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Abstract

In this paper we present the first large-scale scene at-
tribute database. First, we perform crowd-sourced human
studies to find a taxonomy of 102 discriminative attributes.
Next, we build the “SUN attribute database” on top of the
diverse SUN categorical database. Our attribute database
spans more than 700 categories and 14,000 images and
has potential for use in high-level scene understanding and
fine-grained scene recognition. We use our dataset to train
attribute classifiers and evaluate how well these relatively
simple classifiers can recognize a variety of attributes re-
lated to materials, surface properties, lighting, functions
and affordances, and spatial envelope properties.

1. Introduction

Scene representations are vital to enabling many data-
driven graphics and vision applications. There is impor-
tant research on low-level representations of scenes (i.e.
visual features) such as the gist descriptor [14] or spatial
pyramid [12], but there has been little investigation into
high-level representations of scenes (e.g. attributes or cate-
gories). The standard category-based recognition paradigm
has gone largely unchallenged. In this paper, we explore a
new, attribute-based representation of scenes.

Traditionally, computer vision algorithms describe vi-
sual phenomena (e.g. objects, faces, actions, scenes, etc.)
by giving each instance a categorical label (e.g. cat, Halle
Berry, drinking, downtown street, etc.). For scenes, this
model has several significant issues, visualized in Figure 1:
(1) The extent of scene understanding achievable is quite
shallow — there is no way to express interesting intra-
category variations. (2) The space of scenes is continuous,
so hard partitioning creates numerous ambiguous boundary
cases. (3) Images often simultaneously exhibit characteris-
tics of multiple distinct scene categories. (4) A categorical
representation can not generalize to types of scenes which
were not seen during training.

In the past several years there has been interest in
attribute-based representations of objects [7, 10, 6, 5, 1,
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Figure 1: Visualization of a hypothetical space of scenes em-
bedded in 2D and partitioned by categories. Categorical scene
representations have several potential shortcomings: (1) Impor-
tant intra-class variations such as the dramatic differences between
four “village” scenes can not be captured, (2) hard partitions break
up the continuous transitions between many scene types such as
“forest” and “savanna”, (3) an image can depict multiple, inde-
pendent categories such as “beach” and “village”, and (4) it is dif-
ficult to reason about unseen categories, whereas attribute-based
representations lend themselves towards zero-shot learning [17].

18, 21], faces [9], and actions [24, 13] as an alternative or
complement to category-based representations. However,
there has been only limited exploration of attribute-based
representations for scenes, even though scenes are uniquely
poorly served by categorical representations. For example,
an object usually has unambiguous membership in one cat-
egory. One rarely observes issue 2 (e.g. this object is on
the boundary between sheep and horse) or issue 3 (e.g. this
object is both a potted plant and a television).

In the domain of scenes, an attribute-based representa-
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tion might describe an image with “concrete”, “shopping”,
“natural lighting”, “glossy”, and “stressful” in contrast to
a categorical label such as “store”. Figure 2 visualizes the
space of scenes partitioned by attributes rather than cate-
gories. Note, the attributes do not follow category bound-
aries. Indeed, that is one of the appeals of attributes — they

can describe intra-class variation (e.g. a canyon might have
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Figure 2: Hypothetical space of scenes partitioned by attributes
rather than categories. In reality, this space is much higher di-
mensional and there are not clean boundaries between attribute
presence and absence.

water or it might not) and inter-class relationships (e.g. both
a canyon and a beach could have water).

A small set of scene attributes were explored in Oliva
and Torralba’s seminal “gist” paper [14] and follow-up
work [15]. Eight “spatial envelope” attributes were found
by having participants manually partition a database of
eight scene categories. These attributes such as openness,
perspective, and depth were predicted based on the scene
gist representation. In [8], it was shown that these global
scene attributes are predictive of human performance on a
rapid basic-level scene categorization task.

