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ABSTRACT 

Face recogni t ion is a comp lex process that a ims to recognize human faces in images or 

v ideo sequences. App l ica t ions include survei l lance and ident i f icat ion sys tem, but face recog­

nit ion is also invaluable in the research of compu te r vision and artif icial intel l igence. Face 

recogni t ion sys tems are of ten based on either image analysis or neural networks. This work 

imp lemen ts an algor i thm based around the use of so-cal led eigenfaces. Bgen faces are the 

result of a form of Principal Component Analys is (PCA), wh ich extracts important facial fea­

tures from the original image and is based on solving a linear matr ix equat ion of the covar i -

ance matr ix, e igenva lues and e igenvectors. A face that is to be recognized is thus pro jected 

onto the e igenspace; the results of that opera t ion can be in terpreted as the compar ison of 

th is face wi th an exist ing database of known faces. Before execut ing the actual recogni t ion 

a lgor i thm, faces need to be located inside the image and prepared (by do ing normal izat ion, 

l ighting compensa t ion and noise removal) . M a n y a lgor i thms exist, but th is work uses a color 

based face detec t ion a lgor i thm, wh ich is both fast and sufficient for th is appl icat ion. The face 

detect ion and recogni t ion a lgor i thms are imp lemen ted on a Blackfin ADSP-BF561 DSP proc­

essor f rom Ana log Devices. 

KEYWORDS 

Face detec t ion , Face recogni t ion, Skin color based face detect ion a lgor i thm, Face recog­

nit ion based on Bgenfaces , PCA, Pr incipal Componen t Analysis, Bgen faces , Bgenvec to r , Ei­

genvalue, DSP processor, C imp lementa t ion , ADSP-BF561 , EZ-KITLi te, Digital image process­

ing. 
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ABSTRAKT 

Rozpoznávanie tvár í je komplexný proces, k to rého hlavným cieľom je rozpoznanie 

ľudskej tváre v obrázku alebo vo v ideo sekvenci i . Najčastejšími apl ikáciami sú s ledovacie a 

ident i f ikačné systémy. Taktiež je rozpoznávanie tvár í dôleži té vo výskume počítačového 

v iden ia a umelej intel igencií. Systémy rozpoznávania tvárí sú často založené na analýze 

obrazu alebo na neurónových sieťach. Táto práca sa zaoberá implementác iou a lgor i tmu 

založeného na takzvaných „Bgenfaces" tvárach. „Bgenfaces" tváre sú výsledkom Analýzy 

hlavných komponent (Principal Componen t Analys is - PCA), k to rá extrahuje najdôležitejšie 

tvárové črty z or ig inálneho obrázku. Táto me tóda je založená na riešení l ineárnej maticovej 

rovnice, kde zo známej kovariančnej mat ice sa počítajú takzvané ..eigenvalues" a „eigenvec-

tors" , v prek lade vlastné hodnoty a vlastné vektory. Tvár, k to rá má byť rozpoznaná, sa pre­

mietne do takzvaného „eigenspace" (priestor vlastných hodnôt ) . Vlastné rozpoznanie je na 

základe porovnan ia takýchto tvár í s existujúcou databázou tvárí , k to rá je p rem ie tnu tá do 

rovnakého „e igenspace". Pred procesom rozpoznávania tvárí , musí byť tvár lokal izovaná v 

obrázku a upravená (normalizácia, kompenzácia svetelných podmienok a odst ránenie šumu). 

Existuje mnoho a lgor i tmov na lokalizáciu tváre , ale v tejto práci je použi tý a lgor i tmus lo­

kalizácie tváre na základe farby ľudskej pokožky, k torý je rýchly a postačujúci pre t ú t o ap­

likáciu. A lgor i tmy rozpoznávania tváre a lokalizácie tváre sú imp lementované do DSP 

procesoru Blackfin ADSP-BF561 od Ana log Devices. 

KLÍČOVÁ SLOVA 

Lokalizace obl ičeje, Rozpoznávání tváří , A lgor i tmus lokal izace obl ičeje na základě barvy 

lidské kůže, Rozpoznávání tvář í s využit ím Bgen faces , PCA, Principal Componen t Analysis, 

Bgen faces , Bgenvec to r , Bgenva lue , DSP procesor , Implementace v C, ADSP-BF561 , EZ-KIT 

Lite, Číslicové zpracování obrazu. 
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Preface 

This text (master 's thesis) represents formula t ion of my d ip l oma (master's) project. I 

w a s work ing on th is project at Katholieke Hogeschool Brugge-Oostende I Faculty of Indus­

trial Engineering Sciences and Technology in Belgium as my internat ional exchange stay (LLP 

- Erasmus) at th is university for 5 mon th . 

Project dea ls wi th imp lementa t ion of some a lgor i thms from image processing domain 

and other doma ins into the DSP processor Blackfin® ADSP-BF561 f rom Ana log Devices, Inc. 

wi th using a deve lopment board EZ-KITLite®ADSP-BF561 f rom the same company . 

The imp lemen ted a lgor i thms are: Frame processing and image modi f icat ion, Face de­

tect ion, Face recogni t ion, Commun ica t i on wi th P C v ia UART, V ideo captur ing from camera , 

and others. A lso, I have created a W i n d o w s appl icat ion wh ich commun i ca tes wi th DSP proc­

essor v ia UART. 

Some te rms used in th is thes is are not fully grammat ical ly correct , because are rooted 

from English researches and publ icat ions. 

This work is d iv ided into the several chapters : 

The first chapter is Introduct ion, whe re I wi l l descr ibe basic knowledge about digital im­

age processing. A lso, I wi l l descr ibe speci f ic color mode ls and v ideo format for v ideo s t ream­

ing. This in format ion is good to know to unders tand th is project. 

In the second chapter are descr ibed deve lopment tools, wh ich we re used for designing 

this project, such as DSPprocesso r , deve lopment board and deve lopment env i ronment . 

The th i rd chapter descr ibes Skin Color based face detect ion a lgor i thm. Firstly, I wi l l de­

scr ibes face detect ion - "what is it" and exist ing me thods and approaches. Then, wi l l be de­

scr ipt ion of p roposed face detec t ion algor i thm and its imp lementa t ion into DSP processor 

using C/C++. The last sect ion of th is chapter is exper imenta l results of th is face detect ion 

a lgor i thm. 

The fourth chapter descr ibes face recogni t ion algor i thm based on Eigenfaces (Principal 

component analysis). In the beginning of th is chapter wi l l be in t roduct ion to face recogni t ion 

- exist ing me thods and approaches. Then, wi l l be descr ibed th is face recogni t ion algor i thm 

14 
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and then its imp lementa t ion into DSP processor using C/C++. Last sect ion of th is chapter is 

exper imenta l resu l tso f p roposed face recogni t ion a lgor i thm. 

If you have any commen t concern ing th is project, p lease contact me on e-mai l : 

peter.knapoBgmail.com . 

Author 

15 
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1 Introduction 

This chapter gives the basic knowledge and overv iew of digital image processing and its 

parts, and descr ibes specif ic color mode ls and v ideo format for v ideo s t reaming. This infor­

mat ion are n e e d f u l t o bet ter unders tand p rob lems a imed in t h i s d i p l o m a project. 

1.1 Digital image processing 

An image may be def ined as a two-d imens iona l funct ion, f(x, y), whe re x and y are spa­

tial (plane) coord ina tes , and the ampl i tude of f at any pair of coord ina tes (x, y) is cal led the 

intensity or gray level of the image at that point . W h e n x, y, and the ampl i tude va lues of fare 

all f ini te, d iscrete quant i t ies, w e call the image a digital image. The f ield of digital image 

processing refers to processing digital images by means of a digital computer . No te , that a 

digital image is composed of a f inite number of e lements , each of wh ich has a part icular lo­

cat ion and value. These e lemen ts are referred to as picture e lements , image e lements , and 

pixels. Pixel i s t h e term most wide ly used to deno te the e l e m e n t s o f a digital image, (cit. [1]) 

1.1.1 Fundamentals of digital image processing 

(cit. [2]) 

W e are in the midd le of a visually enchant ing wor ld , wh ich mani fes ts itself w i th a variety 

of fo rms and shapes, co lors and textures, mot ion and tranqui l i ty. The human percept ion has 

the capabi l i ty to acquire, integrate, arid interpret all th is abundant visual in format ion around 

us. It is chal lenging to impart such capabi l i t ies to a machine in order to interpret the visual 

in format ion e m b e d d e d in still images, graphics, and v ideo or mov ing images in our sensory 

wor ld . It is thus important to unders tand the techn iques of storage, processing, t ransmis­

s ion, recogni t ion, and finally in terpretat ion of such visual scenes. 

The first step t owards designing an image analysis system is digital image acquisi t ion us­

ing sensors in opt ical or thermal wave lengths . A two d imens iona l image that is recorded by 

these sensors i s t h e mapping of the th ree-d imens iona l visual wo r ld . The captured two di­

mens iona l signals are sampled and quant ized to yield digital images. 

16 
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Somet imes w e receive noisy images that are degraded by some degrading mechan ism. 

One c o m m o n source of image degradat ion is the opt ical lens system in a digital camera that 

acqui res the visual in format ion. If the camera is not appropr ia te ly focused then w e get 

b lurred images. Here the blurr ing mechan ism is the de focused camera . Very of ten one may 

come across images of ou tdoor scenes that we re procured in a foggy env i ronment . Thus any 

outdoor scene captured on a foggy win ter morn ing could invariably result into a b lurred im­

age. In th is case the degradat ion is due to the fog and mist in the a tmosphere , and th is type 

of degradat ion is known as a tmospher ic degradat ion . In some other cases there may be a 

relat ive mot ion be tween the object and the camera . Thus if the camera is given an impuls ive 

d isp lacement dur ing the image captur ing interval whi le the object is static, the result ing im­

age wil l invariably be b lurred and noisy. In some of the above cases, w e need appropr ia te 

techn iques of ref ining the images so that the resultant images are of better visual qual i ty, 

free from aber ra t ions and noises. Image enhancement , f i l ter ing, and restorat ion have been 

some of the important appl icat ions of image process ing. 

