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Abstract. Through recycling textile waste, greenhouse gas emissions
can drastically be reduced. Such textile recycling has become a lot eas-
ier with clothing retailers now starting to offer recycling checkpoints.
Moreover, people today are often challenged by overloaded wardrobes
and store many clothing items that they never use. In this paper, we
describe an Internet of Things system that creates incentives for the
users to recycle their clothes, benefiting the environmental sustainabil-
ity. We propose a content-based recommendation approach that utilizes
semantic web technologies and that leverages a set of context signals
obtained from the system’s architecture, to recommend clothing items
that might be relevant for the user to recycle. Experiments on a real-
world dataset show that our proposed approach outperforms a baseline
which does not utilize semantic web technologies.
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1 Introduction

In today’s world, overconsumption is becoming a huge concern. The equivalent
for fast food called ‘fast fashion’ is becoming a phenomenon, and people con-
tinue to purchase large quantities of clothes. Because of this, textile recycling
has become a pressing issue. Textile recycling has old history but was earlier
often just concerned with the economic benefits. As of now, the environment
has become the number one factor for doing textile recycling. For every pound
of recycled textile, more greenhouse gas emissions are prevented than for every
pound of glass, plastic, and paper—combined [1]. Moreover, Klepp and Laitala
found that 20% of the clothes in Norwegians’ wardrobes were never or rarely
used [2]. Because of this, clothing retailers are now starting to offer checkpoints
where people can recycle their clothes in order to enhance the environmental
sustainability.
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It is important that people get incentives to use these recycling checkpoints.
Such incentives can be generated by recommender systems and Internet of
Things technology. Traditionally, recommender systems try to predict items that
might be of interest to the users. A popular technique for recommender systems
is known as content-based filtering [3]. Content-based recommendations build
a user profile of item properties that the user has shown an interest of in the
past and then computes item similarities with other items that the user has not
seen yet. In previous studies, content-based recommender systems enabled with
semantic web technologies have shown promising results by increasing the accu-
racy of the recommendations [4]. Linked Open Data (LOD) is a semantic web
technology that forms a set of rules for publishing data so that the data become
machine-readable and free of use for anyone [5].

In [6], we proposed a system called Connected Closet—a smart closet where
clothing items enabled with radio-frequency identification (RFID) tags can be
scanned in the user’s closet, tracking the usage history of the clothes. The sys-
tem’s mobile application leverages data collected from the smart closet, to guide
users in their everyday lives and making the users’ wardrobes explorable on a
mobile device. In [7], we proposed a recommendation approach for recommend-
ing daily outfits to the users. In this paper, we propose a semantic content-based
recommender system that leverages a set of context signals obtained from the
system’s architecture to provide recycling suggestions to users of the system. By
utilizing semantic web technology, the recommender system’s accuracy improves.
Moreover, it can improve the system’s transparency and increase the user’s trust
and confidence in the system.

Contributions. The main contributions of this paper may be summarized as
follows:

1. We propose a content-based recommender system that utilizes LOD to rec-
ommend clothing items to be recycled from a smart closet.

2. We evaluate our proposed recommender system on a real-world dataset and
compare it to a baseline that does not utilize semantic web technology.

The remainder of this paper is structured as follows. In Sect.2, we describe
the contextual models addressed when computing the recommendations. Then,
we describe our recommendation algorithm in Sect.3. In Sect.4, we evaluate
our proposed approach and discuss related work in Sect. 5. We conclude with a
summary and discuss future work in Sect. 6.

2 Contextual Models

In this section, we describe the contextual signals obtained from the proposed
system’s architecture depicted in Fig. 1. We describe how they are obtained and
how they affect the recommendation algorithm for recycling recommendations.



Context-Aware Recommendations for Sustainable Wardrobes 53

Season-Aware

\

I TextRazor.

> i
a1

External
Services

% Cloud  Martt

S | o
<F _ — =
L :
< [l
[ ] [ ] >
N) :
@

RFID] . -

— Closet Mobile Application

Fig. 1. Architecture for a sustainable wardrobe. The figure indicates where in the
system the contextual signals are obtained from.

2.1 Usage-Aware

The user’s clothing items are enabled with RFID tags. These can be manually
scanned through an RFID reader connected to a tiny computer embedded in the
user’s Closet. The computer will broadcast a message containing information
about the scan to a set of services deployed in the Cloud. Each scan is added to
the set S.

Clothing items that are often checked out of the user’s closet will achieve a
higher user rating. More formally, based on item usage, we calculate the user’s
rating of a clothing item as follows:

R ) 1
T#(uaz) = §|Suz|a (1)

where S, ; is the set of all scans of clothing item 7 done by user w.

