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Autonomous Control of Mobile Robots
for Opening Doors Based on Multi-sensor
Fusion

Xiaomei Ma and Chaoli Wang

Abstract This paper presents a method of opening doors by mobile robots
autonomously. Considering that the existing fingerprint lock will collapse when
finger injures, the use of robot shows its durability and convenience, and it avoids
carrying even losing keys trouble, and incarnates people’s awareness of
intelligent robot era. In this robot opening door system, a mobile phone is applied to
send open-door command, the robot receives the command via Wi-Fi, then plans
path based on laser sensor and encoder sensors to move to the door position, and
aims at the door handle based on visual servo, and finally opens the door. Exper-
iments have proved the validity and feasibility of the presented method. Meanwhile,
we are discussing other applications of this method.

Keywords Service robot ⋅ Path planning ⋅ Multi-sensor fusion ⋅ Inverse
kinematics

1 Introduction

Nowadays, the application of mobile robots is expanding extremely, not only in
industry, agriculture, national defense, service industry, but also in mine, hunting,
rescue, radiation, and space field such as harmful and dangerous occasions, and all
these fields receive very good application [1]. Being an active research area for a
long time, autonomous robotics has attracted more and more attention [2]. Taking
sweeping robot for example, it comes into millions of households and is accepted
by more and more ordinary people.
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Navigation technology is one of the core technologies of mobile robots. The
main navigation methods include: magnetic navigation, inertial navigation, GPS
navigation, road navigation, visual navigation, voice navigation, and so on. GPS
navigation systems can be found in motor vehicles and other various land-based
vehicles. Paper [3] concludes that the accuracy of the GPS position fixes has a
significant impact on the relative contributions that each dead-reckoning navigation
sensor error makes. The RGB-D (Kinect-style) camera provides high quality syn-
chronized videos of both color and depth, and dramatically increases robotic object
recognition, manipulation, navigation, and interaction capabilities [4, 5]. Paper [6]
presents an incremental method for concurrent mapping and localization for mobile
robots equipped with 2D laser range finders, and illustrates that accurate maps of
large, cyclic environments can be generated even in the absence of any odometric
data. This paper adopts laser positioning and navigation to resolve path planning
problem in the environment with complex obstacles.

This paper focuses on the navigation based on the laser scanner and encoder
sensors, the positioning of the door handle based on Kinect, and the inverse
kinematics of the manipulator.

2 System Description

This system is designed for mobile robots to open doors autonomously as long as
users send open command. Figure 1 is a flowchart showing an overall operation of
the system.

The difficulties mainly lie in the path planning and navigation of mobile robot in
the environment with complex obstacles, the alignment of the door handle with
robot, and the inverse kinematics of the manipulator.

Start

Mobile phone transmits open door command

Controller (C) receives the command via Wi-Fi 

Voice prompts: Please wait

C  plans path and controls the robot to move to the target point

C calls the manipulator to conduct the open action 

Voice prompts: Please come in

End

Fig. 1 The overall operation
of the system
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3 Laser Positioning and Navigation

The indoor map information is stored in the configuration file in advance, If in a
new environment, the configuration file needs to be modified.

In order to achieve navigation and path planning of mobile robot in the envi-
ronment with complex obstacles, this paper combines laser scanner with encoder
sensors to achieve the best positioning effect. Laser scanner data and the robot
current pose are used to update the map.

A-star algorithm is used to plan the path [7–9]. The planned path, which are a
series of inflection points are recorded. The speed and the motion direction of the
robot is calculated according to the robot’s current pose and the target (door)
position, the robot is controlled to move along the inflection points until it arrives at
the target point. The navigation and path planning program interface is shown in
Fig. 2.

Left is map display part, which is responsible for the real-time display of the map
and path. Right top is the laser scanner device connection part. Right center is
motion control part, which is designed to control the robot to move forward,
backward, turn left, turn right, and stop. Right bottom is target point input
part. Robot pose part is used to set the robot current pose.

Fig. 2 The navigation and path planning program interface
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4 Control Algorithm of the Manipulator

The open action is realized by manipulator rotating the door handle. Manipulator
aligns door handle is the premise. However, manipulator usually misaligns the door
handle when robot arrives at the door position.

