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Abstract—The face detection process is one of the research 

objects in the field of image processing which aims to recognize 

faces from an image. Performance and face detection accuracy 

can be measured based on the platform used. In this research, 
we propose a face detection approach using the Viola-Jones al-
gorithm to perform face detection that is applied to CPU and 

GPU programs utilizing the architecture of the Compute Uni-
fied Device Architecture (CUDA). The image used in this study 

is an image in RGB format with 25 different image resolution 

sizes. Test results for each platform are the detection processing 

time on the CPU is 1433048.72 ms with an accuracy of 90% 

while the GPU is 233374.583 ms with 72% of accuracy.

Keywords—Face Detection, Viola-Jones, Haar Cascade, Par-
allel Computing, CUDA

I. In t r o d u c t i o n

In recent years, the development of computer technology, 
especially in the field of multimedia for face recognition, has 
been widely used as an object of research and development. 
Face recognition technology is one of the most popular 
research in the field of face pattern recognition and face image 
processing. Face detection is the first step in the face 
recognition process that can help identify a face by 
determining the location of the face and pre-processing the 
face image.

Central Processing Unit (CPU) is a type of hardware used 
to perform in the face detection process. CPUs generally have 
a sequential system where the output conditions depend on the 
previous input or in other words a task is done in a gradual 
way. The use of this sequential system is less efficient which 
is caused by which is caused by the process is carried out in 
stages and certainly greatly affects the timing of the face 
detection process [1]. The CPU is the core hardware of the 
computer where its function is the execution of a command or 
instruction from software. CPU consists of two main logic 
components namely Datapath which executes arithmetic 
operations and control which will tell Datapath, memory, and 
what input and output (I / O) devices to do based on 
instructions from a program [2].

In recent years, the Graphics Processing Unit (GPU) has 
been widely used as computing resources like CPU. 
Nowadays, GPU is not only used for rendering 2D and 3D 
graphics but also for other activities especially in parallel 
computing. Compute Unified Device Architecture (CUDA) is

a technology developed by NVIDIA to increase computing 
capabilities by accelerating computation intensively [3].

The architecture used to utilize the GPU in parallel 
computing is the Compute Unified Device Architecture 
(CUDA). The CUDA architecture allows software developers 
to create programs that run on NVIDIA's GPUs with a syntax 
like the familiar C syntax. The CUDA architecture consists of 
three basic parts which help system developers making 
efficient use of the computing capabilities of the graphics 
card. The CUDA divides devices into grids, blocks, and 
threads in a hierarchical structure. With several threads in one 
block and the number of blocks in one grid and several grids 
in one GPU so that parallel processing is achieved using a very 
large hierarchical architecture [4].

The face detection process is a complex process that will 
consume time, especially when the resolution of the face 
image used for very large. In recent years, graphics cards have 
been widely used because the improvement computing 
performance compared to CPUs. This problem can be solved 
by using GPU. Complex processes such as face detection can 
be done in parallel so that processes can be completed more 
quickly and efficiently than the CPU. In research by Jain & 
Patel with the research title "A GPU based implementation of 
Robust Face Detection System" showed that the face detection 
process used the GPU faster 5.41 ms to 19.75 ms than the 
CPU. However, this research only uses 1 parameter, namely 

the time of the detection process [5].

Parallel Computing is the simultaneous use of multiple 
computing resources to solve a computing problem, so that the 
benefits of Parallel Computing are maximized then a task will 
be divided into several sub-tasks so that in a process it can be 
divided into other processor cores to perform computations 
simultaneously [6]. The Viola-Jones algorithm is an algorithm 
created by Paul Viola & Michael Jones in 2001. The detection 
process by classifying an image based on the feature value 
through a classifier that is formed from the training data [7]. 

This algorithm can be implemented on a wide range of small 
low power devices, including hand-held devices and 
embedded processor [8].