Segmentat ion is the process that subdiv ides an image into a number of uni formly ho­

mogeneous regions. Each homogeneous region is a const i tuent part or object in the ent ire 

scene. In other words , segmenta t ion of an image is def ined by a set of regions that are con ­

nected and non over lapp ing, so that each pixel in a segment in the image acquires a unique 

region label that indicates the region it be longs to. Segmentat ion is one of the most impor­

tant e lemen ts in au tomated image analysis, mainly because at th is step the objects or other 

ent i t ies of interest are extracted from an image for subsequent process ing, such as descr ip­

t ion and recogni t ion. For example , in case of an aerial image conta in ing the ocean and land, 

the prob lem is to segment the image initially into two parts- land segment and water body or 

ocean segment . Thereafter the objects on the land part of the scene need to be appropr i ­

ately segmented and subsequent ly c lassi f ied. 

After extract ing each segment ; the next task is to extract a set of meaningfu l features 

such as texture, color , and shape. These are important measurab le ent i t ies wh ich give 

measures of var ious proper t ies of image segments . Some of the texture proper t ies are 

coarseness, smoothness , regularity, etc., whi le the c o m m o n shape descr ip tors are length, 

breadth, aspect rat io, area, locat ion, per imeter , compac tness , etc. Each segmented region in 

a scene may be character ized by a set of such features. 

Finally based on the set of these extracted features, each segmented object is classif ied 

to one of a set of meaningfu l c lasses. In a digital image of ocean, these c lasses may be ships 
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or smal l boa ts or even naval vessels and a large class of water body. The p rob lems of scene 

segmentat ion and object classif icat ion are two integrated areas of s tudies in mach ine v is ion. 

Expert systems, semant ic networks, and neural ne twork-based sys tems have been found to 

perform such higher- level vision tasks qui te eff iciently. 

1.2 Color models and transformation 

A number of color spaces or color mode ls have been suggested and each one of them 

has a specif ic color coord ina te system and each point in the color space represents only one 

specif ic color . Each color mode l may be useful for speci f ic appl icat ions. There are a number 

of such color spaces like RGB, CIELAB, YCbCr, C M Y K , HSV, HIS, or LUV, etc. 

1.2.1 RGB color model 

Typical color images, part icular ly those genera ted by a digital imaging sys tem, are rep­

resented as red, green, blue, and are normal ly cal led RGB images. They are useful for color 

moni tors , and v ideo cameras . 

In RGB mode l , each color appears in its pr imary spectral c o m p o n e n t s of red, green, and 

blue. This mode l is based on a Cartesian coord ina te sys tem. The color subspace of interest is 

the cube shown in Figure 1, w h e r e RGB va lues are at three corners; cyan, magen ta and yel ­

low are at th ree other corners ; black is at the or ig in; and wh i te is at the corner farthest f rom 

the or ig in. In th is mode l , the gray scale (points of equal RGB values) ex tends f rom black to 

wh i te along the jo in ing these two points. The different co lors in th is mode l are po in ts on or 

inside the cube, and are def ined by vectors extending from or igin. For conven ience , the as­

sumpt ion is that all co lor va lues have been normal ized. That is, all va lues of R, G, and B are 

assumed to be in the range [0, 1]. (cit. [1]) 

An RGB color image, represented by 8 bi ts of R, G, and B pixels has 2 5 6 3 or 16 777 216 

colors. 

Transformat ion RGB -> Grayscale level [31: 

Grayscale = 0.299 • R + 0.587 • G + 0.114 • B (1) 

Where R, G, B, and Graysca le are normal ized in the range [0,1] . 
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Figure 1: RGB color cube (normalized RGB model). 

1.2.2 YCbCr color model 

In th is color mode l , Y is the luminous componen t whi le Cb and Cr prov ide the color in­

fo rmat ion . The color in format ion is s tored as two color d i f ference c o m p o n e n t s Cb and Cr. 

Transformat ion RGB -> YCbCr [21: 

Y 16 

Cb = 128 + 
Cr 128 

65.481 128.553 24.966 

- 3 7 . 7 9 7 - 7 4 . 2 0 3 112.00 

112.00 - 9 3 . 7 8 6 - 1 8 . 2 1 4 

~R~ 

G 

B 

(2) 

Where R, G, B; Y, Cb, and C R a r e normal ized in the range [0, 255]. 

The YCbCr color mode l is used in ITU-R 656 v ideo mode for cod ing co lors in digital v ideo 

stream (NTSCor PAL fo rma t ) . 

1.3 ITU-R 656 video mode for digital video streaming 

The ITU-R 656 v ideo mode is used for many digital v ideo s t reams such as v ideo in/out 

f rom moni to r , TV or por tab le camera . The ITU-R 656 is suppor ted many of DSP processors, 
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for example , DSP processor Blackfin ADSP-BF561 from Ana log Devices which is used for this 

project. 

(cit. [4]) 

Accord ing to the ITU-R 656 recommenda t ion ( formerly known as CCIR-656), a digital 

v ideo st ream has the character is t ics shown in Figure 2, and Figure 3 for 525 /60 (NTSC) and 

625 /50 (PAL) systems. 

In th is mode , the Hor izonta l (H), Vert ical (V), and Field (F) signals are sent as an e m b e d ­

ded part of the v ideo datast ream in a ser ies of by tes that form a contro l w o r d . The Start of 

Act ive Video (SAV) and End of Act ive Video (EAV) signals indicate the beginning and end of 

da ta e lemen ts to read in on each l ine. SAV occurs on a 1-to-0 transi t ion of H, and EAV begins 

on a 0-to-1 t ransi t ion of H. An ent i re f ield of v ideo is compr ised of Act ive V ideo + Hor izonta l 

Blanking (the space be tween an EAV and SAV code) and Vert ical Blanking (the space whe re V 

= 1). A f ield of v ideo c o m m e n c e s on a t ransi t ion of the F bit. The " o d d f ie ld" is deno ted by a 

value of F = 0, whe reas F = 1 deno tes an even f ield. Progressive v ideo makes no dist inct ion 

be tween Field 1 and Field 2, whe reas inter laced v ideo requi res each field to be handled 

uniquely, because al ternate rows of each f ield comb ine to create the actual v ideo image. 

END OF ACTIVE VIDEO 

EAV 
CODE 
(H = 1) 

HORIZONTAL 
BLANKING 

SAV 
CODE 
(H = 0) 

START OF ACTIVE VIDEO START OF 
NEXT LINE 

DIGITAL 
VIDEO 
STREAM •4-

268 (280 FOR PAL) 1440 

1716(1728 FOR PAL) 
1 

Figure 2: ITU-R 656 8-Bit Parallel Data Stream for NTSC (PAL) Systems. 

In many appl icat ions, v ideo s t reams are other than the standard N T S C / P A L fo rmats (for 

example , CIF, QCIF) can be emp loyed . Because of this, the processor interface is f lexible 

enough to accommoda te dif ferent row and f ield lengths. In general , as long as the incoming 

v ideo has the proper E A V / S A V codes, the PPI can read it in. In other words , a CIF image could 
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be fo rmat ted to be "656-compl ian t , " w h e r e EAV and SAV va lues def ine the range of the im­

age for each l ine, and the V a n d F c o d e s c a n be used to del imit f ie lds and f rames. 

LINE # 

VERTICAL 
BLANKING 

3N
TA

L 
K

IN
G

 FIELD 1 
ACTIVE VIDEO 

H
O

R
IZ

l 
B

LA
N

 

VERTICAL 

H
O

R
IZ

l 
B

LA
N

 

BLANKING 

FIELD 2 
ACTIVE VIDEO 

— LINE 4 -r 

20 

264 

283 

525 

— LINE 266 - -

— LINE 3 - 1 -

Fl ELD 1 

FIELD 2 

LINE F V H H 
NUMBER (EAV) (SAV) 

1-3, 1 1 1 0 
266-2S2 

4-19, 0 1 1 0 
264-265 

20-263 0 0 1 0 

283-525 1 0 1 0 

EAV SAV 

VERTICAL 
BLANKING 

H
O

R
IZ

O
N

TA
L 

B
LA

N
K

IN
G

 FIELD 1 
ACTIVE VIDEO 

H
O

R
IZ

O
N

TA
L 

B
LA

N
K

IN
G

 

VERTICAL 
BLANKING 

H
O

R
IZ

O
N

TA
L 

B
LA

N
K

IN
G

 

FIELD 2 
ACTIVE VIDEO 

VERTICAL 
BLANKING 

i 

1 —LINE 1 -r 

23 

311 —LINE 313 

336 

624 

625 —LINE 625 J -

FIELD 1 

FIELD 2 

LINE 
NUMBER 

F V H 
(EAV) 

H 
(SAV) 

1-22, 
311-312 

0 1 1 0 

23-310 0 0 1 0 

313-335, 
624-625 

1 1 1 0 

336-623 1 0 1 0 

EAV SAV 

Figure 3: Typical Video Frame Partitioning for NTSC/PAL 9/stems for ITU-RBT.656-4. 

NTSCdef in i t i ons : 

§ Resoul t ion: 720x480 

§ 525 /60 v ideo system 

PALde f in i t i ons : 

§ Resoul t ion: 720x576 

§ 625 /50 v ideo system 
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In ITU-R656 v ideo mode there are 2 t ypes of YCbCr sampl ing [5]: 

§ 4:4:4 (full sampl ing, wh ich means that every sample has Y, Cb, and Cr componen t ) , 

shown in Figure 4. 

