


Fig. 1, first column). Contrary to most prior work which
typically follow the SPADE architecture design, we explore
a new direction. First, we develop a conditional version
of StyleGAN2. Our generator backbone builds upon the
original StyleGAN?2 architecture, which can generate better
quality images and is more easily scaled to high resolutions.
Specifically, we use an encoder to extract hierarchical fea-
ture representations from the input segmentation map and
use it to modulate the StyleGAN?2 generator. The resulting
generator is less memory intensive and faster to train com-
pared to SPADE based approaches.

Second, instead of using a single generator, we use multi-
ple class-specific generators to improve the quality of small
foreground objects. There are several advantages of using
different models for different classes: (i) Class-specific gen-
erators with dedicated weights learned for each foreground
class have the capability to generate more details. Imagine a
bedroom filled with objects of different scales such as bed,
lamp, table, chair, chest and others (Fig. 1, first row). A
single GAN might allocate most of its capacity toward gen-
erating larger content such as floor, walls and bed since they
contribute most to the overall realism, and therefore neglect
the details of smaller objects such as lamps and chests. Us-
ing separate generators for smaller objects result in more
textural details and better shape integrity in those regions
(Fig. 1, columns 2-3). (ii) Class-specific generators can be
trained with image crops that always align the objects to the
center. As shown in [19, 32], spatial alignment is often cru-
cial for high quality generation. On the other hand, a single
GAN generating an entire scene at once needs to deal with
objects appearing in arbitrary locations which is more diffi-
cult to learn. (iii) Class-specific generators can benefit from
more training data, which is especially important for more
rare classes. Other than the scene training set from which all
foreground objects are extracted, one can leverage separate
class-specific datasets for training each foreground genera-
tor. (iv) Class-specific generators enable more applications.
For example, we can generate out-of-distribution scene im-
ages such as a car on a sidewalk (Fig. 8), and we can also
easily change the appearance of one object instance in the
scene without modifying the rest of it (Fig. 7).

However, naively training separate generators and com-
bining their results does not generate satisfactory results.
It can lead to appearance inconsistency among generated
objects in the same scene; e.g., a generated foreground ob-
ject might not have compatible colors and perspective with
its background or in the context of other objects. Training
all models together based on shared global information will
address the inconsistency issue, but it is extremely compu-
tationally demanding and cannot scale. Instead, we provide
the result of our single GAN base model as input to each
class-specific generator since it captures the global knowl-
edge of the scene and constrains the foreground object ap-

pearance to be harmonious with each other. Although our
focus is on generating complex scenes, our approach can
also be used to generate a single object class with multi-
ple complex parts like humans (Fig. 1, second row). We
demonstrate this by training separate class-specific genera-
tors for faces and shoes.

Contributions. (1) A general framework for high quality
conditional generation of complex scenes by training mul-
tiple class-specific generators; (2) A powerful StyleGAN2-
based conditional base generator; (3) We demonstrate state-
of-the-art image quality synthesized by our model against
existing methods and show some potential applications.

2. Related work

High Resolution Semantic Image Generation. GANs [9]
have become one of the most promising models to gener-
ate photorealistic images. Many different architectures [4,
39, 37, 33, 18, 3, 19, 32] and training techniques [1, 11, 23]
have been proposed to explore different tasks [4, 39, 37, 33],
improve generation quality [3, 19, 32], and stabilize train-
ing [1, 11, 23]. There are also many great works exploring
conditional image generation [37, 33, 17, 3, 24, 31, 30]. In
particular, segmentation map to image generation [33, 24,
31, 30] is popular due to its wide applications like flex-
ible content creation for image editing. Although these
works generate impressive results at lower resolutions, their
higher resolution results for complex settings such as indoor
scenes or full human bodies are often inferior and less de-
tailed. Even at lower resolutions, the quality of foreground
objects can be low due to the model focusing more on the
background, which typically has more pixels than the fore-
ground. The current state-of-the-art method for high res-
olution image generation is StyleGAN2 [19, 32]. How-
ever, it is an unconditional model which lacks controllabil-
ity over the image generation process. Some recent con-
current works [20, 27] modify the StyleGAN2 architecture
for conditional image generation for the specific domain of
human bodies. In contrast, we propose a general purpose
approach to condition StyleGAN2 on segmentation map in-
puts of various scene categories (e.g., bedrooms and street
scenes) and complex objects (e.g., humans).

