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Abstract: A portrait recognition system can play an important role in emergency evacuation in mass
emergencies. This paper designed a portrait recognition system, analyzed the overall structure of the
system and the method of image preprocessing, and used the Single Shot MultiBox Detector (SSD) algo-
rithm for portrait detection. It also designed an improved algorithm combining principal component ana-
lysis (PCA) with linear discriminant analysis (LDA) for portrait recognition and tested the system by
applying it in a shopping mall to collect and monitor the portrait and establish a data set. The results
showed that the missing detection rate and false detection rate of the SSD algorithm were 0.78 and 2.89%,
respectively, which were lower than those of the AdaBoost algorithm. Comparisons with PCA, LDA, and
PCA + LDA algorithms demonstrated that the recognition rate of the improved PCA + LDA algorithm was the
highest, which was 95.8%, the area under the receiver operating characteristic curve was the largest, and
the recognition time was the shortest, which was 465ms. The experimental results show that the improved
PCA + LDA algorithm is reliable in portrait recognition and can be used for emergency evacuation in mass
emergencies.
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1 Introduction

Portrait recognition refers to a technology that analyzes human face images through computer technology
and extracts useful information to identify the identity. Compared with traditional features such as finger-
print [1], iris [2], and DNA [3], a portrait has the characteristics of naturalness, convenience, noncontact,
etc. Portrait recognition has been extensively applied in fields such as attendance management [4], security
prevention and control [5], and medical and health [6]; therefore, portrait recognition technology has
become the focus of researchers. Lenc and Král [7] designed a fully automatic face recognition system
that used the Kepenekci approach based on Scale Invariant Feature Transform (SIFT) and carried out
experiments on three standard data sets. The results showed that the method had relatively high confi-
dence. Neto et al. [8] designed a real-time face recognition system for blind and amblyopic people, using a
variant of the K-nearest neighbor algorithm. The results showed that the method was superior to the
traditional face recognition method and required fewer computing resources. Rashid et al. [9] preprocessed
images with histogram equalization and median filter and extracted features by Gabor wavelet transform.
They reduced the dimension of the features by principal component analysis (PCA), recognized human
images by the support vector machine (SVM), and verified the accuracy and robustness of the system
through the experiment on the Yale data set. Subiyanto et al. [10] designed a method combining the genetic
algorithm with the PCA algorithm for face recognition in a smart home security system, compared it with
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other portrait recognition methods, and found that the accuracy of the proposed method reached 90%. Xu
et al. [11] proposed a Gist feature and probabilistic cooperative representation (ProCRC)-based face recog-
nition algorithm, carried out experiments on the ORL and extended YaleB database, and found that this
method had a high face recognition rate. Varadarajan et al. [12] preprocess the data by combining chirp Z
transform (CZT) with the Goertzel algorithm and selected features using the exponential binary particle
swarm optimization (EBPSO) algorithm. The performance of the method was verified by a test on four
benchmark face databases. Wang et al. [13] designed a face recognition algorithm based on Haar-Like
features and Gentle Adaboost feature selection via sparse representation. They found through experiments
that this method had a higher recognition rate than traditional algorithms. In the actual police work, the
collected portrait is often affected by posture, expression, lighting, shooting angle, etc. [14], which brings
some difficulties to the follow-up work. The recognition accuracy of portrait recognition needs further
improvement. Therefore, this paper designed a portrait recognition system based on deep learning, used
the Single Shot Multibox Detector (SSD) algorithm for portrait detection and the improved PCA + linear
discriminant analysis (LDA) method for portrait recognition, and verified the reliability of the system by
experiments on the actual data set. This work provides some theoretical support for the further application
of the improved PCA + LDA algorithm in practice. This study verified the applicability of algorithms such as
the SSD algorithm in portrait recognition. The designed system can be applied to helping police works in
emergency evacuation in mass emergencies.

2 Portrait recognition system

2.1 Application of portrait recognition

In police work, with the wide application of high-definition monitoring (Figure 1), the level of portrait
recognition has been gradually improved so that it can play a good role in more fields and provide reliable
support for target recognition, monitoring, positioning, etc. [15]. The specific application scope includes:
(1) recognition of identification photo: all law enforcement departments can identify the authenticity of a

suspect’s certificate to understand the real identity of the holder;
(2) surveillance and arrest: the police can monitor and arrest escaping criminals in some important places

such as airport, station, bank, etc. to improve working efficiency;
(3) security verification: in some important places, the image recognition system can store the images of

people in and out to improve security;

Figure 1: High-definition monitoring in the command center of a public security bureau.
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(4) emergency handling: in the face of mass emergencies, the police can quickly understand the details of
the trapped people.