§ 4:2:2 (used for s tandard ITU-R656 v ideo m o d e ; not full sample , wh ich m e a n s t h a t Y, 

Cb, and Cr componen t has only every second sample. Others samples have only Y 

component ) , shown in Figure 5. 

SCAN 
LIME 

0 V, CB, CR SAMPLE 

Figure 4: 4:4:4 YCbCr sampling structure for a 625-line interlaced system. 

SCAN 
LIME 

314 

2 

315 

-# • #-

3 - # • # " 

V V, CB, CR SAMPLE 

• V SAMPLE ONLY 

Figure 5: 4:2:2 YCbCr sampling structure for a 625-line interlaced system. 
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2 Development tools 

This chapter descr ibes deve lopment board EZ-KIT Lite® ADSP-BF561 wi th digital signal 

processor Blackfin® ADSP-BF561 and deve lopment env i ronment VisualDSP++ f rom Ana log 

Devices, Inc. The DSP a lgor i thms are imp lemen ted into th is processor using th is env i ron­

ment . 

2.1 DSP processor Blackfin®ADSP-BF561 

(cit. [6]) 

The ADSP-BF561 processor is a high per fo rmance member of the B lack f in®fami ly of 

p roducts target ing a variety of mu l t imed ia , industr ia l , and te lecommun ica t i ons appl icat ions. 

At the heart of th is device are two independent Ana log Devices Blackfin processors. These 

Blackfin processors comb ine a d u a l - M A C state-of-the-art signal processing engine, the ad­

vantage of a c lean, or thogonal RISC-like microprocessor instruct ion set, and single instruc­

t ion, mul t ip le da ta (SIM D) mu l t imed ia capabi l i t ies in a single instruct ion set archi tecture. 

F E A T U R E S : 

§ Dual symmet r i c 600 M Hz high per fo rmance Blackfin cores 

§ 328K bytes of on-ch ip memory 

§ Each Blackfin core inc ludes: 

§ Two 16-bit M A C s , two 40-bit ALUs, four 8-bit v ideo ALUs, 40-bit shifter 

§ RISC-like register and instruct ion mode l for ease of p rogramming and compi ler -

fr iendly support 

§ Advanced debug, t race, and per fo rmance moni tor ing 

§ 0.8 V t o 1.35 V c o r e VDD wi th on-ch ip vol tage regulator 

§ 2.5 V a n d 3.3 V c o m p l i a n t I/O 

§ 256-bal l C S P _ B G A (2 sizes) and 297-bal l P B G A package opt ions 
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The ADSP-BF561 processor has 328K bytes of on-ch ip memory . 

Each Blackfin core inc ludes: 

§ 1 6 K b y t e s o f instruct ion S P A M / c a c h e 

§ 16K bytes of instruct ion SRAM 

§ 32K bytes of da ta S R A M / c a c h e 

§ 32K bytes of da ta SRAM 

§ 4K bytes of scratchpad SRAM 

Addi t iona l on-ch ip memory per iphera ls inc lude: 

§ 128K bytes of low latency on-ch ip L2 SRAM 

§ Four-channel internal memory DM A contro l ler 

§ External memory contro l ler wi th glue- less support for S D R A M , mobi le S D R A M , 

S R A M , and f lash. 

P E R I P H E R A L S : 

§ Dual 12-channel DM A cont ro l le rs (support ing 24 per iphera l DMAs) 

§ 2 memory - t o -memory DM As 

§ internal memory - t o -memory DM A s and 1 internal memory DM A contro l ler 

§ 12 genera l -purpose 32-bit t imers / coun te rs wi th P W M capabi l i ty 

§ SPI-compat ib le port 

§ U A R T w i t h support for IrDA 

§ Dual wa tchdog t imers 

§ Dual 32-bit core t imers 

§ 48 p rogrammab le f lags (GPIO) 

§ On-chip phase- locked loop capable of 0.5x to 64x f requency mul t ip l icat ion 

§ paral lel input /output per ipheral interface (PPIO, PPM) units suppor t ing ITU-R 656 

v ideo and glue- less interface to analog front end ADCs 
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§ 2 dual channe l , full dup lex synchronous serial por ts suppor t ing (SPORTO, SPORT1) 

eight stereo l 2Schanne l s 

Figure 6 shows funct ional block diagram of dual -core Blackfin® ADSP-BF561 processor 

and Figure 7 shows one core of th is processor . 

<=> 

Figure 6: Blackfin®ADSP-BF561 - Functional Block Diagram. 
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Figure 7: Blackfin®ADSP-BF561 -Onecore. 

2.2 Development board EZ-KIT Ute® ADSP-BF561 

(Cit. [7]) 

This EZ-KIT Lite has been des igned to demons t ra te the capabi l i t ies of the ADSP-BF561 

Blackfin processor . The processor has an IO vol tage of 3.3V. The core vol tage and the core 

clock rate can be set on the fly by the processor . The input clock is 30 M Hz. 

Figure 8 shows system archi tecture of Deve lopment board EZ-KIT Lite and Figure 9 

shows picture of th is board . 
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Figure 8: Developm ent board EZ-KIT Lit e® A DSP-BF561 - 9/stem Architecture. 
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Figure 9: Development board EZ-KITLite®ADSP-BF561 - Real picture. 

Figure in Append ix B1 shows Project d iagram, w h e r e are demons t ra ted th is deve lop­

ment board and imp lemen ted a lgor i thms. 

T H E B P A R D F E A T U R E S : 

§ Ana log Devices ADSP-BF561 Blackf in processor 

§ 256-pin m in i -BGA package 

§ 30 M Hz CLKIN osci l lator 

§ Synchronous dynamic random access memory (SDRAM) 

§ 64 M B (16M x 16 b i t s x 2 chips) 

§ Flash memory 

§ 8 M B (4M x 16 bits) 
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§ Ana log audio interface 

§ AD1836A - Ana log Devices 96 kHz audio codec 

§ 4 input RCA phono jacks (2 stereo channels) 

§ 6 output RCA phono jacks (3 stereo channels) 

§ Ana log v ideo interface 

§ A D V 7 1 8 3 A video decoder w / 3 input RCA phono jacks 

§ ADV7179 v ideo encoder w / 3 output RCA phono jacks 

§ Universal asynchronous rece iver / t ransmi t ter (UART) 

§ A D M 3202 RS-232 line dr iver / rece iver 

§ DB9 male connec tor 

§ LEDs 

§ 20 LEDs: 1 power (green), 1 board reset (red), 1 USB (red), 16 genera l -purpose 

(amber), and 1 USB moni tor (amber) 

§ Push but tons 

§ 5 push b u t t o n s w i t h debounce logic: 1 reset, 4 p rog rammab le flags 

§ Expansion interface 

§ PPIO, PPM , SPI, EBIU, T imers11-0, UART, p rog rammab le f lags, SPORT0, SPORT1 

§ Other features 

§ JTAG ICE 14-pin header 

V I D E O I N T E R F A C E : 

The board suppor ts v ideo input and output appl icat ions. The ADV7179 v ideo encoder 

prov ides up to three output channe ls of analog v ideo, whi le the A D V 7 1 8 3 A v ideo decoder 

prov ides up to three input channe ls of analog v ideo. The v ideo encoder connec ts to the par­

allel per iphera l interface 1 (PPM), wh i le the v ideo decoder connec ts to the paral lel per iph­

eral interface 0 (PPIO). 
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2.3 Development environment VisualDSP++ 

(cit. [13]) 

VisualDSP++ is a deve lopment env i ronment for DSP processors f rom Analog Devices, in­

c luding Blackf in®ADSP-BF561. 

V isua lDSP++ F e a t u r e s : 

VisualDSP++ inc ludes all the too ls needed to bui ld and manage processor projects. 

VisualDSP++ inc ludes: 

§ Integrated Development and Debugging Envi ronment (IDDE) wi th VisualDSP++ Ker­

nel (VDK) integrat ion 

§ C/C++ opt imiz ing compi le r wi th run- t ime l ibrary 

§ Assembler and l inker 

§ S m u l a t o r sof tware 

§ Example p rograms 
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3 Skin Color based face detection algorithm 

This chapter descr ibes Face detect ion general ly and imp lementa t ion of Skin Color based 

face detect ion algor i thm into DSP processor Blackf in®ADSP-BF561. In the end of th is chapter 

are exper imenta l resu l tso f imp lemen ted a lgor i thm. 

3.1 Introduction to Face detection 

Face detect ion is algor i thm to f ind and local ize human face (or more faces) in picture or 

v ideo f rames. M a i n appl icat ions are ident i f icat ion and survei l lance systems, local izat ion face 

to help focus in cameras , pre-process ing before image processing wi th faces like face recog­

ni t ion, and many of appl icat ions. Face detect ion is a necessary first step in all of the face 

processing sys tems and its per fo rmance can severely inf luence on the overal l per fo rmance 

of recogni t ion. 

3.1.1 Existing methods 

During the last decade a number of promis ing face detect ion a lgor i thms have been de­

ve loped and pub l ished. Detect ion a lgor i thms can classify into four categor ies. 

Face detect ion categor ies [81: 

§ Knowledge-based methods : These ru le-based me thods encode human knowledge of 

what const i tu tes a typical face. Usual ly, the rules capture the re lat ionships be tween 

facial features. These me thods are des igned main ly for face local izat ion. 

§ Feature invariant approaches : These a lgor i thms aim to f ind structural fea tures that 

exist even w h e n the pose, v iewpoin t , or l ighting cond i t ions vary, and then use these 

to locate faces. These me thods are des igned mainly for face local izat ion. Ap ­

proaches: Facial Features, Texture, Skin Color , Mu l t ip le Features. 

§ Templa te match ing methods : Several s tandard pat terns of a face are stored to de­

scribe the face as a who le or the facial fea tures separately. The cor re la t ions be tween 

an input image and the stored pat terns are c o m p u t e d for de tec t ion . These me thods 
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have been used for both face local izat ion and detec t ion . Approaches : Predef ines 

face templa tes , Deformable Templates. 