Image generation through unshared weights. Most im-
age generation models have a monolithic architecture [33,
18, 3, 24, 19, 32], which outputs a final image without
specialized weights for different classes or semantic re-
gions. Others [36, 14, 21, 10, 13, 29, 31] model an im-
age via different components, e.g., by having global and
local branches [14, 21, 10, 13] with the local branch be-
ing specialized for different objects/parts. However, these
models are usually face specific [14, 21, 10]. The work
of [13, 36, 29] propose to separate background and fore-
ground generation. But they can only generate single object
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cat(S, E)

Inference

Figure 3. Our Approach. During training, our base generator is trained to generate an entire image, whereas our class-specific generators
take in the cropped real image with object information removed (shaded region is filled with either zeros or low frequency information of
the object) and cropped segmentation map as context information to generate the instance for the corresponding class. During inference,
the base generator first generates the entire image and then the class-specific generators sequentially generate specific regions of the image
while considering the previous generations as context. c&r means the cropping and instance information removing operation. Note that we
do not show cropped semantic map as input of class-specific models in the inference pipeline for simplicity.

scene and shadows on the wall as shown in Fig. 6.

To address that, we provide some context information
around the target instance as input to our class-specific gen-
erators. Specifically, we use the enlarged (2 times in both
dimensions) box of an instance to crop both the real image
Lreal_scene and its segmentation map S to get the cropped
real image C; and the cropped segmentation map C for
this instance. Next, we use two different ways to remove
the instance information from the C; before providing it
for the generation (the shaded region in Fig. 3 top-right).
The first one is to mask out the foreground region with ze-
ros. The second approach is to blur the foreground region
to retain only the low frequency information, in which case
we hope the generated result will roughly follow the orig-
inal instance color theme. The C; (with instance informa-
tion removed) and C; are concatenated and used as con-
text C' = cat(C;, Cy) for the class-specific generator G, to
generate a specific instance I. = G.(C). Note that C; is
not cropped from I, but from the real image during train-
ing. The reason is that the real image provides the perfect
groundtruth to supervise the hallucination of the foreground
object from the context while the generated I may con-
tain artifacts. The feature cropping module (See Fig. 2) in-
side G, is used to crop the spatial feature ¢/ to obtain the
¢ which is corresponding to the instance region only. The
cropping box is calculate such that the final object is tightly
generated within I.. In this way, we can fully take advan-
tage of decoder’s capacity without generating any context
outside the instance box.

To force the model to use C, we apply the perceptual
loss [16] between the generated instance and the target in-

stance, I cqiins, Which is directly cropped from the real
image I, .cqi_scene Using the instance box without being en-
larged. As the background pixels in ;.4 ;s already exist in
C (i.e., C;), the generator will autoencode the background
region. In this way, the generator learns to gather hints from
the surrounding context of the target instance and generates
foreground pixels that look consistent with the background.
Also, this loss can help our model maintains the low level
frequency information provided in the C; (the second case
of removing instance information).

Training losses. We use the adversarial loss as well regu-
larizations used in StyleGAN2 [32] and refer to all of them
combined as Lgiyiegan. For adversarial loss, the real dis-
tributions are {I;cqi_scene } and {Ireqi_ins } for our base and
class-specific generator respectively. To regularize our en-
coder, we apply KL-Divergence [7] to the output of encoder
z forcing it to follow normal distribution to support multi-
modal synthesis during inference, L£x;. We also use percep-
tual loss []6] £perceptual = ; ||‘/l(lgen) - ‘/l(lreal)Hl

where V;(-) is output of I;;, layer of a pretrained VGG net-
work [28]. Igen is Iy and I; Ireal 18 Ireal_scene and Ipeql_ins
in our base and class-specific model, respectively. To sum-
marize our overall training loss is: £ = Lgyiegan + A1 *
Ly + A2 % Lperceptuar The loss weights and the frequency
of regularization within L¢yiegqn are the same as in Style-
GAN?2 [32]. More details can be found in the supp.

