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Recall your memory

=> Face Detection

 Wide applications

 Auto Focusing for Digital Cameras 

 Face Recognition

 Video surveillance, and etc…

 Skin-Color-Based Face Detection

 Simple implementation

 Using fewer FPGA resources



Recall your memory => FPGA

Field-Programmable Gate Array (FPGA)

• Reconfigurable “Versatile Chips”

http://www.electronicproducts.com/Digital_ICs/Standard_and_Programma
ble_Logic/The_evolution_of_FPGA_coprocessing.aspx

http://www.electronicproducts.com/Digital_ICs/Standard_and_Programmable_Logic/The_evolution_of_FPGA_coprocessing.aspx


Objectives
 To study on the image & video processing techniques, especially 

ones related to face detection;

 To be familiar with the FPGA system design and develop deeper 
understanding on its characteristics:
 Compared to sequential micro-processors
 Parallel Execution

=> Hardware acceleration
=> Faster processing for specific applications

 Compared to custom ASIC design
 Reconfigurable

=> Faster prototype
Low-cost verification

 To implement an FPGA-Based Face Detection System



Project Schedule
Month/Year Task Progress

09/2014 Background Learning and Basic Understanding Establishment 

10/2014 Trials on C Sobel Filter and get familiar with CWB & QuartusII Tools 

11/2014
DE2-115 Board Experiments and Basic Function Implementation like Camera 

Capture, VGA Display and Simple Image Operations


12/2014
Edge Detection Operation and HLS of the C Sobel Filter

Interim Presentation & Report


01/2015 System Design and Operation Flow Trials in Software Approach 

02/2015 Hardware Single Modules Design and Functionality Verification 

03/2015 System Module Integration and Board Verification 

04/2015 Testing, Improvement, Final Report and Presentation 



Major Steps of Project Implementation

Edge Detection Trial

MATLAB Prototype

Face Detection System

Adapted into 

hardware suitable 

method



MATLAB Working Flow



Skin-Color-Based Face Detection System

 One PLL (Phase-Locked Loop) manages the clock utilization;

 One Reset_Delay Module manages the RESET functions;



CCD Camera Configuration By I2C

• Multi-master, multi-slave, single-ended, serial 
bus

• Used for attaching lower-speed peripherals to 
processors on computer motherboards or 
embedded systems

• Two critical bus lines 

• a serial data line (SDA) 

• a serial clock line (SCL)



 Look-Up Table (LUT) built according to Hardware Specifications

CCD Camera Configuration By I2C



Pre-processing 

--- Raw image data processing

 Bayer Pattern => RGB

The Bayer arrangement of color filters on 
the pixel array of an image sensor

Interpolation to get RGB components



Frame Buffer (Multi-Port SDRAM Controller)

 Multi-Ports
 2 writing ports + 2 reading ports

 FIFO Control 
 The video frames are captured real-time 

and buffered in FIFO

• Critical issues

• R/W Bandwidth (16-bit each port)

• Read/Write Synchronization

• Memory Utilization Efficiency



Color Space Conversion

RGB  YCbCr

=> Luminance component is separated from chrominance 
component

=> used in skin segmentation

• Techniques to deal with FP

• Binary representation

• Shift 10 bits to left => shift back!

• MAC MegaCores

(Multiplication & Addition)



Skin Segmentation

 YCbCr Chrominance Component Ranges

 Theoretical range proposed by previous scholars, D. Chai & K. N. Ngan,

"Face segmentation using skin color map in videophone applications“

77 < Cb < 127

133 < Cr <177

 Value range should be adjusted according to the real environment setting for the 

reason of lighting noise



Post-Processing

=>

Spatial Filtering + Temporal Filtering + Centroid Computation



Spatial Filtering

 Window Size & Threshold should be adjusted for better performance

 9 Rows * 9 Columns = 81 pixels

 Threshold = 78



Temporal Filtering

 Time-Weighted Average Module

(learnt from the averaging module by Prof. Bruce Lund, Cornell University)

 Weighting for the old average and later pixel data

out_avg =
3

4
in_avg +

1

4
pixel_data

out_avg = in_avg – in_avg >> 2 + pixel_data >> 2

outavg = in_avg −
1

4
in_avg +

1

4
pixel_dataMultiplication

Bit Shifting



Centroid Computation

---To mark the faces

--- For further facial feature verification

 Calculate the centroids of the candidate regions

 By averaging the sum of X, Y Coordinates

 At most two faces can be detected!