This paper adopts a Kinect to obtain the target position. Since Kinect is RGB-D
style, it provides both color and depth information. A red square mark is used to
solve the alignment problem. The centroid of the red square is installed at the same
vertical line with the door handle. The alignment is achieved by aligning the
manipulator with the red marker. By handling the video captured by Kinect, robot is
controlled to move right or left to align the red mark. Figure 3 shows the red mark
and its extraction. Mathematical morphology is applied in the process of digital
image processing [10–12].

The deployed manipulator is four DOF. D-H method is used to establish the
coordinate frames [13]. The manipulator with D-H link coordinate frames is shown
in Fig. 4.

Table 1 displays the D-H link parameter. Coordinate frame i− 1 can be trans-
formed into i through the following consecutive relative movement:

Fig. 3 The red mark and its
extraction
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2θ

4θ

3θ

4d

3d

2d

1d

Fig. 4 The manipulator with
D-H link coordinate frames
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Step 1 Translate di from xi− 1 to xi along zi− 1.
Step 2 Rotate θi angle from xi− 1 to xi about zi− 1, θi ∈ − π, πð �.
Step 3 Translate ai from zi− 1 to zi along xi.
Step 4 Rotate angle αi from zi− 1 to zi about xi. αi ∈ − π, πð �.
The homogeneous transformation matrix of the continuous relative transfor-

mation is defined as

Ai− 1
i =TranszðdiÞRotzðθiÞTransxðaiÞRotxðαiÞ=

ci − cαisi sαisi aici
si cαici − sαici aisi
0 sαi cαi di
0 0 0 1

2
664

3
775

ð1Þ

where si ≜ sin θi, ci ≜ cos θi, sαi ≜ sin αi, cαi ≜ cos αi.
Substituting D-H parameter in Table 1 into Eq. (1) leads to

A0
4 =A0

1A
1
2A

2
3A

3
4 =

c12c34 s12 c12s34 d3s12 + d4s12
s12c34 − c12 s12s34 − d3c12 − d4c12
s34 0 − c34 d1 + d2
0 0 0 1

2
664

3
775 ð2Þ

where cij ≜ cosðθi + θjÞ, sij ≜ sinðθi + θjÞ.
It needs to control the gripper of the manipulator to move to the door handle

position. The pose of gripper can be obtained as long as the robot aligns the door
handle with the known height of door handle and the distance between it and robot
which is obtained from the Kinect. Namely, A0

4 is known, each joint variable
q= ½q1, q2, q3, q4�T should be solved according to the joint conversion relationship,
which belongs to classic inverse kinematics of robot [13].

The joints 2 and 3 of the manipulator are mainly controlled. The simplified
model is shown in Fig. 5. The angle coordinates of the two joints ðq1, q2Þ are solved
from the coordinates of the end of the manipulator ðz1, y1Þ in working space.

Doing geometric analysis according to Fig. 5 leads to Eq. (3)

z1 = l1 sin q1ð Þ+ l2 sin q1 + q2ð Þ
y1 = l1 cos q1ð Þ+ l2 cos q1 + q2ð Þ

�
ð3Þ

Solving Eq. (3) leads to Eqs. (4) and (5)

Table 1 D-H parameter i ai αi di θi

1 0 0 d1 (constant) θ1
2 0 π 2̸ d2 (constant) θ2
3 0 0 d3 (constant) θ3
4 0 π 2̸ d4 (constant) θ4
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q1 = arccos
z21 + y21 − l21 − l22

2l1l2

� �
ð4Þ

q2 =
p1 − p2, q1 > 0
p1 + p2, q1 ≤ 0

�
ð5Þ

where p1 = arctan y1
z1
, p2 = arccos z21 + y21 − l21 − l22

2l1
ffiffiffiffiffiffiffiffiffiffi
z21 + y21

p
� �

.

5 Experiment Results

In order to verify the effectiveness of the proposed method, a mobile robot equipped
with two 70 W DC motors and optical encoders with a precision level of 500 pulses
rotation were used.

