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A Large-Scale Software-Generated Face Composite Sketch
Database

Christian Galea! and Reuben A. Farrugia®

Abstract: Numerous algorithms that can identify suspects depicted in sketches following eyewit-
ness descriptions of criminals are currently being developed because of their potential importance in
forensics investigations. Yet, despite the prevalent use of software-generated composite sketches by
law enforcement agencies, there still exist few such sketches which can be used by researchers to ad-
equately evaluate face photo-sketch recognition algorithms when using these composites. The main
contribution of this paper is the creation of the University of Malta Software-Generated Face Sketch
(UoM-SGFS) database that is publicly available and which contains the largest number of viewed
software-generated sketches, that also exhibit several deformations and exaggerations to mimic
sketches obtained in real-world investigations. Further, in contrast to other databases, all sketches
in this new database are represented in colour. Lastly, state-of-the-art recognition algorithms are
found to perform worse on the software-generated composites than on hand-drawn sketches, while
recognition accuracies still lag far behind those achieved for traditional photo-to-photo comparisons.
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1 Introduction

Sketches created from eyewitness descriptions of criminals are typically disseminated
to the media and law enforcement officers so that any persons recognising the suspect
come forward with information leading to an arrest. Automated methods that can compare
these sketches with the mug-shot photographs maintained by law enforcement agencies
can improve apprehension times, chances of success and utilisation of readily available
resources [ ]. Sketches can either be hand-drawn by forensic sketch artists, thereby
termed hand-drawn composite sketches, or created with computer software, thus known
as software-generated composite sketches. In addition, there are three types of composite
sketches [ , ]: the first is forensic sketches as obtained from eyewitness descrip-
tions in real-world criminal investigations, whose availability for researchers is typically
limited. This problem is circumvented by creating sketches whilst viewing a subject or face
photo, termed viewed sketches, of which a virtually unlimited number can be generated
and have in fact been the predominant means of evaluating face photo-sketch recognition
algorithms. Lastly, semi-forensic sketches are created when forensic sketch artists view a
subject or face photograph for a few minutes and then create the sketch from memory.
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Unfortunately, most publicly available datasets contain the less popular hand-drawn sketches
rather than software-generated sketches [ , ]. Thus, the contributions of this
paper are twofold: first, the University of Malta Software-Generated Face-Sketch (UoM-
SGFS) database containing 600 software-generated face sketches of 300 subjects is de-
scribed, with sketches having several deformations and exaggerations to mimic real-world
forensic sketches. To the best of the authors’ knowledge, this new database (i) is the largest
publicly available software-generated sketch database, and (ii) is the only dataset contain-
ing sketches represented in colour, enabling the use of colour information for recognition.
The final contribution is the evaluation of leading algorithms on this new dataset, where it
is shown that sketch recognition still lags behind photo-to-photo face recognition.

The rest of this paper is organised as follows: in Section 2, an overview of related databases
and algorithms designed for face photo-sketch recognition are outlined, followed by a
description of the new database in Section 3. The methodology used to evaluate algorithms
on the UoM-SGFS database and their results are given in Section 4. Concluding remarks
and directions for future work are finally given in Section 5.

2 Related Work

A brief overview of face photo-sketch recognition algorithms and the datasets on which
they are evaluated will now be given hereunder.

2.1 Existing face photo-sketch databases

There exist five main publicly available databases for face photo-sketch recognition. The
CUFS [ , ] and CUFSF databases [ ] contain 606 and 1194 viewed
hand-drawn sketches, respectively, with the subjects in the CUFSF database taken from the
FERET database (which has been superseded by the Color FERET database’ [ D.
Also, sketches in the CUFSF database contain several deformations and exaggerations to
make them closer to real-life sketches [ 1. The III'T-D sketch database [ ] con-
tains 238 viewed, 190 forensic and 140 semi-forensic hand-drawn sketches of subjects,
although only 55 of the forensic sketches are publicly available. The Hand-Drawn Com-
posite (PRIP-HDC) dataset [ ] contains hand-drawn forensic sketches, although only
47 sketches are available, while the PRIP Viewed Software-Generated Composite (PRIP-
VSGC) dataset [ , ] contains viewed software-generated composite sketches cre-
ated using Identi-Kit. Although other sketches were created by another user and by another
software program, these have not been made publicly available. As a result, this database
only contains one sketch for each of the 123 subjects considered. The Extended PRIP
(EPRIP) database [ , ] contains 123 sketches of the same subjects, created by
an Indian software operator.

Other databases have been used in literature, but these have remained private. As a re-
sult, only the PRIP-VSGC and the EPRIP databases contain software-generated compos-

3 Available at: http://www.nist.gov/itl/iad/ig/colorferet.cfm
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ite sketches that can be used by researchers. However, the number of sketches available is
quite low for robust algorithm evaluation and the sketches in the PRIP-VSGC often look
highly dissimilar to the corresponding photos. Indeed, the creators of the database them-
selves instead use the sketches generated by a different operator and a different program
for algorithm evaluation, due to better representational accuracy [ ].