This paper mainly studied the application of the portrait recognition system for emergency evacuation
in mass emergencies. If there is a mass emergency, it is often necessary for police officers to organize
emergency evacuation to avoid further development of the situation. In an emergency, the scene often has
poor signal and difficult evacuation for various reasons. Therefore, in the process of evacuation, it needs a
high-level portrait recognition system to analyze the images in the video surveillance and recognize and
detect portraits to help the police to confirm the identity of the trapped people and evacuate in time. The
system can ensure the efficiency and safety of police work and improve people’s satisfaction.

In order to achieve a high level of evacuation and rescue and ensure the timely rescue of the trapped
people and the personal security of the rescuers, we need a high-level portrait recognition system to achieve
the confirmation of personnel information by detecting and identifying portrait targets in video surveillance.

2.2 Overall structure of the system

The portrait recognition system needs to capture the monitored image through accessing the high-defini-
tion monitoring and send it to the back-end server through the network for real-time detection and recog-
nition of the portrait to confirm the identity of the portrait. In the system designed in this study, the router is
connected with the external network, and the high-definition monitoring equipment and server are con-
nected with the router. The server can receive the video image data transmitted by the monitoring in real-
time through the IP address and can also respond to the request of the external network to ensure that the
system can be accessed in any scene through the Internet. In emergency evacuation in mass emergencies,
the places that need emergency evacuation are monitored through high-definition monitoring, and the
identity of the people who need to be evacuated can be quickly obtained through portrait monitoring and
identification after getting the images transmitted by the system.

The overall structure of the system mainly includes the following parts:
(1) Image preprocessing: in order to facilitate the follow-up work of portrait recognition, the collected video

image needs to be preprocessed. In this study, the portrait is geometrically normalized using the
bilinear interpolation method [16] to correct the portrait at different distances. Then, the image is
denoised by the Wiener filtering algorithm [17]. Finally, the contrast of the portrait is improved by
histogram equalization [18] to make the difference between different features more significant.

(2) Portrait detection: portrait detection means determining the position and size of the portrait in an image
and circling it with a rectangular box to provide services for the subsequent portrait feature extraction
and recognition. In this study, the SSD algorithm [19] is used. Based on deep learning, it is a one-stage
general object detection algorithm proposed in BCCV2016 and has a good detection performance for
objects of different sizes.

(3) Portrait recognition: portrait recognition refers to extracting features after detecting the location of the
portrait and comparing the features with the features in the database to obtain the recognition result.
This study designed an improved feature extraction method combining PCA with LDA and used SVM as
a classifier to realize portrait recognition.

2.3 Portrait detection algorithm

The SSD algorithm takes VGG16 as the basic model and adds a new convolution layer to obtain more feature
maps. The SSD algorithm takes images in a size of 300 × 300 as inputs, replaces FC6 and FC7 in VGG16 with
a convolution layer, and adds a recognition layer after Conv7 to perform down-sampling. In the Conv4_3
layer, there is a classifier layer for extracting the feature map. Every feature map is used as the input of the
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detection layer to predict the target. Then, the default boxes are defined in the detection layer to complete
the prediction of the target. In the system designed in this paper, six feature maps of different scales
are used.

In the aspect of the loss function, the SSD algorithm needs two operations: one is to classify the target,
and the other is to regress the frame of the candidate box. The loss function can be written as:

( ) ( ( ) ( ))= +L x c l g
N

L x c αL x l g, , , 1 , , , ,conf loc (1)

where N refers to the number of positive samples of a priori box, { }∈x 1, 0ij
p refers to the indication

parameter ( =x 1ij
p means the ith priori box is matched with the j-th ground truth and the class is p), c

refers to the predictive value of the class confidence, l refers to the predictive position value of the bounding
box corresponding to the priori box, g refers to the position parameters of ground truth, Lconf(x, c) refers to
the classification loss function (softmax), α refers to a weight, and Lloc(x, l, g) refers to a regression loss
function (smooth).

2.4 Portrait recognition algorithm

The PCA method is also known as K-L transform [20], which takes the minimum mean square error as the
criterion and projects the features of a high-level space into a low dimensional space to ensure that the
reduced data can effectively represent the original data, so as to improve the operation speed. However, this
method can only reconstruct the original samples and cannot achieve a good classification of samples.
Therefore, this paper improves the traditional PCA method and combines it with the LDA method [21].

In order to reduce the influence of uneven illumination on portrait recognition, first, PCA is improved
based on standard deviation and local mean. First, the dark area in the portrait is determined. It is assumed
that the global mean of the portrait is Eg and the local mean value is Es.