More recently, Parikh and Grauman [ 6] argue for “rela-
tive” rather than binary attributes. They demonstrate results
on the eight category outdoor scene database, but their train-
ing data is limited — they do not have per-scene attribute
labels and instead provide attribute labels at the category
level (e.g. all highway scenes should be more “natural” than
all street scenes). This undermines one of the potential ad-
vantages of attribute-based representations — the ability to
describe intra-class variation. In this paper we discover, an-
notate, and recognize 15 times as many attributes using a
database spanning 90 times as many categories where every
scene has independent attribute labels.

Paper Outline. This paper primarily focuses on the cre-
ation and verification of our SUN attribute database in the
spirit of analogous database creation efforts such as Im-
ageNet [3], LabelMe [19], and Tiny Images [22]. First,
we derive a taxonomy of more than 100 scene attributes
from crowd-sourced experiments (Section 2). Next, we use
crowd-sourcing to construct our attribute-labeled dataset on
top of a significant subset of the SUN database [23] span-

ning more than 700 categories and 14,000 images (Sec-
tion 3). We visualize the distribution of scenes in attribute
space (Section 4) and measure how well our attributes pre-
dict scene category (Section 5). Finally we measure how
accurately we can predict attributes using existing image
representations (Section 06).

2. Building a Taxonomy of Scene Attributes
from Human Descriptions

Our first task is to establish a taxonomy of scene at-
tributes for further study. The space of attributes is effec-
tively infinite but the majority of possible attributes (e.g.,
“Was this photo taken on a Tuesday”, “Does this scene con-
tain air?”’) are not interesting. We are interesting in find-
ing discriminative attributes which are likely to distinguish
scenes from each other (not necessarily along categorical
boundaries). We limit ourselves to global, binary attributes.
This limitation is primarily economic — we collect millions
of labels and annotating binary attributes is more efficient
than annotating real-valued or relative attributes. None-the-
less, by averaging the binary labels from multiple annota-
tors we produce a real-valued confidence for each attribute.

To determine which attributes are most relevant for de-
scribing scenes we perform open-ended image description
tasks on Amazon Mechanical Turk (AMT). First we estab-
lish a set of “probe” images for which we will collect de-
scriptions. We want a set of images which is maximally
diverse and representative of the space of scenes. For this
reason we use the images which human participants found
to be most typical of 707 SUN database categories [4]. We
first ask AMT workers to provide text descriptions of in-
dividual scenes. From thousands of such tasks (hereafter
HITs, for human intelligence tasks) it emerges that people
tend to describe scenes with five types of attributes: (1) Ma-
terials (e.g. cement, vegetation), (2) surface properties (e.g.
rusty) (3) functions or affordances (e.g. playing, cooking),
(4) spatial envelope attributes (e.g. enclosed, symmetric),
and (5) object presence (e.g. cars, chairs).

Within these broad categories we focus on discrimina-
tive attributes. To find such attributes we develop a sim-
plified, crowd-sourced version of the “splitting task” used
by [14]. We show AMT workers two groups of scenes
and ask them to list attributes of each type (material, sur-
face property, affordance, spatial envelope, and object) that
are present in one group but not the other. The images that
make up these groups are typical scenes from distinct, ran-
dom categories. In the simplest case, with only one scene
in each set, we found that participants would focus on triv-
ial, happenstance objects or attributes (e.g. “treadmill” or
“yellow shirt”). Such attributes would not be broadly use-
ful for describing other scenes. At the other extreme, with
many category prototypes in each set, it is rare that any at-
tribute would be shared by one set and absent from the other.



We found that having two random scene prototypes in each
set elicited a diverse, broadly applicable set of attributes.
Figure 3 shows
an  example
interface.

The attribute
gathering task
was repeated
over 6000
times. From
the thousands
of raw dis-
criminative attributes reported by participants we collapse
nearly synonymous responses (e.g. dirt and soil) into
single attributes. We omit attributes related to aesthetics
rather than scene content. For this study we also omit the
object presence attributes from further discussion because
prediction of object presence, i.e. object classification,
has been thoroughly investigated (Additionally, the SUN
database already has dense object labels for most scenes).
Our participants did not report all of the spatial envelope
attributes found by [14], so we manually add binary ver-
sions of those attributes so that our taxonomy is a superset
of prior work. In total, we find 38 material, 11 surface
property, 36 function, and 17 spatial envelope attributes.