As shown in Fig. 6, the mobile robot is equipped with a laser scanner, a Kinect, a
four-DOF manipulator with a single-DOF gripper. The UST-10LX model laser
scanner communicates with the interface via internet. The 2D plane measuring range
of the laser scanner is 270° with angular resolution of 0.25°. The maximum mea-
suring distance is 30 m. The main controller was designed with a PC. The robot can
be controlled by two motors to move forward, backward, left, right, and stop. Fig-
ure 6 shows the movie snapshot of the process of opening the door.

1q

2q

o

1 1( , )z y

1l

2l

qy

qz

Fig. 5 The simplified
two-DOF structure
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6 Conclusion

This paper presents a method of opening doors by mobile robots autonomously. In
the robot opening door system, all users need to do is to apply a mobile phone to
send the open command. The robot receives the command via Wi-Fi, then plans
path to move to the door position based on laser scanner and encoder sensors, and
aims at the door handle based on visual servo, finally opens the door autonomously.
The use of robot shows its advantage over other methods. It is not only durable but
also convenient. Besides, sometimes we come back home without keys, this method
avoids carrying even losing keys trouble. In addition, with more and more auton-
omous robots coming into millions of households, the use of robot incarnates
people’s awareness of intelligent robot era and pursuit of science and fashion.
Experiments have proved the validity and feasibility of the presented method.
Meanwhile, we are discussing other applications of this method.
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Linear Active Disturbance Rejection
Control Approach for Load Frequency
Control Problem Using Diminishing Step
Fruit Fly Algorithm

Congzhi Huang and Yan Li

Abstract The diminishing step fruit fly optimization algorithm (DS-FOA) is
employed to optimize the performance of the load frequency control (LFC) problem
by employing the linear active disturbance rejection control (LADRC) approach.
First of all, the LFC problem taking into account the case of a single generator
supplying power to a single service area is presented. Second, the general LADRC
solution to the problem is given, where the diminishing step fruit fly optimization
algorithm (DS-FOA) is employed to optimize the performance of the system with
the approach. Third, the performances of the system with the following three
control approaches are compared, including the traditional PID control approach,
the normal LADRC approach, and the DS-FOA optimized LADRC approach. With
the proposed LADRC approach, the system performance is much better than that of
the traditional PID controller, and a much better performance is achieved with the
proposed DS-FOA optimized LADRC approach. The performance superiority of
the proposed approach is also validated by the frequency domain analysis results
given.

Keywords Fruit fly optimization algorithm (FOA) ⋅ Load frequency control
(LFC) ⋅ Linear active disturbance rejection control (LADRC) ⋅ Power system

1 Introduction

The problem to control the active power output of generating units responding to
the disturbances in grid frequency and tie line power exchange within the desig-
nated limitation is denoted by the load frequency control issue [1]. Nowadays, it has
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become a hot topic with the aggressive development of smart grid all over the
world. The traditional PID control strategy is usually employed to solve the LFC
problem. The particle swarm optimized PID control approach is proposed in [2],
and the other approaches refer to the model predictive control [3], adaptive fuzzy
logic control [4], robust H∞ control [5], and so on.

However, the performance improvement of the system with the traditional PID
control approach is usually limited, while most of the advanced control approaches
are difficult to put into practice due to its complex structure. To solve the distur-
bance rejection control problem widespread in industry, the active disturbance
rejection control approach by Han [6] was brought into being. Its core idea is that
the total disturbance, including all the internal uncertainties and external distur-
bance can be estimated with the aid of an extended state observer constructed in real
time, and then cancelled by the nonlinear PD control law [7]. However, there were
too many parameters to be tuned in the original ADRC approach, and thus it is
often difficult to conduct parameter tuning work and put it into practice. Fortu-
nately, the linear version of the ADRC approach emerges at a historic moment in
[8], which largely simplified the parameters tuning procedure and thus quickly
found a number of applications in practical engineering, see the integrated guidance
and control system [9], and the hot strip width and gauge regulation problem [10].

In this paper, a general LADRC approach is introduced, and the DS-FOA is
employed to tune the LADRC approach. In addition, the LFC problem for the
single area power system with a non-reheated turbine is given for an example.
A fourth-order LADRC approach is used to illustrate the effectiveness of the pro-
posed approach. In order to improve the system performance, the DS-FOA is
employed to tune the parameters in the LADRC approach, the result is also com-
pared with that of the traditional PID approach in [11] and the normal LADRC
approach in [12].