§ Appearance-based methods : In contrast to temp la te match ing, the mode ls (or t e m ­

plates) are learned from a set of t ra in ing images which should capture the represen­

tat ive variabil i ty of facial appearance. These learned mode ls are then used for detec­

t ion. These me thods are des igned mainly for face detec t ion . Approaches : Bgen face , 

Dis t r ibut ion-based, Neura l Network , Support Vector Mach ine (SVM), Naive Bayes 

Classif ier, H idden M a r k o v M o d e l ( H M M ) , Informat ion-Theoret ical App roach . 

In th is work is used Skin Color approach to local ize face, wh ich is part of Feature invari­

ant category. 

V io la-Jones Face detect ion algor i thm [91 and O p e n C V library [10U111: 

For the present , it exist very effect ive algor i thm for face detect ion - "V io la -Jones" , 

which is very rel iable and fast, s imul taneously . The basic pr inciple of the Vio la-Jones algo­

rithm is to scan a sub-window capable of detect ing faces across a given input image. Detec­

tor is const ruc ted using a so-cal led integral image and some s imple rectangular features 

reminiscent of Haar wave le ts . V io la-Jones uses a modi f ied version of the AdaBoost algo­

r i thm. AdaBoost is a mach ine learning boost ing algor i thm capable of const ruct ing a strong 

classifier through a we igh ted combina t ion of weak classif iers. This algor i thm is imp lemen ted 

into O p e n C V library. 

O p e n C V is an Open Source Compu te r Vision Library, wh ich inc ludes over 500 funct ions 

imp lement ing compute r v is ion, image processing and genera l -purpose numer ic a lgor i thms, 

wr i t ten in C/C++, and has BSD-l ike l icense (that is, absolutely free for academic and c o m m e r ­

cial use). 

3.2 Skin Color based face detection algorithm - Description 

This sect ion descr ibes a fast face detect ion algor i thm based on Skin Color detec t ion 

[12]. This me thod is both fast and suff icient. There is used a l ighting compensa t ion to im­

prove the per fo rmance of co lor -based scheme, and reduce the computa t ion complex i ty of 

feature based scheme. M e t h o d is effect ive on facial var ia t ions such as dark/br ight v is ion, 

close eyes, open mo th , and a half-prof i le face. 

Figure 10 shows a f low of p roposed Skin Color based face detec t ion a lgor i thm. 
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Figure 10: The flow of proposed Skin Color based face detection algorithm. 

D e s c r i p t i o n of i nd i v i dua l s t e p s : 

1.) Color space t rans fo rmat ion , Lighting compensa t ion and Skin color detec t ion : 

In order to apply to the real­ t ime sys tem, skin­color detect ion is the first step of face de­

tect ion. Due to YCbCr color space t ransform is faster than other approaches, so is used to 

detect human skin. However , the luminance of every image is dif ferent. It results that every 

image has different color dis t r ibut ion. Therefore, the l ighting compensa t ion is based on lu­

minance to modula te the range of skin­color dist r ibut ion. First step is comput ing the average 

luminance Yaveg of input image: 

1 
(3) 

(n • m) £f=1 

where Ytj =0 .299 R + 0.587 G + 0.114­B (Gray­Scale value of RGB color pixel), Ytj is 

normal ized to the range (0,255), and i, j are the indexes of pixel (size of image is n x m). 

Accord ing t o F f l V ^ , the compensa ted image C ! } can be de te rm ined by fo l lowing equa­

t ions: 

By - no change 

Cy=\Ry',Gy',By} 

(4) 

where : 
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1.4 if Yaveg<64 

0.6 if Yaveg > 192 

1 if otherwise 

(5) 

(only R a n d G are compensa ted) 

Due to chrominance (Q) can represent human skin we l l , only Cr is cons idered as a factor 

for color space t ransform to reduce the computa t i on . Cr is def ined as fo l low: 

Cr = 0 . 5 f l ' - 0 . 4 1 9 G ' - 0 . 0 8 L 5 (6) 

In th is equat ion , R and G' are the most important factors due to their high weight . 

Thus, only R a n d G are compensa ted to reduce computa t i on . Accord ing to Cr and exper i ­

menta l exper ience, the human skin is def ined by a binary matr ix (array) Sy : 

0 if 10 < Cr < 45 

1 if otherwise (7) 

where " 0 " i s t h e " s k i n " pixel , and " 1 " i s " n o n s k i n " pixel . Figure 11 shows Original color 

image, and its Sjj array (picture of skin de tec ted pixels, whe re wh i te pixels represent "sk in " 

pixels). 

f 
Figure 11: Original color image, and its skin array Sy (picture of skin detected pixels). 

2.) High f requency noise remov ing : 

In order to remove high f requency noise fast, a low pass filter is imp lemen ted by a 5 x 5 

mask. First, Sjj is segmented into 5x5 blocks, and is calculated how many wh i te po in ts are in 

a block. Then, every point of a 5 x 5 block is set to wh i te point w h e n the number of wh i te 

points is greater than half number of total points. On the other hand, if the number of black 

points is more than a half, th is 5 x 5 block is modi f ied to a comp le te black block. Figure 12 

shows an example of high f requency noise remov ing. A l though, th is fast fi lter wi l l br ing block 
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effect, it can be d isregarded due to that our target i s t o f ind whe re a human skin is. Figure 13 

shows noise remov ing of skin array Sjj f rom Figure 11. 

Figure 12: An example of noise removing by a 5 x 5 mask 

Figure 13: Noise removing of skin array Sy from Figure 11. 

3. ) Candidate b locks f ind out : 

After the step of face local izat ion, several regions are de tec ted . This region may be hu­

man face. To correct ly detect human face, it is used mask (for example 35 x 35 pixels) wh ich 

f inds areas wi th the most skin pixels into mask - potent ia l human face. The mask can change 

its size to f ind smal l or large human faces. This algor i thm f ind human faces not at a lways, 

because the background can be very complex , so it is bet ter to use another step to f ind 

some features of human face to check the potent ia l face to be really human face and not an 

object wi th only skin color . Very useful is Eyes detec t ion algor i thm or compar ing potent ia l 

face area wi th typical appearance mode l of human face. 

4. ) Eye de tec t ion : 

Due to the deeper l ineaments around human eyes, the existence of human eyes can be 

detec ted by the luminance wh ich is slightly darker than average skin-color. The pixels wh ich 

are around human eyes are def ined by Ehw: 

35 



P e t e r K N A P P : D i p l o m a p ro jec t FEKT V U T v B rně , K H B O O o s t e n d e - B e l g i u m 

0 if 65 < Y < 80 

1 othewise 

where " 0 " is pixel a round eyes, and " 1 " is a non eye area. 

5.) Normal iza t ion and center ing: 

The last step of Face detect ion is Normal iza t ion , Center ing, and other processing of im­

age to get appropr ia te image of de tec ted face which is good for next use, in th is case, face 

recogni t ion wh ich is sensi t ive for var iance (l ighting cond i t ion , movement ) be tween detec ted 

face and face in database. 

Doing normal izat ion means spread va lues (Gray-Scale) in p icture in range [0, 255] for 8-

bit Gray-Scale pixels. 

Center ing means locate face to the center of p ic ture. 

3.3 Skin Color based face detection algorithm - Implementation 
to DSP processor 

This sect ion deals wi th imp lementa t ion of Skin Color based face detec t ion algor i thm de­

scr ibed in sect ion 3.2 into DSP processor Blackf in® ADSP-BF561 (section 2.1) w i th using a 

deve lopment board EZ-KIT Lite® ADSP-BF561 (section 2.2) and deve lopment env i ronment 

VisualDSP++ (section 2.3); all deve lopment too ls are from Ana log Devices, Inc. The language 

of imp lementa t ion is C/C++. The Run-t ime library and DSP library for th is processor are also 

used. 

I M P L E M E N T A T I O N : 

All face detect algor i thm is located into one func t ion : 

v o i d Face_detect_color_based_from_ycbcr_frame(void) 

Input and output var iab les are global var iables. 

Input of th is funct ion is array of "uns igned char" va lues which represent v ideo f rame cap­

tured f rom camera : 
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/ / a c t i v e f i e l d YCbCr: | Cb Y Cr | Y | Cb Y Cr | Y | .... 
u8 Frame_ycbcr[NTSC_LINE_WIDTH_ACTIVE*LINES_FROM_FRAME_NTSC]; 
// 1440 x 525 

Output of th is funct ion is array of "uns igned char" va lues which represent de tec ted face in 

Gray-Scale level : 

u8 Face_one_Y_u8[FACE_DET_SIZE]; 
// FACE_DET_SIZE = 1225 (35*35) (r e s i z a b l e ) 

Also, output is a new line of 2D array of " doub le " va lues which represent new de tec ted face 

in database of de tec ted faces saved in memory : 

double Facel_Y[..current-face..][FACE_DET_SIZE]; 
// MAX_FACES_IN_MEMORY x FACE_DET_SIZE 
// FACE_DET_SIZE = 1225 (35*35) 

Local var iab les and impor ted func t ion : 

f l = _YCbCrtoRGB; // f u n c t i o n : Convert YCbCr to RGB from .asm f i l e : 
//YCbCrtoRGB.asm 

u8 r g b l [ 3 ] ; 
u8 y c b c r l [ 3 ] ; 
unsigned i n t px, In, pxf; 
unsigned i n t i l = 0 ; 
unsigned i n t i2=0; 
unsigned i n t i3=0; 
unsigned i n t i4=0; 
unsigned i n t i5=0; 
unsigned i n t ix5=0; 
unsigned i n t iy5=0; 
u8 minY=2 55; 
u8 maxY=0; 
u8 maxCn=0; 
unsigned i n t Yavg=0; // average Y 
unsigned i n t countl=0; 

typedef s t r u c t 
{ 

unsigned i n t x; 
unsigned i n t y; 