Which attributes distinguish the scenes on
the left from the scenes on the right?

rock, warm, barren, natural |

Figure 3: Mechanical Turk interface for
discovering discriminative attributes.

3. Building the SUN Attribute Database

With our taxonomy of attributes finalized we create the
first large-scale database of attribute-labeled scenes. We
build the SUN attribute database on top of the existing SUN
categorical database [23] for two reasons: (1) to study of the
interplay between attribute-based and category-based repre-
sentations and (2) to ensure a diversity of scenes. We anno-
tate 20 scenes from each of the 717 SUN categories that
contain at least 20 instances. Each scene has 102 attributes
and each attribute will have multiple annotations. In total
we gather more than four million labels. This necessitates a
crowdsourced annotation strategy and we once again utilize
AMT.

3.1. The Attribute Annotation Task

The primary difficulty of using a large, non-expert work-
force is ensuring that the collected labels are accurate while
keeping the annotation process fast and economical [20].
From an economic perspective, we want to have as many
images labeled as possible for the lowest price. From
a quality perspective, we want workers to easily and ac-
curately label images. We find that particular UI design
decisions and worker instructions significantly impacted
throughput and quality of results. After several iterations,
we choose a design where workers are presented with a grid
of 4 dozen images and are asked to consider only a single
attribute at a time. Workers click on images which exhibit

When you mouse over one of the images, a
larger version of that image will appear in
the box below.

Scene Attribute Labeling

Click on the scenes below that contain the
following lighting or material:

camping Either an actual camp site, or scene
in wilderness suitable enough for humans to make
a tent and/or sleep.

Example Scene Example Scene

This task can be very subjective. If you are not
sure about which images should be selected,
please *SKIP THIS HIT* or email us to ask for
clarification. There are more HITs with less
subjective attributes

These HITs are reviewed before being
approved or rejected.

For futher instructions Click Here!

il

Images continued down the page ... I

Figure 4: Annotation interface for AMT workers. The particu-
lar attribute being labeled is prominently shown and defined. Ex-
ample scenes which contain the attribute are shown. The worker
can not scroll these definitions or instructions off of their screen.
When workers mouse over a thumbnail a large version appears in
the preview window in the top right corner.

the attribute in question. Before working on our HITs, po-
tential annotators are required to pass a quiz covering the
fundamentals of attribute identification and image labeling.
An example of our HIT user interface is shown in Figure 4.

Even after the careful construction of the annotation in-
terface and initial worker screening, many workers’ annota-
tions are unreasonable. We use several techniques to filter
out bad workers and then cultivate a pool of trusted work-
ers:

Filtering bad workers. Deciding whether or not an at-
tribute is present in a scene image is sometimes an ambigu-
ous task. This ambiguity combined with the financial incen-
tive to work quickly leads to sloppy annotation from some
workers. In order to filter out those workers who performed
poorly, we flag HITs which are outliers with respect to an-
notation time or labeling frequency. Some attributes, such
as “ice” or “fire”, rarely appear and are visually obvious and
thus those HITs can be completed quickly. Other attributes,
such as “man-made” or “natural light”, occur in more than
half of all scenes thus the expected completion time per HIT
is higher. Any worker whose average number of labels or
work time for a given attribute is greater than one standard
deviation away from the average for all workers is added to
a list of workers to manually review. We review by hand a
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Figure 5: These plots visualize our criteria for identifying suspi-
cious workers to grade. Figure 5a shows the heavy-tailed distri-
bution of worker contributions to the database. The top workers
spent hundreds of hours on our HITs. The red line in plot 5b de-
marcates the average work time across all workers, and the blue
lines mark the positive and negative standard deviation from the
mean. Work time statistics are particularly useful from identifying
scam workers as they typically rush to finish HITs.

fraction of the HITs for each suspicious worker as well as
a random sampling of non-suspicious workers. Any worker
whose annotations are clearly wrong is added to a blacklist.
They are paid for their time, but none of their labels become
part of the final dataset.