2.2 Taste-Aware

In the Mobile Application, the user can save his favorite outfits. An outfit is
represented as a tuple (one top and one bottom). The user’s favorite outfits are
added to the set O,. Items that occur in many outfit combinations will achieve
a high rating. More formally, the user rating based on the user’s favorite outfits
is defined as follows:

Pr(u,1) = {(j,k) € Ou | j =iV k =i} (2)
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2.3 Season-Aware

The usage pattern of some items might only occur during a season, e.g., a winter
coat will only be used in the winter. Such seasonal clothing items are assigned to
a season {winter|spring|summer|fall}. If a seasonal clothing item is recommended
for recycling, we check if the item was used during the last assigned season. This
is done by looking up the latest item scans in S. If the item was used during the
season, the item is removed from the recommended list and not displayed to the
user.

3 Semantic Content-Based Recommender System

In [6], we proposed a model for recycling recommendations that recommended
the lowest rated items. Although, considering how the ratings are obtained from
the context signals, newly bought clothing items would always be recommended
for recycling when using such a model. In this paper, we propose a content-
based recommender system that recommends the items that are as least similar
as possible to the user profile.

3.1 Vector Space Model

In our recommendation approach, we adopt the Vector Space Model, where we
represent each clothing items as a vector. We then use the Bag of Concepts [14]
approach to create the vectors using entities from Wikidata', which is a Knowl-
edge Base published as LOD. As a weighting scheme, the Concept Frequency
(CF) is used. Here, the term concept refers to the Wikidata entities.

The user profile is represented as a set of clothing item vectors:

profile(u) = {i | #(u,i) > A}, (3)
where 7(u,7) is an aggregate of ,(u,?) and 7-(u,i), and i is the CF vector
representing clothing item 4.

The user’s clothing items are then sorted ascending in a ranked list using
this scoring function:

> dist(i,])
_ . jeprofile(u)
p— 4
(v, 1) [profile(u)| ’ (@)

where dist(i, j) is a distance measure between the vectors representing the cloth-
ing items ¢ and j. In our approach we use the Fuclidean distance defined as
follows:

dist(q,p) =

where q and p are both vectors of n dimensions.

! https://www.wikidata.org/.
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3.2 Semantic Item Representation

Figure 2 shows an excerpt of the services deployed in the Cloud. When new cloth-
ing items are fed into the system, they are inputted with a free text description
to the Catalog service. To represent the clothing items as vectors using Wikidata
entities with CF, the following process is performed on the item’s text descrip-
tion (the location of where in the system each step is performed is depicted in
Fig. 2):

(1) Entity extraction. We extract Wikidata entities by using the TextRazor
API2. For disambiguating entities, each entity is ranked with a confidence
score based on multiple signals in the text.

(2) Weighting. We generate vectors using the CF weighting scheme from the
entities returned by Step 1.

(3) Storing. The vectors are then stored in the system’s graph database called
Ttem storage.

In the system’s current stage, removal of stop entities and generic entities, is
not addressed and will be included in the process in future research.

l Input

2
Catalog
service
'~._. I TextRazor.

~

Il Wikidata

Fig. 2. Excerpt of the system’s services deployed in the Cloud. An illustration of the
process of a new item being stored in the system.
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4 Experiments

To demonstrate the validity of our approach, we perform an evaluation on a
dataset collected from the Web.

2 https:/ /www.textrazor.com/.
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4.1 Dataset

In order to evaluate our approach, we desired a dataset consisting of users with
outfit ratings, the user’s usage history on clothing items, and information on
which clothing items that have been recycled. Because our system is not yet in
full scale production and there seems to be little available data in this domain,
we could only obtain a dataset addressing outfit ratings.

The dataset was collected from the social media site Polyvore?. Polyvore is
a site where users can create fashion outfits. Other people can rate these outfits
using a ‘like’ button on a unary rating scale. This mirrors the functionality found
in the smart closet’s mobile app. The collected dataset consists of 260 rated
outfits composed by 158 clothing items, 7093 users and 19287 outfit ratings.

Figure3 shows an example from one of the items in the collected dataset.
The top shows the representation of the item using the classic Bag of Words
approach with a Term Frequency (TF) vector. Below, is the representation of
the item after it has gone through the process described in Sect.3.2. The blue
node (item) represent the clothing item, while the green nodes (labels starting
with‘Q’) represent the Wikidata entities describing the clothing item. To visualize
the context signals, we have included one user’s interactions with the item. In
the figure, 7, (u,?) (USAGE_COUNT) and #,(u,¢) (OUTFIT_LIKES) are represented
as relations from the user node to the item node.

Bag of Words

—

item = [ 2 1 0 1]

Bag of Concepts

Fig. 3. Representation of a sample item. Text description: “Miu Miu’s vibrant Resort
’17 collection is inspired by the '90s rave scene. Knitted in a kaleidoscope of hues, this
cropped sweater has sumptuous touches of wool, mohair and [...] Dry clean.. Made in
Italy..”. Given this description, the Wikidata entities such as Q42329 (wool), 232191
(sweater), and Q552230 (Miu Miu) are extracted.