} Struct_xy; 

Struct_xy box_position[MAX_N_BOX] ; // p o s i t i o n of boxes with poten / / c i o n a l 
faces - f i r s t MAX_N_BOX boxes i n the frame 

u8 condl=0; 
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Convers ion f rom 720x480 YCbCr f rame to 180x120 RGB f rame ( :4 ): 

// Conversion from 720x480 ycbcr frame to 180x120 rgb frame (:4): 
//Frame_ycbcr[1440 x 525] -> rgb_reduced_frame[3x180x120]: 

for(ln=(ADI_ITU656_NTSC_ILF1_START-1);ln<(ADI_ITU656_NTSC_ILF1_END);ln=ln+2) 
// l i n e s , every 2nd odd l i n e (4th l i n e i n frame) 

{ 

f o r (px=l ; px<(NTSC_LINE_WIDTH_ACTIVE) ; px=px+8) // columns 
{ 

pxf = In * (NTSC_LINE_WIDTH_ACTIVE) + px; // byte i n frame 
i f ( ( (px+1)%4)==0 ) // every 4th p i x e l - Y 
{ 

ycbcrl[0]=Frame_ycbcr[pxf] ; II Y 
ycbcrl[1]=Frame_ycbcr[pxf-3] ; // Cb 
ycbcrl[2]=Frame_ycbcr[pxf-1] ; // Cr 

} 
e l s e // every 2th p i x e l - Y 
{ 

ycbcrl[0]=Frame_ycbcr[pxf] ; // Y 
ycbcrl[1]=Frame_ycbcr[pxf-1] ; // Cb 
ycbcrl[2]=Frame_ycbcr[pxf+1] ; // Cr 

} 

f l ( y c b c r l , r g b l , 1); // convert YCbCr to RGB 

rgb_reduced_frame[il+0]=rgbl[0] ; // R 
rgb_reduced_frame[i1 + 1]=rgbl[1] ; // G 
rgb_reduced_frame[il+2]=rgbl[2] ; // B 

i l = i l + 3 ; 

// F i n d i n g min.Y: 
i f (ycbcrl[0]<minY) 
{ 

minY=ycbcrl[0]; 
} 

// 

// F i n d i n g max.Y: 
i f (ycbcrl[0]>maxY) 
{ 

maxY=ycbcrl[0]; 
} 

// 

Y_reduced_frame[i2]=ycbcrl[0]; // array of Y 
i2=i2+l; 

II-
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Normal iz ing of Y f r a m e (array) and Count ing average Y: 

// Normalizing of Y frame and Counting average Y 
f o r (i2=0; i2<(X_R_FRAME*Y_R_FRAME); i2=i2+l) 
{ 

//Y=255.0*(Y-minY)./(maxY-minY); 
Y_reduced_frame[i2]= ( ((Y_reduced_frame[i2]-minY)*255) / (maxY-minY) ); 

// nor m a l i z i n g the Y to be 0..255 
Yavg = Yavg+Y_reduced_frame[i2]; 

} 

Yavg = Yavg / (X_R_FRAME*Y_R_FRAME); 
// 

Compensa t ion R a n d G, and compu t ing Cr: 

f l o a t T=1.0; 

i f (Yavg<64) 
{ 

T=l.4; 
} 

i f (Yavg>192) 
{ 

T=0.6; 
} 

// Compensation R and G, and computing Cr (Cr[]=byte_array_reduced[] !!) 
i l = 0 ; 
f o r (i2=0; i2<(3*X_R_FRAME*Y_R_FRAME); i2=i2+3) 
{ 

i f (T==l) 
{ 

// Cr = 0.5R - 0.419G - 0.081B 
C r [ i l ] = ( 127*rgb_reduced_frame[i2+0] -

107*rgb_reduced_frame[i2+l] -
21*rgb_reduced_frame[i2+2] ) / 255; 
// computing Cr (Cr = byte_array_reduced[]) 

} 
e l s e 
{ 

// R'=RAT; G'=GAT; B=B 

rgb_reduced_frame[i2+0]= 
powf((float)rgb_reduced_frame[i2+0],T); 

// r e f i l l rgb_reduced_frame[] with compensated R' G' B 

rgb_reduced_frame[i2+l]= 
powf((float)rgb_reduced_frame[i2+l],T); 

rgb_reduced_frame[i2+2]=rgb_reduced_frame[i2+2]; 

// Cr = 0.5R' - 0.419G' - 0.081B 
C r [ i l ] = ( 0.5*((float)rgb_reduced_frame[i2+0]) -

0.419*((float)rgb_reduced_frame[i2+l]) -
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0.081*((float)rgb_reduced_frame[i2+2]) ); 
// counting Cr (Cr = byte_array_reduced[] 

} 

i l = i l + l ; 
} 
// 

Skin de tec t ion : 

// Skin d e t e c t i o n : 
f o r (i2=0; i 2 <(X_R_FRAME * Y_R_FRAME); i2=i2+l) 
{ 

i f ( (Cr[i2]>10) && (Cr[i2]<45) ) 
{ 

Skin[i2]=SKIN; // s k i n p i x e l ; 
} 
e l s e 
{ 

Skin[i2]=NON_SKIN; // non s k i n p i x e l 
} 

} 
// 

High f requency noise remov ing - averaging in DIV N x DIV N area (5x5): 

// High frequency noisy removing - averaging i n DIV_N x DIV_N area (5x5): 
//Skin[all]=(DIV_N*DIV_N)*Skin_noise_remove[all] 

f o r (il=0, iy5=0 ; il<(Y_R_FRAME); il=il+DIV_N, iy5=iy5+l) // i n y 
{ 

f o r (i2=0, ix5=0 ; i2<(X_R_FRAME); i2=i2+DIV_N, ix5=ix5+l) // i n x 
{ 

count1=0; 

f o r (i3=0; i3<(DIV_N); i3=i3+l) // i n y (DIV_N area) 
{ 

f o r (i4=0; i4<(DIV_N); i4=i4+l) // i n x (DIV_N area) 
{ 

i f ( Skin[il*X_R_FRAME+i2+i3*X_R_FRAME+i4]==SKIN 
// i f s k i n p i x e l 
{ 

countl=count1+1; 
} 

} 
} 

i f ( co u n t l > ( (DIV_N*DIV_N)/2 ) ) 
// i f i n 5x5 area i s more s k i n p i x e l , then f i l l a l l 5x5 
// (one area) of s k i n p i x e l s 
{ 

Skin_noise_remove[iy5*X_R_REM_FRAME+ix5]=SKIN; 
// f o r t e s t i n g // Skin area 

Skin_noise_remove_2D[iy5][ix5]=SKIN; // Skin area 
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} 
e l s e 
{ 

Skin_noise_remove[iy5*X_R_REM_FRAME+ix5]=NON_SKIN; 
// f o r t e s t i n g // non s k i n area 

Skin_noise_remove_2D[iy5][ix5]=NON_SKIN; 
// non s k i n area 

} 

// 

Finding b locks of potenc iona l faces (Box: 35x35 pixels - 7x7 in noise remove array ): 

// F i n d i n g blocks of potencional faces (Box: F_BOX_X x F_BOX_Y): 

maxCn=0; 

f o r (il=0; il<(MAX_N_BOX); i l = i l + l ) 
{ 

b o x _ p o s i t i o n [ i l ] . x = 0; 
b o x _ p o s i t i o n [ i l ] . y = 0; 

// Scanning and counting s k i n p i x e l s i n boxes: F_BOX_X x F_BOX_Y: 
// Save p o s i t i o n of f i r s t MAX_N_BOX (3) with most s k i n p i x e l s : 
f o r (iy5=0; iy5<(Y_R_REM_FRAME - F_BOX_Y + 1); iy5=iy5+l) 
{ 

f o r (ix5=0; ix5<(X_R_REM_FRAME - F_BOX_X + 1); ix5=ix5+l) 
{ 

count1=0; 
f o r (i3=0; i3<(F_BOX_Y); i3=i3+l) 
{ 

f o r (i4=0; i4<(F_BOX_X); i4=i4+l) 
{ 

i f (Skin_noise_remove_2D[iy5+i3][ix5+i4]==SKIN) 
{ 

countl=count1+1; 
} 

} 

} 

i f (countl>maxCn) // i f new maximum of s k i n p i x e l s i n box 
{ 

maxCn=count1; 

f o r (il=(MAX_N_BOX-l); i l > 0 ; i l = i l - l ) 
// f i l l p o s i t i o n s of boxes ( p o s i t i o n l e f t - t o p of box) 
{ 

b o x _ p o s i t i o n [ i l ] .x = box ̂ p o s i t i o n [ i l - 1 ] .x; 
b o x _ p o s i t i o n [ i l ] .y = box ̂ p o s i t i o n [ i l - 1 ] .y; 
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box__position [ 0 ] . x = i x 5 ; // b o x _ p o s i t i o n [0] 
// -> p o s i t i o n of box with 
// the most s k i n p i x e l s 

box__position [ 0 ] . y = i y 5 ; // b o x _ p o s i t i o n [ 1 ] 
// -> l e s s p i x e l s , e t c . , t i l l 
// box_position[MAX_N_BOX] 

} 

} 
} 

// Mark detected faces to the Skin_noise_remove[] frame: 
ix5=box_position[0]. x; 
iy5=box_position[0].y; 

Skin_noise_remove[iy5*X_R_REM_FRAME+ix5]=200; 
//mark of detected faces (half i n t e s i t y i n grayscale) 