2.2 Face photo-sketch recognition algorithms

Traditional Face Recognition Systems (FRSs) such as Eigenfaces [ ] and the VGG-
Face algorithm [ ] that has achieved state-of-the-art performance for unconstrained
face recognition can be used for identification of faces depicted in sketches. However, as
shown in Section 4, they do not achieve good performance since the images to be compared
reside in different modalities. Consequently, methods have been designed specifically for
face photo-sketch recognition. An overview of leading state-of-the-art face photo-sketch
recognition algorithms can be found in [ , s s ].

3 UoM-SGFS Database

The new UoM-SGFS database’ contains software-generated sketches of 300 subjects in
the Color FERET database, created using the EFIT-V software [/1]. An overview of this
software will first be given, followed by a more detailed description of the new database.

3.1 EFIT-V overview

Most facial composite systems involve the selection and spatial configuration of individual
facial features, thus relying on the witness’ ability to recall and describe these features.
However, human recognition and synthesis of faces is a global process relying on the
interaction of all features in the face | ]. Thus, EFIT-V uses a global face model which
allows witnesses to recognise perpetrators’ faces rather than recall them. This is done by
presenting the witness with a set of faces, who retains or rejects them if they appear similar
or different to the criminal, respectively. A genetic algorithm learns the witness’s choices
and presents a new set of faces through a process of mutations. The procedure is repeated
again until the witness is satisfied that a better likeness cannot be generated. Adjustments
such as translation, scaling, and rotation may also be performed for each facial component.

EFIT-V allows features other than the facial components to be depicted, including jew-
ellery and glasses which may not only help the eyewitness during the composite genera-
tion process but also allow the creation of sketches which can depict discriminative and
therefore critical information about the perpetrators quite well. Clothes and the general
appearance of the criminal’s physique can also be modified. Image editing software is
directly supported in EFIT-V, which can be used to fine-tune details [ ].

4 UoM-SGFS database and additional data available at: http: //goo.gl/KYeQxt, http://up.me/P6CDe8-4q
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The older EFIT software has proven to be effective in generating a good likeness to sus-
pects, and was shown to be able to outperform not only other software systems but also
hand-drawn sketches [ ]. As aresult, the enhanced EFIT-V is nowadays used by numer-
ous law enforcement agencies worldwide. More information may be found in [ , Vi].

3.2 Database details

The face photographs for the UoM-SGFS database were obtained from the Color FERET
database’ [ ], chosen since it contains a large number of good quality frontal images
and a variety of different age ranges and ethnicities. Most subjects selected are White to
minimise the ‘other-race effect’, since the software operator creating the sketches was
also White. However, subjects belonging to different races to that of the operator were
still included to represent real-life conditions where both law enforcement officers and
eyewitnesses may belong to a different race than the perpetrator. In addition, the EFIT-V
operator was trained by a qualified forensic scientist from a local police force so as to
ensure that practices adopted in real-life were adopted in the creation of the new database.
Moreover, photos in the Color FERET database often contain non-uniform lighting and
slight head rotations, making the recognition task more challenging but also more realistic.

The UoM-SGFS dataset contains two viewed sketches for each of the 300 subjects con-
sidered and is partitioned into two sets, where each set contains the sketch of one subject.
Set A contains those sketches created using EFIT-V, where the number of steps performed
in the program was minimised to avoid producing composites that are overly similar to
the original photo. The sketches in Set A were then lightly altered using an image editing
program to fine-tune details which cannot be easily modified with EFIT-V, yielding Set B.
Hence, sketches in Set B are generally closer in appearance to the original face photos.

Set A Photos Set B Set A Photos Set B

Fig. 1: Photos of four subjects from the Color FERET database and the corresponding sketches from
the two sets of the UoM-SGFS database
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EFIT-V also allows the depiction of shoulders, which can indicate the type of clothes that
the perpetrator was wearing and the physique (e.g. fat, muscular, etc.). While the type of
clothing is important, more emphasis was given to the physique of the subject since it pro-
vides more salient information. In addition, any accessories such as jewellery and hats are
generally slightly different to those shown in the original photograph and sometimes omit-
ted in the UoM-SGFS database sketches, to mimic memory losses of eyewitnesses. Lastly,
to the best of the authors’ knowledge, all sketches currently available are represented in
grayscale. However, the sketches in the new database are all colourful. Since colour has
been shown to yield improved performance for face recognition [ ], its use may now
also be considered for photo-sketch recognition to potentially improve performance. Some
examples of sketches in the UoM-SGFS database may be found in Figure 1.

4 Implementation Methodology & Results

Some of the most popular and state-of-the-art algorithms are evaluated on both sets of the
UoM-SGFS database individually. The protocol used and results will now be given.

