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Abstract

We attack the problem of building classifiers for public
faces from web images collected through querying a name.
The search results are very noisy even after face detection,
with several irrelevant faces corresponding to other people.
Moreover, the photographs are taken in the wild with large
variety in poses and expressions.

We propose a novel method, Face Association through
Model Evolution (FAME), that is able to prune the data
in an iterative way, for the models associated to a name to
evolve. The idea is based on capturing discriminative and
representative properties of each instance and eliminating
the outliers. The final models are used to classify faces on
novel datasets with different characteristics. On benchmark
datasets, our results are comparable to or better than the
state-of-the-art studies for the task of face identification.

1. Introduction

Constituting an important portion of the queries, search-
ing for people requires to manage large number of face im-
ages piling up on the web. With the recent advances, es-
pecially for celebrities and politicians, the returned results
-even with a query based on the textual content- provide a
large pool of positive instances. This suggests the use of
returned results for building models automatically in devel-
oping large-scale systems and eliminating the human effort.

Although queries for the popular people are likely to pro-
vide more promising results compared to the others (see
Figure[I)), famous people tend to change their make-up, hair
style/color, and accessories more often, and they are pho-
tographed in unconstrained environments and conditions
with a diverse set of sources, resulting in a large variety
in their visual appearances. They are also likely to be cap-
tured with others, and their names are mentioned in stories
related to others, causing irrelevant faces to be retrieved.
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Figure 1. The search results for Angelina Jolie are more satisfac-
tory than the ones for Aileen Quinn since there are more instances
encountered on the web. On the other hand, Angelina Jolie is pic-
tured more often in a diverse set of conditions and outfits, causing
larger variety in her looks compared to Aileen Quinn whose pic-
tures are mostly taken from the movie Annie. In both cases, it is
likely for the returned images to include more than a single person:
either irrelevant people due to the text mentioning the name in a
different story, or the others in relation with the queried person.

For the query results to be helpful in building models,
faces corresponding to other people should be eliminated
and discriminative as well as diverse set of faces for the
queried individuals should be selected.

In this study, we address the problem of building mod-
els for identification of faces through exploiting the weakly
labeled web data. We propose a new method, Face Asso-
ciation through Model Evolution (FAME), that utilizes
the noisy results obtained through a name query to con-
struct models. Our models evolve through consecutive it-
erations to associate the query name with the correct set of
faces. These models are then used to label faces on novel
datasets. FAME removes the outlier faces in constructing
models, while retaining the diversity as much as possible.
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Figure 2. Overview of the proposed method. The data is pruned from spurious instances through eliminating the outliers. Then, the most
confident in-class examples are utilized to build the models. These successive steps are repeated to construct the final model.

Figure 2] depicts the overview of FAME. Details will fol-
low the review of the relevant studies and the benchmark
datasets used in the experiments.

2. Related Works and Datasets

The work of Berg et al. is one of the first attempts in
large scale face labeling through utilizing weakly-labeled
web images [5 4] with the “Labeled Faces in the Wild”
(LFW) dataset introduced. Assuming that in an image at
most one face corresponds to a name, they use names as
constraints in clustering faces. With a similar constraint that
faces in an image cannot be in the same cluster, Pham et
al. [24] use a hierarchical agglomerative clustering method.
With these methods it is likely to have clusters with several
people mixed in, and multiple clusters for the same person,
although ideally there should be a single cluster per person.

[22] consider the problem as retrieving faces for a sin-
gle query name, and then pruning the set from the irrelevant
faces. With the assumption that the most similar subset of
faces will correspond to the query, the densest component
in the similarity graph is sought using a greedy method. For
improvement, uses a constraint for each image to con-
tain a single instance of the queried person and assigns non-
zero weights to nearest neighbors in the graph. They also
handle multi-person naming and null assignments.

In face-name association is tackled as a multiple in-
stance learning problem over pairs of bags, where a pair of
bags is labeled as positive if they share at least one name in
their caption. Labeled Yahoo! News dataset is introduced

through manually annotating and extending LFW dataset.