Cultivating good workers. The pay per HIT is initially
$0.03 but increases to $0.05 plus 10% bonus after workers
have a proven track record of accuracy. The net result of
our filtering and bonus scheme is that we cultivate a pool
of trained, efficient, and accurate annotators as emphasized
by [2]. In general, worker accuracy rose over time and
we omit over one million early annotations from the final
database.

After labeling the entire dataset once with the general
AMT population, we identify a smaller group of 38 trusted
workers out of the ~800 who participated. We repeat the
labeling process two more times using only these trusted
workers. The idea of finding and heavily utilizing good
workers is in contrast to the “wisdom of the crowds” crowd-
sourcing strategy where consensus outweighs expertise, but
is consistent with recent research such as [1 1] where good
workers were shown to be faster and more accurate than the
average of many workers. Figure 5 shows the contributions
of all workers to our database.

Figure 6 qualitatively shows the result of our annota-
tion process. To quantitatively assess accuracy we manu-
ally grade ~600 random positive and ~600 random nega-
tive AMT annotations in the database. For both types of
annotation, we find ~93% of labels to be reasonable. Neg-
ative labels are more common, making up 92% of the anno-
tations. This does not seem to be an artifact of our interface
(which defaults to negative), but rather it seems that scene
attributes follow a heavy-tailed distribution with a few be-
ing very common (e.g. “natural”) and most being rare (e.g.

“wire”).

In the following sections, our experiments rely on the
consensus of multiple annotators rather than individual an-
notations. This increases the accuracy of our labels. We
manually grade 5 scenes for each of our 102 attributes
where the consensus was positive (2 or 3 votes) and like-
wise for negative (0 votes). In these 1020 scenes we find
that the consensus annotation is reasonable 95% of the time
for both positive and negative labels.

4. Exploring Scenes in Attribute Space

Now that we have a database of attribute-labeled scenes
we can attempt to visualize that space of attributes. In
Figure 7 we show all 14,340 of our scenes projected onto
the two highest variance PCA bases. We sample several
points in this space to show the types of scenes present as
well as the nearest neighbors to those scenes in attribute
space. For this analysis the distance between scenes is sim-
ply the Euclidean distance between their real-valued, 102-
dimensional attribute vectors.

5. Predictive Power of Attributes

In this section we measure how well we can predict
scene category from ground truth scene attributes. While
the goal of this paper and our database is not necessarily
to improve the task of scene categorization, this analysis
does give some insight into the interplay between scene cat-
egories and scene attributes.

One hundred binary attributes could potentially predict
membership in 700 hundred categories if the attributes were
(1) independent and (2) consistent within each category,
but neither of these are true. Many of the attributes are
correlated (e.g. “farming” and “open area”) and there is
significant attribute variation within categories. Further-
more, many groups of SUN database scenes would re-
quire very specific attributes to distinguish them (e.g. “for-
est_needleleaf” and “forest_broadleaf™), so it would likely
take several hundred attributes to very accurately predict
scene categories.

Figure 8 shows how well we can predict the category of
a scene with known attributes as we increase the number of
training examples per category. Each image is represented
by the ground truth average attribute labels with no visual
features. We compare this to the classification accuracy of
visual features [23] on the same data set. With 1 training ex-
ample per category, attributes are roughly twice as accurate
as visual features. Performance equalizes as the number of
training examples approaches 20 per category. The perfor-
mance of our attribute-based classifiers hints at the viability
of zero-shot learning techniques which have access to at-
tribute distributions for categories but no visual examples.
The fact that category prediction accuracy increases signif-
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Figure 6: The images in the table above are grouped by the number of positive labels (votes) they received from AMT workers. From
left to right the visual presence of each attribute increases. Note that for functional / affordance attributes, AMT workers are instructed to
positively label an image if the attribute is likely to occur in that image, not just if it is actually occurring.
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Figure 8: Category recognition from ground truth attributes us-
ing an SVM. We plot accuracy for the 717 category SUN Attribute
dataset and for a subset of 395 categories which roughly match
the evaluation of the SUN 397 dataset [23] (two categories present
in [23] are not part of the SUN Attribute dataset). We compare
attribute-based recognition to visual recognition by plotting the
highest accuracy from [23] (pink dotted line).

icantly with more training examples may be a reflection of
intra-class attribute variations.

