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ABSTRACT
Cross-view video synthesis task seeks to generate video sequences
of one view from another dramatically different view. In this pa-
per, we investigate the exocentric (third-person) view to egocentric
(first-person) view video generation task. This is challenging be-
cause egocentric view sometimes is remarkably different from the
exocentric view. Thus, transforming the appearances across the
two different views is a non-trivial task. Particularly, we propose a
novel Bi-directional Spatial Temporal Attention Fusion Generative
Adversarial Network (STA-GAN) to learn both spatial and tempo-
ral information to generate egocentric video sequences from the
exocentric view. The proposed STA-GAN consists of three parts:
temporal branch, spatial branch, and attention fusion. First, the
temporal and spatial branches generate a sequence of fake frames
and their corresponding features. The fake frames are generated
in both downstream and upstream directions for both temporal
and spatial branches. Next, the generated four different fake frames
and their corresponding features (spatial and temporal branches
in two directions) are fed into a novel multi-generation attention
fusion module to produce the final video sequence. Meanwhile,
we also propose a novel temporal and spatial dual-discriminator
for more robust network optimization. Extensive experiments on
the Side2Ego and Top2Ego datasets [11] show that the proposed
STA-GAN significantly outperforms the existing methods.
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Figure 1: The goal of exocentric to egocentric cross-view
video synthesis is to generate video sequence from exocen-
tric perspective (Side/Top) to egocentric perspective.
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1 INTRODUCTION
Wearable cameras, also known as first-person cameras, are widely
used in our daily lives since the appearance of low price but high-
quality wearable products such as Google Clips, GoPro cameras [1].
Meanwhile, egocentric (first-person) vision has become a critical
research topic in the computer vision field [3, 11, 19, 23, 49]. As we
know, first-person egocentric views have some unique properties
other than third-person exocentric views. Traditional exocentric
cameras usually give a wide and global view of the high-level ap-
pearance in a video. However, egocentric cameras are able to reveal
the focus of attention, behavior, and goal of its wearer. Early ego-
centric vision studies [19] found that humans are able to seamlessly
transfer knowledge between egocentric and exocentric perspectives
when performing different activities or interacting with objects.
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Temporal
Discriminator

Spatial
Discriminator

x ⌘ {x1, x2, · · · , xt}

s ⌘ {s1, s2, · · · , st}

ỹ ⌘ {ỹ1, ỹ2, · · · , ỹt}

Figure 2: The framework of the proposed STA-GAN, which consists of four parts, i.e., a temporal generation branch, a spa-
tial generation branch, an attention fusion module and a temporal and spatial dual-discriminator. The bi-directional spatial
and temporal generation branches accept exocentric video sequence and conditional semantic maps as inputs and simulta-
neously synthesizes egocentric video sequence. Then multi-generation attention fusion module fuses the synthesized video
sequences that obtained from temporal and spatial generation branches and outputs the final egocentric view video sequence.
The proposed dual-discriminator aims to distinguish the generated videos from two spaces, i.e., temporal space and spatial
space.

Therefore, understanding the relationship between egocentric and
exocentric views is a critical need in computer vision.

However, there is little research to address this important prob-
lem in the literature. One likely reason is the difficulty in collecting
a large amount of high quality egocentric view data for the wide
variety of computer vision problems in different emerging con-
text [30, 49]. To address such a limitation, the technique of generat-
ing egocentric videos from exocentric videos, as shown in Figure 1,
becomes an alternative solution. Nevertheless, generating egocen-
tric data is extremely challenging because significant differences of
visual appearance are expected between egocentric and exocentric
videos. Moreover, the sharp changes in the viewpoint makes it an
even more difficult task.

Based on these observations, in this paper, we propose a Genera-
tive Adversarial Network (GAN) based video generation approach
to bridge egocentric and exocentric video analysis. In the past few
years, GANs [16] are extremely successful in various image gener-
ation problems [5, 10, 17, 18, 20, 31, 37–40, 51, 53]. Particularly, X-
Fork [31], X-Seq [31] and SelectionGAN [41] are proposed to tackle
cross-view image generation tasks. However, these approaches do
not aim at more challenging cross-view video generation tasks.
GANs are also developed for video generation in literature. Recy-
cleGAN [4] works on unsupervised video retargeting for various
domains such as face retargeting. Wang et al. [46] propose Vid2Vid
framework which is able to transform a sequence of semantic repre-
sentations, e.g., semantic label map and sketchmap, to a sequence of
video frames. StarGAN [8] allows simultaneous training of multiple
datasets with different domains within a single network. However,
these methods are not able to generate satisfactory results on cross-
view video generation tasks due to the dramatically differences
between exocentric and egocentric views.

Overcoming these limitations, we propose a novel Bi-directional
Spatial Temporal Attention fusion GAN (STA-GAN) to generate
egocentric video from an exocentric perspective. The proposed
framework consists of three parts: temporal generation branch, spa-
tial generation branch, and attention fusion module, as shown in
Figure 2. First, both temporal and spatial branches take a sequence

of exocentric view frames as the input and generate a sequence
of fake frames of egocentric view and their feature maps for each
module, respectively. The fake frames and the corresponding fea-
ture maps are generated simultaneously in both downstream and
upstream directions. Therefore, each input frame are corresponding
to four pairs of fake frames and feature maps (spatial and tempo-
ral modules in two directions). Second, the generated four pairs
of fake frames and feature maps are fed into the attention fusion
module. Finally, we generate the fused output of fake frames. The
proposed framework is able to learn both spatial and temporal in-
formation from the forward and backward directions in the time do-
main simultaneously. We demonstrate that the proposed STA-GAN
outperforms other baselines such as X-Fork [31], X-Seq [31], Se-
lectionGAN [41], RecycleGAN [4], Vid2Vid [46] through extensive
experimental evaluations. We establish state-of-the-art results on
the Side2Ego and Top2Ego datasets [11]. To the best of our knowl-
edge, we are the first to attempt to incorporate a bi-directional
spatial temporal generative network for exocentric to egocentric
cross-view video synthesis.

The contributions of this paper can be summarized as follows:
• A novel Bi-directional Spatial Temporal Attention Fusion
Generative Adversarial Network (STA-GAN) is proposed. It
aims at deploying temporal and spatial information in video
and learning both spatial and temporal information between
different views simultaneously.

• A group of novel downstream/upstream temporal and spa-
tial loss functions are designed for neural network training.
Moreover, a novel attention fusion module is proposed to
fuse the generated fake frames to obtain refined final results.
Meanwhile, a novel temporal and spatial dual-discriminator
are proposed for network training.

• Experimental results on different cross-view datasets show
the effectiveness of the proposed model. Our approach out-
performs state-of-the-art results by a large margin for the
cross-view exocentric to egocentric video synthesis. To the
best of our knowledge, we are the first to attempt to tackle
cross-view exocentric to egocentric video generation.



2 RELATED WORK
Generative Adversarial Networks (GANs). Over the last few
years, GANs [16] have been shown effectively in many image gen-
eration tasks [18, 36, 42, 53]. For example, Isola et al. [18] propose
Pix2Pix adversarial learning framework for paired image genera-
tion. Zhu et al. [53] introduce CycleGAN which developed cycle-
consistency constraint to deal with unpaired image generation.
However, these works aim to generate images which have a large
degree of overlapping in the appearance and view with input im-
ages. Synthesis is much more challenging when the generation is
conditioned on images with drastically different views. Recently,
researchers investigate cross-view image generation problems [32].
This is a more challenging task since different views share little
overlap information. To tackle this problem, Krishna et al. [31]
propose X-Fork and X-Seq GAN-based architecture using an extra
semantic map to facilitate generation. Tang et al. [41] propose a
semantic-guided multi-channel attention selection module within a
GAN framework for cross-view image generation. However, these
methods are limited to cross-view image generation task, they are
not able to generate satisfactory results for cross-view video gener-
ation.
Egocentric Vision. Egocentric vision has been recently explored
in the computer vision field [2, 13–15, 26, 29, 30, 43, 50]. Aghazadeh
et al. [2] propose an approach for discovering anomalous events
from videos captured from a small camera attached to a person’s
chest. Fathi et al. [14] introduce a method for individuating social
interactions in first-person videos collected during social events.
Some recent works [13, 26, 29, 34, 43] have focused on activity
analysis considering different scenarios (e.g., kitchen, office, home).
Xu et al. [12] propose a semi-Siamese CNN architecture to address
the person-level correspondences across first- and third-person
videos. They formulate the problem as learning a joint embedding
space for first- and third-person videos that considers both spatial-
and motion-domain cues.
Video-to-Video Synthesis. There is few recent work investigate
video generation problem [6, 9, 15, 35]. TGAN [35] directly gen-
erate video clips from noise by using generative adversarial net-
works. MoCoGAN [45] employ unsupervised adversarial training
to decompose motion and content to control the image-to-video
generation. Pan et al. [27] work on video-to-video translation to
generate a sequence of frames from a sequence of aligned semantic
representations. Some recent works such as RecycleGAN [4] and
Vid2Vid [46] learn mapping between different videos and trans-
ferred motion between faces and from poses to body, respectively.
Frameworks [24, 28, 44, 52] propose image generation networks
for 3D view synthesis.

However, existing frameworks on video generation require the
input and output video scenes sharing the similar architecture,
which were insufficient for cross-view video generation. Particu-
larly, exocentric to egocentric cross-view video generation has not
yet been studied in literature yet. Our method investigates both
cross-view generation and video generation in the exocentric to
egocentric perspective setting, which is more challenging than var-
ious video generation problems. To the best of our knowledge, this
is the first attempt in literature.

3 BI-DIRECTIONAL SPATIAL TEMPORAL
ATTENTION FUSION GANS

In this section, we present the details of the proposed Bi-directional
Spatial Temporal Attention Fusion GAN (STA-GAN). The overall
framework of the proposed STA-GAN is illustrated in Figure 2,
which contains four different modules, i.e., temporal generation
module, spatial generation module, attention fusion, and a dual-
discriminator. The bi-directional temporal generationmodule learns
the temporal information of the target video. Meanwhile, the bi-
directional spatial generation module models the spatial informa-
tion of video frames. Moreover, the multi-generation attention
fusion module fuses the information from temporal and spatial
modules. Lastly, the proposed temporal and spatial dual discrim-
inator aims to distinguish the generated videos from two spaces,
i.e., temporal space and spatial space.