In [16], attribute and smile classifiers are proposed for
verifying the identity of faces and Pub-Fig dataset, con-
sisting of public figures on the web, is presented as having
larger number of individuals and instances than LFW.

Recently, PubFig83, a subset of PubFig dataset with
near-duplicates eliminated and individuals with large num-
ber of instances selected, is provided for face identification
task [25]. Inspired from biological systems, [23] consider
V1-like features. In [8]], person-specific subspace analysis
is presented for identification of celebrities.

[20] defines the open-universe face identification prob-
lem as identifying faces with one of the labeled categories
in a dataset including distractor faces that do not belong to
any of the labels. In this direction, [2]] combines PubFig83,
as being the set of labeled individuals, and LFW, as being
the set of distractors.

Although search-based face annotation [31]], which aims
to annotate a face image through exploiting the labels of
top ranked similar facial images, is similar to our problem
in dealing with noisy labels, the problem different than ours
where there is no query image to measure the similarity.

Inspired by the recently emerged studies on harvesting
web for re-ranking of search results and building qualified
training sets 3] 7, and on discovering dis-
criminative patches [18] [13]], we attack the prob-
lem of face identification as the learning of models through
pruning the weakly-labelled data.
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3. Model Evolution

An important caveat in learning models from weakly-
labeled data is the impurity of the collection. Spurious in-
stances in the collection should be eliminated before gener-
ating models for the categories. We present an approach for
learning better models through iteratively pruning the data
(see Figure [2). The proposed method allows the models
to evolve through eliminating the outlier instances and sep-
arating the most confident instances from the others with
successive linear classifiers.

First, we learn a hyperplane that separates the initial set
of candidate class instances from the large set of global
negatives representing the rest of the world against the class
of interest. Then, we select some fraction of the class in-
stances distant from the separating hyperplane and use them
as the category references as they are confidently classified
against the rest of the world. We consider the rest of the
class instances as possible spurious instances.

We then learn another model to capture in-class dissimi-
larities between the category references and possible spuri-
ous instances. We combine the confidence scores of the first
and the second models as a measure of instance saliency.
This combination allows us to benefit both from being dif-
ferent from the rest of the world, and in-class affinity of the
instance. We detect instances with the lowest confidence
scores as the outliers for that iteration. These steps are it-
erated multiple times up to a desired level of pruning (see
Figure3).

The large dimensional representation used (see Sec-
tion [3.2) allows the diverse set of positive examples to be
kept in the final model, but might cause computational bur-
den with complicated learning models. Therefore, we lever-
age simple linear regression (LR) models with L1 norm reg-
ularization performing sparse feature selection as the learn-
ing evolves.

Note that, our focus is to eliminate the outliers and purify
the data while keeping most of the positives, and therefore
it is not sufficient to only select most confident instances.

3.1. Iterative Data Elimination

Algorithm [T summarizes our data elimination procedure.
Here, C = {c1,ca,...cm | refers to the example face im-
ages collected for a class and N = {nqy,na,...,n;} refers
to the vast numbers of global negatives. Each vector is a d
dimensional representation of a single face image.

At each iteration ¢, the first LR model M learns a hyper-
plane between the candidate class instances C' and global
negatives N. Then, C is divided into two subsets: p in-
stances in C' that are farthest from the hyperplane are kept
as the candidate positive set (C ) and the rest is considered
as the negative set (C ™) for the next model. C'T is the set
of salient instances representing the category references for
the class and C~ is the set of possible spurious instances.
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Figure 3. One step of model evolution. First, a model M1 is
learned to separate candidate category instances from global neg-
atives. Then, the most confidently classified examples are con-
sidered as category references. Another model M2 is learned to
separate the category references from the other candidates. Spuri-
ous instances that lie farthest from the hyperplane are eliminated.

Algorithm 1: FAME
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The second LR model M? uses C™ as positive and C~
as the negative set to learn the best possible hyperplane sep-
arating them. For each instance in C'~, by aggregating the
confidence values of both models, o instances with the low-
est scores are eliminated as the outliers.