3.3. Inference pipeline

The bottom part of Fig. 3 describes our entire pipeline
during inference. Starting from the input segmentation map
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Figure 4. Visual comparison of segmentation map to image synthesis results on the ADE20K bedroom (512x512), full human body
(512x512), and Cityscapes (1024x512) datasets. Our base model generates much more realistic images compared to SPADE and OASIS.

shoe

33.33

29.87

69%

Datasets Ours vs SPADE Ours vs OASIS Ours vs LGGAN scenes Bedroom Cityscapes Human
classes chest chair pillow lamp table car person face
Bedroom 90.0% 73.2% NA FID (base) 14615 | 16524 | 127.67 | 88.20 | 12548 | 44.50 | 9888 | 15.71
Human 82.4% 63.2% NA FID (CollageGAN) | 132.12 | 15552 | 13679 | 80.12 | 11944 | 3042 | 8234 | 1354
Cityscapes 59.2% 35.2% (83.6%) 62.0% User Favor 7% 70% 3% | 62% | 60% | 94% | 89% | 8%
Table 3. Percent of times users preferred our base model over Table 4. Per class FID and user preference. For most classes,

baselines. Our base model is consistently preferred over baselines
except for cityscapes when compared with OASIS. But our Col-
lageGAN model is preferred 83.6% times over OASIS.

Quantitative results and human evaluation. In Table 2,
we compare FID [12] of our base model with all the other
approaches. Our base model gets the lowest FID on all three
datasets.We also conduct user studies on Amazon Mechan-
ical Turk (AMT). Specifically, we show the segmentation
map and two generated images (ours vs one baseline) side-
by-side to the AMT workers. We employ a two-alternative
forced choice option for workers by forcing them to choose
one image which looks more realistic. We showed 250 im-
age pairs for each comparison and asked 5 unique workers
to judge each pair. Table 3 shows our human evaluation
results. Users strongly favored our approach over the base-
lines except for OASIS on the cityscapes dataset. The rea-
son is that our base model sometimes generates less details
for smaller objects when the training set is small (cityscapes
has only has 3000 images). We can overcome this issue
by using our CollageGAN consisting of class-specific gen-
erators for the smaller objects like car and person in the
cityscape dataset. We then compared the results of our Col-
lageGAN model against that of OASIS and found users pre-
ferred our approach 83.6% times. Please note that for a fair

our CollageGAN model is preferred over our base model.

FID | User study 1
I: Base II: w/oextra III: w/ extra ‘ Tvs. 1T Tvs. I
car 44.50 36.71 30.42 23% 1 77% 6% 94%
person  98.88 88.47 82.34 13%187% 11% / 89%

Table 5. Additional data ablation study. I is our base model. II
and III are CollageGAN models without and with extra data.

comparison we did not use any additional training data for
the CollageGAN model in this case.

Qualitative results. In Figure 4, we compare our base
model against SPADE and OASIS. Our generated images
look more realistic and detailed. For example, the bed sheet
in generated bedrooms contain more textures and clothes on
generated humans contain more wrinkles. We also found
OASIS to have some boundary artifacts which can be seen
by zooming in on the OASIS generated human images. Our
model can also generate multiple images corresponding to
the same segmentation map by sampling different z. We
show these results in the supp.

4.2. CollageGAN model results

Our CollageGAN model consisting of class-specific gen-
erators can further improve the quality of the images gener-
ated by our base model which we evaluate next.

Quantitative results and human evaluation. We first
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Ours Base

Figure 5. Comparing our base model with our CollageGAN model. Our CollageGAN model takes advantage of class-specific genera-
tors to provide more details to specific classes in the image generated by the base model.

compute per-class FID comparing our base model with our
class-specific generators. Specifically, we crop each in-
stance from both the original base image and the compo-
sition image generated using CollageGAN, and resize them
to the average crop size over all instances in the class. We
also conduct AMT evaluation, in which workers are shown
class instances generated by our base model and by class-
specific generator, and asked to choose the more realistic
one. We show segmentation map at top with target instance
highlighted, and two images at bottom (cropped from base
and composition image). For each class, we show 100 pairs
of images and 5 unique users are asked to judge each pair.
In Table 4, we report per-class FID of our base model (first
row) and our CollageGAN model (second row) and also the
percentage of time users prefer our class-specific generator
over the base model. Our class-specific generator consis-
tently obtains lower FID and higher user preference in all
object categories except for the pillow class. We observed
that for the pillow class, the base model usually generates
a pure white color pillow (which is the most common color
in the training data) which is simple and usually looks re-
alistic. Hence, our CollageGAN model does not add much
value and any small boundary artifacts due to composition
can become more noticeable.