// Create face frame i n grayscale from Y_reduced_frame[]: 
f o r (il=0; il<(F_BOX_Y*DIV_N) ; i l = i l + l ) 
{ 

f o r (i2=0; i2<(F_BOX_X*DIV_N); ±2=12+1) 
{ 

Face_one_Y_u8[il*(F_BOX_X*DIV_N)+12] 
= Y_reduced_frame[ (iy5*DIV_N+il)*X_R_FRAME + ix5*DIV_N+i2 ]; 

} 
} 

// 

Normal iz ing of de tec ted faces Face one Y u8[j: 

// Normalizing of detected faces Face_one_Y_u8[]: 

u8 minYd=2 55; 
u8 maxYd=0; 

// F i n d i n g min.Y and max.Y 
fo r (il=0; il<(FACE_DET_SIZE); i l = i l + l ) 
{ 

// F i n d i n g min.Y: 
i f ( Face_one_Y_u8[il]<minYd ) 
{ 

minYd = Face_one_Y_u8[il]; 
} 
// 

// F i n d i n g max.Y: 
i f ( Face_one_Y_u8[il] > maxYd ) 
{ 

maxYd = Face_one_Y_u8[il]; 
} 
// 

} 

42 



P e t e r K N A P P : D i p l o m a p ro jec t F E K T V U T v B rně , K H B O O o s t e n d e - B e l g i u m 

// Normalize: 
f o r (il=0; il<(FACE_DET_SIZE); i l = i l + l ) 
{ 

Face_one_Y_u8[il] 
= ( ((Face_one_Y_u8[il]-minYd)*255) / (maxYd-minYd) ); 

// no r m a l i z i n g the Facel_Y[num_faces][il] to be 0..255 

Facel_Y[num_faces][il] = (double)Face_one_Y_u8[il]; 
} 

// 

3.4 Experimental results 

This sect ion conta ins exper imenta l results of Skin Color based face detec t ion algor i thm 

imp lemen ted into DSP processor. 

The algor i thm is not ful ly done in th is t ime, is missing Eye de tec t i on /Appearance c o m ­

paring process whe re is chosen appropr ia te size of w indow and center ing of face to be in the 

middle of the w i n d o w . The face detec t ion wo rks only wi th face wi th speci f ic size. Anyway , 

face detect ion can w o r k s wi th any size of face, but wi th stat ic w i n d o w , so if face wou ld be 

bigger, in face detect ion w indow wil l not be full face, wh ich is not good for next process -

Face recogni t ion. 

P r o c e s s i n g s t e p s of Face d e t e c t a l g o r i t h m for p i c t u r e , c o n t a i n i n g o n e f a c e , c a p t u r e d  

f r o m c a m e r a : 

Figure 14 to Figure 19 show processing s teps of Skin Color based face detect ion algo­

r i thm. Images are captured from DSP processor using W i n d o w s Appl icat ion connec ted to 

DSP processor v ia UART or using too l " Image V iewer " in deve lopment env i ronment V isu­

al DSP++. 
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Figure 14: Original picture captured from camera. (2304x1728 RGB) 

Figure 15: Image after decimation and lighting compensation. (180x120 RGB) 

Figure 16: Skin detection of image. The white pixels are skin pixels. (180x120) 

Figure 17: Image of skin detection after noise removing. (36x24) 

44 



P e t e r K N A P P : D i p l o m a p ro jec t FEKT V U T v B rně , K H B O O o s t e n d e - B e l g i u m 

Figure 18: Image in 8-bit Gray-Scale level after normalization [0, 255]. (180x120) 

m 
Figure 19: Detected face in Gray-Scale level after normalization [0, 255]. (35x35) 

O t h e r tes t : 

Figure 20 shows NTSC ( ITU-R656\NTSC) f rame captured f rom camera . The size of f rame 

is 1716x525, but showed image is conver ted to color v iew. Image is captured f rom camera 

sent to DSP processor and then captured using too l " Image V iewer" in deve lopment envi­

ronment VisualDSP++. 

Figure 20: NTSCframe (ITU-R656\NTSC) - full, 1716x525, interlaced, captured from camera 
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3.5 Summary 

This chapter dea ls wi th Skin Color based face detec t ion algor i thm - descr ip t ion and im­

p lementa t ion into DSP processor. In sect ion 3.4 are exper imenta l results of imp lemented 

a lgor i thm. 

The algor i thm wo rks wel l and can detect face even if some pixels have similar color as 

human skin (Figure 16 - red jacket). However , a lgor i thm is not fully done , the process of Eye 

de tec t i on /Appearance compar ing process is missing. This step assigns choos ing appropr ia te 

size of w indow and center ing of face to be in the middle of the w indow . The face detect ion 

works only wi th face wi th speci f ic size. 

Figure 19 shows de tec ted face in Gray-Scale level after normal izat ion f rom image in Fig­

ure 14. Normal izat ion is p rocess whe re pixels in image are spread and min. value is 0 and 

max. value is 255 (in Gray-Scale level for 8-bit resolut ion). 

After exper iment ing wi th Face recogni t ion based on Eigenfaces (next chapter) , is neces­

sary to do another processing steps. The detec ted face has to be in the midd le of w indow 

and must have approx imate ly the same size as face in t ra in ing set. And also, the contrast 

be tween face and background should be high. Features of face have to be dist inguishable; it 

can be used, for example , Edge detector , etc. 

The Face detec t ion is needfu l step before Face recogni t ion and qual i ty of de tec ted face 

impact success of Face recogni t ion. 
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4 Face recognition based on Eigenfaces(Principal 
Component Analysis) 

This chapter descr ibes Face recogni t ion general ly and imp lementa t ion of Face recogni­

t ion based on FJgenfaces into DSP processor Blackf in®ADSP-BF561. In the end of th is chap­

ter are exper imenta l resu l tso f imp lemen ted a lgor i thm. 

4.1 Introduction to Face recognition 

Face recogni t ion [14] is a pat tern recogni t ion task per fo rmed specif ical ly on faces. It can 

be descr ibed as classifying a face either " k n o w n " or " u n k n o w n " , after compar ing it w i th 

stored known individuals. It is also desirable to have a system that has the ability of learning 

to recognize unknown faces. 

Computa t iona l mode ls of face recogni t ion must address several difficult p rob lems. This 

diff iculty ar ises from the fact that faces must be represented in a way that best ut i l izes the 

avai lable face in format ion to dist inguish a part icular face f rom all o ther faces. Faces pose a 

part icular ly difficult p rob lem in th is respect because all faces are similar to one another in 

that they contain the same set of features such as eyes, nose, mouth arranged in roughly the 

same manner . 

In Figure 21 is shown out l ine of a t yp i ca l Face recogni t ion system [15]. 

Face image Normalized face image Feature vector 

Acquisition Pre-processing Feature extractor 

Face database Training sets 

Classif ier 

Classified as "known" or "unknown" 

Figure 21: Outline of a typical face recognition system. 
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4.1.1 Approaches to Face Recognition 

Main App roaches to Face Recogni t ion are [15]: 

§ Feature Based Face Recogni t ion: is based on the extract ion of the proper t ies of indi­

vidual organs located on a face such as eyes, nose and mou th , as we l l as their rela­

t ionships w i th each other. Effective features that can be used in feature based face 

recogni t ion can be classif ied as fo l lows: 

- First-order features values. Discrete features such as eyes, eyebrows, mou th , 

chin, and nose, wh ich have been found to be important in face ident i f icat ion 

and are speci f ied wi thout reference to other facial features, are cal led first-

order features. 

- Second-order features values. Another conf igures set of features, wh ich char­

acter ize the spatial re lat ionships be tween the posi t ions of the f i rst-order fea­

tures and in format ion about the shape of the face, are cal led second-order 

features. 

§ Deformable temp la te mode l . The de fo rmab le temp la tes are speci f ied by a set of pa­

rameters wh ich uses a priori knowledge about the expected shape of the features to 

guide the contour de fo rmat ion process. The temp la tes are f lexible enough to change 

their size and other parameter values, so as to match themse lves to the data . The fi­

nal va lues of these parameters can be used to descr ibe the features. This method 

w o r k s w e l l regard lessof var ia t ions in scale, tilt, and rotat ions. 

§ Act ive contour mode l (Snake). The act ive contour or snake is an energy min imiz ing 

spl ine gu ided by external constraint forces and in f luenced by image forces that pull 

it t oward features such as l ines and edges. Snakes lock onto nearby edges, localizing 

them accurately. Because the snake is an energy min imiz ing spl ine, energy funct ions 

whose local m in ima compr ise the set of a l ternat ive so lu t ions to higher level proc­

esses should be des igned. Select ion of an answer f rom th is set is accompl ished by 

the addi t ion of energy t e r m s t h a t push the mode l t oward the des i red so lu t ion. 

§ Principal componen t analysis, based on in format ion theory concepts , seek a c o m p u ­

tat ional mode l that best descr ibes a face, by extract ing the most relevant in forma­

t ion conta ined in that face wi thout deal ing wi th the individual p roper t ies of facial 

organs such as eyes or mou th . 
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M o r e in format ion about Face recogni t ion me thods and approaches are descr ibed in 

[16]. 

In th is work is used Face recognit ion me thod based on Principal componen t analysis 

which name is Eigenfaces. 

4.2 Principal Component Analysis, Eigenfaces- Description 

This sect ion descr ibes Principal Componen t Analys is and Eigenfaces. 

4.2.1 Principal Component Analysis(PCA) 

Principal componen t analysis [16] is s tandard techn ique used in stat ist ical pat tern rec­

ognit ion and signal processing for da ta reduct ion and Feature extract ion. A s the pat tern of­

ten conta ins redundant in format ion, mapp ing it to a feature vector can get rid of th is redun­

dancy and yet preserve most of the intr insic in format ion content of the pat tern. These ex­

t racted features have great role in d ist inguishing input pat terns. 

