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Abstract  Face detection and recognition plays a vital role with broad applicat ion in  areas like crowd surveillance, 
security system, human computer interface, etc. In principle, b iometric system is preferred for people identification due to its 
reliability and accuracy. The biggest challenge in face recognition arises when a real-time applicat ion system is designed for 
frontal and non-frontal images. The variations in  face poses and expressions greatly impact the identification accuracy of a 
moving person. To circumvent this issue, in this paper, a  real-t ime biometric system using face region is designed to detect 
and recognize a person in a pre-defined range using LabVIEW. Face region is proposed to eliminate any physical contact with 
the system. Neural Network (NN) is employed by train ing the face images in d ifferent distance and angle which allows this 
system to work for frontal and non- frontal face recognition. Algorithms in LabVIEW are developed to detect and extract the 
face region in a captured frame which is then sent to NN for recognition process. Consecutive frames video processing was 
implemented for a real-time face recognition system. About 128 images were used for training and 160 images were tested 
and it achieves an accuracy of 96.8% in real-time testing. 
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1. Introduction 
Detection and tracking of human  activity takes major role 

in this current technology. This technology can be widely 
used in crowd surveillance, bank security, airport security, 
human computer interface and others[1][2].  

Biometric systems have been implemented in hospitals for 
several usages. The most common one is the fingerprint rec
ognition system that is used for reg istration purposes and 
login system to various departments. Biometric method can 
be classified into physiological characteristics like fingerpri
nt, iris, face and DNA which are non- alterable except by 
severe injuries. Behavioral pattern like keystroke and voice 
print may fluctuate due fatigue or illness[3]. In addition, 
using face as a biometric system does not require the person 
to be directly involved in the system unlike fingerprint syste
m where physical contact is needed to activate the system.  

The designed system can be useful to detect and recognize 
the presence of doctors within  a hospital building. In  general, 
doctors are assigned to different departments according to 
the need and specializat ion. Doctors are not allowed to use 
mobile phones when attending a patient to avoid improper 
treatment to the patients. Besides that, mobile phones are not 
allowed to be used at places where medical equipments are  
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placed. Intensive care ventilators, dialysis machines, external 
pacemaker mach ines are one of those equipments that suffer 
from electromagnetic interference from mobile phones. 
There is a need of a system to know the location of the 
doctors even if the mobile phone facility is not used. The 
exact location of the doctor must be known so that the doctor 
could be located in any case of emergency.  

This research focuses on designing a system that is able to 
detect, identify and recognize a person in a pre- defined 
distance. LabVIEW is utilized as major p latform for softwar
e design. There is several reasons for utilizing LabVIEW for 
system design in this research. LabVIEW is very suitable and 
easier for both hardware and software interfacing. Here, it  is 
used for interfacing to read the data from sensor,microcontr
oller and for external webcam communicat ion. Besides, 
MATLAB can be integrated in LabVIEW via MathScript for 
Neural Network approach. Moreover, it offers easy-to-use 
construction for graphical user interface. It has a variety of 
extended library for most design. The main advantage of 
LabVIEW is the simplicity of code and leads for easier 
debugging of the program. 

In this design, face detection must be computed before 
identification and recognition. A sensor is implemented for 
motion detection. This has reduced the processing task wher
e only selected frames will be further processed. Algorithms 
were developed to detect face in  a frame. This is done via 
background subtraction for every consecutive frame. A vide
o processing is done to ease the real-time mode. Once face 
region is extracted from prev ious stage, person recognition is 
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done by means of the designed network in neural network. 
Database were created, trained and tested accordingly with 
faces of a few people captured in different distance and angle. 
The result of the system is displayed in a GUI panel designed 
in LabVIEW. The objective of the paper is to design a face 
detection and recognition system in LabVIEW  using Neural 
Network and to achieve a high accuracy result for a real-time 
implementation.  

This paper is organized as follows; Section 2 briefly desc
ribes the previous work that was done by other researches 
which is related to this research. The methodology of the 
system is explained in Section 3, followed  by hardware 
development in Section 4. The software development done 
in LabVIEW is explained in detail in Section 5. Sect ion 6 
discusses the result obtained and a conclusion is done in 
Section 7.  