Research related to the acceleration processing algorithm 

Viola-Jones has done a lot of them by Vikram Mutneja et al 
with the title is Modified Viola-Jones algorithm with GPU 
accelerated training and parallelized skin colour filtering-
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based face detection [9]. Then by Narmada Naik and G.N 

Rathna with the title is Robust Real Time Face Recognition 
and Tracking on GPU Using Fusion of RGB and Depth Image 
[10]. Then by Jan Masek et al with the title is Speeding up the 
Viola-Jones Algorithm using Multi-Core GPU Implementation. 
Then Haipeng Jia et al with the title is Accelerating Viola-Jones 
Face Detection Algorithm on GPUs. Then an efficient GPGPU 
based implementation of face detection algorithm using skin 
color pre-treatment by Guerfi et al. Then an Efficient GPGPU 
based Implementation of Face Detection Algorithm using 
Skin Color Pre-treatment by Imene Guerf et al [11 ]—[14]. 
Based on previous research, we conducted further research 

using GPU Nvidia GTX 1050 Ti technology and measured the 
accuracy and processing speed of the Viola Jones algorithm 
then compared the results with the measurement using the 
CPU.

II. Me t h o d

Viola-Jones Algorithm is an algorithm created by Paul Vi-
ola & Michael Jones in 2001. The detection process is the clas-
sification process of an image based on the feature value 
through a classifier that is formed from training data. This al-

gorithm uses the concept of the Haar feature, Integral Image, 
AdaBoost which is then processed into a Cascade Classifier. 
The concept of Haar, Integral Image, AdaBoost features are 
used and then processed into the Cascade Classifier [8].

A. Haar Like Feature
Haar-like feature is used to detect objects in an image 

namely image processing in boxes, where in one box there are 
several pixels [15]. The squares are then processed and 
produce different values indicating dark and light areas. These 
values will be used as the basis for image processing shown in 

Fig. 1.

B. Integral Image
Integral Image is an image where the value of each pixel 

is an accumulation the top and left pixels values. For example, 
pixels (a, b) have accumulative values for all pixels (x, y) 
where x < a and y < b. According to Viola & Jones [7] integral 
image at location x, y, contains the number of pixels from the 
top to the left of x,y. Equation (1) is shown the formula of 
integral image (i i(x,y))  from i ( x ' , y ') which is the original 
image.

i i(x,y) = 2 x '<x,y '< y i(* ' , y ' ) (1)

S (x,y)  = s (x ,y  — 1) + (x ,y)  (2)

i i (x,y)  = ii (X — 1 ,y)  + S (x ,y)  (3)

Fig. 1. Haar-Like feature pattern

Fig. 2. Example of integral image pixels result

A B

1

C D

4

Fig. 3. Calculation process of integral image pixels.

Summation of cumulative lines S (x,y)  is calculated 
using (2) which can be used to gain the integral image as 
written in (3) where S (x, —1) = ii (—1,y) = 0 . In fact, the 

integral image can be calculated by ignoring the original 
image. Fig.2 illustrates the example of the integral image 
result. Based on [7], the calculation of the number of pixels in 
rectangle D can be calculated with four reference arrays. The 
value of the integral image at location 1 is the sum of the pixels 
in rectangle A. The value at location 2 is A + B, the value at 
location 3 is A + C, and at location 4 is A + B + C + D. The 
addition in D can be calculated as 4 + 1- (2 + 3) shown in Fig. 

3. The search process for this feature value is carried out 
iteratively starting from the top left corner of the image to the 
bottom right corner with a shift of AX and AY. The smaller 
the AX and AY values are, the more accurate the detection 
process is. The frequently used values for AX and AY are one.

C. AdaBoost
AdaBoost (Adaptive Boosting) functions sorting many 

features by only selecting certain features. Boosting occurs in 

iterations, incrementally adding the weak learner into one 

strong learner. One weak learner learns from training data 

each iteration. Then, the weak learner is added to the strong 

learner. After the weak learner is added, the data is then 

changed for each weight. The data that encountered the clas-

sification error will experience weight gain, and correctly 

classified data will be subjected to weight reduction. There-

fore, the weak learner in the next iteration will be more fo-

cused on data that has been misclassified by the previous 

weak learner [16]. AdaBoost for feature selection and an in-

tentional cascade for efficient computational resource alloca-

tion [17].

D. Cascade Classifier
The last step is to combine the Cascade Classifier in the 

Viola-Jones method concentrating the detection process on 

image areas that have the potential to have faces only. The 

characteristic of the Viola-Jones algorithm is the multilevel 

classification [18], [19]. The classification of this algorithm 

consists of three levels where each level issues a sub-image 

which is believed to be not an object or that there is no face 

in the image area [19]. This is done to assess whether the sub-

image is an object that you want to detect or not. The work-

flow of multilevel classification is shown in Fig. 4.
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In the first level classification, each sub-image will be 
classified using one feature. This classification approximately 
uses 50% sub-image to be classified in the second stage. As 
the classification level increases, more specific requirements 
are needed so that more features are used. The number of sub-
images passing the classification reduces about 2%.