3 http://www.polyvore.com/.
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4.2 Evaluation Method

Due to the nature of the dataset, we can only consider the ratings obtained by
the Taste-Aware context signal. For this reason, the other signals are neglected
in this experiment. Moreover, the dataset does not contain clothing items that
have been recycled by the users. This means that we need to make an assumption
for when a clothing item is relevant for recycling. In this experiment, a clothing
item that is relevant for recycling is a clothing item that occurs only once in the
user’s favorite outfits, i.e., #(u,i) = 1.

Evaluation protocol. We evaluate all the users in the dataset that has at
least one item 4 such that #.(u,7) > 3. Moreover, we set A = 2 in Eq. 3. We then
assume that the user only owns items that occurs at least once in his favorite
outfits, i.e., 7+ (u, 1) > 0. For these items, we generate a recommended list to the
users using Eq. 4.

Evaluation metrics. To assess the quality of the recommendations we apply
the traditional evaluation metrics Recall and Precision defined as follows:

_P_ Precision = P ) (6)
tp+ fn tp+ fp

where tp is the number of correctly recommended relevant items, fn is the
number of wrongly recommended relevant items, and fp is the number of wrongly
recommended non-relevant items. We report Recall@N and Precision@N which
is the Recall and Precision in a ranked list just considering the first N items.

Recall =

Baseline method. As a baseline, we use the classic Bag of Words approach
and represent the free text descriptions of the clothing items as TF vectors as
opposed to CF in our proposed approach.

4.3 Results

We report the results in Fig. 4. For the evaluation metrics, we focused on N = 5,
since our system will display 5 recycling recommendations to the user. From
the figure, we note that our proposed approach using the CF weighting scheme
outperforms the baseline in both categories.

5 Related Work

Smart closets. Previous works [8,9] have proposed similar architectures with
RFID-enabled clothing items that is leveraged to generate outfit recommenda-
tions. Some other earlier works [10,11] are also leveraging RFID technology—as
shown in this paper, but the applications in these works are limited to inventory
overview. In this paper, we mainly focus on leveraging our proposed architecture
to recommend textile recycling suggestions.
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Fig. 4. Experiment results of Recall@5 and Precision@5 for the baseline (TF) and
our proposed approach (CF). The reported results are the average of Recall@5 and
Precision@5 for each user evaluated in the experiment.

Recommendation approach. In recent years, LOD in recommender systems
has been frequently researched and various applications have been proposed
[4,12]. The most common application is to calculate semantic similarity of items
based on the item’s relationships found in datasets published as LOD. Using
concepts from a LOD Knowledge Base to model the user profile have shown
promising results in past work, e.g., [13]. Many of these past works use DBpedia*
as a LOD Knowledge Base and focus on recommendation in the traditional
domains where large datasets are available, such as movies, music, and books.

Our recommender system addresses a relatively unexplored domain and
exploits a LOD Knowledge Base lacking previous research. To the best of our
knowledge, recommending items that are no longer of interest to the user is a
quite recent idea. Moreover, with the proposed approach built into the archi-
tecture of the Internet of Things wardrobe, this paper’s proposed recommender
system in the fashion domain is the first of its kind.

6 Discussion

CF vs. TF. In the following, we highlight the advantages our proposed CF
approach has over the TF baseline. These highlights should give an idea of why
the CF outperforms TF. A drawback of Bag of Words is that it considers all

* http://wiki.dbpedia.org/.
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words in the text descriptions as equally important. To use the item in Fig.3
as an example, it represents the item as an item containing the word ’miu’
two times, when—in fact—Miu Miu’ is the brand of the item and is of vital
importance to the representation of the item. For clothing items with brand
names of common terms, such as 'Jean Shop’, the Bag of Words approach is
in deep trouble. In advantage, the Bag of Concepts approach is able to extract
the ‘Miu Miu’ entity (@552230) and able to capture the semantic context of the
item. Moreover, the Bag of Words approach will describe the item using words
such as ’clean’, which does not characterize the item in any way.

Textile recycling recommendations. By recycling textile waste, benefits can
be seen in the environmental, the economical, and the social sustainability. With
today’s recommender systems already making a huge impact on people’s pre-
purchase behaviour, it is evident that they also can affect people’s post-purchase
behaviour. A system architecture and a recommender system as described in
this paper, is a good candidate to affect people’s post-purchase behaviour for
the social good, by recommending clothes that the system’s users can remove
from their wardrobes.

7 Conclusion and Future Work

In this paper, we describe an Internet of Things wardrobe enabled with a pro-
posed semantic content-based recommendation approach to recommend cloth-
ing items for recycling. We describe a set of context signals obtained from the
wardrobe’s architecture and how they affect the recommended list displayed to
the user. Evaluation of our approach shows that our approach outperforms a
baseline in terms of accuracy. Moreover, previous research has shown that LOD
can increase recommender system’s transparency and increase the user’s trust in
the system by computing convincing explanations to the recommendations [15].
The proposed approach facilitates opportunities for this and is planned for later
research. Hence, the approach poses as a promising fit for the system.

Future work will also be devoted to improving the recommendation approach
with a Concept Frequency - Inverse Document Frequency weighting scheme, and
to develop further steps in system for the users to act on the recommendations.
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