2. Related Work 

This section discusses the study that has been conducted 
by other researchers related to the design. There are several 
methods to classify face detection; knowledge based, image 
based, feature based and also template matching method. 
Knowledge based method works on the rule of facial feature 
to know the relative d istance and position but only suitable 
for frontal- image. Image based method have predefined 
standard face pattern. Th is method is used to match segments 
in an  image to d ifferentiate is it is a face o r not. It  uses 
training algorithms like Neural Network and Eigenfaces. 
This method is easy to be implemented but cannotdifferenti
ate different pose, scale and shape[4]. This technique has 
high detection rate because it depends on multi- resolution 
window but slower than feature based method[5]. Feature 
based method depends on extraction  of facial feature from 
image[6][7]. Features on a face are located by determining 
the nearest neighbor classifier[8]. This technique needs info
rmation from face feature like skin co lor, face shape, eyes, 
nose and others. The advantage of this method is that it is not 
affected by lighting conditions and makes it suitable for rea 
l- time application. Facial features are difficult to be located 
when comes to non- frontal images. Skin color is suitable for 
detection of multip le faces in a frame but fails as different 
camera gives different pixel color[8]. Face tracking is done 
by locating the facial features and tracked in the 
image sequence frame. This method is only suitable for fron
tal image tracking and high chance to fail if a large 
movement is detected[6]. Template matching method uses 
the correlation between the pattern in the input image and the 
original pattern of the face. This is done to find presence of a 
face or any other facial features[4]. 

Background subtraction is very suitable to be used for 
video processing where few frames will be selected to 
observe the variation in  the background. Foreground detecti
on is done by comparing the input video frame with the bac
kground reference frame. It will then identify the foreground 
pixels from the input video that was fed in[9]. According 

to[10] detection o f moving object can be done by implemen
ting background subtraction and CAMshift algorithm. Hand 
gestures are detected from each frame image from the 
sequence. Skin colo r was used to detect the face and hand 
region where face region were assumed to be static. Average 
filtering is applied to obtain the moving object clearly. In 
addition, applying filtering can remove noises that may 
appear from webcam. Prob lem arises when the face and hand 
overlaps as both gives the same threshold for skin color[10]
[8]. 

Morphological opening and closing is applied to group the 
pixels together to form a solid p iece[9][11][8]. Updates are 
done for a few consecutive frames to adapt the changes with 
reference to the background. Mixture of Gaussian is used to 
cluster the objects together. Besides, Threshold value is used 
to mark the difference in two concurrent frames[12]. 

Edge detection is applied  at places where the image 
brightness changes a lot and has a sort of discontinuities. 
Sobel edge detector is more suitable to be used for an image 
that has a smaller size[13] while Prewitt edge detector is used 
to detect the vertical and horizontal edge[13][14]. The 
gradient for Canny edge detector is calculator through the 
derivation of Gaussian filter. This method use to detect stro
ng and weak edges. This causes Canny operator to be less 
likely to respond to noise[14]. 

Neural network is made up of three layers which are the 
input layer, hidden layer and output layer. A neural network 
is made up of neurons built in various layer of network. 
These neurons of different layers are connected with each 
other through links called weights which stores information 
needed[15]. The sample image must have equal in size, clear 
and large enough[16][7]. Large sample of data is down 
sampled into a smaller size[7]. Train ing must be done a 
number of t imes but must not exceed the limit to avoid the 
system to memorize rather than learn ing[16]. The neural 
network is more suitable to be applied at the pattern recogni
tion phase rather than the face detection phase to reduce 
complexity. Neural network can be very complex even for a 
small picture size and may lead to difficulties in training[3]. 
Neural Network is suitable for analysis of frontal and non- 
frontal image analysis[17]. The neural network is said to be 
efficient if it requires less training pattern, takes less time for 
training and able to recognize different type of patterns[15]. 
Besides, the recognition rate can be improved if the face 
region covers the most area in an extracted frame[17]. 

[18] proposed a method to enhance the illumination using 
contrast stretching and image histogram equalizat ion. 
Images were fed into Neural Network for analyzing by 
reducing the images into 1-D dimensional vector using 
Dicrete Cosine Transform (DCT) and Principal Component 
Anaysis (PCA).[7] proposed training algorithm; Volterra 
kernel for recognition. For t rain ing process, the size and 
order of the kernel is held constant which in return is similar 
as input for Neural Network. Images are in grayscale form to 
reduce processing complexity.  

