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Abstract— The methods for face-detection and facial-feature 

and component extraction exist in the literature are different 

in their complexity, performance, type, and nature of the 

images and the targeted application. The facial features and 

components are used in medical diagnoses, security 

applications, robotics, and assistance for the disabled. We use 

these components and feature to determine the state of 

alertness and fatigue for medical diagnoses. In this work we 

use plain color background images whose color is different 

from the skin. The image contains a single face. We are 

interested in the VLIW processor architecture dedicated for 

this application. This dedicated architecture must meet two 

constraints, which are the execution time and the VLIW 

processor functional unit resources. We have selected and 

associated a face detection algorithm based on the skin 

detection (using the RGB space) with a facial-feature 

extraction algorithm based on tracking the gradient and 

applying the geometric model. 
Keywords— Face detection, Face components, Face features, 

Skin detection, Architecture exploration, VLIW processor, 

Functional Unit. 

I.   Introduction 

The facial feature and component extraction is an important 

step in several applications of assistance for the disabled (face 

communication), robotics, security (biometrics, surveillance, 

and driving safety, decreased alertness detection, fatigue 

detection). The extraction of these components and features 

allows the facial expressions analysis. The facial expressions 

consist in a temporary distortion of a facial structure. There are 

two types: permanent structure (eyes, mouth, deep wrinkles, 

hair, and brow) and transient structure (swelling, wrinkles). We 

use these components and features to determine the alertness 

and fatigue state for medical diagnoses. 

The implementation of digital image processing algorithms can 

be made in hardware, software, or a hardware/software way. 

The design type depends on the intended application and the 

selected constraints (execution time, performance, memory 

space, power consumption,...). If we are interested in real-time 

applications, the hardware/software solution is ranked as the 

best solution which satisfies the time constraint and the 

complexity algorithm. The application implementation on the 

VLIW (Very Long Instruction Word) processor architectures 

achieves a compromise between the performance, hardware 

complexity and algorithm data dependence degree. These 

architectures have the ability to run more than one operation 

(instruction) at a time with a reduced hardware complexity. 

The embedded systems for acquiring, processing and analyzing 

facial expressions require increasingly complex algorithms. 

These algorithms require a computational power and a large 

memory space offered by the VLIW processor architecture. The 

implementation of the application of acquiring, processing and 

analyzing the facial expressions must meet a real-time execution 

(the camera frame rate), while minimizing the resource 

consumption. 

Several studies in the literature have proposed a face detection 

implementation on the processor and on the FPGA. The authors 

in [i] proposed a face detection implementation (Haar-classifier) 

on a computer (Intel Core 2 CPU (2.80 GHz), 2.98 GB DDR2 

SDRAM (800 MHz), Windows XP Professional, and Visual 

Studio) allowing the treatment of 0.71 frames/s [i]. The same 

application implemented on the FPGA (Viertx5-Xilinx) of 

images (320*240) with an execution time of 34.7ms (28.8 

frames/s). In [iii] the authors implemented a face detection 

algorithm (color model) for an image (800*600) on the FPGA 

(Virtex II) which was used to treat up to 90frames/s. The work 

done by [ii] was a face detection parallel implementation 

(Convolutional Face Finder) on the FPGAs (Virtex 4) designing 

32 Elementary Processors that operate at 350MHz. In [iv] the 

authors made a face detection implementation (color model) of 

an image (176*144) on the Altera APEX FPGA that could 

handle 434 frames/s. Several other studies have conducted 

implementations on the FPGA, such as [v] (processing time is 

200 ms for an image (180*180) on FPGA Stratix II), [vi] 

(processing speed is 50 frames/s ), [vii] (face detection using 

neural network for images (256*256) on the Virtex FPGA with 

an 99.67% occupancy rate). The autors in [xix] propose an 

FPGA implementation of face detection and facial components 

extraction for images (192*256) (490 frames/s) on the Virtex 5.  