This iterative procedure continues until it satisfies a stop-
ping condition. We use M!’s objective as the measure of
data quality. As we incrementally remove poor instances,
we expect to have better separation against the negative in-
stances. If it saturates after a small number of iterations, we
guarantee that at least 0.1 of the initial data is removed.
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Figure 4. Random set of filters learned from (a) whitened raw image pixels, (b) LBP encoded images. (c) Outliers for raw-image filters. (d)
LBP encoding for an RGB image. We might observe eye or mount shaped filters from the raw image filters and more textural information
from the LBP encoded filters. Outlier filters are very cluttered and observe low number of activations mostly from background patches.

3.2. Representation

Being effective, variants of Locally Binary Patterns
(LBP) have been heavily utilized in the literature [T} 32 (6]
[26]]. Following the same direction we exploit LBP features.

To represent face images we learn two distinct set of fil-
ters by an unsupervised method as in [9] (Figure ). First
set is learned from the raw-pixel random patches extracted
from grey-scale images. The second set is learned from
LBP encoded images [1].

First set is receptive to edge- and corner-like structural
points and the second set is sensitive to textural common-
alities of the LBP histogram statistics. LBP encoded im-
ages are invariant to illumination since the intensity rela-
tions between pixels are considered instead of pixel values.
We use rotation invariant LBP encoding [19]] that gives bi-
nary codes for each pixel. We convert these binary codes
into corresponding integer values. A Gaussian filter is used
to smooth out the heavy-tailed locations.

First, we extract a set of randomly sampled patches in the
size of predefined receptive field. Then, contrast normal-
ization is applied to each patch (for only raw-image filters)
and patches are whitened to reduce the correlations among
dimensions. These patches are clustered into K groups us-
ing k-means. We perform thresholding to centroids with
box-plot statistics over the activations counts to remove the
outlier centroids. After the learning phase, centroid activa-
tions are collected from receptive fields with small striding.
We applied spatial average pooling onto five different grids
(center and four quadrants). This yields a 5xK dimensional
representation for each face, for each different set of filters.
We use triangular activation function to map each receptive
field to learned centroids. Assuming the patches assigned to
outlier centroids are not relevant, we avoid them in pooling.

4. Experiments

For web-scale face verification, the task of given two
face images deciding whether both belong to the same
person, performances are closely approaching to human
level [30]]. We are interested in face identification, i.e. infer-
ring the identity of people from their face images, and thus
the setup is different than face verification.

4.1. Datasets

Training images are collected from Bing, and benchmark
datasets FANIlarge [21] and PubFig83 are used to test.

Bing collection: For each name, 500 images are gath-
ered using Bing image search ﬂ Categories are chosen as
the people having more than 50 annotated face images in
FAN-large or PubFig83 datasets. In total, 22,6691 images
are collected corresponding to 365 names in FAN-large,
and 83 names in PubFig83. Additional 2,500 face images
for queries “female face”, “male face”,* ‘face images” are
collected to construct the global negatives. Face detector
of [33] is used for detecting faces. Only the most confi-
dent detection is selected from each image to be put into
the initial pool of faces associated with the name. This pro-
cess results in 450 faces on the average per category. Other
detections are added to global negatives. Note that, this pro-
cess assumes that the queried person appears as the largest
and most visible face in the image, although this is not true
in most of the cases and it may result in additional noise.

Test collections: EASY and ALL sets from FAN-large
face dataset are used [21]]. EASY subset includes faces
larger than 60x70 pixels. ALL includes all faces with-
out any size constraint. There are 138 names from EASY,
and 365 from ALL subsets, with 23,952 and 199,295 im-
ages respectively. On the average there are 541 images
for each name. PubFig83 dataset, the subset of well-
known PugFig dataset with 83 different celebrities having
at least 100 images, is also used in testing. In this set, near-
duplicates and the ones that are no longer available at Inter-
net are removed [2].

