C], (4)

where (q1i , q
2
i ) represent the coordinate of original grid, U

is the pixel value of original image, c is the indicator of im-
age channel, (p1i , p

2
i ) denotes the new coordinates of trans-

formed grids, k(; Φp1), k(; Φp2) represents the kernel of the
interpolating image, and we use Vi to denote the trans-
formed pixel value in location (p1i , p

2
i ). See Figure 3 for

an graphic illustration. For the convenience of later formu-
lation, we simply refer to T (x) as the learned transformed
image.
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3.5. Constraint on T

<latexit sha1_base64="VTYKckGup/J2LljMtU1qpkAhdlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epPHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/k6GMxw==</latexit>

A
<latexit sha1_base64="KjfrvaHcOLpGhblLvoyRqpXbNvw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epPHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/lSWMyA==</latexit>

B

<latexit sha1_base64="hivSoGJjWN2IM57Ys6aaPyxeFwc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUevHYgv2ANpTNdtKu3WzC7kYowV/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM6jO/84hK81jem2mCfkRHkoecUWOlZn1QrrhVdw6ySrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCXwq9VONCWUTOsKepZJGqP1sfugTObPKkISxsiUNmau/JzIaaT2NAtsZUTPWy95M/M/rpSa88TMuk9SgZItFYSqIicnsazLkCpkRU0soU9zeStiYKsqMzaZkQ/CWX14l7Yuqd1X1mpeV2m0eRxFO4BTOwYNrqMEdNKAFDBCe4RXenAfnxXl3PhatBSefOYY/cD5/AJapjMk=</latexit>

C
<latexit sha1_base64="63SuZFEBeKQfiWng8x2TiiGecpU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCHjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9bteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6k0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AJgtjMo=</latexit>

D

(a) Image get distorted heavily without scaling
constraint.

<latexit sha1_base64="VTYKckGup/J2LljMtU1qpkAhdlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epPHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/k6GMxw==</latexit>

A
<latexit sha1_base64="KjfrvaHcOLpGhblLvoyRqpXbNvw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epPHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/lSWMyA==</latexit>

B

<latexit sha1_base64="hivSoGJjWN2IM57Ys6aaPyxeFwc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUevHYgv2ANpTNdtKu3WzC7kYowV/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM6jO/84hK81jem2mCfkRHkoecUWOlZn1QrrhVdw6ySrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCXwq9VONCWUTOsKepZJGqP1sfugTObPKkISxsiUNmau/JzIaaT2NAtsZUTPWy95M/M/rpSa88TMuk9SgZItFYSqIicnsazLkCpkRU0soU9zeStiYKsqMzaZkQ/CWX14l7Yuqd1X1mpeV2m0eRxFO4BTOwYNrqMEdNKAFDBCe4RXenAfnxXl3PhatBSefOYY/cD5/AJapjMk=</latexit>

C
<latexit sha1_base64="63SuZFEBeKQfiWng8x2TiiGecpU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCHjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9bteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6k0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AJgtjMo=</latexit>

D

<latexit sha1_base64="GCYVnq/zrEMdKMSHdxilQV/TgdU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KomIepKKF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1Fjp4eakWyq7FXcKski8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAkcFzupxoSyIe1j21JJI9R+Nr10TI6t0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/z2qkJr/yMyyQ1KNlsUZgKYmIyeZv0uEJmxMgSyhS3txI2oIoyY8Mp2hC8+ZcXSeOs4l1UvPvzcvU6j6MAh3AEp+DBJVThDmpQBwYhPMMrvDlD58V5dz5mrUtOPnMAf+B8/gDz4oz4</latexit>