3.1 Semantic-guided Cross-view Video
Generation

Our goal is to generate a video sequence of egocentric
view y≡{y1, ..., yt} from a video sequence of exocentric view
x≡{x1, ..., xt}, where yt and xt are corresponding real video frames.
Our task is to learn a video generator 𝐺 receives x and output ỹ
close to the real video y. This process can be formulated as:

ỹ = 𝐺 (x). (1)

However, the cross-view exocentric to egocentric video synthesis
task is challenging due to several reasons. First, exocentric and
egocentric views have little overlapping, which leads to ambiguity
issues in the generation process. Second, the existing egocentric
view datasets are rare and collected by wearable devices which
leads huge amount of blurry videos. To alleviate both limitations, in
this work, we employ a semantic-guided strategy. We incorporate
semantic maps as a conditional guidance. Specifically, we adopt
RefineNet [21, 22, 41] to generate semantic maps on both Side2Ego
and Top2Ego datasets [11]. The generated semantic maps are used
as the conditional input of the generator 𝐺 , as shown in Figure 2.
We concatenate the input video x from the exocentric view and
the semantic map s≡{s1, ..., st} from a egocentric view, and input
them into the video generator𝐺 and synthesize the egocentric view
video sequence ỹ as:

ỹ=𝐺 (x, s) . (2)
In this way, the semantic maps provide stronger supervision to
guide the cross-view video synthesis.

3.2 Bi-directional Temporal Generation
Due to the complexity and particularity of video generation task, we
take into account of time information in video sequences. Temporal
information is crucial in video analysis, a video frame is usually
highly correlated to adjacent frames. In this work, we enforce a
temporal coherence between adjacent frames by integrating ad-
jacent semantic maps as guidance input in both downstream and
upstream directions, which are shown along the arrows in Fig-
ure 3(left). The conditional semantic map s1 together with the input
frame x1 are input into the generator 𝐺 , and produce the synthe-
sized frame ỹ11=𝐺 (x1, s1). Then generated ỹ11 and the next semantic
map s2 are further fed into the generator 𝐺 which reconstructs a
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…

xt

…

ỹ22<latexit sha1_base64="IUIQ85tQiqcxFHNXBSkf2J8Og40=">AAAB/HicbZBNS8MwHMbT+TbnW3VHL8EheBrtEPQ48OJxA/cCay1pmm5hSVqSVCil4jfx4kERr34Qb34bs5eDbj4Q+PE8/5B/njBlVGnH+bYqG5tb2zvV3dre/sHhkX180ldJJjHp4YQlchgiRRgVpKepZmSYSoJ4yMggnN7M8sEDkYom4k7nKfE5GgsaU4y0sQK77kkOPU1ZRIq8DIpWed8K7IbTdOaC6+AuoQGW6gT2lxclOONEaMyQUiPXSbVfIKkpZqSseZkiKcJTNCYjgwJxovxivnwJz40TwTiR5ggN5+7vGwXiSuU8NJMc6YlazWbmf9ko0/G1X1CRZpoIvHgozhjUCZw1ASMqCdYsN4CwpGZXiCdIIqxNXzVTgrv65XXot5qu03S7l41292lRRxWcgjNwAVxwBdrgFnRAD2CQg2fwCt6sR+vFerc+FqMVa1lhHfyR9fkDyVqVSw==</latexit><latexit sha1_base64="IUIQ85tQiqcxFHNXBSkf2J8Og40=">AAAB/HicbZBNS8MwHMbT+TbnW3VHL8EheBrtEPQ48OJxA/cCay1pmm5hSVqSVCil4jfx4kERr34Qb34bs5eDbj4Q+PE8/5B/njBlVGnH+bYqG5tb2zvV3dre/sHhkX180ldJJjHp4YQlchgiRRgVpKepZmSYSoJ4yMggnN7M8sEDkYom4k7nKfE5GgsaU4y0sQK77kkOPU1ZRIq8DIpWed8K7IbTdOaC6+AuoQGW6gT2lxclOONEaMyQUiPXSbVfIKkpZqSseZkiKcJTNCYjgwJxovxivnwJz40TwTiR5ggN5+7vGwXiSuU8NJMc6YlazWbmf9ko0/G1X1CRZpoIvHgozhjUCZw1ASMqCdYsN4CwpGZXiCdIIqxNXzVTgrv65XXot5qu03S7l41292lRRxWcgjNwAVxwBdrgFnRAD2CQg2fwCt6sR+vFerc+FqMVa1lhHfyR9fkDyVqVSw==</latexit><latexit sha1_base64="IUIQ85tQiqcxFHNXBSkf2J8Og40=">AAAB/HicbZBNS8MwHMbT+TbnW3VHL8EheBrtEPQ48OJxA/cCay1pmm5hSVqSVCil4jfx4kERr34Qb34bs5eDbj4Q+PE8/5B/njBlVGnH+bYqG5tb2zvV3dre/sHhkX180ldJJjHp4YQlchgiRRgVpKepZmSYSoJ4yMggnN7M8sEDkYom4k7nKfE5GgsaU4y0sQK77kkOPU1ZRIq8DIpWed8K7IbTdOaC6+AuoQGW6gT2lxclOONEaMyQUiPXSbVfIKkpZqSseZkiKcJTNCYjgwJxovxivnwJz40TwTiR5ggN5+7vGwXiSuU8NJMc6YlazWbmf9ko0/G1X1CRZpoIvHgozhjUCZw1ASMqCdYsN4CwpGZXiCdIIqxNXzVTgrv65XXot5qu03S7l41292lRRxWcgjNwAVxwBdrgFnRAD2CQg2fwCt6sR+vFerc+FqMVa1lhHfyR9fkDyVqVSw==</latexit><latexit sha1_base64="IUIQ85tQiqcxFHNXBSkf2J8Og40=">AAAB/HicbZBNS8MwHMbT+TbnW3VHL8EheBrtEPQ48OJxA/cCay1pmm5hSVqSVCil4jfx4kERr34Qb34bs5eDbj4Q+PE8/5B/njBlVGnH+bYqG5tb2zvV3dre/sHhkX180ldJJjHp4YQlchgiRRgVpKepZmSYSoJ4yMggnN7M8sEDkYom4k7nKfE5GgsaU4y0sQK77kkOPU1ZRIq8DIpWed8K7IbTdOaC6+AuoQGW6gT2lxclOONEaMyQUiPXSbVfIKkpZqSseZkiKcJTNCYjgwJxovxivnwJz40TwTiR5ggN5+7vGwXiSuU8NJMc6YlazWbmf9ko0/G1X1CRZpoIvHgozhjUCZw1ASMqCdYsN4CwpGZXiCdIIqxNXzVTgrv65XXot5qu03S7l41292lRRxWcgjNwAVxwBdrgFnRAD2CQg2fwCt6sR+vFerc+FqMVa1lhHfyR9fkDyVqVSw==</latexit>

C C C

Input

Input
ỹ2

ỹ1

ỹ2t<latexit sha1_base64="SCqCVgofXSnmgX1KGBs1QhGgPQA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5IUQY9FLx4r2FZoYthsNu3SzQe7EyGE+Fe8eFDEqz/Em//GbZuDtj4YeLw3w8w8PxVcgWV9G7W19Y3Nrfp2Y2d3b//APDwaqCSTlPVpIhJ57xPFBI9ZHzgIdp9KRiJfsKE/vZ75w0cmFU/iO8hT5kZkHPOQUwJa8symIyPsABcBK/LSK6B86Hhmy2pbc+BVYlekhSr0PPPLCRKaRSwGKohSI9tKwS2IBE4FKxtOplhK6JSM2UjTmERMucX8+BKfaiXAYSJ1xYDn6u+JgkRK5ZGvOyMCE7XszcT/vFEG4aVb8DjNgMV0sSjMBIYEz5LAAZeMgsg1IVRyfSumEyIJBZ1XQ4dgL7+8Sgadtm217dvzVveqiqOOjtEJOkM2ukBddIN6qI8oytEzekVvxpPxYrwbH4vWmlHNNNEfGJ8/A7SU/g==</latexit><latexit sha1_base64="SCqCVgofXSnmgX1KGBs1QhGgPQA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5IUQY9FLx4r2FZoYthsNu3SzQe7EyGE+Fe8eFDEqz/Em//GbZuDtj4YeLw3w8w8PxVcgWV9G7W19Y3Nrfp2Y2d3b//APDwaqCSTlPVpIhJ57xPFBI9ZHzgIdp9KRiJfsKE/vZ75w0cmFU/iO8hT5kZkHPOQUwJa8symIyPsABcBK/LSK6B86Hhmy2pbc+BVYlekhSr0PPPLCRKaRSwGKohSI9tKwS2IBE4FKxtOplhK6JSM2UjTmERMucX8+BKfaiXAYSJ1xYDn6u+JgkRK5ZGvOyMCE7XszcT/vFEG4aVb8DjNgMV0sSjMBIYEz5LAAZeMgsg1IVRyfSumEyIJBZ1XQ4dgL7+8Sgadtm217dvzVveqiqOOjtEJOkM2ukBddIN6qI8oytEzekVvxpPxYrwbH4vWmlHNNNEfGJ8/A7SU/g==</latexit><latexit sha1_base64="SCqCVgofXSnmgX1KGBs1QhGgPQA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5IUQY9FLx4r2FZoYthsNu3SzQe7EyGE+Fe8eFDEqz/Em//GbZuDtj4YeLw3w8w8PxVcgWV9G7W19Y3Nrfp2Y2d3b//APDwaqCSTlPVpIhJ57xPFBI9ZHzgIdp9KRiJfsKE/vZ75w0cmFU/iO8hT5kZkHPOQUwJa8symIyPsABcBK/LSK6B86Hhmy2pbc+BVYlekhSr0PPPLCRKaRSwGKohSI9tKwS2IBE4FKxtOplhK6JSM2UjTmERMucX8+BKfaiXAYSJ1xYDn6u+JgkRK5ZGvOyMCE7XszcT/vFEG4aVb8DjNgMV0sSjMBIYEz5LAAZeMgsg1IVRyfSumEyIJBZ1XQ4dgL7+8Sgadtm217dvzVveqiqOOjtEJOkM2ukBddIN6qI8oytEzekVvxpPxYrwbH4vWmlHNNNEfGJ8/A7SU/g==</latexit><latexit sha1_base64="SCqCVgofXSnmgX1KGBs1QhGgPQA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5IUQY9FLx4r2FZoYthsNu3SzQe7EyGE+Fe8eFDEqz/Em//GbZuDtj4YeLw3w8w8PxVcgWV9G7W19Y3Nrfp2Y2d3b//APDwaqCSTlPVpIhJ57xPFBI9ZHzgIdp9KRiJfsKE/vZ75w0cmFU/iO8hT5kZkHPOQUwJa8symIyPsABcBK/LSK6B86Hhmy2pbc+BVYlekhSr0PPPLCRKaRSwGKohSI9tKwS2IBE4FKxtOplhK6JSM2UjTmERMucX8+BKfaiXAYSJ1xYDn6u+JgkRK5ZGvOyMCE7XszcT/vFEG4aVb8DjNgMV0sSjMBIYEz5LAAZeMgsg1IVRyfSumEyIJBZ1XQ4dgL7+8Sgadtm217dvzVveqiqOOjtEJOkM2ukBddIN6qI8oytEzekVvxpPxYrwbH4vWmlHNNNEfGJ8/A7SU/g==</latexit>ỹ21<latexit sha1_base64="/Oc7EziGIhia+z03FUiOGKG5lZY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRF0GXRjcsK9gFNDJPJpB06MwkzEyXEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89Ycqo0o7zbVXW1jc2t6rbtZ3dvf0Du37YU0kmMenihCVyECJFGBWkq6lmZJBKgnjISD+cXM/8/gORiibiTucp8TkaCRpTjLSRArvuSQ49TVlEinwauPetwG44TWcOuErckjRAiU5gf3lRgjNOhMYMKTV0nVT7BZKaYkamNS9TJEV4gkZkaKhAnCi/mJ8+hadGiWCcSFNCw7n6e6JAXKmch6aTIz1Wy95M/M8bZjq+9Asq0kwTgReL4oxBncBZDjCikmDNckMQltTcCvEYSYS1SatmQnCXX14lvVbTdZru7XmjfVXGUQXH4AScARdcgDa4AR3QBRg8gmfwCt6sJ+vFerc+Fq0Vq5w5An9gff4AzMGTrw==</latexit><latexit sha1_base64="/Oc7EziGIhia+z03FUiOGKG5lZY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRF0GXRjcsK9gFNDJPJpB06MwkzEyXEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89Ycqo0o7zbVXW1jc2t6rbtZ3dvf0Du37YU0kmMenihCVyECJFGBWkq6lmZJBKgnjISD+cXM/8/gORiibiTucp8TkaCRpTjLSRArvuSQ49TVlEinwauPetwG44TWcOuErckjRAiU5gf3lRgjNOhMYMKTV0nVT7BZKaYkamNS9TJEV4gkZkaKhAnCi/mJ8+hadGiWCcSFNCw7n6e6JAXKmch6aTIz1Wy95M/M8bZjq+9Asq0kwTgReL4oxBncBZDjCikmDNckMQltTcCvEYSYS1SatmQnCXX14lvVbTdZru7XmjfVXGUQXH4AScARdcgDa4AR3QBRg8gmfwCt6sJ+vFerc+Fq0Vq5w5An9gff4AzMGTrw==</latexit><latexit sha1_base64="/Oc7EziGIhia+z03FUiOGKG5lZY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRF0GXRjcsK9gFNDJPJpB06MwkzEyXEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89Ycqo0o7zbVXW1jc2t6rbtZ3dvf0Du37YU0kmMenihCVyECJFGBWkq6lmZJBKgnjISD+cXM/8/gORiibiTucp8TkaCRpTjLSRArvuSQ49TVlEinwauPetwG44TWcOuErckjRAiU5gf3lRgjNOhMYMKTV0nVT7BZKaYkamNS9TJEV4gkZkaKhAnCi/mJ8+hadGiWCcSFNCw7n6e6JAXKmch6aTIz1Wy95M/M8bZjq+9Asq0kwTgReL4oxBncBZDjCikmDNckMQltTcCvEYSYS1SatmQnCXX14lvVbTdZru7XmjfVXGUQXH4AScARdcgDa4AR3QBRg8gmfwCt6sJ+vFerc+Fq0Vq5w5An9gff4AzMGTrw==</latexit><latexit sha1_base64="/Oc7EziGIhia+z03FUiOGKG5lZY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRF0GXRjcsK9gFNDJPJpB06MwkzEyXEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89Ycqo0o7zbVXW1jc2t6rbtZ3dvf0Du37YU0kmMenihCVyECJFGBWkq6lmZJBKgnjISD+cXM/8/gORiibiTucp8TkaCRpTjLSRArvuSQ49TVlEinwauPetwG44TWcOuErckjRAiU5gf3lRgjNOhMYMKTV0nVT7BZKaYkamNS9TJEV4gkZkaKhAnCi/mJ8+hadGiWCcSFNCw7n6e6JAXKmch6aTIz1Wy95M/M8bZjq+9Asq0kwTgReL4oxBncBZDjCikmDNckMQltTcCvEYSYS1SatmQnCXX14lvVbTdZru7XmjfVXGUQXH4AScARdcgDa4AR3QBRg8gmfwCt6sJ+vFerc+Fq0Vq5w5An9gff4AzMGTrw==</latexit>