A face image in 2-d imens ion wi th size N x N can also be cons idered as one d imens iona l 

vector of d imens ion N 2 . For example , face image wi th size 35 x 35 can be cons idered as a 

vector of d imens ion 1225, or equivalent ly a point in a 1225 d imens iona l space. An ensemble 

of images maps to a col lect ion of po in ts in th is huge space. Images of faces, being similar in 

overal l conf igurat ion, wi l l not be randomly d is t r ibuted in th is huge image space and thus can 

be descr ibed by a relatively low d imens iona l subspace. The main idea of the pr inciple c o m ­

ponent is to f ind the vectors that best account for the dist r ibut ion of face images wi th in the 

ent ire image space. These vectors def ine the subspace of face images, wh ich be cal led " face 

space" . Each of these vectors is of length N 2 , descr ibes an N x N image, and is a l inear c o m ­

binat ion of the or iginal face images. Because these vectors are the e igenvectors of the co-

var iance matr ix cor respond ing to the original face images, and because they are face-l ike in 

appearance, they can be cal led "e igen faces" . 

4.2.2 Eigenfaces 

Eigenfaces approach [15][17] is a pr incipal componen t analysis me thod , in wh ich a smal l 

set of character is t ic p ic tures are used to descr ibe the var iat ion be tween face images. Goal is 
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to f ind out the e igenvectors (eigenfaces) of the covar iance matr ix of the d is t r ibut ion, 

spanned by a training set of face images. Later, every face image is represented by a linear 

combinat ion of these e igenvectors. Evaluat ion of these e igenvectors is qui te difficult for 

typical image sizes but, an approx imat ion can be made. Recognit ion is per fo rmed by project­

ing a new image into the subspace spanned by the e igenfaces and then classifying the face 

by compar ing its posi t ion in face space w i th the pos i t ions of known individuals. 

4.2.3 Calculating Eigenfaces, creating an Eigenface database 

In th is sect ion is presented scheme for calculat ing Eigenfaces using Principal Component 

Analys is (PCA) [18]. A deta i led (and more theoret ical ) descr ip t ion of Eigenfaces can be found 

in [17]. 

1.) Training set of faces (face database) : 

Firstly, there is a t ra in ing set of faces (face database) F . Training set F is a matr ix 

where each row represents one face (all p ixels of face image in Gray-Scale value arranged to 

1 D array): 

Size of F is pxn , whe re p is a number of faces in t ra in ing set and n is a number of 

pixels in face image. 

2.) Subtract ing the mean face f rom each faces from train ing set: 

Calculat ion of mean face of t ra in ing set: 

facel 

F = M , facei = \pixelY K pixeln ] , n = height x width 

faceP 

(9) 

P ~ 
(10) 

Data-center ing (subtract ing the mean face from each faces f rom tra in ing set): 

facei = facei -meanF , i = I K p (11) 
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F = 

3.) Calculat ing the Reduced Covar iance matr ix: 

Reduced Covar iance matr ix: 

C = F • F 

Size of Reduced Covar iance matr ix C' is pxp 

The Full Covar iance matr ix can be ca lcu la ted: 

(12) 

(13) 

(14) C = F F 

S z e of Full Covar iance matr ix C is nxn . 

For condi t ion p « n (which is normal case, because number of faces in t ra in ing set is 

usually less then their size), is Full Covar iance matr ix C very large and for later calculat ion is 

faster use Reduced Covar iance matr ix C' (in th is case, it is necessary use another step which 

wil l be expla ined later). 

The Reduced Covar iance matr ix C' is real and symmet r i c (also the Full Covar iance ma­

trix C ) . 

4.) Calculat ing the Eigenvalues and Eigenvectors of Reduced Covar iance m a t r i x C : 

To calculate the Eigenvalues and Eigenvectors (reduced) of Reduced Covar iance matr ix 

C , is necessary to solve th is matr ix equat ion (basic e igen-numbers prob lem) : 

C'V' = XV' 

where V' is matr ix of Eigenvectors (reduced) v ' : 

(15) 

v 

v, 

, V'\ pxp (16) 

and X is d iagonal matr ix of Eigenvalues \ : 
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L O O 

X = 0 O 0 (17) 

0 0 Xp 

Bgenva lues and Bgenvec to rs are ca lcu la ted f rom Reduced Covar iance matr ix, thus Ei­

genvectors are also reduced (same size as C ' : p x p ) . 

It is necessary to count Full Bgenvec to rs V w i th size pxn: 

Now Eigenvectors V has size pxn and represents Bgenvec to rs of Full Covar iance ma­

trix C . 

A reason, why is used calculat ing wi th Reduced Covar iance matr ix C ' i s , that solving the 

equat ion C'-V' = X - V' is much faster (even wi th addi t ional step - count ing V =V''• F) then 

solving only equat ion C V = X V (with bigger matr ixes => more i terat ions). 

Solving the equat ion C'-V' = X - V' (and a l s o C V = X V) is qui te hard task and is de­

scr ibed in sect ion 4.2.5. 

Next step is sort ing Bgenvec to rs by values of Bgenva lues from max. to min. (descend­

ing order) . Eigenvector wi th the highest value of Bgenva lue the best descr ibes face features 

of face database and is more significant then Bgenvec to rs wi th lower Bgenva lues . It can be 

used all E igenvectors or (in case of big number of faces in database) some first Eigenvectors 

f rom V . 

V =V'F (18) 

v 

sorting X -> reorganise V = M (19) 

5.) Normal iza t ion of Eigenvectors to be a unit vectors: 

Normal izat ion v (.: 

v . = ^ , i = l K p (20) 
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where : 

IM=JLv<-2 ' ( f o r r e a l v i ) (21) 
1=1 

Now, matr ix V (Bgenvectors) represents base of Bgenspace . 

6.) Transformat ion of t ra in ing set F onto the Bgenspace : 

All cen te red faces / a c e . f r o m tra in ing set F a r e pro jected onto the Bgenspace by the 

calculated Bgenvec to rs V : 

' (22) f.=facerVT , i = l K p 

F = 
fi 
M 

I 

(23) 

F represents so-cal led Bgen faces database (training set projected onto the B g e n ­

space). Bgen faces database conta ins extracted important face features of faces f rom tra in­

ing set. 

4.2.4 Recognition process of unknown face 

Unknown face must have the same size as faces from train ing set: 

unknown _ face = \pixelY K pixeln ] , n = height x width (24) 

Data-center ing (subtract ing the mean face of t ra in ing set calculated before) : 

u = unknown _ face - meanF (25) 

Unknown face is pro jected onto the Bgenspace by Bgenvec to rs V ca lcu lated before : 

u = u • VJ (26) 

Recogni t ion process is based on compar ing of Unknown face pro jected onto the B g e n ­

space by the calculated Bgenvec to rs wi th all faces from train ing set projected onto the same 

Bgenspace (Bgen faces database) by the same Bgenvec to rs . 
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For classifying wh ich face from train ing set is the most similar w i th unknown face, it can 

be used metr ic d is tance be tween unknown sub-space (unknown face in Bgenspace) and 

Bgen faces database, for example , Eucl idian d is tance: 

A lso, Threshold can be chosen for classifying of unknown face. If dE[u', j\)<Threshold , 

then face; f rom train ing set is probably unknown face. Choos ing Threshold is very important 

step, and is de te rm ined exper imenta l ly depend ing on t ra in ing set. 

4.2.5 Jacobi's cyclic method: Calculation Eigenvalues and Eigenvectors 

For calculat ion Eigenvalues and Eigenvectors of Covar iance matr ix is used Jacobi 's cycl ic 

me thod of wh ich source code wr i t ten in C is p laced at [20]. Another in format ion and source 

code of some numer ica l a lgor i thms can be found at [19]. 

The Covar iance matr ix used in th is project (section 4.2) is a lways real and symmet r i c 

matr ix. For a real symmet r i c matr ix all the e igenvalues are real . If all the e igenvalues and 

cor respond ing e igenvectors are wan ted then Jacobi 's cycl ic me thod can be used. 

J a c o b i ' s cyc l i c m e t h o d : 

The Jacobi 's cycl ic me thod [19] is wr i t ten into a one funct ion (which can be found in 

source codes of th is project): 

v o i d Jacobi_Cyclic_Method( double eigenvalues[ ], double 
^eigenvectors, double *A, i n t n ) 

Given the n x n real symmet r i c matr ix A, the rout ine Jacob i_Cyc l i c_Method calculates 

the e igenvalues and e igenvectors of A by successively sweep ing through the matr ix A annih i ­

lating of f -d iagonal non-zero e lemen ts by a rotat ion of the row and co lumn in wh ich the non­

zero e lement occurs. The input matr ix A is modi f ied dur ing the process. The e igenvalues are 

returned in the array e igenvalues which should be d imens ioned at least n in the call ing rou­

t ine. The e igenvectors are returned in the nxn matrix e igenvectors, the ith co lumn being the 

eigenvector cor respond ing the the ith eigenvalue, e igenvalue^] . 

(27) 

k = p or k < p (depends of how many Egenvectors were chosen) 
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4.3 Face recognition based on Eigenfaces- Implementation to 
DSP processor 

This sect ion deals wi th imp lementa t ion of Face recogni t ion based on Eigenfaces de­

scr ibed in sect ion 4.2 into DSP processor Blackf in® ADSP-BF561 (section 2.1) w i th using a 

deve lopment board EZ-KIT Lite® ADSP-BF561 (section 2.2) and deve lopment env i ronment 

VisualDSP++ (section 2.3); all deve lopment too ls are from Ana log Devices, Inc. The language 

of imp lementa t ion is C/C++. The Run-t ime library and DSP library for th is processor are also 

used. 

Figure in Append ix B1 shows Project d iagram, whe re are demons t ra ted the deve lop­

ment board and imp lemen ted a lgor i thms including Face recogni t ion a lgor i thm. 

I M P L E M E N T A T I O N : 

All Face recogni t ion a lgor i thms are located to the funct ions: 

v o i d Create_eigenface_database(void) 
- for Calculat ing Eigenfaces, creat ing an Eigenface database, 

v o i d Face_recognition(void) 

for Recogni t ion process of unknown face. 