The face-detection and facial-expression extraction with various 

methods is not an easy task. It requires hardware resources with 

a varied execution time depending on the method used, the 

image size, and the frame rate. Our objective is to design a 

dedicated VLIW processor architecture for a localizing and 

extracting facial-feature and component application. We aim to 

exploit the potential-parallelism algorithm, the data-dependence-

degree algorithm and the memory-management-by-exploring-

the-adequacy-architecture algorithmic. We will study and choose 

the optimization technique to be applied to the algorithm, to 

determine the number of Functional Units (FU) and the memory 

size of the dedicated VLIW processor architecture. In this work 

we are interested in two parts: face detection and interest-region 

localization (components) (eyes, forehead and mouth). We have 

chosen and combined several methods and algorithms that have a 

reduced complexity and a maximum performance. We have 

validated these algorithms using C language.  
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II. Material and Methodology 

II.1. Face-detection and facial-component extraction algorithm: 

There are various methods for the face detection and facial 

component extraction described in the literature. These methods 

present a difference in their complexity, performance, type, and 

nature of the images. In this work we use plain color 

background images whose color is different from the skin and 

which contain a single face. The image size (n,m) is (192*256) 

(figure1.a).We have chosen a face detection algorithm based on 

the skin detection (using RGB space) developed in [viii,ix,x,xi] 

and an algorithm of extracting the facial components based on 

tracking the gradient developed in [xii] and the geometric 

model developed in [xiii].The method consists of two stages. 

The first stage is the face detection. We have chosen a simple 

algorithm of detection that does not have a lot of calculations 

and constraints. The algorithm eliminates the regions that do 

not have the skin color using the RGB space [viii,ix,x,xi] 

(Figure 1.b).This first stage comprises the following step: 

segmentation and binarization, determination of the coordinates 

of the face, and of the extraction face. A pixel is said a skin 

pixel, if the components R (Red), G (Green) and B (Blue) of the 

color satisfy the following conditions (segmentation and 

binarization) [viii,ix,x,xi]: 

 
𝑰𝒇 𝑅 > 95  𝑎𝑛𝑑  𝐺 > 40  𝑎𝑛𝑑  𝐵 > 20  𝑎𝑛𝑑 

((Max 𝑅, 𝐺, 𝐵 − Min[𝑅, 𝐺, 𝐵]) > 15) 𝑎𝑛𝑑

 𝐴𝑏𝑠  𝑅 − 𝐺 > 15  𝑎𝑛𝑑  𝑅 > 𝐺 𝑎𝑛𝑑
 𝑅 > 𝐵 𝒕𝒉𝒆𝒏 

𝑠𝑘𝑖𝑛 𝑝𝑖𝑥𝑒𝑙  1 

𝑬𝒍𝒔𝒆
𝑛𝑜𝑡 𝑠𝑘𝑖𝑛 𝑝𝑖𝑥𝑒𝑙  0 

 

 
After selecting the skin pixels, we obtain a binary image whose 

various-pixel values are equal to 0 or 1.The principle of 

determining the coordinates of the face is to achieve a vertical 

one (VIb)  and a horizontal projection (HIb) of the binary 

image. 

  

 
We search the positions of the first two values that are different 

from the zero of both sides of the projection vectors HIb and 

VIb. These positions are the coordinates of the face in the 

original image (L1, C1, L2, C2) (Figure 1.a). 

The second stage is the facial-component extraction. Several 

extraction methods use the color information [xiv,xviii]. These 

methods have two limitations. They work only with color 

images, so illumination changes can affect the results. There are 

some methods based on the gradient information that are robust 

to the illumination changes [xv,xvi,xvii]. We have chosen a 

method developed in [xii]. The method is based on the fact that 

human faces are constructed in the same geometrical 

configuration. To model the face with a geometric model, the 

method uses a gradient tracking to locate each component of a 

frontal face on the plain color background. Thus, it presents 

robustness against small rotation angles, lighting conditions, 

skin color or accessories (mustache, glasses, beards) [xii]. We 

search through this method the extraction of the two eyes, the 

mouth, and the forehead. The method uses a gradient tracking 

to locate each facial component [xii]. By exploiting the 

property of the face (since it is parameterized), it is easy to 

retrieve an object characteristic referring to its coordinates in the 

face with regards to the center of the face and the level of the 

eyes. To locate the facial components, we first determine their 

horizontal axes, and then we determine the area of each 

component by applying a geometric model [xiii]. This assumes 

that the vertical distances between the eyes and the nose and 

between the eyes and the mouth are proportional to the 

horizontal distance between the centers of the eyes [xiii]. 