<E k EIf s 0 g (2)

and k0 is a constant smaller than 1; it means this part is dark and needs enhancement. If the area to be
enhanced is

< <k σ σ k σ ,1 g g 2 g (3)

where

<k k ,1 2 (4)

σg is the global standard deviation, and k1 and k2 are constants smaller than 1, then the formula of portrait
enhancement can be written as:

( ) ⎧
⎨⎩

( ) ( )

( )
=

+ < < <

f i j
δx i j ηx i j E k E k σ σ k σ
x i j

,
, , , and

, , else,

γ
g 0 s 1 g g 2 s (5)

where δ refers to the amplification gray coefficient, η and y are stretching contrast coefficients, and σs is the
local standard deviation.

After portrait enhancement, the PCA + LDA method is used for feature extraction. It is assumed that the
training sample is

[ ]= … ∈

×X x x x R, , , ,N
m N

1 2 (6)

where m is the number of pixels and N is the number of images, then the training sample matrix can be
written as:

[ ]= … ∈

×X X X X R, , , ,c
m N

1 2 (7)

where C stands for the number of classes.
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All the images in the sample are transformed into column vectors, and two values are calculated, i.e.,
the intra-class average image of every kind of image:

∑=

∈

μ
N

x1 ,j
j x Xj

(8)

and the population average image:

∑=

∈

μ
N

x1 .
x X

(9)

Then, the two difference images are calculated:

= −ϕ x μi i (10)

and

= −φ μ μ.i (11)

The covariance matrix of the difference is calculated:

( )( )∑= − − ∈

=

×x μ x μ RΦ .
j

N

i i
T N N

1

j

(12)

The nonzero feature value τ of Φ and the corresponding feature vector V are calculated, and the
arrangement is

⋅ = ⋅V τ VΦ . (13)

Then, the accumulative contribution rate is calculated:

=

∑

∑

=

=

R
τ
τ

.i
r

i

j
N

j

1

1
(14)

The first r feature vectors are selected as the subspace of PCA:

( )= …W v v v, , , .rPCA 1 2 (15)

The input image, x, μi, and μ are projected to the subspace of PCA, then

=x W x˜ ,T
PCA (16)

=μ W μ˜ ,j
T

jPCA (17)

and

=μ μ˜ WT
PCA . (18)

The three values in LDA are calculated:
intra-class scatter matrix:

( )( )∑= − −

∈

S x μ x μ˜ ˜ ˜ ˜ ,j
x X

j j
T

j
(19)

population intra-class scatter matrix:

( )( )∑ ∑= − −

= ∈

S x μ x μ˜ ˜ ˜ ˜ ,W
j

C

x X
j j

T

1 j

(20)

inter-class scatter matrix:
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According to Fisher criterion, the best projection space is obtained:

∣ ∣

∣ ∣
=W W S W

W S W
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T
B
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W

(22)

According to the Lagrange method,

=

−S S W Wτ .W B
1

LDA (23)

The first p feature vectors are selected as the subspace of LDA:

( )= … ∈

×W W W W R, , , .p
l p

LDA 1 2 (24)

The feature spaces of PCA and LDA are fused:

=W W W .T T
new LDA PCA (25)

For any column vector x, in the fused feature space, its projection relationship is written as:

=y W W x.T T
LDA PCA (26)

In portrait recognition, the training image and the test image are projected into the fused feature space,
respectively, and classified by the SVM classifier to obtain the result of portrait recognition.

3 Results

3.1 Experimental environment and data set

The system test environment was Intel®Core(TM)i5 CPU M540@2.53 GHz. The size of the memory was
2.00 G. The operating system was Windows7. It was implemented in Microsoft Visual C++ 6.0 integrated
development environment. Intel open-source visual library OpenCv2.2 was used.

The system was applied in a shopping mall. The mall was equipped with high-definition cameras for
monitoring. The collected videos were processed. The obtained images were used for human image recog-
nition. The obtained monitoring images were sorted and processed manually, and the names of people were
added manually. Finally, 12,015 images in a JPG format of 250 × 250 were obtained, involving 4,952 people.

The data set used in the portrait detection experiment included one thousand images randomly
selected from the 12,015 images. The 1,000 original portraits were taken as positive samples; then, the
1,000 images were randomly cut to produce 1,000 non-portrait samples as negative samples. There were
2,000 images for the portrait detection experiment.

The data set used in the portrait recognition experiment included 6,000 pairs of portraits randomly
selected from the portrait detection data set, including 3,000 pairs of positive samples, i.e., matched
portraits, labeled as 1, and 3,000 pairs of negative samples, i.e., non-matched portraits, labeled as 0.

3.2 Portrait test results

The performance of the SSD algorithm used in this study was compared with the Adaboost algorithm [22] by
the established data set, and the results are shown in Table 1.

It was seen from Table 1 that the missing detection rate of the Adaboost algorithm was 5.43%, the
missing detection rate of the SSD algorithm was 0.78%, which was 4.65% lower than the Adaboost
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algorithm; the false detection rate of the Adaboost algorithm was 3.56%, and the false detection rate of the
SSD algorithm was 2.89%, which was 0.67% lower than the Adaboost algorithm. It showed that the SSD
algorithm had a better performance in portrait detection and could accurately detect the portrait in the
image, which provides a reference for subsequent portrait recognition.