ỹ41<latexit sha1_base64="E55vzEuqO7Xgr2BATzz+7Xi7HUk=">AAAB/nicbZBNS8MwHMbT+TbnW1U8eQkOwdNoZaDHgRePG7gXWGtJ03QLS9OSpEIJhX0VLx4U8ern8Oa3MXs56OYDgR/P8w/55wkzRqVynG+rsrG5tb1T3a3t7R8cHtnHJz2Z5gKTLk5ZKgYhkoRRTrqKKkYGmSAoCRnph5O7Wd5/IkLSlD+oIiN+gkacxhQjZazAPvNEAj1FWUS0LsoycB91swzsutNw5oLr4C6hDpZqB/aXF6U4TwhXmCEph66TKV8joShmpKx5uSQZwhM0IkODHCVE+nq+fgkvjRPBOBXmcAXn7u8bGiVSFkloJhOkxnI1m5n/ZcNcxbe+pjzLFeF48VCcM6hSOOsCRlQQrFhhAGFBza4Qj5FAWJnGaqYEd/XL69C7brhOw+00663OdFFHFZyDC3AFXHADWuAetEEXYKDBM3gFb9bUerHerY/FaMVaVngK/sj6/AGdGZZY</latexit><latexit sha1_base64="E55vzEuqO7Xgr2BATzz+7Xi7HUk=">AAAB/nicbZBNS8MwHMbT+TbnW1U8eQkOwdNoZaDHgRePG7gXWGtJ03QLS9OSpEIJhX0VLx4U8ern8Oa3MXs56OYDgR/P8w/55wkzRqVynG+rsrG5tb1T3a3t7R8cHtnHJz2Z5gKTLk5ZKgYhkoRRTrqKKkYGmSAoCRnph5O7Wd5/IkLSlD+oIiN+gkacxhQjZazAPvNEAj1FWUS0LsoycB91swzsutNw5oLr4C6hDpZqB/aXF6U4TwhXmCEph66TKV8joShmpKx5uSQZwhM0IkODHCVE+nq+fgkvjRPBOBXmcAXn7u8bGiVSFkloJhOkxnI1m5n/ZcNcxbe+pjzLFeF48VCcM6hSOOsCRlQQrFhhAGFBza4Qj5FAWJnGaqYEd/XL69C7brhOw+00663OdFFHFZyDC3AFXHADWuAetEEXYKDBM3gFb9bUerHerY/FaMVaVngK/sj6/AGdGZZY</latexit><latexit sha1_base64="E55vzEuqO7Xgr2BATzz+7Xi7HUk=">AAAB/nicbZBNS8MwHMbT+TbnW1U8eQkOwdNoZaDHgRePG7gXWGtJ03QLS9OSpEIJhX0VLx4U8ern8Oa3MXs56OYDgR/P8w/55wkzRqVynG+rsrG5tb1T3a3t7R8cHtnHJz2Z5gKTLk5ZKgYhkoRRTrqKKkYGmSAoCRnph5O7Wd5/IkLSlD+oIiN+gkacxhQjZazAPvNEAj1FWUS0LsoycB91swzsutNw5oLr4C6hDpZqB/aXF6U4TwhXmCEph66TKV8joShmpKx5uSQZwhM0IkODHCVE+nq+fgkvjRPBOBXmcAXn7u8bGiVSFkloJhOkxnI1m5n/ZcNcxbe+pjzLFeF48VCcM6hSOOsCRlQQrFhhAGFBza4Qj5FAWJnGaqYEd/XL69C7brhOw+00663OdFFHFZyDC3AFXHADWuAetEEXYKDBM3gFb9bUerHerY/FaMVaVngK/sj6/AGdGZZY</latexit><latexit sha1_base64="E55vzEuqO7Xgr2BATzz+7Xi7HUk=">AAAB/nicbZBNS8MwHMbT+TbnW1U8eQkOwdNoZaDHgRePG7gXWGtJ03QLS9OSpEIJhX0VLx4U8ern8Oa3MXs56OYDgR/P8w/55wkzRqVynG+rsrG5tb1T3a3t7R8cHtnHJz2Z5gKTLk5ZKgYhkoRRTrqKKkYGmSAoCRnph5O7Wd5/IkLSlD+oIiN+gkacxhQjZazAPvNEAj1FWUS0LsoycB91swzsutNw5oLr4C6hDpZqB/aXF6U4TwhXmCEph66TKV8joShmpKx5uSQZwhM0IkODHCVE+nq+fgkvjRPBOBXmcAXn7u8bGiVSFkloJhOkxnI1m5n/ZcNcxbe+pjzLFeF48VCcM6hSOOsCRlQQrFhhAGFBza4Qj5FAWJnGaqYEd/XL69C7brhOw+00663OdFFHFZyDC3AFXHADWuAetEEXYKDBM3gFb9bUerHerY/FaMVaVngK/sj6/AGdGZZY</latexit> ỹ42<latexit sha1_base64="SIRAhp8/tgmw2FzEUuc40iaM+eA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpBV0W3bisYB/QxDCZTNuhM0mYmQhhCPgrblwo4tbvcOffOG2z0NYDFw7n3Mu994Qpo1I5zrdVWVvf2Nyqbtd2dvf2D+zDo55MMoFJFycsEYMQScJoTLqKKkYGqSCIh4z0w+nNzO8/EiFpEt+rPCU+R+OYjihGykiBfeIJDj1FWUS0zosiaD7oVhHYdafhzAFXiVuSOijRCewvL0pwxkmsMENSDl0nVb5GQlHMSFHzMklShKdoTIaGxogT6ev5+QU8N0oER4kwFSs4V39PaMSlzHloOjlSE7nszcT/vGGmRle+pnGaKRLjxaJRxqBK4CwLGFFBsGK5IQgLam6FeIIEwsokVjMhuMsvr5Jes+E6DfeuVW9fl3FUwSk4AxfABZegDW5BB3QBBho8g1fwZj1ZL9a79bForVjlzDH4A+vzB3Qelco=</latexit><latexit sha1_base64="SIRAhp8/tgmw2FzEUuc40iaM+eA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpBV0W3bisYB/QxDCZTNuhM0mYmQhhCPgrblwo4tbvcOffOG2z0NYDFw7n3Mu994Qpo1I5zrdVWVvf2Nyqbtd2dvf2D+zDo55MMoFJFycsEYMQScJoTLqKKkYGqSCIh4z0w+nNzO8/EiFpEt+rPCU+R+OYjihGykiBfeIJDj1FWUS0zosiaD7oVhHYdafhzAFXiVuSOijRCewvL0pwxkmsMENSDl0nVb5GQlHMSFHzMklShKdoTIaGxogT6ev5+QU8N0oER4kwFSs4V39PaMSlzHloOjlSE7nszcT/vGGmRle+pnGaKRLjxaJRxqBK4CwLGFFBsGK5IQgLam6FeIIEwsokVjMhuMsvr5Jes+E6DfeuVW9fl3FUwSk4AxfABZegDW5BB3QBBho8g1fwZj1ZL9a79bForVjlzDH4A+vzB3Qelco=</latexit><latexit sha1_base64="SIRAhp8/tgmw2FzEUuc40iaM+eA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpBV0W3bisYB/QxDCZTNuhM0mYmQhhCPgrblwo4tbvcOffOG2z0NYDFw7n3Mu994Qpo1I5zrdVWVvf2Nyqbtd2dvf2D+zDo55MMoFJFycsEYMQScJoTLqKKkYGqSCIh4z0w+nNzO8/EiFpEt+rPCU+R+OYjihGykiBfeIJDj1FWUS0zosiaD7oVhHYdafhzAFXiVuSOijRCewvL0pwxkmsMENSDl0nVb5GQlHMSFHzMklShKdoTIaGxogT6ev5+QU8N0oER4kwFSs4V39PaMSlzHloOjlSE7nszcT/vGGmRle+pnGaKRLjxaJRxqBK4CwLGFFBsGK5IQgLam6FeIIEwsokVjMhuMsvr5Jes+E6DfeuVW9fl3FUwSk4AxfABZegDW5BB3QBBho8g1fwZj1ZL9a79bForVjlzDH4A+vzB3Qelco=</latexit><latexit sha1_base64="SIRAhp8/tgmw2FzEUuc40iaM+eA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyUpBV0W3bisYB/QxDCZTNuhM0mYmQhhCPgrblwo4tbvcOffOG2z0NYDFw7n3Mu994Qpo1I5zrdVWVvf2Nyqbtd2dvf2D+zDo55MMoFJFycsEYMQScJoTLqKKkYGqSCIh4z0w+nNzO8/EiFpEt+rPCU+R+OYjihGykiBfeIJDj1FWUS0zosiaD7oVhHYdafhzAFXiVuSOijRCewvL0pwxkmsMENSDl0nVb5GQlHMSFHzMklShKdoTIaGxogT6ev5+QU8N0oER4kwFSs4V39PaMSlzHloOjlSE7nszcT/vGGmRle+pnGaKRLjxaJRxqBK4CwLGFFBsGK5IQgLam6FeIIEwsokVjMhuMsvr5Jes+E6DfeuVW9fl3FUwSk4AxfABZegDW5BB3QBBho8g1fwZj1ZL9a79bForVjlzDH4A+vzB3Qelco=</latexit> ỹ4t<latexit sha1_base64="kWutSQJn77acSL9nlflbQ1ZwWSY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS0GXRjcsK9gFNDJPJpB06eTBzI4QQ8FfcuFDErd/hzr9x2mahrQcuHM65l3vv8VPBFVjWt7Gyura+sVnbqm/v7O7tmweHPZVkkrIuTUQiBz5RTPCYdYGDYINUMhL5gvX9yc3U7z8yqXgS30OeMjcio5iHnBLQkmceOzLCDnARsKLIy9KDh6JVembDaloz4GViV6SBKnQ888sJEppFLAYqiFJD20rBLYgETgUr606mWErohIzYUNOYREy5xez8Ep9pJcBhInXFgGfq74mCRErlka87IwJjtehNxf+8YQbhlVvwOM2AxXS+KMwEhgRPs8ABl4yCyDUhVHJ9K6ZjIgkFnVhdh2AvvrxMehdN22rad61G+7qKo4ZO0Ck6Rza6RG10izqoiygq0DN6RW/Gk/FivBsf89YVo5o5Qn9gfP4A2S6WDA==</latexit><latexit sha1_base64="kWutSQJn77acSL9nlflbQ1ZwWSY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS0GXRjcsK9gFNDJPJpB06eTBzI4QQ8FfcuFDErd/hzr9x2mahrQcuHM65l3vv8VPBFVjWt7Gyura+sVnbqm/v7O7tmweHPZVkkrIuTUQiBz5RTPCYdYGDYINUMhL5gvX9yc3U7z8yqXgS30OeMjcio5iHnBLQkmceOzLCDnARsKLIy9KDh6JVembDaloz4GViV6SBKnQ888sJEppFLAYqiFJD20rBLYgETgUr606mWErohIzYUNOYREy5xez8Ep9pJcBhInXFgGfq74mCRErlka87IwJjtehNxf+8YQbhlVvwOM2AxXS+KMwEhgRPs8ABl4yCyDUhVHJ9K6ZjIgkFnVhdh2AvvrxMehdN22rad61G+7qKo4ZO0Ck6Rza6RG10izqoiygq0DN6RW/Gk/FivBsf89YVo5o5Qn9gfP4A2S6WDA==</latexit><latexit sha1_base64="kWutSQJn77acSL9nlflbQ1ZwWSY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS0GXRjcsK9gFNDJPJpB06eTBzI4QQ8FfcuFDErd/hzr9x2mahrQcuHM65l3vv8VPBFVjWt7Gyura+sVnbqm/v7O7tmweHPZVkkrIuTUQiBz5RTPCYdYGDYINUMhL5gvX9yc3U7z8yqXgS30OeMjcio5iHnBLQkmceOzLCDnARsKLIy9KDh6JVembDaloz4GViV6SBKnQ888sJEppFLAYqiFJD20rBLYgETgUr606mWErohIzYUNOYREy5xez8Ep9pJcBhInXFgGfq74mCRErlka87IwJjtehNxf+8YQbhlVvwOM2AxXS+KMwEhgRPs8ABl4yCyDUhVHJ9K6ZjIgkFnVhdh2AvvrxMehdN22rad61G+7qKo4ZO0Ck6Rza6RG10izqoiygq0DN6RW/Gk/FivBsf89YVo5o5Qn9gfP4A2S6WDA==</latexit><latexit sha1_base64="kWutSQJn77acSL9nlflbQ1ZwWSY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS0GXRjcsK9gFNDJPJpB06eTBzI4QQ8FfcuFDErd/hzr9x2mahrQcuHM65l3vv8VPBFVjWt7Gyura+sVnbqm/v7O7tmweHPZVkkrIuTUQiBz5RTPCYdYGDYINUMhL5gvX9yc3U7z8yqXgS30OeMjcio5iHnBLQkmceOzLCDnARsKLIy9KDh6JVembDaloz4GViV6SBKnQ888sJEppFLAYqiFJD20rBLYgETgUr606mWErohIzYUNOYREy5xez8Ep9pJcBhInXFgGfq74mCRErlka87IwJjtehNxf+8YQbhlVvwOM2AxXS+KMwEhgRPs8ABl4yCyDUhVHJ9K6ZjIgkFnVhdh2AvvrxMehdN22rad61G+7qKo4ZO0Ck6Rza6RG10izqoiygq0DN6RW/Gk/FivBsf89YVo5o5Qn9gfP4A2S6WDA==</latexit>