Distances related to this model will be described later. The 

proposed method comprises the following steps: 

 Grayscale conversion (Figure 2.a), 

The grayscale RGB space transformation algorithm is based on 

the following formula [xiv]: 

𝐼 = 𝑅 ∗ 0.299 + 𝐺 ∗ 0.587 + 𝐵 ∗ 0.114 
 

where I expresses the gray level for a given pixel, and R, G and 

B are the color components of the pixel 

 Calculating the gradient in the horizontal direction 

(Figure 2.c):  

∇𝐼𝑦 =  
𝜕𝐼

∂y
𝑗  

 
where y and j is the index and the horizontal direction, and I is 

the grayscale image. 

 Eye level location (Neyes): Realizing the horizontal 

projection of the gradient image, and searching for the maximum 

horizontal projection (Figure 2.d). 

𝐻𝐼𝑦 =  ∇𝐼𝑦(𝑥, 𝑦)

𝑚

𝑦=1

 

 

 
           

 Location of the central axis (Ncenter): Search for the 

position of the highest gray level on the eye axis (Figure 2.b): 

𝑁𝑐𝑒𝑛𝑡𝑒𝑟 = 𝑀𝑎𝑥(∇𝐼𝑦(𝑁𝑒𝑦𝑒𝑠 , 𝑦)) 
 

 Location of the nose (Nnose): Search for the highest 

gradient in a narrow window by horizontal projection, below the 

eyes axis and around the central axis with a width of x pixels 

(Figure 2): 

𝑯𝑵𝒏𝐨𝐬𝐞
𝑰𝒚 =  𝛁𝑰𝒚(𝒙 + 𝑵𝒆𝒚𝒆𝒔 + ∆𝒙, 𝒚)

𝒚=𝑵𝒄𝒆𝒏𝒕𝒆𝒓+∆𝒚

𝒚=𝑵𝒄𝒆𝒏𝒕𝒆𝒓−∆𝒚

 

 
𝑁𝑛𝑜𝑠𝑒 = 𝑀𝑎𝑥(𝐻𝑁nose

𝐼𝑦) 
 

 Location of the mouth (Nmouth): the same principle as 

the previous step (Figure 2): 

𝐻𝑁mouth
𝐼𝑦 =  ∇𝐼𝑦(𝑥 + 𝑁𝑛𝑜𝑠𝑒 + ∆𝑥, 𝑦)

𝑦=𝑁𝑐𝑒𝑛𝑡𝑒𝑟 +∆𝑦

𝑦=𝑁𝑐𝑒𝑛𝑡𝑒𝑟 −∆𝑦

 

𝑁mouth = 𝑀𝑎𝑥(𝐻𝑁mouth
𝐼𝑦)  

 
    a. Original image (192*256)       b. Framing the face and face  

                                                            extraction (119*74) 

Figure 1: Detection and extraction of the face 
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(4) 

(5) 
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Figure 2: Location of the axes of the eyes, the nostril, the 

mouth, and the median 

 Application of the geometric model (Figure 3).  

The distance between the two-eye centers is D. The geometric 

face model (Figure 3) and the related distances are described 

below [xiii]: The vertical distance between the center of the 

mouth and the two eyes is D. The vertical distance between the 

center of the nostrils and the two-eyes is 0.6 D. The mouth 

width is D. The nose width is 0.8 D. The vertical distance 

between eyebrows and eyes is 0.4 D. with D = Neyes – Nmouth 

Once the eyes’ axes and the mouth’s axe are located, we apply 

the geometric model of the face [13]. Figure 3 shows the results 

obtained for the extraction of the facial components (eyes, 

forehead, and mouth). 

 
Figure 3: Application of the geometric model and extraction of 

the eyes, the mouth, and the forehead. 

II.2. Vliw Processor Architecture Exploration Of Face 

Detection And Component Extraction Algorithm: 

A. Trimaran and Its Development Environment: 

      Trimaran is a tool compilation and integrated performance 

analysis [xx,xxi]. This tool is used to search for adequate 

optimizations for the process of Instruction Level Parallelism 

(ILP). It is highly configurable; it can reach a wide range of 

architectures that can be targets of embedded processes and 

VLIW processors [xx]. Trimaran is particularly suited for 

research in an architecture and compiler-level tool. It also 

facilitates the architectural exploration by varying the ILP, we 

can determine the number and the types of the FU and the 

registers. 