E. The application o f  the Viola-Jones algorithm to the CPU
process
1) Step 1. The detection process begins with extracting 

the integral value from the image.

2) Step 2. Then, the integral value of the image will be 

used in the feature detection process using the classifier file.

3) Step 3. The detection process takes place until the 

program acquires features that have the potential to have 

facial features in the image. At this stage, the processing time 

is started to get the detection time value.

4) Step 4. When all the features that the program 

considers are faces, the feature area will be marked with a 

square around the face to indicate that there are already faces 

in the image. At this point, the processing time recording ends 

and results in how long it will take to detect faces.
The face detection process is implemented using the CPU 

computing platform. The steps for face detection on the CPU 
include: Load the face image, Allocate CPU memory, 
Performing CPU Processing and Free memory on the CPU

F. The application o f  the Viola-Jones algorithm to the GPU
process
1) Step 1. The detection process begins with extracting 

the integral value from the image.

2) Step 2. Then, the integral value of the image will be 

used in the feature detection process using the classifier file.

3) Step 4. The detection process is carried out on the GPU 

with CUDA utilizing Threads and Blocks on the GPU.

4) Step 5. The detection process takes place until the 

program acquires features that have the potential to have 

facial features in the image. At this stage, the processing time 

is started to get the detection time value.

5) Step 6. When all the features that the program 

considers are faces, the feature area will be marked with a 

rectangle around the face to indicate that there are already 

faces in the image. At this point, the processing time 

recording ends and results in how long it will take to detect 

faces.

The face detection process is implemented using the GPU 
computing platform by utilizing the CUDA library. The GPU 

face detection process will take several stages for face 
detection, among others: a) Load the face image, b) Allocate 
CPU memory, c) Allocate GPU memory with the same 
amount of memory as the CPU using CUDA Malloc's library 
function, d) Retrieving data input (image/image data) from 
CPU memory called Memory host, d) Copying data into GPU 
memory using CUDA MemCpy's library function with 
CUDA Memcpy Host To Device parameter, so that data from 
host memory will be processed into device memory (GPU), e) 
Processing the GPU memory in the kernel is to run parallel 

computing according to the grids, blocks, and threads required 
for parallel processes, e) Copying result data in CPU memory 
using CUDA MemCpy's library function with CUDA 
Memcpy Device To Host parameter. In other words, the result

data from the device memory (GPU) is returned to the host 
memory (CPU), and f) Freeing GPU memory or other threads 

using the CUDA Free library function.

III. Re s u l t  a n d  D i s c u s s i o n

In testing process, 5 images with 5 size variations, rang-

ing from resolution 3000p, 2000p, 1000p, 720p, and 480p 

with a total of 25 images are used as shown in Fig. 5. Table I 

shows the results of the detection test with the Viola-Jones 

algorithm using the CPU computing platform.

Fig. 5. Tested Images

TABLE I. D e t e c t io n  Re s u l t  U SIN G  CPU

Image

Nu
m
be
r
of
Fa
ces

De-
tecta-

ble
Face

Un-
de-

tecta-
ble
face

Ac-
cu-

racy
Detection Time (ms)

R eso lu tion  3000

Image 1 23 23 0
100
%

3492633

Image 2 23 22 1 96% 3607642.67
Image 3 22 21 1 95% 3565676.67

Image 4 4 4 0
100
%

3486980

Image 5 32 32 0
100
%

3607187.67

R eso lu tion  2000

Image 1 23 23 0
100
%

1636842.33

Image 2 23 22 1 96% 1689009.67
Image 3 22 20 2 91% 1711453.67

Image 4 4 4 0
100
%

1622725.33

Image 5 32 32 0
100
%

1649214

R eso lu tion  1000

Image 1 23 23 0
100
%

549910.33

Image 2 23 22 1 96% 1513335.67
Image 3 22 20 2 91% 1497908.67

Image 4 4 4 0
100
%

1506593.33

Image 5 32 23 0
100
%

549910.33

R eso lu tion  720

Image 1 23 23 0
100
%

519377.33

Image 2 23 22 1 96% 523606
Image 3 22 21 1 95% 508770
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Image

Nu
m
be
r
of
Fa
ces

De-
tecta-

ble
Face

Un-
de-

tecta-
ble
face

Ac-
cu-

racy
Detection Time (ms)