A0 <latexit sha1_base64="x90OaVjT6JuCO+M+XaHbfpRtfko=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KomIepKiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1Fjp4eakWyq7FXcKski8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAkcFzupxoSyIe1j21JJI9R+Nr10TI6t0iNhrGxJQ6bq74mMRlqPosB2RtQM9Lw3Ef/z2qkJr/yMyyQ1KNlsUZgKYmIyeZv0uEJmxMgSyhS3txI2oIoyY8Mp2hC8+ZcXSeOs4l1UvPvzcvU6j6MAh3AEp+DBJVThDmpQBwYhPMMrvDlD58V5dz5mrUtOPnMAf+B8/gD1Z4z5</latexit>

B0

<latexit sha1_base64="MOgTyUM3idZohoop1XRd8jodBjg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KomIepJCLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY1aZ+64lrI2L1iOOE+xEdKBEKRtFKD7WzXqnsVtwZyDLxclKGHPVe6avbj1kacYVMUmM6npugn1GNgkk+KXZTwxPKRnTAO5YqGnHjZ7NLJ+TUKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QY3viZUEmKXLH5ojCVBGMyfZv0heYM5dgSyrSwtxI2pJoytOEUbQje4svLpHlR8a4q3v1luXqbx1GAYziBc/DgGqpwB3VoAIMQnuEV3pyR8+K8Ox/z1hUnnzmCP3A+fwD27Iz6</latexit>

C 0
<latexit sha1_base64="Woi7v9nSpcKI/+ABHZVjkhtF+Zo=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KomIepKCHjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777Swtr6yurRc2iptb2zu7pb39ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGNxO/+YRK81g+mlGCfkT7koecUWOlh9uTbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTSMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPIzLpPUoGSzRWEqiInJ5G3S4wqZESNLKFPc3krYgCrKjA2naEPw5l9eJI2zindR8e7Py9XrPI4CHMIRnIIHl1CFO6hBHRiE8Ayv8OYMnRfn3fmYtS45+cwB/IHz+QP4cYz7</latexit>

D0

<latexit sha1_base64="qV2OpJOwig4RVxf1qRs9eF26mLY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1EoCNhYWEc0HJEfY2+wlS/b2jt05IRz5CTYWitj6i+z8N26SKzTxwcDjvRlm5gWJFAZd99sprKyurW8UN0tb2zu7e+X9g6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQz9VtPXBsRq0ccJ9yP6ECJUDCKVnq463m9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zqXVS9+/NK7TqPowhHcAyn4MEl1OAW6tAABgN4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/yV2Ndg==</latexit>

L1

(b) Majority of Image is cropped out.

Figure 4. Illustration of information loss on perturbed images
caused by unconstrained T .

However, without suitable constraints enforced on T , T
would produce trivial transformation on images, which may
worsen the performance of G, leading to information loss of
images as illustrated in Figure 4. One can naturally come
up with an immediate, straightforward way to impose this
constraint, for instance, by using

∥T (G(x))−G(T (x))∥1 < ϵ, w.r.t. T. (5)

However, G is a flexible function that can gradually adapt to
whatever transformation learned from T , and thus T would
still produce transformation beyond the given image distri-
bution. To solve this issue, we directly design a relative
scaling constraint of T on the original and transformed co-
ordinates, which is designed to tackle the issue shown in
Figure 4a. Besides, the major proportion of images would
be moved out of the original grids as illustrated in Figure 4b,
thus we also enforce an absolute constraint on T , which re-
stricts the average translation of target coordinates in a rea-
sonable range. According to the property of T as explained
in Section 3.4, the spatial transformation is based on system
of coordinates. Thus, we can directly enforce the relative
scaling and the absolute translation constraint on the trans-
formed coordinates, which can be formulated as

1

a
<

|pipj |
|qiqj |

< a, i ̸= j & − b <

n∑
i=1

pi < b, (6)

where qi, pi are the grid coordinates of original and trans-
formed images, respectively, and a, b are constants. The

intuition is that, we do not allow the image to be severely
distorted beyond a certain scaling and the average transla-
tion of coordinates should also be controlled in a reasonable
range. The overall formulation of our model can be summa-
rized as follow:

min
G,T

max
D,DT

Ey∼PY
logD(y) + Ex∼PX

log(1−D(G(x)))