ỹ3t<latexit sha1_base64="WDa5O0UUFkelBLGodUWlhfO1QmY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQq6LLoxmUF+4Amhslk0g6dPJi5EUII+CtuXCji1u9w5984bbPQ1gMXDufcy733+KngCizr21haXlldW69t1De3tnd2zb39rkoySVmHJiKRfZ8oJnjMOsBBsH4qGYl8wXr++Gbi9x6ZVDyJ7yFPmRuRYcxDTgloyTMPHRlhB7gIWFHkZenBQ3FeembDalpT4EViV6SBKrQ988sJEppFLAYqiFID20rBLYgETgUr606mWEromAzZQNOYREy5xfT8Ep9oJcBhInXFgKfq74mCRErlka87IwIjNe9NxP+8QQbhlVvwOM2AxXS2KMwEhgRPssABl4yCyDUhVHJ9K6YjIgkFnVhdh2DPv7xIumdN22radxeN1nUVRw0doWN0imx0iVroFrVRB1FUoGf0it6MJ+PFeDc+Zq1LRjVzgP7A+PwB16mWCw==</latexit><latexit sha1_base64="WDa5O0UUFkelBLGodUWlhfO1QmY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQq6LLoxmUF+4Amhslk0g6dPJi5EUII+CtuXCji1u9w5984bbPQ1gMXDufcy733+KngCizr21haXlldW69t1De3tnd2zb39rkoySVmHJiKRfZ8oJnjMOsBBsH4qGYl8wXr++Gbi9x6ZVDyJ7yFPmRuRYcxDTgloyTMPHRlhB7gIWFHkZenBQ3FeembDalpT4EViV6SBKrQ988sJEppFLAYqiFID20rBLYgETgUr606mWEromAzZQNOYREy5xfT8Ep9oJcBhInXFgKfq74mCRErlka87IwIjNe9NxP+8QQbhlVvwOM2AxXS2KMwEhgRPssABl4yCyDUhVHJ9K6YjIgkFnVhdh2DPv7xIumdN22radxeN1nUVRw0doWN0imx0iVroFrVRB1FUoGf0it6MJ+PFeDc+Zq1LRjVzgP7A+PwB16mWCw==</latexit><latexit sha1_base64="WDa5O0UUFkelBLGodUWlhfO1QmY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQq6LLoxmUF+4Amhslk0g6dPJi5EUII+CtuXCji1u9w5984bbPQ1gMXDufcy733+KngCizr21haXlldW69t1De3tnd2zb39rkoySVmHJiKRfZ8oJnjMOsBBsH4qGYl8wXr++Gbi9x6ZVDyJ7yFPmRuRYcxDTgloyTMPHRlhB7gIWFHkZenBQ3FeembDalpT4EViV6SBKrQ988sJEppFLAYqiFID20rBLYgETgUr606mWEromAzZQNOYREy5xfT8Ep9oJcBhInXFgKfq74mCRErlka87IwIjNe9NxP+8QQbhlVvwOM2AxXS2KMwEhgRPssABl4yCyDUhVHJ9K6YjIgkFnVhdh2DPv7xIumdN22radxeN1nUVRw0doWN0imx0iVroFrVRB1FUoGf0it6MJ+PFeDc+Zq1LRjVzgP7A+PwB16mWCw==</latexit><latexit sha1_base64="WDa5O0UUFkelBLGodUWlhfO1QmY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQq6LLoxmUF+4Amhslk0g6dPJi5EUII+CtuXCji1u9w5984bbPQ1gMXDufcy733+KngCizr21haXlldW69t1De3tnd2zb39rkoySVmHJiKRfZ8oJnjMOsBBsH4qGYl8wXr++Gbi9x6ZVDyJ7yFPmRuRYcxDTgloyTMPHRlhB7gIWFHkZenBQ3FeembDalpT4EViV6SBKrQ988sJEppFLAYqiFID20rBLYgETgUr606mWEromAzZQNOYREy5xfT8Ep9oJcBhInXFgKfq74mCRErlka87IwIjNe9NxP+8QQbhlVvwOM2AxXS2KMwEhgRPssABl4yCyDUhVHJ9K6YjIgkFnVhdh2DPv7xIumdN22radxeN1nUVRw0doWN0imx0iVroFrVRB1FUoGf0it6MJ+PFeDc+Zq1LRjVzgP7A+PwB16mWCw==</latexit>ỹ32<latexit sha1_base64="jZQbtaySbQKuy/8PHAeOZgLCzyw=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWpgi6LblxWsA9oYphMJu3QmSTMTIQyBPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee8KMUakc59uqrKyurW9UN2tb2zu7e/b+QVemucCkg1OWin6IJGE0IR1FFSP9TBDEQ0Z64fhm6vceiZA0Te7VJCM+R8OExhQjZaTAPvIEh56iLCJaT4oiaD7o8yKw607DmQEuE7ckdVCiHdhfXpTinJNEYYakHLhOpnyNhKKYkaLm5ZJkCI/RkAwMTRAn0tez8wt4apQIxqkwlSg4U39PaMSlnPDQdHKkRnLRm4r/eYNcxVe+pkmWK5Lg+aI4Z1ClcJoFjKggWLGJIQgLam6FeIQEwsokVjMhuIsvL5Nus+E6Dffuot66LuOogmNwAs6ACy5BC9yCNugADDR4Bq/gzXqyXqx362PeWrHKmUPwB9bnD3KZlck=</latexit><latexit sha1_base64="jZQbtaySbQKuy/8PHAeOZgLCzyw=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWpgi6LblxWsA9oYphMJu3QmSTMTIQyBPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee8KMUakc59uqrKyurW9UN2tb2zu7e/b+QVemucCkg1OWin6IJGE0IR1FFSP9TBDEQ0Z64fhm6vceiZA0Te7VJCM+R8OExhQjZaTAPvIEh56iLCJaT4oiaD7o8yKw607DmQEuE7ckdVCiHdhfXpTinJNEYYakHLhOpnyNhKKYkaLm5ZJkCI/RkAwMTRAn0tez8wt4apQIxqkwlSg4U39PaMSlnPDQdHKkRnLRm4r/eYNcxVe+pkmWK5Lg+aI4Z1ClcJoFjKggWLGJIQgLam6FeIQEwsokVjMhuIsvL5Nus+E6Dffuot66LuOogmNwAs6ACy5BC9yCNugADDR4Bq/gzXqyXqx362PeWrHKmUPwB9bnD3KZlck=</latexit><latexit sha1_base64="jZQbtaySbQKuy/8PHAeOZgLCzyw=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWpgi6LblxWsA9oYphMJu3QmSTMTIQyBPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee8KMUakc59uqrKyurW9UN2tb2zu7e/b+QVemucCkg1OWin6IJGE0IR1FFSP9TBDEQ0Z64fhm6vceiZA0Te7VJCM+R8OExhQjZaTAPvIEh56iLCJaT4oiaD7o8yKw607DmQEuE7ckdVCiHdhfXpTinJNEYYakHLhOpnyNhKKYkaLm5ZJkCI/RkAwMTRAn0tez8wt4apQIxqkwlSg4U39PaMSlnPDQdHKkRnLRm4r/eYNcxVe+pkmWK5Lg+aI4Z1ClcJoFjKggWLGJIQgLam6FeIQEwsokVjMhuIsvL5Nus+E6Dffuot66LuOogmNwAs6ACy5BC9yCNugADDR4Bq/gzXqyXqx362PeWrHKmUPwB9bnD3KZlck=</latexit><latexit sha1_base64="jZQbtaySbQKuy/8PHAeOZgLCzyw=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWpgi6LblxWsA9oYphMJu3QmSTMTIQyBPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee8KMUakc59uqrKyurW9UN2tb2zu7e/b+QVemucCkg1OWin6IJGE0IR1FFSP9TBDEQ0Z64fhm6vceiZA0Te7VJCM+R8OExhQjZaTAPvIEh56iLCJaT4oiaD7o8yKw607DmQEuE7ckdVCiHdhfXpTinJNEYYakHLhOpnyNhKKYkaLm5ZJkCI/RkAwMTRAn0tez8wt4apQIxqkwlSg4U39PaMSlnPDQdHKkRnLRm4r/eYNcxVe+pkmWK5Lg+aI4Z1ClcJoFjKggWLGJIQgLam6FeIQEwsokVjMhuIsvL5Nus+E6Dffuot66LuOogmNwAs6ACy5BC9yCNugADDR4Bq/gzXqyXqx362PeWrHKmUPwB9bnD3KZlck=</latexit>ỹ31<latexit sha1_base64="cMGutQv1gxbNlRnRO8IJqEa2GBA=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQq6LLoxmUF+4Amhslk0g6dTMLMRAhDwF9x40IRt36HO//GaZuFth64cDjnXu69J8wYlcpxvq2l5ZXVtfXaRn1za3tn197b78o0F5h0cMpS0Q+RJIxy0lFUMdLPBEFJyEgvHN9M/N4jEZKm/F4VGfETNOQ0phgpIwX2oScS6CnKIqJ1UZaB+6DPy8BuOE1nCrhI3Io0QIV2YH95UYrzhHCFGZJy4DqZ8jUSimJGyrqXS5IhPEZDMjCUo4RIX0/PL+GJUSIYp8IUV3Cq/p7QKJGySELTmSA1kvPeRPzPG+QqvvI15VmuCMezRXHOoErhJAsYUUGwYoUhCAtqboV4hATCyiRWNyG48y8vku5Z03Wa7t1Fo3VdxVEDR+AYnAIXXIIWuAVt0AEYaPAMXsGb9WS9WO/Wx6x1yapmDsAfWJ8/cRGVyA==</latexit><latexit sha1_base64="cMGutQv1gxbNlRnRO8IJqEa2GBA=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQq6LLoxmUF+4Amhslk0g6dTMLMRAhDwF9x40IRt36HO//GaZuFth64cDjnXu69J8wYlcpxvq2l5ZXVtfXaRn1za3tn197b78o0F5h0cMpS0Q+RJIxy0lFUMdLPBEFJyEgvHN9M/N4jEZKm/F4VGfETNOQ0phgpIwX2oScS6CnKIqJ1UZaB+6DPy8BuOE1nCrhI3Io0QIV2YH95UYrzhHCFGZJy4DqZ8jUSimJGyrqXS5IhPEZDMjCUo4RIX0/PL+GJUSIYp8IUV3Cq/p7QKJGySELTmSA1kvPeRPzPG+QqvvI15VmuCMezRXHOoErhJAsYUUGwYoUhCAtqboV4hATCyiRWNyG48y8vku5Z03Wa7t1Fo3VdxVEDR+AYnAIXXIIWuAVt0AEYaPAMXsGb9WS9WO/Wx6x1yapmDsAfWJ8/cRGVyA==</latexit><latexit sha1_base64="cMGutQv1gxbNlRnRO8IJqEa2GBA=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQq6LLoxmUF+4Amhslk0g6dTMLMRAhDwF9x40IRt36HO//GaZuFth64cDjnXu69J8wYlcpxvq2l5ZXVtfXaRn1za3tn197b78o0F5h0cMpS0Q+RJIxy0lFUMdLPBEFJyEgvHN9M/N4jEZKm/F4VGfETNOQ0phgpIwX2oScS6CnKIqJ1UZaB+6DPy8BuOE1nCrhI3Io0QIV2YH95UYrzhHCFGZJy4DqZ8jUSimJGyrqXS5IhPEZDMjCUo4RIX0/PL+GJUSIYp8IUV3Cq/p7QKJGySELTmSA1kvPeRPzPG+QqvvI15VmuCMezRXHOoErhJAsYUUGwYoUhCAtqboV4hATCyiRWNyG48y8vku5Z03Wa7t1Fo3VdxVEDR+AYnAIXXIIWuAVt0AEYaPAMXsGb9WS9WO/Wx6x1yapmDsAfWJ8/cRGVyA==</latexit><latexit sha1_base64="cMGutQv1gxbNlRnRO8IJqEa2GBA=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQq6LLoxmUF+4Amhslk0g6dTMLMRAhDwF9x40IRt36HO//GaZuFth64cDjnXu69J8wYlcpxvq2l5ZXVtfXaRn1za3tn197b78o0F5h0cMpS0Q+RJIxy0lFUMdLPBEFJyEgvHN9M/N4jEZKm/F4VGfETNOQ0phgpIwX2oScS6CnKIqJ1UZaB+6DPy8BuOE1nCrhI3Io0QIV2YH95UYrzhHCFGZJy4DqZ8jUSimJGyrqXS5IhPEZDMjCUo4RIX0/PL+GJUSIYp8IUV3Cq/p7QKJGySELTmSA1kvPeRPzPG+QqvvI15VmuCMezRXHOoErhJAsYUUGwYoUhCAtqboV4hATCyiRWNyG48y8vku5Z03Wa7t1Fo3VdxVEDR+AYnAIXXIIWuAVt0AEYaPAMXsGb9WS9WO/Wx6x1yapmDsAfWJ8/cRGVyA==</latexit>