Generally, faces close to the camera will appear larger 
than faces that are far away from the camera[14]. Tracking of 
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the human face with an active motorized camera is necessary 
to keep the target in focus[2]. The face with the largest area is 
chosen as the region to track. In  other words, the image that 
is closest to the camera is chosen to further processing[2][6]. 
If the scene is found to have more than one people, it is more 
likely that the face which is closer to the camera has an 
overall higher importance, and therefore will be selected for 
servoing[2].  

Video processing can be converted into individual frames 
to find the possible skin region. This stage can reduce the 
search space. Human nature will have the least small amount 
if movements such as eye blinking and mouth or face 
movement. Facial feature search is done to check the face 
region using width and height of human face. Therefore, this 
method is only suitable for frontal image. Too muchmovem
ent in a frame such as running and hand shaking can lead to 
the failu re of system[19].  

Database containing face images can be obtained from the 
available ones like XM2VTSDB[20] which has multip le 
pose. Other database are also commonly used like Yale A, 
CMU PIE, Extended Yale B, MERL Dome and CMU Multi
PIE which were used for testing[7]. Available database can 
be used for experimental purposes if real-time applicat ion is 
not taken into account. Therefore, in order to test the reliabil
ity of the designed system in real-t ime, database is created 
with images of frontal and non- frontal[17]. 

3. Design Methodology 

 
Figure 1.  Block Diagram of the Designed System 

This section describes the flow of the designed system in 
detail. LabVIEW software is used as major processing 
platform. A long analog distance sensor is implemented to 
the system which has a detection range between 20 cm to 150 
cm. This sensor gives an analog output and data conversion 
to digital is done with a microcontroller v ia ADC module. 
For this reason, PIC 18F4550 is chosen. Logitech webcam 
with  2MP is used for image capturing and is connected to 
computer via USB 2.0. This whole architecture is simplified 
in Figure 1. Figure 2 displays the design of the software 

architecture.  
 

 
Figure 2.  Software Architecture 

A user input is required to start the system. Once the syst
em is started, the signal from the sensor is read continuously. 
The microcontroller is programmed where it  gives ‘0’ when 
no motion is detected while ‘1’ when a mot ion is detected. 
This array of data is sent to LabVIEW and triggers the 
webcam to process the captured images when a motion is 
detected. Once a motion is detected, each frame is processed 
for face detection and recognition. The system gives an error 
message when a misdetection is found. The system runs until 
it is stopped by the user. The complete process of the system 
is as illustrated in Figure 3. 

 

Figure 3.  Flowchart of the System 
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4. Hardware Development 
This section discusses the hardware development for a 

real-t ime system for a single face detection and recognition. 
A system was designed for face detection and recognition in 
LabVIEW. It starts with the signal received from sensor with 
microcontroller programmed accord ingly. The raw data that 
were received and extracted is displayed in LabVIEW GUI 
panel. This system detects and recognizes a person within the 
database in a pre- defined range of 1.4 meters from the base 
of the door depending on the person’s height. The variation 
in the height affects the camera view of focus. Microcontrol
ler and camera is communicated to computer v ia a USB 2.0 
connection. Figure 4 illustrates the top view of the designed 
system.  

 
Figure 4.  Topview of the System 

Analog long distance sensor (infrared) employed in this 
research detects any motion within 20cm to 150cm. The 
sensor is calibrated before the system is set up. This infrared 
sensor is quite accurate in performance as the environmental 
temperature and operating duration are not influenced easily 
to the distance detection. The sensor has two lens which is 
the emitter and detector. The sensor emitter emits a pulse of 
Infra- red light which travels along the space where the 
sensor is pointed and reflects back the light when it hit the 
object. 

 
Figure 5.  Sideview of the System 

Sensor calibration is done to determine the most suitable 
distance for detection for people with different height group. 
This is due to the reason that face will appear to be larger as 
the person moves closer to the camera. So , faces will appear 
in different sizes at different distances. From this research, it 
was found that the face region must cover the most pixels in 
an extracted frame to get a better performance. An accurate 
performance is needed to test the reliability of the system. 

Hence, for experimental purpose, people between the hei
ghts of 157cm to 170cm were included in database. Figure 5 
and Table 1 shows the proposed distance that was used in 
this design. Four different distances were selected for each 
person depending on the person’s height. The camera’s view 
of focus must be considered so that the extracted face region 
is fully covered in the frame.  