4.2. Implementation Details

The dataset is expanded with horizontally flipped
images. Before learning filters from raw-pixel images,
height of each grey-level face image is resized to 60 pixels
and LBP images are resized to120 pixels. LBP encoding
has been done by 16 different filter orientation and at radius
2. Random patches are sampled from images and contrast
normalization is applied to only raw-pixel patches. Then,
ZCA whitening transform is performed with ezc4 = 0.5.

Yhitps : / Jwww.bing.com/
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We use receptive field of 6x6 regions with 1 stride and
learn 2,400 centroids for both raw-pixel and LBP encoded
images. Hence, we come up with 2 (raw-pixel + LBP) x 5
(pooling grids) x 2,400 (centroids) dimensional feature rep-
resentation of each image. We used Euclidean Distance. We
detect the outliers by a threshold at the 99% upper whisker
of the centroid activations. Our implementation of feature
learning framework is aggregated upon the code by [9].

For iterative elimination, we train L1 norm Logistic Re-
gression model with Gauss-Seidel algorithm [28] and final
classification is done with Linear SVM through grafting al-
gorithm [23] that learns sparse set of important features in-
crementally by using gradient information. At each FAME
iteration we eliminate five images. We stop when there is no
improvement on the accuracy. If the classifier saturates so
quickly, iteration continues until 10% of the instances are
pruned. If we encounter memory constraints due to large
number of global negatives, at each iteration we sample a
different set of negative instances, to provide slightly differ-
ent linear boundaries to detect different spurious instances.

4.3. Evaluations

As seen in Figure@ at each iteration of model evolution,
dataset is divided into candidate positives (the most rep-
resentative class instances), and possible negatives (where
outliers are likely to be found). As Figure [6] shows, FAME
is able to learn models from noisy datasets, while eliminat-
ing the outliers at successive steps for a variety of people.

We evaluate the performance of FAME on PubFig83
dataset to test the effectiveness of some implementation de-
tails. As Figure [7}(a) shows with the increasing number
of iterations, more outliers are eliminated. Although some
correct instances are also eliminated, the ratio is very low
compared to the spurious instances. Moreover, observa-
tions show that the eliminated positive examples are usually
not in good quality and thus their elimination from the final
model is not harmful but rather helpful as supported with
the results in Figure (b). As seen in Figure (c) , We can
achieve accuracies up to 75.2 on FAN-Large (EASY) and
79.8 on PubFig83 by removing one outlier at each iteration
while we prefer to eliminate five outliers for the efficiency.

We also compared the performances obtained with dif-
ferent features on PubFig83 dataset with the models learned
from web. While LBP filters alone have the accuracy 60.7
and raw-pixel filters reach up to 71.6, the combination of
both gives the highest performance of 79.3. As the results
suggests, although LBP filters are not competitive with
raw-pixel filters, its textural information is subsidiary to
raw-pixel filters with increasing performance.

Final Eliminations

Confident Positives Poor Positives

Figure 5. Some of the instances selected for confident positives
cT, poor positives C~ and outliers O for iterations ¢t = 1. .. 4.
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Figure 6. Final model faces and outliers in the first two iterations.

Table 1. Accuracies on FAN-Large [21] EASY and ALL (FANL-
E and FANL-A), and PubFig83 as well as on the held-out set of
Bing collection. FAME-M1 uses only the model M1 that removes
instances regarding global negatives. FAME-SVM uses SVM in
training and FAME-LR is the proposed method using linear re-
gression. Baseline method learns models directly from the original
results without pruning. Comparisons are also given for [29].

- Bing | FANL-E | FANL-A | PubFig83
Baseline 62.5 56.5 52.7 52.8
Singh et al. [29] | 74.7 65.9 62.3 714
FAME-M1 78.6 68.3 60.2 71.7
FAME-SVM 81.4 73.1 65.4 76.8
FAME-LR 83.7 74.3 67.1 79.3

4.4. Comparisons

We compare FAME with the baseline method that learns
models from the raw collection gathered through querying
the name without any pruning. As seen in Table[I] with one
versus all L1 norm Linear SVM model on the raw data, the
performance is very low on all datasets.