x1
<latexit sha1_base64="Sx0F7Kd/lSCISadhT72dCRNhww8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQmdllZlYMSz7CiwdFvPo93vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtR9SGx+rBThIMJR0qPuCMWie1ulqSp17QK1f8qj8HWSVBTiqQo94rf3X7MUslKssENaYT+IkNM6otZwKnpW5qMKFsTIfYcVRRiSbM5udOyZlT+mQQa1fKkrn6eyKj0piJjFynpHZklr2Z+J/XSe3gOsy4SlKLii0WDVJBbExmv5M+18ismDhCmebuVsJGVFNmXUIlF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjDM7zCm5d4L96797FoLXj5zDH8gff5A7PcjyM=</latexit><latexit sha1_base64="Sx0F7Kd/lSCISadhT72dCRNhww8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQmdllZlYMSz7CiwdFvPo93vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtR9SGx+rBThIMJR0qPuCMWie1ulqSp17QK1f8qj8HWSVBTiqQo94rf3X7MUslKssENaYT+IkNM6otZwKnpW5qMKFsTIfYcVRRiSbM5udOyZlT+mQQa1fKkrn6eyKj0piJjFynpHZklr2Z+J/XSe3gOsy4SlKLii0WDVJBbExmv5M+18ismDhCmebuVsJGVFNmXUIlF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjDM7zCm5d4L96797FoLXj5zDH8gff5A7PcjyM=</latexit><latexit sha1_base64="Sx0F7Kd/lSCISadhT72dCRNhww8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQmdllZlYMSz7CiwdFvPo93vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtR9SGx+rBThIMJR0qPuCMWie1ulqSp17QK1f8qj8HWSVBTiqQo94rf3X7MUslKssENaYT+IkNM6otZwKnpW5qMKFsTIfYcVRRiSbM5udOyZlT+mQQa1fKkrn6eyKj0piJjFynpHZklr2Z+J/XSe3gOsy4SlKLii0WDVJBbExmv5M+18ismDhCmebuVsJGVFNmXUIlF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjDM7zCm5d4L96797FoLXj5zDH8gff5A7PcjyM=</latexit><latexit sha1_base64="Sx0F7Kd/lSCISadhT72dCRNhww8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQmdllZlYMSz7CiwdFvPo93vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtR9SGx+rBThIMJR0qPuCMWie1ulqSp17QK1f8qj8HWSVBTiqQo94rf3X7MUslKssENaYT+IkNM6otZwKnpW5qMKFsTIfYcVRRiSbM5udOyZlT+mQQa1fKkrn6eyKj0piJjFynpHZklr2Z+J/XSe3gOsy4SlKLii0WDVJBbExmv5M+18ismDhCmebuVsJGVFNmXUIlF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjDM7zCm5d4L96797FoLXj5zDH8gff5A7PcjyM=</latexit>