Trimaran is composed by: a parameterized architecture, called 

HPL_PD (Hewlett -Packard Labs PlayDoh) [xxi], and a 

Machine DEscription Service (MDES) to describe the HPL-

PD architecture. A compiler with a large optimization 

technique. A configurable simulator using the MDES: It 

provides information on the execution time, the branch 

frequencies, and the resource use (operators, memory space). 

This information helps the designer to select the optimization 

technique. A graphical interface for configuring and operating 

the Trimaran tool [xx,xxi].  

B. Exploration with Trimaran:  

     Before the exploration and simulation of the face detection 

and facial-feature component-extraction algorithm, the Trimaran 

tool replaces the function call with a copy of its text: this is the 

inlining optimization. The tool allows a choice of three technical 

optimizations: basic block, superblock and block hyper 

[xxi,xxii,xxiii]. 

Basic block: It is a sequence of instructions with a single input 

point (the first instruction) and a single output point (the last 

statement). In this case all instructions of the block are always 

executed. It is therefore possible to change the order of these 

instructions without worrying about the control flow of the 

algorithm. The weak point of this block type is that they have a 

small size because after five instructions, the potential 

parallelism is low [xxi]. 

Super block: It includes the identification of frequently executed 

blocks [xxii].  

Hyper block: The super block has the same properties as a super 

block allowing having the instructions with a predicate, which 

may correspond to multiple paths. Longer blocks are interesting 

to increase the instruction-level parallelism and minimize the 

branch [xxiii]. 

III. Results and Tables 

 

Figure 4: flow of algorithmic and architectural exploration 

 

III.1. WLIW Architecture Exploration       

 

Table1: Configuration of VLIW processor basis architecture 

 

Parameter VLIW Architecture 

ISSUES 4 

IALUs 2 

FALUs 2 

MU 2 

BU 1 

l1-icache (size,assoc,latency) 32 KB,4,7 

l1-dcache (size,assoc,latency) 32 KB,4,10 

l2-ucache (size,assoc,latency) 32 KB,8,100 

architecture 
VLIW 

algorithm 

compilation, optimisation 
execution 

profiling 

performance  

optimal VLIW 
architecture 
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Figure 5: VLIW processor architecture basis. 

Using the trimaran may determine the number of units used by 

the CLIW-dedicated processor.  Figure 4 shows the 

methodology of exploring the VLIW processor architecture by 

using the compilation, the optimization, the profiling, the 

performance test, and the modification of the architecture. 

When performance is that we seek, we can determine the 

optimal VLIW processor architecture for the algorithm. 
The initial configuration of the VLIW is as follows: two Integer 

Units (IALU), two Floating Units (FALU), two Memory Units 

(MU), and a Branch Unit (BU) (Table 1), Instruction cache, 

Data cache, Instruction Fetch Unit, Instruction decoder and 

dispatch Unit, Bank GPR (Figure 5). 
We will use this initial architecture (Figure 5) and apply the 

different optimization technique. We seek the adequate 

technique for the algorithm. We realize an algorithmic and 

architectural exploration to determine the number of functional 

units necessary for the application execution. The choice of the 

optimization technique and the architecture depends on the 

execution performance: instruction number, cycle number and 

ILP  

(Figure 4). 

A. Exploration with a Basic Block  

The figure 6 and table 2 gives a statistical for functions whose 

consumption of the execution time and the functional unit’s 

number is important 

The execution with the basic block optimization of the face-

detection and facial feature extraction algorithm on the basis 

architecture (figure 5) requires 239,010 cycles, and 291,506 

instruction with an ILP = 1.22. We note that the cycle’s number 

of the IUAL is the highest (136,323 cycles) which represents 

46.77%, while the cycle’s number of the floating UAL is very 

low (only 3 cycles). Figure 6 shows the percentage for each 

instruction type of the application algorithm. 

B. Exploration with a Hyper Block  

With the hyper block, the total number of instructions is 

increased (318,005 Instructions) and the total cycle number has 

decreased to become 212,050 cycles. The ILP has risen and 

become 1.49. The implantation results by the hyper block are 

represented in the figure 6 and table 2. 

C. Exploration with a Super Block  

The implementation of a super block optimization gives us a 

total cycle’s number equal to 223,489 cycles with an ILP equal 

to 1.47 (figure 6, table 2). 