Image 4 4 3 1 75% 506212

Image 5 32 31 1 97% 502479.67

R eso lu tion  480
Image 1 23 17 6 74% 90494.67

Image 2 23 14 9 61% 92433.33

Image 3 22 18 4 82% 88627

Image 4 4 3 1 75% 86454.33

Image 5 32 11 21 34% 87656

Image

Num-
ber
of

Faces

Detect-
able
Face

Unde-
tectable

face

Accu-
racy

Detection 

Time (ms)

Image 5 32 17 15 53% 238121

R eso lu tion  720
Image 1 23 13 10 57% 98260.3

Image 2 23 15 8 65% 94988.1

Image 3 22 11 11 50% 96666.8

Image 4 4 2 2 50% 97855.2

Image 5 32 18 14 56% 97093

R eso lu tion  480
Image 1 23 18 5 78% 21431.3

Image 2 23 20 3 87% 20270

Image 3 22 15 7 68% 20674.6

Image 4 4 2 2 50% 22328.6

Image 5 32 13 19 41% 20468.5

Detection results using CPU shown in Fig. 6. The detailed 

detection results using CPU are shown in Table I. Table II 
shows the detection test result with Viola Jones algorithm 
using GPU computing platform. Detection result using GPU 
shown in Fig.7. The detailed detection results using GPU are 
shown in Table II. Evaluation of the comparison between the 
CPU and GPU computing platforms is carried out by looking 
at the comparison value of the average percentage accuracy 
and the average length of the detection time shown in Table 
III.

Fig. 6. Detection results using CPU

TABLE II. De t e c t io n  Re s u l t s  Us in g  GPU

Image

Num-
ber
of

Faces

Detect-
able
Face

Unde-
tectable

face

Accu-
racy

Detection 

Time (ms)

R eso lu tion  3000
Image 1 23 23 0 100% 564612

Image 2 23 22 1 96% 576047

Image 3 22 14 8 64% 572597

Image 4 4 4 0 100% 560399

Image 5 32 15 17 47% 570872

R eso lu tion  2000
Image 1 23 23 0 100% 274466

Image 2 23 23 0 100% 270991

Image 3 22 19 3 86% 271876

Image 4 4 3 1 75% 267999

Image 5 32 17 15 53% 272816

R eso lu tion  1000
Image 1 23 13 10 57% 98036.1

Image 2 23 23 0 100% 235073

Image 3 22 19 3 86% 237245

Image 4 4 3 1 75% 233177

Fig. 7. Detection results using GPU

TABLE III. Co mpa r is o n

No Resolution Average Accu-
racy

Average
Detection Time (ms)

CPU GPU CPU GPU
1 3000 98% 81% 3552024 568905.4

2 2000 97% 83% 1661849 271629.82

3 1000 97% 74% 1350148.533 208330.4067

4 720 93% 56% 512089 96972.693

5 480 65% 65% 89133.067 21034.593

Average 90% 72% 1433048.72 233374.583

Based on the average accuracy, detection using CPU is 
more superior the comparison result is presented that the GPU 
is superior because the algorithm used is more optimal for 
running on the CPU computing platform than on the GPU. 

This is due to the detect Multiscale value which is a key 
parameter to be able to detect facial objects which have a static 
value and can only detect objects from a certain distance, 
while the objects used in this paper are very varied in terms of 
the distance between the face with the camera. On the other 
hand, the performance of detection using GPU in terms of time 
consumption is six times faster than CPU because GPU uses 
more numerous CUDA Cores numerous than the cores on the 
CPU.

Co n c l u s i o n

Based on the test results conducted in this research, the 

GPU was proven to be superior in terms of computation but
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weak in terms of accuracy, while the CPU was superior in 

terms of accuracy compared to the GPU. This is because the 

algorithms used are basically developed using the CPU com-
puting platform. So, when optimization is done on the GPU 

computing platform, the results obtained are not optimal. One 

of other reasons that causes inaccurate detection is that the 

library used can only detect facial objects visible from the 

front, so that when someone is not looking at the camera, then 

the object is considered not a face. Other factors are static 

detect Multiscale and various test objects. The detect Mul-

tiscale factor is very influential because it is a reference pa-

rameter of how close the object is to the camera that will be 

considered a face. In future research, it is hoped that it can be 

tested using other libraries that can detect facial objects not 

only from the front.
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