xt
<latexit sha1_base64="n20wp54dhJEupac/1l0KzWCEmXg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOJsmQmdllplcMSz7CiwdFvPo93vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFpR9RyKTRvoEDJ24nhVEWSt6Lx7cxvPXJjRawfcJLwUNGhFgPBKDqp1TWKPPWwV674VX8OskqCnFQgR71X/ur2Y5YqrpFJam0n8BMMM2pQMMmnpW5qeULZmA55x1FNFbdhNj93Ss6c0ieD2LjSSObq74mMKmsnKnKdiuLILnsz8T+vk+LgOsyETlLkmi0WDVJJMCaz30lfGM5QThyhzAh3K2EjaihDl1DJhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDMbwDK/w5iXei/fufSxaC14+cwx/4H3+ABl3j2Y=</latexit><latexit sha1_base64="n20wp54dhJEupac/1l0KzWCEmXg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOJsmQmdllplcMSz7CiwdFvPo93vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFpR9RyKTRvoEDJ24nhVEWSt6Lx7cxvPXJjRawfcJLwUNGhFgPBKDqp1TWKPPWwV674VX8OskqCnFQgR71X/ur2Y5YqrpFJam0n8BMMM2pQMMmnpW5qeULZmA55x1FNFbdhNj93Ss6c0ieD2LjSSObq74mMKmsnKnKdiuLILnsz8T+vk+LgOsyETlLkmi0WDVJJMCaz30lfGM5QThyhzAh3K2EjaihDl1DJhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDMbwDK/w5iXei/fufSxaC14+cwx/4H3+ABl3j2Y=</latexit><latexit sha1_base64="n20wp54dhJEupac/1l0KzWCEmXg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOJsmQmdllplcMSz7CiwdFvPo93vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFpR9RyKTRvoEDJ24nhVEWSt6Lx7cxvPXJjRawfcJLwUNGhFgPBKDqp1TWKPPWwV674VX8OskqCnFQgR71X/ur2Y5YqrpFJam0n8BMMM2pQMMmnpW5qeULZmA55x1FNFbdhNj93Ss6c0ieD2LjSSObq74mMKmsnKnKdiuLILnsz8T+vk+LgOsyETlLkmi0WDVJJMCaz30lfGM5QThyhzAh3K2EjaihDl1DJhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDMbwDK/w5iXei/fufSxaC14+cwx/4H3+ABl3j2Y=</latexit><latexit sha1_base64="n20wp54dhJEupac/1l0KzWCEmXg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOJsmQmdllplcMSz7CiwdFvPo93vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFpR9RyKTRvoEDJ24nhVEWSt6Lx7cxvPXJjRawfcJLwUNGhFgPBKDqp1TWKPPWwV674VX8OskqCnFQgR71X/ur2Y5YqrpFJam0n8BMMM2pQMMmnpW5qeULZmA55x1FNFbdhNj93Ss6c0ieD2LjSSObq74mMKmsnKnKdiuLILnsz8T+vk+LgOsyETlLkmi0WDVJJMCaz30lfGM5QThyhzAh3K2EjaihDl1DJhRAsv7xKmhfVwK8G95eV2k0eRxFO4BTOIYArqMEd1KEBDMbwDK/w5iXei/fufSxaC14+cwx/4H3+ABl3j2Y=</latexit>

s1
<latexit sha1_base64="mpjCuiDQGEXNNH0fkEvJr5k9emY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkZnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bNskM402WyMR0Imq5FJo3UaDkndRwqiLJ29H4bua3n7ixItGPOEl5qOhQi1gwik5q94with/0K1W/5s9BVklQkCoUaPQrX71BwjLFNTJJre0GfophTg0KJvm03MssTykb0yHvOqqp4jbM5+dOyblTBiROjCuNZK7+nsipsnaiItepKI7ssjcT//O6GcY3YS50miHXbLEoziTBhMx+JwNhOEM5cYQyI9ythI2ooQxdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MHrD6PHg==</latexit><latexit sha1_base64="mpjCuiDQGEXNNH0fkEvJr5k9emY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkZnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bNskM402WyMR0Imq5FJo3UaDkndRwqiLJ29H4bua3n7ixItGPOEl5qOhQi1gwik5q94with/0K1W/5s9BVklQkCoUaPQrX71BwjLFNTJJre0GfophTg0KJvm03MssTykb0yHvOqqp4jbM5+dOyblTBiROjCuNZK7+nsipsnaiItepKI7ssjcT//O6GcY3YS50miHXbLEoziTBhMx+JwNhOEM5cYQyI9ythI2ooQxdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MHrD6PHg==</latexit><latexit sha1_base64="mpjCuiDQGEXNNH0fkEvJr5k9emY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkZnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bNskM402WyMR0Imq5FJo3UaDkndRwqiLJ29H4bua3n7ixItGPOEl5qOhQi1gwik5q94with/0K1W/5s9BVklQkCoUaPQrX71BwjLFNTJJre0GfophTg0KJvm03MssTykb0yHvOqqp4jbM5+dOyblTBiROjCuNZK7+nsipsnaiItepKI7ssjcT//O6GcY3YS50miHXbLEoziTBhMx+JwNhOEM5cYQyI9ythI2ooQxdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MHrD6PHg==</latexit><latexit sha1_base64="mpjCuiDQGEXNNH0fkEvJr5k9emY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkZnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bNskM402WyMR0Imq5FJo3UaDkndRwqiLJ29H4bua3n7ixItGPOEl5qOhQi1gwik5q94with/0K1W/5s9BVklQkCoUaPQrX71BwjLFNTJJre0GfophTg0KJvm03MssTykb0yHvOqqp4jbM5+dOyblTBiROjCuNZK7+nsipsnaiItepKI7ssjcT//O6GcY3YS50miHXbLEoziTBhMx+JwNhOEM5cYQyI9ythI2ooQxdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MHrD6PHg==</latexit>

s2
<latexit sha1_base64="FidmUIDy11hjsBLbXYcwFmIux/8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmAckS5idTJIhM7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eTu7nffuLGilg/4jThoaIjLYaCUXRSu2cUsf1av1zxq/4CZJ0EOalAjka//NUbxCxVXCOT1Npu4CcYZtSgYJLPSr3U8oSyCR3xrqOaKm7DbHHujFw4ZUCGsXGlkSzU3xMZVdZOVeQ6FcWxXfXm4n9eN8XhTZgJnaTINVsuGqaSYEzmv5OBMJyhnDpCmRHuVsLG1FCGLqGSCyFYfXmdtGrVwK8GD1eV+m0eRxHO4BwuIYBrqMM9NKAJDCbwDK/w5iXei/fufSxbC14+cwp/4H3+AK3Cjx8=</latexit><latexit sha1_base64="FidmUIDy11hjsBLbXYcwFmIux/8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmAckS5idTJIhM7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eTu7nffuLGilg/4jThoaIjLYaCUXRSu2cUsf1av1zxq/4CZJ0EOalAjka//NUbxCxVXCOT1Npu4CcYZtSgYJLPSr3U8oSyCR3xrqOaKm7DbHHujFw4ZUCGsXGlkSzU3xMZVdZOVeQ6FcWxXfXm4n9eN8XhTZgJnaTINVsuGqaSYEzmv5OBMJyhnDpCmRHuVsLG1FCGLqGSCyFYfXmdtGrVwK8GD1eV+m0eRxHO4BwuIYBrqMM9NKAJDCbwDK/w5iXei/fufSxbC14+cwp/4H3+AK3Cjx8=</latexit><latexit sha1_base64="FidmUIDy11hjsBLbXYcwFmIux/8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmAckS5idTJIhM7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eTu7nffuLGilg/4jThoaIjLYaCUXRSu2cUsf1av1zxq/4CZJ0EOalAjka//NUbxCxVXCOT1Npu4CcYZtSgYJLPSr3U8oSyCR3xrqOaKm7DbHHujFw4ZUCGsXGlkSzU3xMZVdZOVeQ6FcWxXfXm4n9eN8XhTZgJnaTINVsuGqaSYEzmv5OBMJyhnDpCmRHuVsLG1FCGLqGSCyFYfXmdtGrVwK8GD1eV+m0eRxHO4BwuIYBrqMM9NKAJDCbwDK/w5iXei/fufSxbC14+cwp/4H3+AK3Cjx8=</latexit><latexit sha1_base64="FidmUIDy11hjsBLbXYcwFmIux/8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmAckS5idTJIhM7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eTu7nffuLGilg/4jThoaIjLYaCUXRSu2cUsf1av1zxq/4CZJ0EOalAjka//NUbxCxVXCOT1Npu4CcYZtSgYJLPSr3U8oSyCR3xrqOaKm7DbHHujFw4ZUCGsXGlkSzU3xMZVdZOVeQ6FcWxXfXm4n9eN8XhTZgJnaTINVsuGqaSYEzmv5OBMJyhnDpCmRHuVsLG1FCGLqGSCyFYfXmdtGrVwK8GD1eV+m0eRxHO4BwuIYBrqMM9NKAJDCbwDK/w5iXei/fufSxbC14+cwp/4H3+AK3Cjx8=</latexit>