4.1 Evaluation Methodology

A similar evaluation methodology to that employed in [ ] is adopted, with the follow-
ing differences: firstly, subjects are partitioned into a testing set and a training set only. An
additional set to train intra-modality methods is not used and therefore such algorithms are
not evaluated since, as shown in [ , ], they consistently lag behind inter-modality
methods. Secondly, the number of subjects used for training is 150, and the remaining 150
subjects are used for testing. Hence, the test gallery set contains 150 + 1522 = 1672 sub-
jects. Thirdly, twenty-five cross-validation folds are performed. Finally, the recent VGG-
Face [ ] FRS is added in this work to evaluate the performance of an algorithm that
has achieved state-of-the-art performance for unconstrained face identification and verifi-
cation. The parameters of all algorithms are the same as those described in literature, and
the provided pre-trained model was used in the case of the VGG-Face algorithm.

4.2 Results

The results of the algorithms considered are shown in Figure 2, and Tables 1a and 1b. As
expected, all algorithms perform better on Set B than Set A. This is because Set B con-
tains sketches that were modified using an image editing software program to make the
sketches closer in terms of appearance to the corresponding photographs. In addition, the
significant increase in performance indicates the usefulness of employing image editing
software to fine-tune details according to the eye-witnesses’ requests. However, the rela-
tively low recognition rates at lower ranks indicates that Set B still poses a challenge for
all algorithms, due to the deformations and shape exaggerations present.
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The performance of all algorithms when using the software-generated composites can also
be compared to their performance on hand-drawn sketches in the CUFSF database, as re-
ported in [ ]. Similar trends in performance between algorithms are present, i.e. the
Eigenfaces FRS performs worse than the inter-modality methods and the LGMS approach
is statistically superior at the 95% confidence level using multi-comparison Analysis of
Variance (ANOVA) to the other algorithms at lower ranks, while performance is compa-
rable to D-RS and the fusion of P-RS and D-RS at higher ranks. However, all algorithms
achieve lower performance when using the software-generated composites. This is mainly
due to: (i) the different sketch types (software-generated vs. hand-drawn), (ii) the lower
number of software-generated sketches, and (iii) differences in the extent of deformations
and exaggerations present in the CUFSF and UoM-SGFS databases.

Also noteworthy is the performance of the VGG-Face algorithm, which achieved over 90%
accuracy for unconstrained face recognition [ ]. However, the performance is signif-
icantly degraded on the composite sketches, highlighting the challenges of not only the dif-
ferences in modalities but also the inaccuracies present in sketches. However, VGG-Face
still outperforms P-RS on both sets of the UoM-SGFS database and achieved performance
similar to HAOG at higher ranks on Set B. This is likely because the sketches generated
using EFIT-V are quite photo-like, thereby facilitating the task of this state-of-the-art FRS
that was designed to operate on face photographs. Nevertheless, its inferior performance
compared to D-RS, D-RS + P-RS and LGMS indicate that the use of dedicated photo-
sketch recognition algorithms is still the optimal approach.

5 Conclusions & Future Work

A new database containing 600 EFIT-V-generated composite sketches of 300 subjects has
been presented. This database is the largest publicly available dataset containing software-
generated composite sketches, enabling more robust evaluation of face photo-sketch recog-
nition algorithms to be performed. In addition, it is the only database containing sketches
depicted in full colour rather than grayscale. Therefore, future work can include an in-
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Matching Rate (%) at Rank-N

Algorithm N=1 N=10 N=50 N=100 N=150

Eigenfaces [1701]  2.0340.68 5334123  9.89+129  15.65+1.84 20.56+1.74
VGG-Face [ 1 11574151 33254291  53.654391  65.1543.86 72.2142.85
HAOG [ ] 15924270 44934229  6520+2.14 73254195  77.9242.05
PRS[ ] 6.56+42.17  254943.60 50244436 64004461 71474437
D-RS [0, 1017 24934235 5528+3.15 79.7942.53 87.9542.09 90.91+1.81
D-RS+P-RS[/17] 23554266 59.33+4.05 83314241 90.32+173 93.28+1.62
LGMS [ 0]  29.6342.64 60.40+3.09 822941890 87814175 91.20+1.72

Tab. 1a: Means and standard deviations over 25 train/test set-splits of rank-retrieval rates for Set A.

Matching Rate (%) at Rank-N

Algorithm N=1 N=10 N=50 N=100 N=150

Eigenfaces [1701]  3.04+0.67 6374135 12054159 16774142 21.57+1.70
VGG-Face [ 1 17414234  47.76+3.04 70244288 78.69+2.86  84.00+2.58
HAOG [ 1] 26934279 54674249 69314194 77.39+1.65 81.33+1.55
PRS [/ ] 11.8442.99 34564495 59.65+524 70.91+4.55 77.97+3.86
D-RS[/ 10, 11°] 37.634337 72294252 91.07+42.18 95714128  97.33+0.94
D-RS+P-RS[/11] 36754391 752843.82 91.9242.11 96.11+1.17  97.57+1.09
LGMS [ 1] 46.8342.92 77254261 89.79+1.73 93.87+1.60 95.71+1.12

Tab. 1b: Means and standard deviations over 25 train/test set-splits of rank-retrieval rates for Set B.

vestigation into the use of colour information for photo-sketch recognition and the use of
physique information as a feature that can assist in recognition.
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