2 LFC Problem Formulation

A linear model of a single area power system with a non-reheated turbine is shown
in Fig. 1.

Fig. 1 Linear model of a single area power system
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As can be seen from Fig. 1, r is the reference input, u is the controller output,
and ΔF is the frequency deviation, which is also the controlled process output in the
load frequency control problem. ΔPd represents the external load disturbance, ΔPG

represents the incremental quantity in generator output, and ΔXG the incremental
quantity in governor valve position.

The plant discussed in this paper is the same with that in [11] consisting of the
following three parts: governor, turbine, and load and machine. The dynamics of
the governor can be described as Gg(s) = 1/(Tgs + 1), and the turbine model is
often represented by Gt(s) = 1/(Tts + 1). The transfer function of the load and
machine is denoted by Gm(s) = Kp/(Tps + 1). In addition, the droop characteristic
is a feedback controller with the gain of 1/R so as to improve the system
performance.

Since the LFC problem for the power system under consideration is expressed
only to relatively small changes in load, so the controller can be used to ensure the
frequency deviation as small as possible under small load changes.

3 Linear Active Disturbance Rejection Control Solution

A. Linear Active Disturbance Rejection Control

The typical block diagram for the system with the LADRC approach is shown in
Fig. 2.

As shown in Fig. 2, an ESO based on the process input and output data is
constructed to estimate the process output its finite time derivatives, and the total
disturbance. Consider the following general controlled process:

yðnÞ = gðt, y, y ̇, . . . , u, u ̇, . . . ,wÞ+ bu, ð1Þ

where y is the controlled process output variable, u is the control input, and
w represents the external disturbance. Taking the estimation value of b as b0, it can
be rewritten as:

Fig. 2 Block diagram of control system with the LADRC approach
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yðnÞ = gðt, y, y ̇, . . . , u, u ̇, . . . ,wÞ+ ðb− b0Þu+ b0u= f + b0u, ð2Þ

where f = gðt, y, y ̇, . . . , u, u ̇, . . . ,wÞ+ ðb− b0Þu is defined as the total disturbance,
including the unknown dynamics as well as all the external disturbances. Define an
augmented state vector x = [x1, x2,…, xn, xn+1]

T, the extended state equation of the
original process is given as follows:

x1̇ = x2
. . .
xṅ = xn+1 + b0u
xṅ+1 = h
y= x1

8>>>><
>>>>:

, ð3Þ

where the state variables x1, x2,…, xn are the process state, xn+1 = f added as an
augmented state, and h = f′ is the unknown variable representing the first order
time derivative of the total disturbance.

Then, the following extended state observer is constructed:

z1̇ = z2 + β1ðyðtÞ− z1Þ
. . .
zṅ = zn+1 + βnðyðtÞ− z1Þ+ b0u
zn+1 = βn+1ðyðtÞ− z1Þ

8>><
>>:

, ð4Þ

where the observer gain is denoted by L = [β1, β2,…, βn, βn+1]
T. With appropriate

observer gains, the following state variables can be tracked accurately:

z1ðtÞ→ yðtÞ, z2ðtÞ→ y ̇ðtÞ, . . . , znðtÞ→ yðn− 1ÞðtÞ
zn+1ðtÞ→ f

ð5Þ

In order to simplify the parameter tuning procedure of the ESO, all the observer
poles are placed at the same place –ωo, where the observer bandwidth wo is the
only parameter to be tuned. The characteristic equation of the ESO is given as:

sn + β1s
n− 1 +⋯+ βn− 1s+ βn = ðs+ωoÞn. ð6Þ

Then, the ESO gain L can be obtained as follows: β1 = nωo, β2 = 0.5n(n – 1)
ωo
2,…, βo = nωo

n, βn+1 = ωo
n+1. With the well-tuned ESO, the control law is then

designed:

u=
− zn+1 + u0

b0
ð7Þ

This control law reduces the original plant to a cascaded integrator, which can be
easily controlled by a PD controller as follows:
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u0 = kpðr− z1Þ− kd1z2 −⋯− kdðn− 1Þzn ð8Þ

After the gains are selected in order to place all the roots of the closed-loop
characteristic equation at the same place –ωc, where wc is the controller bandwidth.

sn + kdðn− 1Þsn− 1 +⋯+ kd1s+ kp = ðs+ωcÞn, ð9Þ

where the controller parameters kp, kd1,…, kd(n – 1) are chosen as follows:
kp = ωc

n, kd1 = ωc
n−1,…, kd(n−1) = nωc.