Table 1.  Proposed Distance 

 

5. Software Development 
This section includes the serial port communication 

between PIC and computer, v ideo acquisition and image 
processing. The algorithm developed for face detection and 
recognition is discussed in detail. 

5.1. Serial Port Communication and Video Acquisition 

Serial port communication is the interface between a 
computer and microcontroller. Th is can be easily done v ia 
LabVIEW with VISA module. The analog data from microc
ontroller is converted to digital of ‘0’ and ‘1’. A LED 
indicator light will be on if a motion is detected where an 
array of ‘1’ will be displayed. Once data is received from 
microcontroller, a case structure is created. If ‘1’ is received, 
the webcam will be triggered to process the image in the 
frames. The images will be further processed for face 
detection and recognition. The captured images are in 32- b it 
RGB, PNG format.  

5.2. Face Detection 

Algorithms were developed to ext ract the face region from 
a complex background. The captured image is in  640 X 480 
pixel dimension. The background image is pre- loaded into 
the system and it is stored as buffer image. When a motion is 
detected, the background image is subtracted from the input 
image from webcam. Th is can be represented in Equation 1.  

I segmented (x,y)= I current (x,y)- I background (x,y)  (1) 
The intensity plane in  the subtracted frame is removed so 
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that small changes in lighting condition will not reduce the 
system performance. Moreover, further processing in LabVI
EW requires the image to be in 8-b it. Therefore, this proces
sing will convert the 32- bit image to 8- bit image. Auto 
threshold is added in to clearly d istinguish the background 
from the moving object. This 8- b it image will undergo 
dilation to  merge the neighboring pixels to form a single 
piece. The noise in the image is removed through filtering. A 
bounding box is created to superimpose the extracted image 
with input image. Th is will extract the figure of a human. 
Next, the face reg ion is masked  out with a mask size of 150 
X 150 pixel dimension. The ext racted face region is finally 
converted to grayscale before reshape and resize. Conversion 
to grayscale had reduced the processing task vastly. 

 
Figure 6.  Software Development for Face Detection 

5.3. Face Recognition 

A pre- processing stage is required to complete face 
recognition. Database was created with images of four 
people captured in different distance and angle as in Table 1. 
Capturing images in  different  distance will ensure that at 
least one image can be processed as the person walks. 
Images were captured in d ifferent angle as this system is 
designed for frontal and non- frontal face analysis. There are 
a total of 160 images in the database with 40 images per 
person.  

The advancement of Artificial Intelligence as added value 

where Neural Network had been employed this system. The 
input for this stage is the converted grayscale image which 
was reshaped and resized into 2500 rows with 128 and 160 
columns for training and testing stage respectively. The 
output of the system is the face recognized which is 4.  

Feedforward backpropagation is applied as it is the most 
common algorithm used for pattern recognition. One h idden 
layer is enough to solve any complex problem. The input to 
the neural network is the grayscale face reg ion from previous 
stage while the output is the person identified.  

Neural Network is used for face recognition to train and 
test the data. 80% of the database which is 128 images was 
fully trained following the target as set in Table 2. The 
network is trained until a 100% train ing accuracy is achieved. 
The database was randomized and tested for accuracy. The 
trained network was integrated in LABVIEW. The output 
from neural network is converted into array to display 
accordingly. 

Table 2.  Target Set for Different Faces 

Face A Face B Face C Face D 
0 0 0 1 
0 0 1 0 
0 1 0 0 
1 0 0 0 

6. Results and Discussion 
This section describes the results obtained in this research 

and it is discussed in detail.  

6.1. Microcontroller Data 

Figure 7 shows the string read from microcontroller in  
LabVIEW. When a motion is detected, which  is a human in 
this case, the LED indicator will on and string of ‘1’ will be 
displayed while when no motion is detected, the LED will be 
off and string  of ‘0’ will be displayed. The green light 
displayed in Figure 7 shows when a motion is detected. The
se data from microcontroller is ext racted in LabVIEW. 

 

 
Figure 7.  Data from Microcontroller 
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Figure 8.  Face Detection 

 
Figure 9.  Performance Plot for Training 

6.2. Face Detection 

Figure 8 displays the result of face detection designed in 
LabVIEW. The face region converted to grayscale is sent to 
neural network for face recognition. Background subtraction 
is done for every frame to ext ract the moving object. Vision 
Assistant in LabVIEW requires the image to be in 8 bit.  