+ Ey∼PY
logDT (T (y)) + Ex∼PX

log(1−DT (G(T (x)))),

min
G

max
T

Ex∼PX
∥T (G(x)), G(T (x))∥1,

s.t.
1

a
<

|pipj |
|qiqj |

< a, i ̸= j & − b <

n∑
i=1

pi < b. (7)

4. Experiment
We conduct quantitative experiments in different settings

on front face→profile, Cityscapes [9], Google Map [23],
horse→zebra translations. For face→profile, we aim to
simulate the real-world application, in which we do not have
any paired training identities from source to target but eval-
uate the performance on the held-out front and profile faces
with the paired identities. The Cityscapes and Google Map
datasets contain paired images in the training datasets, but
all the models are trained in an unpaired manner and also
tested on paired held-out testing set.s Additionally, we also
test the model the on the popular horse→zebra where paired
data are not available.

4.1. Training Configuration

We unify the model training configuration in this section.
We Compare our MSPC, the modified virtual adversarial
training (VAT), and the modified mean teacher (MT) mod-
els with the recently proposed, popular CycleGAN, GC-
GAN and CUTGAN, where “modified” means transferred
from semi-supervised framework to I2I. Please refer to the
Section 1 in supplementary for the detailed implementa-
tion of modified VAT and MT. We choose the 9-layers of
ResNet-Generator with encoder-decoder style [50] and the
PatchGAN-Discriminator [23] for all of the models. Be-
sides, we choose the Resnet-19 as our T network structure.
For all of the model optimization, we set the batch-size
to 4 and optimizer to Adam with learning rate 2 × 10−4

and β = [0.5, 0.999]. On all of the dataset, to be fair, we
train each model with 200 epoches and we report the per-
formance of the model from the last epoch because of no
validation is provided.

Additionally, for our MSPC model, we have three mini-
max game between G,T,D,Dpert. Thus, we separate the
model training procedure into two steps, {D,Dpert, T} −
step and G− step. In each step, we only optimize the cor-
responding networks and fix others. The size of the spatial
transformation grid is 2× 2. For all the experiments, we set
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Source MSPC(Ours) GC CycleMT Modified CUTTarget(GT) VAT Modified

Figure 5. Examples on dataset with paired source and target images, all examples are held out from training dataset. The front face→profile
task does not include any paired identity, which is a difficult setting and CycleGAN, GCGAN and CUT cannot be stably trained and collapse
in the early training stage. Our model shows a stability across all tasks of image translation.

Method Cityscapes→Parsing Front Face→Profle Horse→Zebra

pixAcc↑ classAcc↑ mAP↑ FID↓ FID↓

CycleGAN [50] 0.595 0.234 0.171 107.70 69.40
GCGAN [16] 0.563 0.195 0.143 128.31 74.89
CUTGAN [37] 0.587 0.225 0.166 244.50 84.26
MT Modified 0.121 0.055 0.018 52.95 62.28
VAT Modified 0.484 0.100 0.064 145.54 70.21
MSPC (ours) 0.740 0.296 0.226 37.01 61.2
Method Parsing→Cityscapes Aerial Photograph→Map

pixAcc↑ classAcc↑ mAP ↑ RMSE↓ PixACC ↑

CycleGAN [50] 0.508 0.184 0.117 32.70 0.265
GCGAN [16] 0.583 0.201 0.128 33.12 0.264
CUTGAN [37] 0.681 0.243 0.172 35.45 0.222
MT Modified 0.455 0.145 0.086 35.43 0.216
VAT Modified 0.281 0.109 0.053 63.38 0.042
MSPC (ours) 0.612 0.214 0.156 32.97 0.265

Table 1. Comparison with baselines on four dataset with quantitative results, they are conducted on the translation settings of
cityscapes→parsing, parsing→cityscapes, front face→profile, horse→zebra and aerial photograph→map respectively. The best scores
are bold. Our model shows overall competitive results and robust performance across different settings.

the maximum scale of perturbation to be a = 1
3 , b = 3 and

the translation factors to be c = −0.25, d = 0.25.