Now, there are only three parameters to be tuned in the LADRC approach: b0, ωc

and ωo. In the following section, the FOA will be employed to tune them so as to
achieve better performance.

B. Fruit Fly Optimization Algorithm

The fruit fly optimization algorithm (FOA) proposed by Pan [13] is a kind of
swarm intelligent algorithm. Compared with the traditional particle swarm opti-
mization (PSO) algorithm, the FOA can achieve an optimal speed. But it also has its
own disadvantages: it is easy to fall into a local optimal solution, and it is easy to
become premature. Thus there are many scholars trying to improve the traditional
FOA. The diminishing step fruit fly optimization algorithm (DS-FOA) is proposed
in [14] to improve the global searching ability at the beginning and ensure the local
optimization ability later. In the DS-FOA, the searching step length L changes from
a constant variable into a decline variable:

L=L0 −
L0ðG− 1Þ
Gmax

, ð10Þ

where L0 is the initial searching step length, G is the current optimization iteration
number and Gmax is the max optimization iteration number. The tuning procedure
of the DS-FOA optimized LADRC approach is given as follows:

Step 1 Initialization. Set the max optimization iteration number Gmax, and the flies
population size P.

Step 2 Generate the initial locations of the fruit fly swarm randomly, θ0 = [(x01,
y01), (x02, y02), (x03, y03)].

Step 3 Use (10)–(12) to assign each fruit fly a direction and distance randomly,
and change the searching step L.

XðiÞ=X0i +L * randð1, 1Þ ð11Þ

YðiÞ=Y0i + L * randð1, 1Þ ð12Þ

Step 4 Take the values of the parameters b0, ωc and ωo into the LADRC approach,
and obtain the system error e(t) = y(t) − r(t), where y is the system output,
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and r is the set point. The performance index ITAE (Integration of Time
multiplied by Absolute Error) can be selected as the fitness function.

J =
Z∞

0

t eðtÞj jdt ð13Þ

Based on Eq. (13), the value of performance index J can be easily
obtained.

Step 5 Compute the minimum value of Jmin and the location of b0, ωc and ωo:
θi = [(xi1, yi1), (xi2, yi2), (xi3, yi3)]

Step 6 Once Jmin, is obtained, update the initial location as θ0 = [(xib0, yib0), (xiωc,
yiωc), (xiωo, yiωo)].

Step 7 Repeat step 3–6. When it comes to achieve maximum iteration number
then run out of circulation, and get the final values of b0, ωc and ωo.

4 Illustrative Examples

The nominal parameters of the non-reheated turbine plant in Fig. 1 are chosen as
follows: Kp = 120, Tp = 20, Tt = 0.3, Tg = 0.08, and R = 2.4. With the given
nominal parameters, the process model with droop characteristic can be obtained as
Gp(s) = 250/(s3 + 15.88s2 + 42.46s + 106.2). To verify the robustness of the
proposed approach, the parameters of the system are assumed to vary by ±50 %. 1/
Tt ∈ [2.564, 4.762], 1/Tg ∈ [9.615, 17.857], 1/Tp ∈ [0.033, 0.1], Kp/Tp ∈ [4,
12], 1/RTg ∈ [3.081, 10.639].

The PID controller K(s) = 0.4036 + 0.6356/s + 0.1832s was the one adopted in
[11]. The LADRC tuning parameters in [12] are selected as follows: the estimation
value b = 250, the observer bandwidth ωo = 5.15 and the controller bandwidth
ωc = 280.

In the DS-FOA optimized LADRC approach, the population size is set as 30, the
number of iterations is chosen as 20, and the initial searching step length is equal to
1, and the simulation results are presented in Fig. 3. Figure 4 shows the opti-
mization processes of DS-FOA. Table 1 shows the optimization result.