 Assume the two faces can only be aligned horizontally



2-Dimensional Scanning

VGA Control by FPGA



VGA Display + Pixel Coordinates Synchronization

Used to record the corresponding coordinates for each operating pixels;

 Post-processing causes certain cycles delay 

=> Coordinate signals are delayed for specific cycles;



Hardware Implementation Result



Hardware Synthesis Report



Conclusion

--- Performance Analysis
 Functionality Achieved

 Good Functionality in Ideal Environment

(lighting conditions, simple background)

 Hardware or FPGA Resources Optimized
 Use optimized MegaCores for Altera Devices

 Use fewer logic elements (18%)

 Drawbacks

--- For the limitation of the algorithms adopted
 Luminance Conditions

 Facial Views

 Skin-Color Objects

 Finding good thresholds for different environments is hard. 

 Picking bad thresholds yields many false positives.



Further Issues To Be Considered
 Aspect I –Algorithm View

Advanced Machine Learning Algorithms can be adopted for higher accuracy;

 Aspect II – Hardware View

Customized hardware may be used, such as camera module, memory and DSPs.

 Aspect III – Design Flow View
MATLAB to HDL Coder, Complete HLS Design Flow

 Aspect IV – Performance Comparison View
Use the same algorithm for both software and hardware implementations and make 
comparisons.

 Aspect V –Application View

Face Detection System with real applications, like security check and etc.
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END

Thank you for your listening!

If no questions…..

Have a nice day! 



Recall memory => Face Detection

 Wide applications

 Auto Focusing for Digital Cameras 

 Face Recognition

 Video surveillance, and etc…

 Viola-Jones AdaBoost Face Detection, Neural Network Based Face 

Detection, PCA-Based Face Detection

 Complicated

 Resource-demanding

 Skin-Color-Based Face Detection

 Simple implementation

 Using fewer FPGA resources (Memory & LEs)



Hardware Summary



EDA Tools Summary

 Altera Quartus II 13.1

=> Verilog HDL Coding

 ModelSim-Altera Starter Edition 

=> Simulation

 NEC CyberWorkBench (CWB) 

=> HLS + Preliminary Simulation

=> From C to Verilog HDL



Edge Detection Trial
 Sobel Filter 

– Spatial Derivative

(Horizontal + Vertical)



MATLAB Result

Pure Skin-Color-Based Face Detection

Combined-two-path method 



Hardware Implementation
=> Detection Method was adjusted for hardware consideration.

Issues to consider Software (MATLAB) Hardware (Verilog)

Memory  Resources & 

Access

The whole frame image 

are stored and any pixel 

can be accessed whenever 

we want;

Specific pixel data in a 

frame cannot always be 

stored so they cannot be 

accessed whenever we 

want; 

Code Implementation &

Timing

Sequential execution; Parallel execution;

Delay---Wait for the 

preceding executions;

Lower CLK frequency

but tasks can be divided 

into several cycles and 

many tasks can be 

handled at the same time 

(Pipelines);





Basic System Considerations

 Tradeoff
 Store 10-bit R, G, B data
 Color Space Conversion after Frame Buffer

 More bits and more memory

 Higher video acquisition rate

 Better synchronization of the pixel coordinates



VGA Display + Pixel Coordinates 

Synchronization



Backup Pages for Q&A



Backup Pages for Q&A



Image Enhancement
 Can be added for better detection performance

 Luminance Enhancement

 linear lighting correction

 nonlinear lighting processing

 Proposed enhancement uses nonlinear transfer function 
based on a local approach in HSV color space

 Contrast Enhancement

 Histogram Equalization

 Gaussian convolution in HSV color space

Backup Pages for Q&A



Noise Removal

 Low-pass filters and median filters are used most often for 
noise suppression or smoothing, while high-pass filters are 
typically used for image enhancement.

Median Filter
=> A nonlinear process

- to reduce impulsive, or salt-and-pepper noise
- to preserve edges in an image

Low-Pass Filter
=> Remove High-Frequency Noise

Backup Pages for Q&A



CWB HLS Flow of Design
Backup Pages for Q&A



Backup Pages for Q&A



Synthesis Report By Quartus II

Backup Pages for Q&A



Altera IP or Megafunctions Used in The 

Project

Backup Pages for Q&A



High-Level Synthesis 
By NEC CyberWorkBench (CWB)

 From C to Verilog HDL

 Preliminary simulation & verification

Backup Pages for Q&A



Three steps to achieve breakthrough 
performance (From Xilinx)

 1. Utilize the dedicated resources
 Dedicated resources are faster than a LUT/Flip-Flop implementation and 

consume less power
 Typically built with the CORE Generator tool and instantiated
 DSP48E, FIFO, Block RAM, ISERDES, OSERDES, EMAC, and MGT, for 

example

 2. Write the code for performance
 Use synchronous design methodology
 Ensure the code is written optimally for critical paths
 Pipeline when necessary

 3. Drive your synthesis tool
 Try different optimization  techniques
 Add critical timing constraints in synthesis
 Preserve hierarchy
 Apply full and correct constraints
 Use high effort

Backup Pages for Q&A





Post_Processing 18,606 / 114,480 ( 16 

% )
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