st
<latexit sha1_base64="vCBtHE+boC+tWwwYw5r3cqJqkeo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkZnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bNskM402WyMR0Imq5FJo3UaDkndRwqiLJ29H4bua3n7ixItGPOEl5qOhQi1gwik5q94wito/9StWv+XOQVRIUpAoFGv3KV2+QsExxjUxSa7uBn2KYU4OCST4t9zLLU8rGdMi7jmqquA3z+blTcu6UAYkT40ojmau/J3KqrJ2oyHUqiiO77M3E/7xuhvFNmAudZsg1WyyKM0kwIbPfyUAYzlBOHKHMCHcrYSNqKEOXUNmFECy/vEpal7XArwUPV9X6bRFHCU7hDC4ggGuowz00oAkMxvAMr/Dmpd6L9+59LFrXvGLmBP7A+/wBEdmPYQ==</latexit><latexit sha1_base64="vCBtHE+boC+tWwwYw5r3cqJqkeo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkZnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bNskM402WyMR0Imq5FJo3UaDkndRwqiLJ29H4bua3n7ixItGPOEl5qOhQi1gwik5q94wito/9StWv+XOQVRIUpAoFGv3KV2+QsExxjUxSa7uBn2KYU4OCST4t9zLLU8rGdMi7jmqquA3z+blTcu6UAYkT40ojmau/J3KqrJ2oyHUqiiO77M3E/7xuhvFNmAudZsg1WyyKM0kwIbPfyUAYzlBOHKHMCHcrYSNqKEOXUNmFECy/vEpal7XArwUPV9X6bRFHCU7hDC4ggGuowz00oAkMxvAMr/Dmpd6L9+59LFrXvGLmBP7A+/wBEdmPYQ==</latexit><latexit sha1_base64="vCBtHE+boC+tWwwYw5r3cqJqkeo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkZnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bNskM402WyMR0Imq5FJo3UaDkndRwqiLJ29H4bua3n7ixItGPOEl5qOhQi1gwik5q94wito/9StWv+XOQVRIUpAoFGv3KV2+QsExxjUxSa7uBn2KYU4OCST4t9zLLU8rGdMi7jmqquA3z+blTcu6UAYkT40ojmau/J3KqrJ2oyHUqiiO77M3E/7xuhvFNmAudZsg1WyyKM0kwIbPfyUAYzlBOHKHMCHcrYSNqKEOXUNmFECy/vEpal7XArwUPV9X6bRFHCU7hDC4ggGuowz00oAkMxvAMr/Dmpd6L9+59LFrXvGLmBP7A+/wBEdmPYQ==</latexit><latexit sha1_base64="vCBtHE+boC+tWwwYw5r3cqJqkeo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkZnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bNskM402WyMR0Imq5FJo3UaDkndRwqiLJ29H4bua3n7ixItGPOEl5qOhQi1gwik5q94wito/9StWv+XOQVRIUpAoFGv3KV2+QsExxjUxSa7uBn2KYU4OCST4t9zLLU8rGdMi7jmqquA3z+blTcu6UAYkT40ojmau/J3KqrJ2oyHUqiiO77M3E/7xuhvFNmAudZsg1WyyKM0kwIbPfyUAYzlBOHKHMCHcrYSNqKEOXUNmFECy/vEpal7XArwUPV9X6bRFHCU7hDC4ggGuowz00oAkMxvAMr/Dmpd6L9+59LFrXvGLmBP7A+/wBEdmPYQ==</latexit>

C C C

C

· · ·<latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit>

CC

· · ·<latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit>
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Figure 3: Illustration of the proposed (left) temporal module, and (right) spatial module. The symbol c○ denotes concatenation.
This channel-wise concatenation operating is able to avoid mixing of different modalities of information (RGB images and
semantic maps). The concatenation will be used in the later attention fusion module.

new egocentric frame ỹ12. We generate downstream direction of
egocentric frame at time t based on ỹ1t−1 and semantic map st. We
can formalize the downstream process as:

ỹ1t = 𝐺 (ỹ1t−1, st). (3)

In this way, we are able to obtain the generated video sequence
ỹ1≡{ỹ11, ..., ỹ

1
t }.

In the opposite direction, the upstream process is time reverse
generation process and starts from time t. We input xt and st to the
generator 𝐺 to produce the first frame ỹ2t = 𝐺 (xt, st). Then other
frames can be obtained by using the following formulation:

ỹ2t−1 = 𝐺 (ỹ2t , st−1) . (4)

By doing so, we are able to obtain the generated video sequence
ỹ2≡{ỹ21, ..., ỹ

2
t }.

To better model the temporal information, we further propose
a novel temporal loss. The temporal loss composes of both down-
stream process and upstream process. The key idea is to add tem-
poral constraints to the generation process. For each frame, the
downstream temporal loss is:

T𝑑𝑛 (ỹ1t ) = Ext,ỹ1t
[
∥yt − ỹ1t ∥1

]
+ Ext,yt [log𝐷𝑆 (xt, yt)]

+ Ext,ỹ1t
[
log(1 − 𝐷𝑆 (xt, ỹ1t ))

]
.

(5)

Overall, the downstream temporal loss can be represented as:

T𝑑𝑛 (x, ỹ1) =
𝑡∑

𝑡=1
𝜆𝑢T𝑑𝑛 (ỹ1t ) . (6)

The upstream temporal loss is formulated similar as downstream
temporal loss, however they computed in an opposite direction for
each frame as:

T𝑢𝑝 (ỹ2t ) = Ext,ỹ2t
[
∥yt − ỹ2t ∥1

]
+ Ext,yt [log𝐷𝑆 (xt, yt)]

+ Ext,ỹ2t
[
log(1 − 𝐷𝑆 (xt, ỹ2t ))

]
.

(7)

The overall upstream temporal loss is:

T𝑢𝑝 (x, ỹ2) =
1∑

𝑡=𝑡

𝜆𝑑T𝑢𝑝 (ỹ2t ) . (8)

Finally, the temporal loss is the sum of Equation (6) and Equation (8),

L𝑇 (x, ỹ) =T𝑑𝑛 (x, ỹ1) + Tup (x, ỹ2) . (9)

3.3 Bi-directional Spatial Generation
Spatial information plays a crucial role in various video related
tasks, such as activity recognition [47], object recognition [7], etc.
In this work, we incorporate the effects of spatial information by
generating non-adjacent frames using the corresponding semantic
maps. As illustrated in the spatial module of Figure 3(right), the
process of downstream direction is generated along the arrows:

ỹ31 =𝐺 (x1, s1), · · · , ỹ3t =𝐺 (x1, st) . (10)

In this way, we are able to obtain the generated video sequence
ỹ3≡{ỹ31, ..., ỹ

3
t }. The opposite upstream direction in which the se-

quences is formulated as:

ỹ4t =𝐺 (xt, st), · · · , ỹ41 =𝐺 (xt, s1), (11)

where we are able to obtain the generated video sequence
ỹ4≡{ỹ41, ..., ỹ

4
t }.

To learn the spatial information better, we propose a new spatial
loss. The spatial loss composes of two parts, which are downstream
spatial loss and upstream spatial loss. The intuition is that activities
and events in videos are spatially related between adjacent frames
and are reversible. For each frame, the downstream spatial loss is
formulated as follows:

S𝑑𝑛 (ỹ3t ) = Ext−i,ỹ3t
[
∥yt − ỹ3t ∥1

]
+ Ext−i,yt [log𝐷𝑆 (xt−i, yt)]

+ Ext−i,ỹ3t
[
log(1 − 𝐷𝑆 (xt−i, ỹ3t ))

]
.

(12)

The overall downstream spatial loss is:

S𝑑𝑛 (x, ỹ3) =
𝑡∑

𝑡=1
𝜆𝑛S𝑑𝑛 (ỹ3t ) . (13)
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Figure 4: Illustration of the proposed multi-generation at-
tention fusion module. The symbol ⊕, ⊗, c○ and s○ de-
note element-wise addition, element-wise multiplication,
channel-wise concatenation and channel-wise softmax op-
eration.

The upstream spatial loss is generated reversely, which is formu-
lated similar as:

S𝑢𝑝 (ỹ4t ) = Ext+i,ỹ4t
[
∥yt − ỹ4t ∥1

]
+ Ext+i,yt [log𝐷𝑆 (xt+i, yt)]

+ Ext+i,ỹ4t
[
log(1 − 𝐷𝑆 (xt+i, ỹ4t ))

]
.

(14)

The overall upstream spatial loss:

S𝑢𝑝 (x, ỹ4) =
1∑

𝑡=𝑡

𝜆𝑝T𝑢𝑝 (ỹ4t ). (15)

The overall spatial loss is the sum of Equation (13) and Equation (15),
where 𝑖 is the time truncate during training:

L𝑆 (x, ỹ) =S𝑑𝑛 (x, ỹ3) + Sup (x, ỹ4). (16)

3.4 Multi-generation Attention Fusion
After the Bi-directional temporal and spatial modules, we obtain
four generated video sequences [ỹ1, ỹ2, ỹ3, ỹ4]. To combine rel-
evant information from the four generated video sequences, we
propose a novel multi-generation attention fusion module to ob-
tain a refined video sequence. The details of the proposed multi-
generation attention fusion module is shown in Figure 4. First,
four different features are extracted by four convolutional layers
simultaneously from the four generated video sequences. Then the

obtained four feature maps are concatenated to a new feature as:

F = Concat(Conv(ỹ1),Conv(ỹ2),Conv(ỹ3),Conv(ỹ4)), (17)

where Concat(·) and Conv(·) denote channel-wise concatenation
operation and convolutional operation. Next, the concatenated
feature F is fed into a de-convolutional layer to obtain the new size
feature F ′ for attention fusion purpose. Then the attention maps
[a1, a2, a3, a4] are learned from a convolutional layer and softmax
activation layer, where the softmax activation layer guarantees
normalization of attention maps in channel-wise. Finally, the final
video sequence ỹ can be obtained as follows:

ỹ = (ỹ1 ⊗ a1) ⊕ (ỹ2 ⊗ a2) ⊕ (ỹ3 ⊗ a3) ⊕ (ỹ4 ⊗ a4), (18)

where ỹ represents the final synthesized frame sequence, and the
symbol ⊗ denotes the element-wise multiplication, and ⊕ is the
element-wise addition.

Instead of multiplying feature maps and real images, we mul-
tiply feature maps (a1, a2, a3, a4) and the intermediate results
(ỹ1, ỹ2, ỹ3, ỹ4) to obtain the final result ỹ. We observe that a single-
sequence generation space may not be suitable enough for learning
a good mapping for this complex synthesis problem. Thus, we ex-
plore a larger sequence generation space to have a richer synthesis
via constructing multiple intermediate sequence results. We first
produce several intermediate sequences which can be regarded as
the candidate sequence pool, then learn a set of attention maps.
These attention maps are used to spatially select from the interme-
diate generations and are combined to synthesize the final output.

3.5 Temporal and Spatial Dual-discriminator
Traditional image-to-image generation methods use vanilla discrim-
inator [18]. In this paper, we propose a novel Temporal and Spatial
Dual-discriminator, which contains two discriminators, i.e., tempo-
ral discriminator (𝐷𝑇 ) and spatial discriminator (𝐷𝑆 ). 𝐷𝑇 takes the
real input x1/xt and the generated image sequence ỹ as input. 𝐷𝑇

learns to tell whether a sequence of fake output ỹ and input x1/xt
are related or not. Meanwhile, 𝐷𝑆 takes the real input image x and
fake ỹ as input. 𝐷𝑆 learns to tell whether the two frame sequences
from different domains are associated with each other or not. 𝐷𝑇

and 𝐷𝑆 take temporal and spatial information into consideration,
respectively.

Assuming we target to learn a mapping𝐺 : x → ỹ from input ex-
ocentric view x≡{x1, ..., xt} to output egocentric view ỹ≡{ỹ1, ..., ỹt}.
The generator 𝐺 is trained to produce fake outputs ỹ to fool the
discriminator 𝐷𝑇 and 𝐷𝑆 . The adversarial loss can be expressed as:

L𝑐𝐺𝐴𝑁𝑆
(x, ỹ) =

𝑡∑
𝑡=1

(Ext,yt [log𝐷𝑆 (xt, yt)]

+ Ext,ỹt [log(1 − 𝐷𝑆 (xt, ỹt))]).
(19)

L𝑐𝐺𝐴𝑁𝑇
(x, ỹ) = Ex,y [log𝐷𝑇 (xt, y)]

+ Ex,ỹ [log(1 − 𝐷𝑇 (xt, ỹ))]
+ Ex,y [log𝐷𝑇 (x1, y)]
+ Ex,ỹ [log(1 − 𝐷𝑇 (x1, ỹ))] .