A. Disturbance Rejection Test

After conducting a disturbance rejection test, the performance superiority of the
optimized LADRC approach can be verified. With the load demand ΔPd = 0.01,
the responses of the power system with non-reheated turbine and the DS-FOA
optimized LADRC approach are shown and compared with the PID and LADRC
performance from [11, 12] in Fig. 4.
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ITAE Optimization processes; LADRC parameters optimization
processes

(a) (b)

Fig. 3 Optimization processes of DS-FOA

Nominal parameters; Upper bound;

Lower bound 

(a) (b)

(c)

Fig. 4 The responses of power system with a non-reheated turbine and the following three control
approaches: PID, LADRC and DS-FOA optimized LADRC approach
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As shown in Fig. 4, the performance of the system with the fourth-order
LADRC is much better than that of PID controller. In addition, by using DS-FOA
optimize LADRC parameters, the system shows a much better performance.

B. Performances Indices

To further compare the performance of the system with the DS-FOA optimized
LADRC approach with that of the PID controller and the normal LADRC approach,
the performance indices ITAE are computed and listed in Table 2.

In this table, it is shown that with the DS-FOA optimized LADRC approach in
the system, the performance indices are much smaller than the other two control
approaches, which explicitly indicates that the performance superiority of the
proposed approach.

C. Open Loop Transfer Function Frequency Domain Analysis

For the unit negative feedback control system, the actuator is assumed to be linear
and its gain is equal to 1. Its open loop transfer function is Gcloop(s) = Gp * Gc,
where Gp is plant transfer function and Gc is controller transfer function. It is easy to
know the transfer function of plant Gp and the PID controller GcPID from [11].

GcPIDðsÞ=0.4036+
0.6356

s
+0.1832s ð14Þ

In [15], the transfer function of LADRC has been summarized. For this paper,
the transfer function of LADRC and DS-FOA LADRC can be expressed as follows:

GCLADRCðsÞ= 2.195 × 107s4 + 4.522 × 108s3 + 3.493× 109s2 + 1.199× 1010s+1.544× 1010

250s3 + 2.195 × 107s2 + 2.68 × 107s+2.693 × 107

ð15Þ

GCDLADRCðsÞ= 1.849× 107s4 + 4.602× 108s3 + 4.296 × 109s2 + 1.782 × 1010s+2.773× 1010

240s3 + 1.849× 107s2 + 2.371 × 107s+2.389 × 107

ð16Þ

Table 1 Result of DS-FOA optimization LADRC parameters

b0 ωc ωo ITAE

242.6164 267.1187 6.3466 0.001208

Table 2 The Performance Indices ITAE

Controller Optimized LADRC LADRC PID

ITAE 0.00121/0.00110/0.00197 0.0069/0.0077/0.0104 0.0302/0.0365/0.0329

Note ITAE performance indices are presented in order as the system with the normal/upper
bound/lower bound parameters
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The Bode plots for the open loop transfer functions of the system with the three
controllers are shown in Fig. 5.

As can be seen from Fig. 5 and Table 3, all the three controllers make the system
stable. The LADRC increase the cut-off frequency to achieve a better response
speed than the traditional PID control approach. By using the DS-FOA optimized
LADRC parameters, the system has a higher phase margin in middle frequency so
that it has a better dynamic characteristics, which also proves the performance
superiority of the proposed approach.

5 Conclusion

In this paper, the DS-FOA optimized LADRC approach is proposed, and its per-
formance superiority is validated by the simulation example. By using DS-FOA
tuning the three control parameters of LADRC, b0, ωo and ωc, the LFC problem in
this paper is solved. The performance of LADRC demonstrates the effectiveness

Fig. 5 Frequency domain analysis of PID controller, LADRC and DS-FOA optimized LADRC
(solid LADRC; dashed DS-FOA optimized LADRC; dash dotted PID)

Table 3 Open loop transfer
function frequency domain
analysis

Controller PM dB (Cut-off frequency rad/sec)

PID 92.3273 (3.8749)
LADRC 89.0296 (249.8372)
DS-FOA LADRC 88.0407 (249.9800)