By removing the co lor p lane, a  32 b it image can beconve
rted to 8 bit  for further processing. Particle analysis is done to 
extract the particle with the largest area in a frame. Therefore, 
background subtraction is needed to remove the non- moving 
object in a frame.  

6.3. Face Recognition 

The trained network from MATLAB is integrated in 
LabVIEW. Parameters were set accordingly  to obtain the 
maximum performance o f the system. 100% train ing accura
cy will lead to an accurate result when the system is tested in 
real-t ime. Tansig was chosen as network layer as it converge
s to reach the performance goal. Learn ing rate is set to be low 
so that the network learns completely instead of memorizing 
which is 0.01. Adding a momentum of 0.9 into a network 
will allow the network to recover back to training even if it 
falls into local minimum. 
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From the study that was conducted, it was found that a  
100% t rain ing accuracy was achieved. This is illustrated in 
the performance plot in Figure 9. A ll the images in database 
were tested. Before testing, the data was randomized. The 
testing result that was achieved is 96.8%. In order to achieve 
a better recognition rate, the face pixel must cover the most 
regions in a frame. The system was also tested with people in 
the database but with some changes in appearance it  achieves 
almost 100% accuracy which shows the reliab ility of the 
system. 

6.4. Real-Time Testing 

Real-time testing includes face detection and recognition. 
A system was designed in LabVIEW  with a Graphical User 
Interface (GUI) panel. When a motion is detected, the green 
LED indicator will be on with a signal of ‘1’ from the sensor. 
The recognition is displayed in array form as in Tab le 2. The 
overall system uses video processing as it suits for real- time 
testing. From the system designed, a face can be identified a
ccordingly in a range of 140 cm from the camera and sensor.  

A few frames were compared to verify the recognition 
result. Figure 10 to Figure 12 shows a continuous sequence
of frames. It begins when the system is initialized where no 
object is detected and followed by object detected at first and 
second distance. From the figures, it can be concluded that 
the system works well for face in all angle. The results obtai

ned in every consecutive frames matches the target set as in 
Table 1 which  is Face A. Figure 13 shows the testing condu
cted for frontal- image which g ives the correct recognition 
which belongs to Face A.  

The reliability of the system is tested by testing it with 
images of the same people within the database but with diff
erent appearance. These face images are not in the database. 
The system recognizes the faces correctly. This can be seen 
in Figure 13.  

Most research is done by using MATLAB. The current 
method developed by[10] for hand gesture which usesbackg
round subtraction and skin colo r segmentation y ields an 
accuracy of 96.77%. System developed by[18] yields a high 
accuracy with Backpropagation Neural Network but it  was 
not tested real- time.[7] tested the face detection system with 
the available database with more images to achieve high acc
uracy. A method developed by[8] uses skin color to detect 
multip le faces gives an accuracy of 90%. A simple algorithm 
for face detection and recognition system is designed here 
for a real-time application which gives quite a high accuracy. 
The use of LabVIEW is found to generate an easier way of 
designing with a GUI panel. Besides, LabVIEW  can be 
integrated with other design software like MATLAB and 
also for hardware interfacing which  are a microcontroller 
and a webcam in this research. 

 

 
Figure 10.  System Initialized, No Object Detected 
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Figure 11.  Object Detected at First Distance, Non- Frontal 

 

Figure 12.  Object Detected at Second Distance, Non Frontal 
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Figure 13.  Frontal Image with Changes in Appearance 

7. Conclusions 
This paper discusses the system designed for face 

detection and recognition in LabVIEW where it is the major 
platform. MATLAB were used for the training of Neural 
Network which  was then integrated in LabVIEW. Sensor 
added to the system for motion detection to detect the prese
nce of moving object. The algorithm developed for face det
ection was discussed in detail incorporating background 
subtraction and threshold setting as major processing as it 
suits for a real- time system. Background subtraction will al
low the extraction of moving objects in a frame which allows 
reduces processing task where only frames with faces were 
further processed. Artificial Intelligence, Neural Network 
has also added value where train ing the images in different 
distance and angle allows the system to work well for frontal 
and non- frontal face recognition which gives an accuracy of 
96.8%. The system gives a high accuracy when it was tested 
with faces with difference appearance. In order for the 
system accurate result, the recognition was tested for every 
frame that contains face images. This system can be further 
developed for face tracking with person identification. In 
addition to that, different algorithm can be improved to get a 
higher accuracy of the overall system. 
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