6. Recognizing Scene Attributes

A motivation for creating the SUN Attribute dataset is to
enable deeper understanding of scenes. For scene attributes
to be useful they need to be machine recognizable. To as-
sess the difficulty of scene attribute recognition we perform
experiments using the features and kernels which achieve
state of the art category recognition on the 15 scene database
and SUN database. Xiao et al. in [23] show that a combi-
nation of several scene descriptors results in a significantly
more powerful classifier than any individual feature. Ac-
cordingly, our SVM classifiers use a combination of kernels
generated from gist, HOG 2x2, self-similarity, and geomet-
ric context color histogram features (See [23] for feature
and kernel details). These four features were chosen be-
cause they are each individually powerful and because they
can describe distinct visual phenomena.

To recognize attributes in images, we create an individ-
ual classifier for each attribute using random splits of the
SUN Attribute dataset for training and testing data. Note
that our training and test splits are category agnostic — for
the purpose of this section we simply have a pool of 14,340
images with varying attributes. We treat an attribute as
present if it receives at least two votes and absent if it re-
ceives zero votes. As shown in Figure 6, images with a



Figure 7: 2D visualization of the SUN Attribute dataset. Each image in the dataset is represented by the projection of its 102-dimensional
attribute feature vector onto two PCA dimensions. There are 7 groups of nearest neighbors, each designated by a color. The centers of the
nearest neighbor groups are marked with a square. Interestingly, while the nearest-neighbor scenes in attribute space are semantically very
similar, for most of these examples (underwater_ocean, abbey, coast, ice skating rink, field_wild) none of the nearest neighbors actually fall
in the same SUN database category. The colored border lines deliniate the approximate separation of images with and without the attribute

associated with the border. Figure best viewed in color.

single vote tend to be in a transition state between the at-
tribute being present or absent so they are excluded from
these experiments. We train and evaluate independent clas-
sifiers for each attribute even though correlation between
attributes could make “multi-label” classification methods
advantageous. For each attribute we wish to recognize we
train an SVM with each of our four features. We calculate
the average precision (AP) of each classifier and construct
a combined kernel from a combination of individual feature
kernels. Each kernel is normalized and then weighted in
proportion to that feature’s AP for a given attribute. Each
classifier is trained on 300 images and tested on 50 images
and AP is computed over five random splits. Each classi-
fier’s train and test sets are half positive and half negative
even though most attributes are sparse (i.e. usually absent).
We fix the positive to negative ratio so that we can compare
the intrinsic difficulty of recognizing each attribute without
being influenced by attribute popularity.

Figure 9 shows that the average performance of our clas-
sifiers is fairly good (AP .88) and the combined classifier
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Figure 9: Average Precision values averaged for all attributes.
The combined feature classifier is more accurate than any indi-
vidual feature classifier. Average Precision steadily increases with
more training data.
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Figure 10: Average Precision for all of the attributes in our dataset. The AP of chance selection is marked by the red line. All attributes
can be recognized significantly better than chance, even when the visual manifestation of such attributes tends to be quite subtle.

outperforms any individual feature. Not all attributes are
equally easy to recognize — Figure 10 plots the average pre-
cision for each attribute’s combined feature SVM. It is clear
from Figure 10 that certain attributes, especially some sur-
face properties and spatial envelope attributes, are particu-
larly difficult to recognize with our global image features.

We show qualitative results of our attribute classifiers in
Figure 11. Our attribute classifiers perform well at recog-
nizing attributes in a variety of contexts. Most of the at-
tributes with strong confidence are indeed present in the
images. Likewise, the lowest confidence attributes are
clearly not present. It is particularly interesting that func-
tion/affordance attributes and surface property attributes are
often recognized with the stronger confidence than other
types of attributes even though functions and surface prop-
erties are complex concepts that may not be easy to define
visually. For example the golf course test image in Fig-
ure 11 shows that our classifiers can successfully identify
such abstract concepts as “sports” and “competing” for a
golf course, which is visually quite similar to places where
no sports would occur. Abstract concepts such as “praying”
and “aged/worn” are also recognized correctly in both the
abbey and mosque scenes in Figure 11. Figure 12 shows
three failure cases.