(20)

x1/xt in Equation (20) is the starting and ending frame in the tem-
poral synthesis. The total adversarial loss is formulated as follows:

L𝑐𝐺𝐴𝑁 (x, ỹ) = LcGANS + 𝜆gLcGANT . (21)



Figure 5: Video frames generated from exocentric view to egocentric view on Side2Ego dataset.

Figure 6: Video frames generated from exocentric view to egocentric view on Top2Ego dataset.

3.6 Optimization Objective
The training objective can be decomposed into four main compo-
nents which are adversarial loss, temporal loss, spatial loss and
reconstruction loss.
Reconstruction Loss. The task of the generator is to reconstruct
an video sequences ỹ≡{ỹ1, ..., ỹt} as close as the target sequences
y≡{y1, ..., yt}. We use L1 distance denoted as ∥ � ∥1 in the recon-
struction loss:

L𝑟𝑒 (𝐺) =
𝑡∑

𝑡=1
𝜆𝑟Ex,ỹ [∥yt − ỹt)∥1] . (22)

Overall Loss. The final optimization loss is a weighted sum of the
above losses. Generator 𝐺 and discriminator 𝐷 are trained in an
end-to-end fashion to optimize the following objective function:

L = L𝑐𝐺𝐴𝑁 + L𝑟𝑒 + L𝑇 + L𝑆 , (23)

where 𝜆𝑖 ’s in Equation (6), (8), (13), (15), (21), (22) are the regular-
ization parameters.
Network Architecture.We employ U-Net [33] as the architecture
of our generator 𝐺 . We impose the skip connection strategy from

down-sampling path to up-sampling path to avoid the vanishing
gradient problem. We adopt PatchGAN [18] for the discriminators
𝐷𝑆 and 𝐷𝑇 . The feature maps for attention fusion are extracted by
the up-sampling layers of the U-Net during the training of generator
𝐺 . We adopt RefineNet [22] to generate semantic maps on the
Side2Ego and Top2Ego datasets as in [31, 41].

4 EXPERIMENTS
Datasets. To explore the effectiveness of the proposed STA-GAN,
we conduct extensive experiments on the Side2Ego and Top2Ego
datasets [11]. These datasets simultaneously recorded egocentric
and exocentric videos. Each video pair contains one egocentric and
one exocentric video (side-view or top-view). The pair of videos
are temporally aligned. These datasets are challenging due to two
reasons. First, it contains dramatically different indoor and out-
door scenes. Second, the datasets are collected simultaneously by
an exocentric camera (side or top view) and an egocentric wear-
able camera. The datasets include a huge amount of blurred image
frames for egocentric view. For Side2Ego dataset, there are 124
videos containing 26,764 pairs of frames for training and 13,788



Figure 7: Video frames generated from exocentric view to egocentric view on Side2Ego dataset using different methods.

Table 1: Quantitative evaluation of different image and video generation methods on the Side2Ego dataset. For these metrics
except KL score and FID, higher is better.

Method SSIM ↑ PSNR ↑ SD ↑ KL ↓ FID ↓ Top-1 ↑ Top-5 ↑
Accuracy (%) Accuracy (%)

X-Fork [31] 0.4499 17.0743 20.4443 51.20 ± 1.94 216.5575 4.49 9.76 11.63 19.44
X-Seq [31] 0.4763 17.1462 20.7468 45.10 ± 1.95 184.2808 6.51 12.70 11.97 19.36

SelectionGAN [41] 0.5128 18.3021 20.9426 7.26 ± 1.27 139.1429 20.84 37.49 42.51 65.22
RecycleGAN [4] 0.3446 15.9242 18.9429 42.40 ±1.61 186.5897 2.32 2.40 9.13 10.98

Vid2Vid [46] 0.3955 15.9012 19.7169 59.41 ± 1.93 196.9749 7.52 14.70 13.97 24.36
STA-GAN (Ours) 0.5607 20.7027 20.9491 9.44 ± 1.48 169.3514 26.83 39.83 42.72 69.30

Table 2: Quantitative evaluation of different image and video generation methods on the Top2Ego dataset. For these metrics
except KL score and FID, higher is better.

Method SSIM ↑ PSNR ↑ SD ↑ KL ↓ FID ↓ Top-1 ↑ Top-5 ↑
Accuracy (%) Accuracy (%)

X-Fork [31] 0.2952 15.8849 18.7349 63.96±1.74 208.6632 0.8 1.22 3.16 4.08
X-Seq [31] 0.3522 16.9439 19.2733 54.91 ± 1.81 198.3948 1.07 1.77 4.29 6.94

SelectionGAN [41] 0.5047 22.0244 19.1976 10.07 ± 1.29 199.1441 8.85 16.55 24.32 33.90
RecycleGAN [4] 0.3264 16.4767 19.4543 31.55 ±1.32 235.8220 0.43 2.04 2.47 3.70

Vid2Vid [46] 0.3895 17.1233 19.6043 31.48±1.77 208.9400 5.65 9.77 12.38 18.97
STA-GAN (Ours) 0.5383 22.5816 19.2895 10.02 ±1.30 175.7446 8.93 24.80 26.37 46.74

pairs for testing. For Top2Ego dataset, there are 135 videos contain-
ing 28,408 pairs of frames for training and 14,064 pairs for testing.
All image frames are in high-resolution with 1280×720 pixels.
Parameter Settings. All images are scaled to 256×256. We enable
image flipping and random crops for data augmentation. We train
200 epochs with the batch size of 8. In our experiments, we set
𝜆𝑢=1, 𝜆𝑑=0.1, 𝜆𝑛=1, 𝜆𝑝=0.1, 𝜆𝑔=10, 𝜆𝑟=10 in Eq. (6), (8), (13), (15),
(21), (22) respectively. The number of time truncat 𝑖 in Eq. (12) and
(14) is set to 3. The proposed STA-GAN is implemented by PyTorch.
We perform our experiments on NVIDIA Geforce GTX 1080 Ti GPU
with 11 GB memory to accelerate training process.
Evaluation Metrics. We follow [31, 41, 46] and apply metrics
such as top-k prediction accuracy, KL score and Fréchet Inception

Distance (FID) for evaluating the proposed method. These metrics
evaluate the generated images in a high-level feature space. We
also employ pixel-level similarity metrics in the experiments, i.e.,
Structural-Similarity (SSIM) [48], Peak Signal-to-Noise Ratio (PSNR)
and Sharpness Difference (SD) [25].

4.1 State-of-the-Art Comparisons
Quantitative Comparisons. We compare our STA-GAN with
both cross-view image generation methods, i.e., X-Fork [31], X-
Seq [31], SelectionGAN [41], and video generation methods, i.e.,
RecycleGAN [4] and Vid2Vid [46]. The quantitative results com-
pared with state-of-the-art methods on the Side2Ego and Top2Ego
datasets are presented in Table 1 and Table 2. We observe that the



Figure 8: Video frames generated from exocentric view to egocentric view on Top2Ego dataset using different methods.

proposed STA-GAN achieves better results than state-of-the-art
methods in most cases. Accuracies are computed in two ways, the
first column considers all images, whereas the second column com-
putes accuracy of real images whose top-1 prediction is greater
than 0.5. Particularly, we increase the metric PSNR by 2.4, Top-1
accuracy by 6%/2%, Top-5 accuracy by 4%/5%, compared to the
second best baseline on Side2Ego dataset. Meanwhile, we increase
the metric PSNR by 0.5, Top-1 accuracy by 0.1%/8%, Top-5 accuracy
by 2%/13%, compared with the second best baseline on Top2Ego
dataset. These comparisons show the effectiveness of STA-GAN for
cross-view exocentric to egocentric video synthesis.
Qualitative Comparisons. Video sequence synthesis results are
shown in Figure 5 and Figure 6. We can observe that the synthe-
sized egocentric video sequence change smoothly from left to right,
and are visually close to the ground truth. The qualitative results
compared with state-of-the-art methods are shown in Figure 7 and
Figure 8. We observe that our method generates more clear and
reasonable video frames than other methods. It is obvious that ob-
jects are in the correct positions for generated egocentric video
frames using our method. Moreover, the structure and layout of
the generated video frames are closer to the ground truth. Results
show that egocentric video frames generated by STA-GAN are vi-
sually better compared with other baselines, which further confirm
that the proposed STA-GAN network has the ability to transfer the
video sequences from exocentric to egocentric perspective.

4.2 Ablation Study
To evaluate the performance of proposed STA-GAN, we conduct
experiments with different settings on the Top2Ego dataset. As
shown in Table 3, the proposed STA-GAN considers six different
settings. Baseline A utilizes only spatial information during gen-
eration process while baseline B utilizes only temporal informa-
tion. We observe that baseline B performs better than baseline A
which demonstrates that temporal information is more important
for video generation task. Baseline C by considering both temporal
and spatial information improves the SSIM, PSNR and SD metrics
to 0.3098/17.0236/18.6043 respectively, meaning that both spatial

Table 3: Ablation study of STA-GAN on the Top2Ego dataset.

No. Setting of STA-GAN SSIM ↑ PSNR ↑ SD ↑
A Spatial Generation 0.2568 15.8561 18.1414
B Temporal Generation 0.2627 15.3411 18.1914
C Spatial + Temporal 0.3098 17.0236 18.6043
D C + Bi-Direction 0.4287 20.2891 19.2389
E D + Dual-Discriminator 0.4956 23.4734 19.2526
F E + Attention Module 0.5383 22.5816 19.2895

and temporal information should be explored for video genera-
tion task. Baseline D by incorporating both bi-directional down-
stream and upstream generation further improves the performance
to 0.4287/20.2891/19.2389, which demonstrates that generation are
reversible in video generation task. Baseline E outperforms D show-
ing the importance of using the proposed dual-discriminator, i.e.,
temporal discriminator and spatial discriminator. Baseline F by
adopting the attention fusion strategy further increases the SSIM,
PSNR and SD scores, which demonstrates the effectiveness of at-
tention fusion.

5 CONCLUSION
In this paper, we propose a novel STA-GAN framework to address
a novel cross-view exocentric to egocentric video synthesize prob-
lem by exploiting the temporal and spatial information in videos.
Based on the property of videos, we propose a bi-directional strat-
egy which generates video sequences in both downstream and
upstream directions. Meanwhile, a novel temporal and spatial dual-
discriminator is proposed for better network training. Moreover,
we propose a novel attention fusion method which targets to re-
fine the generation results. Extensive experimental results on the
Top2Ego and Side2Ego datasets demonstrate that our method out-
performs state-of-the-art approaches for the challenging cross-view
exocentric to egocentric video synthesis.
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