We learn the models from web images and test them on
the novel datasets (FAN-large and PubFig83) for the same
categories. To test the effect of training and testing on the
same type of dataset, we perform an experiment by dividing
the collected Bing images into two subsets. As expected
results are better on the same type of data, but FAME leads
encouraging results even in the case of domain shift.

As the most similar data handling approach to ours, we
compare FAME with the method of Singh et al. [29] (Ta-
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Figure 7. (a) Correct versus false outlier detections until all the outliers are found for all classes. At each iteration values are aggregated
with those of the previous one. (b) Cross-validation and M1 accuracies as the algorithm proceeds. There is a correlation between cross-
validation and M1 models, without M1 models incurring over-fitting. (c) Number of outliers removed at each iteration versus accuracy.
Elimination after some limit imposes degradation of final performance and eliminating one instance per iteration is the salient selection

without any sanity check.

Table 2. Comparisons with other methods on PubFig83. [25] has
single layer (S) and multi-layer (M) architectures. face.com
APl is also experienced in [25]. FAME is trained on PubFig83.

method | [25[]-S | face.com [25] 2] [25]-M | FAME

acc. 75.6 82.1 85.9 87.1 90.75

ble EI) [29] clusters the data to capture intra-cluster vari-
ance and uncover the representative instances. They require
to decide the optimal cluster number in advance and divide
the problem into multiple homologous pieces to be solved
separately, increasing the complexity of the proposed sys-
tem. We solve intra-class modularity by using large di-
mensional representations that supposedly make different
classes linearly separable, even if classes include different
modularities. We also find the representative instances by a
supervised model which separates representative ones from
the rest. Another difference lies in the philosophy. They
aim to discover representative and discriminative set of in-
stances whereas we aim to prune spurious ones. Hence,
they need to keep all vast negative instances on memory
but we can sample different subsets of global negatives and
find corresponding outlier instances. It provides faster and
easier way of data pruning. They divide each class into two
sets and apply their scheme by interchanging data after each
iteration like in the case of co-training learning procedure
which demands large number of instances for reliable re-
sults. We prefer to use all the class data at once in our par-
ticular scheme. Comparisons with [29] show the superiority
of FAME. We use the released code with up-limit settings
of our resources.

To test the effectiveness of the proposed linear regression
based model learning, we compare our results by using only
the M! model (FAME-M1) and using SVM for classifica-
tion (FAME-SVM). As shown in Table [T} all FAME mod-

els outperform the baseline method as well as the method
of [29] with a large improvement using the LR model.

Finally, we compare the performance of FAME on the
PubFig83 dataset with the other state-of-the-art studies on
face identification. In this case, unlike the previous exper-
iments where we learned the models from web images, in
order to make a fair comparison we learned the models from
the same dataset. As seen in Table 2] FAME achieves the
best accuracy in this setting. Referring back to Table
even with the domain adaptation setting where the model
is learned from the noisy web images our results are com-
parable to the most recent studies on face identification that
train and test on the same dataset. Note that, the method of
Pinto et al. [25]] is similar to our classification pipeline but
we prefer to learn the filters in an unsupervised way with the
method of Coastes et al. [9]. In this setting, we also test the
effect of number of centroids K. The accuracy for K=1500,
2000, 2400 are 84.90, 88.60, 90.75 respectively. Even for
K=2000, FAME is better than the other methods.

5. Conclusions

We propose a novel method to prune the web images col-
lected for a query to learn models to be used for classifica-
tion on novel datasets. The proposed method outperforms
the baseline and is comparable to state-of-the-art methods
even within the difficulties of domain adaptation. In the fu-
ture, we would like to test the method on the social network
data with the faces of ordinary people.

Although the proposed method is tested for identification
of faces, it is a general method that could be used for other
domains as we aim to attack as our future work.
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