3.3 Portrait recognition results

The performance of PCA, LDA, PCA + LDA, and improved PCA + LDA algorithms was compared to verify the
effectiveness of the algorithm designed in this study. The classifier was SVM in the four algorithms. The
recognition rates of different algorithms are shown in Figure 2.

It was seen from Figure 2 that when the PCA algorithmwas used for portrait recognition, the recognition
rate of the algorithm was only 79.3%; when the LDA algorithm was used, the recognition rate was 80.1%,
which was not high; when PCA and LDA algorithms were combined, the recognition rate was 88.6%, which
was significantly higher than the former two algorithms; the improved PCA + LDA algorithm had a recogni-
tion rate of 95.8%, which was 7.2% higher than the PCA + LDA algorithm. The above results showed that the
algorithm was further improved after improving the PCA algorithm.

The performance of different algorithms was analyzed through the receiver operating characteristic
(ROC) curve. The larger the area under the ROC curve was, the higher the reliability of the algorithm was.
The results are shown in Figure 3.

It was seen from Figure 3 that the ROC curve of the improved PCA + LDA algorithmwas the closest to the
top left corner and had the largest area under the curve, followed by the PCA + LDA algorithm and the PCA
algorithm. The results showed that the improved PCA + LDA algorithm had the highest algorithm and best
performance among the four algorithms.

It was seen from Figure 4 that the recognition time of PCA or LDA alone was 934 and 876ms, respec-
tively; after combining PCA and LDA algorithms, the recognition time was reduced to 543 ms, which was
much better than the former two algorithms; after further improving the PCA algorithm, the recognition
time was 465 ms, which was 14.36% shorter than the PCA + LDA algorithm. In practical application, the
improved PCA + LDA algorithm had a higher response speed and a better performance in emergency
evacuation in mass emergencies.

Table 1: Comparison of portrait detection performance

Missing rate (%) False detection rate (%)

The Adaboost algorithm 5.43 3.56
The SSD algorithm 0.78 2.89

Figure 2: Comparison of recognition rate between algorithms.
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4 Discussion

With the continuous development of science and technology, the efficiency of police work has been greatly
improved. More and more advanced technical means have been applied to police works. Methods such as
data mining [23] and artificial intelligence [24] have made great contributions to realizing high-efficiency
and high-level police work. In aspects such as file management, data analysis, and identity authentication
[25], the portrait recognition system plays a very important role in police work.

This paper mainly designed a portrait recognition system for emergency evacuation in mass emergen-
cies, used the SSD method for portrait detection, proposed an improved PCA + LDA algorithm for portrait
recognition, and established an actual data set to test the improved algorithm. The experimental results
showed that the SSD algorithm had a lower missing detection rate and false detection rate in portrait
detection than the Adaboost algorithm, indicating that the SSD algorithm achieved a better portrait recog-
nition result. When the PCA algorithm or the LDA algorithm was used alone, the features extracted still had
large dimensions, which led to a lower recognition rate and long recognition time. Emergency evacuation in
mass emergencies has a high requirement on the timeliness of the system, i.e., the shorter the recognition
time is, the better the progress of the evacuation work is. It was seen from Figure 4 that after the combina-
tion of PCA and LDA algorithm, the recognition rate rose to more than 85%, and the operation time reduced
to about 500 ms, which showed that the combination of PCA and LDA algorithms realized the effective

Figure 3: The ROC curve of different algorithms.

Figure 4: Comparison of recognition time between algorithms.
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complementarity of two different algorithms and improved the portrait recognition performance. Finally,
the PCA algorithm was further improved. The recognition rate and recognition time of the improved PCA +
LDA algorithm were 95.8% and 465ms, respectively. It showed that the improved PCA + LDA algorithm had
a good performance and could be popularized and applied in practice.

This article has some shortcomings that need to be solved in future works, although it obtained some
results from the research on portrait recognition system:
(1) The performance of the detection and recognition algorithm should be further enhanced;
(2) More experiments can be carried out on larger experimental data sets;
(3) The performance of the system can be tested in more environments.

5 Conclusion

In this paper, a high-performance portrait recognition system was designed to solve the problem of portrait
recognition in emergency evacuation in mass emergencies. The SSD algorithm was used for portrait detec-
tion, and the improved PCA + LDA algorithm combined with the SVM classifier was used for portrait
recognition. An experiment was carried out on the actual data set. It was found that the PCA + LDA
algorithm had a good performance in detection and recognition and could be further promoted and applied
in practice to make contributions to the design of portrait recognition systems in police works.

Conflict of interest: Author states no conflict of interest.
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