Linear Active Disturbance Rejection Control Approach … 17



and robustness of the proposed LADRC approach. In addition, by using the
DS-FOA, the better parameters of LADRC can be found and the controller
achieved better effect and stronger robustness. However, its deficiency is that the
performance of the FOA can be improved further, and the optimized parameters of
LADRC by DS-FOA for the reheated turbine plant and hydroturbine plant remains
a difficult and challenging problem to be further investigated.
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Local Zernike Moment and Multiscale
Patch-Based LPQ for Face Recognition

Xiaoyu Sun, Xiaoyan Fu, Zhuhong Shao, Yuanyuan Shang
and Hui Ding

Abstract In this paper, a novel feature extraction method combining Zernike
moment with multiscale patch-based local phase quantization is introduced, which
can deal with the problem of uncontrolled image conditions in face recognition,
such as expressions, blur, occlusion, and illumination changes (EBOI). First, the
Zernike moments are computed around each pixel other than the whole image and
then double moment images are, respectively, constructed from the real and
imaginary parts. Subsequently, multiscale patch-based local phase quantization
descriptor is utilized for the non-overlapping patches of moment images to obtain
the texture information. Afterward, the support vector machine (SVM) is employed
for classification. Experimental results performed on ORL, JAFFE, and AR data-
bases clearly show that the LZM-MPLPQ method outperforms the state-of-the-art
methods and achieves better robustness against severe conditions abovementioned.

Keywords Local Zernike moment ⋅ Local phase quantization ⋅ Face recognition ⋅
EBOI

1 Introduction

With the wide applications of surveillance, automation, and intelligent devices, face
recognition (FR) has become one of the most active research areas of computer
vision. Even though there are many methods proposed in FR [1–3] during the last
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two decades, it is still a challenging problem to adapt different conditions such as
expressions, blur, occlusion, and illumination changes (EBOI).

Generally, a FR system is constituted of feature extraction and pattern classifi-
cation. It is of great significance to choose proper method to extract features. Global
and local features are two classes of feature extraction methodologies. Since local
features exemplified by LBP [4] and Gabor [5] have better affine invariance and
illumination insensitivity compared with global features, they are usually applied to
the FR system with changeable image variations. However, LBP gets poor antinoise
ability while Gabor method suffers from high computational cost because of pro-
cessing 40 components (5 scales and 8 orientations) for every facial image. In
recent years, many other local feature methods have been proposed to achieve better
performance. For example, Ojansivu and Heikkila [6] presented the local phase
quantization method (LPQ) in discrete Fourier transform domain. To further
improve the performance, LPQ family is enriched by patch-based LPQ [7] and
adaptive LPQ [8]. Moreover, Chan [9] proposed an efficient method combining
several multiscale feature descriptors, which achieved high classification rate and
blur tolerance. On the other hand, the usages of Zernike moment (ZM) invariants
[10, 11], which possess the properties of rotation invariance and less information
redundancy, enabled to achieve successful recognition against expression variations
[12] and occlusions [13]. However, ZM-based methods are usually used as global
features, which negatively impact recognition rate in the images with illumination
and blur.

In this work, a novel local face feature extraction method with the hybridization
of local Zernike moment and multiscale patch-based LPQ is proposed, which is
termed as LZM-MPLPQ and shows better robustness against the EBOI conditions.
First, the Zernike moments are computed around each pixel to generate the moment
images, which can better deal with expression changes and occlusion. Then, cal-
culating by varying the filter size and combined histograms of all the LPQ regions
obtained by dividing moment image into non-overlapping patches, we have the
multiscale patch-based LPQ descriptor. MPLPQ is used to get stronger robustness
to blur and illumination variations. In the proposed method, it is worth emphasizing
that the real and imaginary components of ZM, which are extracted to avoid phase
information redundancy considering the MPLPQ, are available to gain contour and
shading information similar to the magnitude and phase components.

The proposed method is introduced in Sect. 2. Experimental results performed
on several datasets are provided in Sect. 3, and Sect. 4 concludes the paper.

2 The Proposed Method

To develop a novel face extraction method that is insensitive to EBOI, we propose
to use a combination with two descriptors: local Zernike moment and local phase
quantization. And we investigate how they are useful for face recognition invariant
to environment conditions. In the following, we introduce these methods in detail.
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