7. Discussion

Scene attributes are a fertile, unexplored recognition do-
main. Many attributes are visually quite subtle and nearly
all scene descriptors in the literature were developed for the
task of scene categorization and may not generalize well
to attribute recognition. Even though all of our attribute
labels are global, many attributes have clear spatial sup-
port (materials) while others may not (functions and affor-
dances). Techniques from weakly supervised object recog-
nition might have success at discovering the spatial support
of our global attributes where applicable. Multi-label clas-

Detected Attributes

Most Confident Attributes: vegetation,
open area, sunny, sports, natural light,
no horizon, foliage, competing, railing,
natural

Least Confident Attributes: studying,
gaming, fire, carpet, tiles, smoke, medi-
cal, cleaning, sterile, marble

Most Confident Attributes: shrubbery,
flowers, camping, rugged scene, hiking,
dirt/soil, leaves, natural light, vegeta-
tion, rock/stone

Least Confident Attributes: shingles,
ice, railroad, cleaning, marble, sterile,
smoke, gaming, tiles, medical

Most Confident Attributes: eating, so-
cializing, waiting in line, cloth, shop-
ping, reading, stressful, congregating,
man-made, plastic

Least Confident Attributes: gaming,
running water, tiles, railroad, waves/
surf, building, fire, bathing, ice, smoke
Most Confident Attributes: vertical com-
ponents, vacationing, natural light, shin-
gles, man-made, praying, symmetrical,
semi-enclosed area, aged/ worn, brick
Least Confident Attributes: railroad, ice,
scary, medical, shopping, tiles, cleaning,
sterile, digging, gaming

Most Confident Attributes: vertical com-
ponents, brick, natural light, pray-
ing, vacationing, man-made, pavement,
sunny, open area, rusty

Least Confident Attributes: ice, smoke,
bathing, marble, vinyl, cleaning, fire,
tires, gaming, sterile

Test Scene Images

Figure 11: Attribute detection. For each query, the most confi-
dently recognized attributes (green) are indeed present in the test
images, and the least confidently recognized attributes (red) are
either the visual opposite of what is in the image or they are irrel-
evant to the image.



Detected Attributes

Test Images

/ Most Confident Attributes: swimming,
asphalt, open area, sports, sunbathing,
natural light, diving, still water, exer-
cise, soothing

Least Confident Attributes: tiles, smoke,
ice, sterile, praying, marble, railroad,
cleaning, medical activity, gaming

Most Confident Attributes: cold, con-
crete, snow, sand, stressful, aged/ worn,
dry, climbing, rugged scene, rock/stone
Least Confident Attributes: medical
L activity, spectating, marble, cleaning,
waves/ surf, railroad, gaming, building,
shopping, tiles

Most Confident Attributes: carpet, en-
closed area no horizon, electric/indoor
lighting, concrete, glossy, cloth, work-
ing, dry, rubber/ plastic

Least Confident Attributes: trees, ocean,
digging, open area, scary, smoke, ice,
railroad, constructing/ building, waves/
surf

Figure 12: Failure cases. In the top image, it seems the smooth,
blue regions of the car appear to have created false positive detec-
tions of “swimming”, “diving”, and “still water”. The bottom im-
ages, unlike all of our training data, is a close-up object view rather
than a scene with spatial extent. The attribute classifiers seem to
interpret the cat as a mountain landscape and the potato chips bag

as several different materials - “carpet”, “concrete”, “glossy”, and

“cloth”.

sification methods, which exploit the correlation between
attributes, might also improve accuracy when recognizing
attributes simultaneously. We hope that the scale and vari-
ety of our dataset will enable many future explorations in
the exciting space of visual attributes.
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