 

D. Comparative Study Of Different Optimization Technique 

From Figure 6, we note that the algorithm does not require a 

large number of floating units, so we can reduce the number of 

these units and make it equal to 1. For the three optimization 

technique, the integer unit percentage is the highest. 

 

Figure  6: Percentage of different instruction for different 

optimization technique. 

Table 2: Performance of optimization technique of the algorithm 

with basis architecture 

 
Cycle 

number 

Instruction 

number 
ILP 

Basic block 239,010 291,506 1.22 

Hyper block 212,050 318,005 1.49 

Super block 223,489 329,115 1.47 

According to Table 2, the hyper block is the best and adequate 

optimization technique for the algorithm. In terms of 

performance, it presents a minimum cycle number and a 

maximum ILP. So we chose and applying this technique to 

determine the optimal architecture of dedicated VLIW processor. 

III.2. Architectural Exploration of the Algorithm Based On 

Hyper Block Optimization 

In the earlier study, it was noted that the algorithm did not 

require a large number of floating units; thus, we will vary the 

number of different units, except the floating units which is 

always equal to 1 (table 3). 

Table 3: Measuring performance based on a functional units 

number. 

FU number 

IALU/FALU/MU/BU 

Total cycle 

number 

ILP Instruction 

number 

2/2/2/2 212,050 1.49 318,005 

2/1/2/2 212,050 1.49 318,005 

3/1/3/3 211,694 1.50 318,005 

4/1/3/3 211,158 1.50 318,005 

5/1/3/3 211,158 1.50 318,005 

5/1/4/4 211,158 1.50 318,005 

5/1/5/5 211,158 1.50 318,005 

6/1/6/6 211,158 1.50 318,005 

By varying the number of units, the total number of cycles 

ranging from 212,050 cycles for the architecture 2/2/2/2 to 

211,158 cycles for the architecture 4/1/3/3. From the latter, the 

modification of the architecture does not affect the total cycle’s 

number. The parallelism rate (ILP) stabilizes at 1.50 from the 

architecture 4/1/3/3. The instruction number has stabilized at 

211,158 instructions from the same architecture (table 3).  
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Table 4: configuration of optimal VLIW Processor architecture 

Parameter VLIW Architecture 

ISSUES 4 

IALU 4 

FALU 1 

MU 3 

BU 3 

l1-icache (size,assoc,latency) 1 MB,4,7 

l1-dcache (size,assoc,latency) 512 KB,4,10 

         

Table 5: Performance of algorithm on the optimal VLIW 

processor 

Performance value 

Unit number 4/1/3/3 

ILP 1.50 

Cycle number 211,158 

Execution times 

(frequency = 1MHz) 

211.158 µs 

Instruction number 318,005 

Instruction memory size  1 Mo 
Data memory size 512 Ko 

 

 
Figure 7: Optimal dedicated VLIW Processor Architecture 

 

 

 

 

 

 

Figure 8: extraction of the eyes, the mouth, and the forehead. 

Table 4 present the necessary hard resource (UFs, Memory 

size) used for the optimal architecture of the dedicated VLIW 

processor (figure 7) to the face-detection and facial-feature and 

component extraction application.  

 The performances of the application algorithm implementation 

on the dedicated VLIW processor (figure 7) are presented in  

table 5. The algorithm execution time is 211.158µs with a 

frequency of 1MHz. the results of face detection and facial 

components extraction (left eye, right eye, mouth and forehead) 

are shown in figure 8.     

IV. Conclusion 

In this application we use two algorithms that have reduced 

complexity with a maximum performance: The face detection 

algorithm is based on the use of the colour information and The 

algorithm of localizing the facial components. The latest is based 

on the gradient which provides robustness against illumination 

changes and geometric model. We are explored and designed a 

dedicated VLIW processor architecture for the application 

algorithm. We are exploited the potential-parallelism algorithm, 

the data-dependence-degree algorithm and the memory-

management-by-exploring-the-adequacy-architecture 

algorithmic. The optimal architecture of dedicated VLIW 

processor allows us to process an image on 211.158 µs with a 

frequency of 1GHz. This enables us to consider the 

implementation of other algorithmic parts of analyzing the facial 

expressions. 
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