4.2. Dataset Configuration and Results
Front Face→Profile In this new dataset, we aim to have
an unbiased evaluation metric in real-life applications and
explore the possibility of performing the image translation
task under a big gap between the source and target domains.
To construct such a front face→profile image translation
dataset, we sample from CMU Multi-PIE Face [21], which
consists of 250 identities with different camera angles and

the conditions of illumination. We extract two angles of the
front and the profile from the dataset and divide them into
training and testing sets by different identities. All face im-
ages are resized to 128 × 128.. In the training set, we have
200 identities, 100 in the source and 100 in the target, which
do not overlap. For the testing division, we set the source
and the target to be paired and calculate the FID score be-
tween the translated profile faces and the ground truth of
the profile faces. it is worth mentioning that the FID socore
is unbiased in this setting due to the paired idenity in the
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Source MSPC(Ours) GC CycleMT Modified CUTTarget VAT Modified

Figure 6. Examples on dataset with unpaired source and target images, all examples are held out from training dataset.

testing set. The lower FID score on the testing set indicates
better performance of models.

Quantitative results are shown in Table 1 and some of the
qualitative results are shown in Figure 5. More qualitative
results will be listed in the Section 2 of the supplementary.
As we can see from the table and the generated faces, the
CycleGan, GCGAN, and CUTGAN failed to stably gener-
ate profile from front faces and that our model of the MSPC
and the modified MT can generate the faces with high fi-
delity. Furthermore, except our model, all the remaining
models fail to translate front face to the profile while keep-
ing the identity. This illustrates that our model is robust to
the large domain gap in the image translation task.
Cityscapes consists of city scene images and the mask-
level annotation, which can be used to test the ability of
model to discover the correspondence between data and
labels. There are 3,975 images with paired segmentation
mask, 19 categories, and 1 ignored class. We follow the
standard training setting of [16, 37, 50]: the dataset is sepa-
rated into the 2,975 and 500 samples for training and test-
ing. The original resolution of the image is 1024 × 2048.
During the training, the images are resized to 128× 128 for
city→parsing direction. For the parsing→image synthesis,
we first resize images into 144 × 144 and then randomly
crop images to be 128 × 128. In this experiment, we are
trying to explore how well the models can discover the se-
mantics without paired labels.

For the evaluation on cityscapes dataset, we follow the
same protocol of [9, 30, 50]. We report the average pixel
accuracy, class accuracy, and the mean IOU with respect to
the ground truth. To evaluate the quality of parsing→image
synthesis, we utilize the pre-trained FCN [23] to extract the
predicted segmentation map.
Aerial photo→Map The setting of the dataset is similar
to Cityscapes and is obtained from the Google Map [23].
It contains 1096 training images and 1098 testing images.

We conduct the translation in direction Aerial photo→Map.
The images are resized to 256 × 256. The RMSE and the
pixel accuracy are reported across different models.

Horse→Zebra For the Horse→Zebra translation sce-
nario, we test if the model is capable of handling the case of
real-life applications. The dataset is re-sampled from Ima-
geNet [10]. The source dataset includes 939 horse images
and the target includes 1177 zebra images from the wild.
The images are resized to 256× 256. Because there are no
paired images in the testing set, the FID score is biased and
reported for reference only.

Overall, our model gain a competitive performance on
all dataset settings and shows a very robust generality. We
found that CUT achieves high scores of semantic segmen-
tation on the Parsing→Cityscapes task and that CycleGAN
has the best results on Aerial photo→Map. On the remain-
ing datasets, our model always achieves the best results un-
der the same settings. CUT owns the feature of maximiz-
ing the mutual information, which can translate images well
on a setting without changing much semantic information.
The bijective assumption of CycleGAN is suitable for the
Map dataset. More qualitative results are shown in Figure 6,
which are operated on horse→zebra, selfie→anime, cat →
dog, and apple→orange. One can see that the proposed
MSPC can preserve the image features well and does not
cause unnecessary change of the background, which shows
the ability of the spatial alignment of the proposed MSPC.