Qualitative results.In Figure 5, we show results of com-
positing the pixels generated from our class-specific gener-
ator on top of the image generated by the base model. In the
first column, we show the segmentation mask (yellow inset)
and the corresponding image generated by our base genera-

tor. In the second column, we show our CollageGAN model
results (highlighted class instance in blue inset show com-
posited class instances). Finally, in the third column, we
show the zoomed in view of the composited class instances
which contain more details. For example, the chest in the
first row contains more structural details like box bound-
aries and handles. The face region in the second row and
the car in the last row look more realistic.

Ablation study. We first study the impact of training our
class-specific generators with additional training data. Ta-
ble 5 reports the result on cityscapes dataset (refer supp for
the bedroom dataset), we can see that our class-specific gen-
erators perform better than the base model even without us-
ing any additional data (both in terms of user preference and
FID). This shows the advantage of class-specific weights
and centrally aligned data. Using additional training data
further improves FID and user preference.

Next, we study the impact of providing context informa-
tion C' as input to our class-specific generators. In Fig. 6,
our lamp generator trained with context generates lamps
that are consistent with the surrounding lighting condition
whereas the model trained without context fails to do so.
For this ablation study, our lamp generator trained with con-
text does not use blurred foreground during the training and
inference time, so the network only relies on context to de-
termine the lamp color. Similarly, the last two rows indicate
that the model may fail to infer correct gender and skin color
when trained without any context. We also observe that
sometimes our class-specific generator trained with context
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w context
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Figure 6. Context analysis. The last two columns show the im-
portance of context during our class-specific model training.

can correct the mistakes (like incorrect car orientations in
Figure 5 bottom row) made by our base generator. Please
see the supp for more results.

Applications. Apart from generating more detailed and re-
alistic images, class-specific generators can be used for sev-
eral interesting applications. In Fig. 7, we use our class-
specific generators to replace a single object in the real im-
age without affecting the other image parts. We mask out
the object instance we want to replace and give the remain-
ing real image as context for our class-specific generator.
In Fig. 7, we replace the shirt in the top row and the bed
in the bottom row. Our generated region looks harmonious
with the rest of the image while being different from the
original. Note that here we train new bed and upper clothes
generators by masking out foreground region as we want
the model to generate diverse textures rather than following
the original color tone in the real image.

Both our base model and SPADE-based models are
trained to generate the whole scene at once and as a result it
is difficult for them to generate objects outside their original
context. In contrast, our class-specific generator can achieve
this as they are trained to only generate a fixed class. Fig. 8,
shows that our class-specific generator can generate a car
on sidewalks instead of road while SPADE fails. Finally,
we can also use our class-specific generator to generate a
very high resolution image (4096 x 4096) where important
parts like face can be generated at high resolution while the

Figure 7. Replacing class instances in the real image. Images
in the red box are real images. Here bed and uppercloth generator
is used to replace the original objects.

SPADE Ours
" .

Figure 8. Out-of-distribution generation. Our car specific gen-
erator can generate cars on the sidewalk or on the middle of the
road, which do not exist in the training distribution.

remaining parts can still be generated at lower resolution by
our base model. Please see supp for these results.

5. Discussion and Limitations

We introduced a conditional version of StyleGAN2 ar-
chitecture as a powerful base model for high quality and
high resolution semantic image generation. We used the
idea of leveraging context-aware class-specific generators
to further enhance the quality of results, especially for small
foreground objects. Our base model generates more realis-
tic images than baselines, but does not perfectly align with
the input segmentation map. The reason is that we down-
sample the segmentation map to 32 x 32 resolution (feature
tensor ¢/) before injecting it into the decoder. We argue
that weak conditioning from the segmentation map could
give our model more freedom to generate realistic pixels
and make our results more robust to inaccurate segmenta-
tion maps due to human or algorithm mistakes. In the supp,
we provide a detailed study to evaluate the alignment be-
tween the input segmentation map and the generated images
for our base model and baseline approaches.
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