4.3. Ablation Study

Front Face→ Profile, changing scaling factor a. FID ↓.

a = 1 a = 2 a = 3 a = 5 a = 8 RSP

42.19 41.82 37.01 38.72 60.21 67.33

Table 2. This tables shows the results of the proposed MSPC under
different scales of perturbation by changing the scaling factor of a
as well as the random spatial perturbation (RSP) for comparison.
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Figure 7. Perturbation changes as epoch grows.

Effect of scale of perturbation To study the effect of per-
turbation on model performance, we change the scaling fac-
tor of the proposed scaling constraint and conduct the ex-
periments on the front face→profile setting and report the
FIDs. To show the effectiveness of maximum perturbation,
we also compare with the model of random spatial pertur-
bation (RSP) in Table 2, in which the spatial transformation
is randomly sampled from the fixed and predefined spatial
transformation of rotation, cropping, zoom in, zoom out,
stretching, and squeezing. The results in Table 2 shows
that in a certain range of perturbation, more severe pertur-
bation leads to better performance. However, if the per-
turbation goes beyond image distribution, e.g., images get
unreasonably distorted, the performance of MSPC would
be cut back. Also the visualization of perturbation with-
out the constraint in Equation 6 is shown in the Section 3
of supplementary. Also, we show the dynamic changing of
perturbation during training in Figure 7.

Front Face→ Profile, divergence between distributions. FID ↓

X , Y T (X), T (Y ) G(X), Y G(T (X)), T (Y )

112.69 65.81 37.01 30.85

Table 3. This tables quantifies the effect of spatial alignment by
transformer T . Each row reports the divergence between listed
pairs. X,Y, T (X), T (Y ) denote the source images, target images,
transformed source images by T , and transformed target images
by T . G(X) is the translated images and G(T (X)) represents the
translated transformed images.
Effect of Spatial Alignment of T As we have mentioned
in Section 3.3, the spatial perturbation function also plays
a role in aligning the image distributions. We conduct an
experiment on front face→profile to demonstrate this effect
by comparing the FID score between different data pairs.
We listed all the controlling pairs in Table 3. (X,Y ) de-
notes the divergence between the original source and target
images without image translation or spatial transformation.
(T (X), T (Y )) is the pair of images of spatial transformed
source and target images. G(X) and G(T (X)) represent
the translated images and the translated spatial transformed

images. The divergence of pair of (T (X), T (Y )) is smaller
than (X,Y ), because of the effect of spatial alignment by T
only. The divergence is further reduced after both the spa-
tial alignment and the image translation, compared to the
pair of (G(X), Y ) with only image translation. The result
clearly shows that the transformer T is capable of alleviat-
ing the discrepancy in distribution between the source and
the target via the spatial transformation.

5. Conclusion
This paper proposes a general regularization method of

maximum spatial perturbation consistency (MSPC) to ad-
dress the limitations of the popular models for image-to-
image translation (I2I), including [16, 37, 50]. We demon-
strate 1) that the proposed MSPC is more robust to differ-
ent applications; 2) that MSPC can help alleviate the spa-
tial discrepancy between domains, such as the discrepancy
caused adjusting the object’s size and cropping out the noisy
background, and further reduce undesired distortions for the
translation network. Our method outperforms the state-of-
the-art methods on most of of the I2I benchmarks. We also
introduce a new benchmark, namely, the front face to pro-
file face dataset, to emphasize the underlying challenges of
I2I for real-world applications. We finally perform ablation
experiments to investigate the sensitivity of our method to
the severity of spatial perturbation and its effectiveness for
distribution alignment.
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