Input and output var iab les are global var iables. 

4.3.1 Calculating Egenfaces, creating an Eigenface database 

v o i d Create_eigenface_database(void) 

Input of th is funct ion is 2D array - t ra in ing set of faces (of "doub le " values), w h e r e each row 

represents one face: 

double Facel_Y[MAX_FACES_IN_MEMORY][FACE_DET_SIZE]; 
// FACE_DET_SIZE = 1225 (35*35) 

55 



P e t e r K N A P P : D i p l o m a p ro jec t FEKT V U T v B rně , K H B O O o s t e n d e - B e l g i u m 

Output of th is funct ion is 2D array - Eigenfaces database (training set pro jected onto the 

Eigenspace by the calculated Eigenvectors), of "doub le " values, whe re each row represents 

one face pro jected onto the Eigenspace: 

double 
Eigeface_database[MAX_FACES_IN_MEMORY][MAX_FACES_IN_MEMORY]; 
// Size of array i s : n_of_faces x n_of_faces 

Local var iables: 

unsigned i n t pixl=0; 
unsigned i n t fl=0; 
unsigned i n t al=0; 
unsigned i n t poml=0; 
double acc_double=0 ; 
unsigned i n t pom_p[NUMBER_FACES]; 

M e a n face f rom tra in ing set of faces (detected faces): 

// Mean face from detected faces: 
f o r (pixl=0; pixl<FACE_DET_SIZE; p i x l = p i x l + l ) 
{ 

Mean_face[pixl]=0 ; 

f o r (fl=0; f1<NUMBER_FACE S; f l = f l + l ) 
{ 

Mean_face[pixl] = F a c e l _ Y [ f l ] [ p i x l ] + Mea n _ f a c e [ p i x l ] ; 
} 

Mean_face[pixl] = ( Mean_face[pixl] / NUMBER_FACES ); 
} 

// 

Subtract the mean face f rom every face from training set: 

// Subtract the mean face: 
f o r (pixl=0; pixl<FACE_DET_SIZE; p i x l = p i x l + l ) 
{ 

f o r (fl=0; f1<NUMBER_FACE S; f l = f l + l ) 
{ 

F a c e l _ Y [ f l ] [ p i x l ] = F a c e l _ Y [ f 1 ] [ p i x l ] - Mea n _ f a c e [ p i x l ] ; 
} 

} 
// 

Create t ransposed matr ix of Face l YUM: 

// Create transposed matrix of F a c e l _ Y [ ] [ ] : 
f o r (pixl=0; pixl<FACE_DET_SIZE; p i x l = p i x l + l ) 
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{ 
f o r (fl=0; f1<NUMBER_FACE S; f l = f l + l ) 
{ 

F a c e l _ Y _ t r a n s p o s e [ p i x l ] [ f 1 ] = F a c e l _ Y [ f 1 ] [ p i x l ] ; 
} 

} 
// 

Create Reduced Covar iance matr ix C : 

// Create Covariance matrix C (modified): 
matmmlt(*Facel_Y, NUMBER_FACES, FACE_DET_SIZE, *Facel_Y_transpose, 

NUMBER_FACES, *Covariance_matrix_m); 
// matrix * matrix m u l t i p l i c a t i o n : Covariance_matrix_m[][] 
// = F a c e l _ Y [ ] [ ] * Facel_Y_transpose[][] ( NUMBER_FACES x NUMBER_FACES ) 

// 

Calculat ion Eigenvectors (Reduced, N U M B E R FACES x N U M B E R FACES) and Bgenva lues  

(NUM BER F A C E S x 1) f rom Reduced Covar iance matr ix C (Jacobi 's cycl ic method) : 

// Counting Eigenvectors V and Eigenvalues X from Covariance matrix C 
(Jacobi's c y c l i c method): 

// A*V = 1*V 
// Jacobi_Cyclic_Method(eigenvalues, (double*)eigenvectors, (double*)A, N) ; 
// ( Covariance_matrix_m[][] * Eigenvectors_m[][] 
// = Eigenvalues[] * Eigenvectors_m[][] ) 

Jacobi_Cyclic_Method( Eigenvalues, (double*)Eigenvectors_m, 
(double*)Covariance_matrix_m, NUMBER_FACES ); 

// Jacobi's c y c l i c method i n "jacobi_cyclic_method.c" 

// 

Creat ing Full E igenvectors (NUM BER F A C E S x F A C E PET 3ZE) : 

// Create true eigenvectors (NUMBER_FACES x FACE_DET_SIZE): 
matmmlt(*Eigenvectors_m, NUMBER_FACES, NUMBER_FACES, *Facel_Y, 

FACE_DET_SIZE, *Eigenvectors); 
// matrix * matrix m u l t i p l i c a t i o n : 
// E i g e n v e c t o r s [ ] [ ] = Eigenvectors_m[][] * F a c e l _ Y [ ] [ ] 

// 

Sort ing of Eigenvalue (max -> min) and saving or iginal indexes: 

// S o r t i n g of eigenvalue (max -> min) and save o r i g i n a l indexes: 
f o r (fl=0; f1<NUMBER_FACE S; f l = f l + l ) 
{ 

P_Eigenvalues[f1] = E i g e n v a l u e s [ f l ] ; 
// Saving unsorted array of Eigenvalues[] 

} 

qsort (Eigenvalues, NUMBER_FACES, s i z e o f ( E i g e n v a l u e s [ 0 ] ) , compare_double); 
// sor t Eigenvalues[] i n (min -> max) order 
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f o r (fl=0; f1<NUMBER_FACE S; f l = f l + l ) 
{ 

f o r (al=0; a1<NUMBER_FACE S; al=al + l ) 
{ 

i f ( E i g e n v a l u e s [ f l ] == P_Eigenvalues[al] ) 
{ 

pom_p[NUMBER_FACES-l-f1]=al; 
// index of unsorted Eigenvalues i n 
// sorted Eigenvalues 

} 

} 
} 

// 

Normal izat ion of Eigenvectors to be a unit vectors : 

// Normalization of Eigenvectors to be a u n i t v e c t o r s : 
f o r (fl=0; f1<NUMBER_FACE S; f l = f l + l ) 
{ 

acc_double=0; 

f o r (pixl=0; pixl<FACE_DET_SIZE; p i x l = p i x l + l ) 
{ 

acc_double = acc_double + 
+ ( E i g e n v e c t o r s [ f l ] [ p i x l ] * E i g e n v e c t o r s [ f l ] [ p i x l ] ); 

} 

acc_double = sqrt(acc_double); 

f o r (pixl=0; pixl<FACE_DET_SIZE; p i x l = p i x l + l ) 
{ 

E i g e n v e c t o r s [ f l ] [ p i x l ] = ( E i g e n v e c t o r s [ f l ] [ p i x l ] / a c c _ d o u b l e ) ; 
} 

} 
// 

Creat ing t ransposed matr ix of E i g e n v e c t o r s ^ ! and sort by sor ted va lues of e igenvalues[ j : 

/ / — 
f o r (pixl=0; pixl<FACE_DET_SIZE; p i x l = p i x l + l ) 
{ 

f o r (fl=0; f1<NUMBER_FACE S; f l = f l + l ) 
{ 

poml = pom__p[fl]; 
// conversion index f o r s o r t i n g E i g e n v e c t o r s [ ] [ ] 
/ / b y sorted values of eigenvalues[] 

E i g e n v e c t o r s _ t r a n s p o s e [ p i x l ] [ f l ] = E i g e n v e c t o r s [ p o m l ] [ p i x l ] ; 
// transponsing 

} 
} 

// 
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Transformat ion of t ra in ing set onto the Eigenspace: 

// Cre a t i n g Eigenface database: 
f o r (fl=0; f1<NUMBER_FACE S; f l = f l + l ) 
{ 

f o r (al=0; al<FACE_DET_SIZE; al=al+l) 
{ 

One_face[0][al] = F a c e l _ Y [ f 1 ] [ a l ] ; 
} 

matmmlt(*One_face, 1, FACE_DET_SIZE, *Eigenvectors_transpose, 
NUMBER_FACES, *One_eigenface) ; 

// matrix * matrix m u l t i p l i c a t i o n : 
// One_eigenface[] 
// = F a c e l _ Y [ l ] [ ] * Eigenvectors_transpose[][] 

f o r (al=0; a1<NUMBER_FACE S; al=al + l ) 
{ 

Eigenface_database[f1][al] = One_eigenface[0][al]; 
} 

} 
// 

4.3.2 Recognition process of unknown face 

v o i d Face_recognition(void) 

Input of th is funct ion is a new de tec ted face in database of de tec ted faces (of "doub le " val­

ues): 

double Facel_Y[..current-face..][FACE_DET_SIZE]; 
// FACE_DET_SIZE = 1225 (35*35) 

Output of th is funct ion is array of "doub le " values, wh ich represent Distances (Euclidian) 

be tween Unknown face pro jected onto the Eigenspace and all faces f rom train ing set pro­

jected onto the Eigenspace by the calcu lated Eigenvectors: 

double Distance_recognition[MAX_FACES_IN_MEMORY]; 
// number of Distences are number of faces i n t r a i n i n g set 
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Local var iables: 

unsigned i n t pixl=0; 
unsigned i n t fl=0; 
unsigned i n t al=0; 
unsigned i n t poml=0; 
double acc_double=0; 

Subtract the mean face f rom every face from training set: 

// Subtract the mean face (current_face - Mean_face[]): 
f o r (pixl=0; pixl<FACE_DET_SIZE; p i x l = p i x l + l ) 
{ 

One_face[0][pixl] = Facel_Y[num_faces][pixl] - Mea n _ f a c e [ p i x l ] ; 
} 

// 

Transformat ion of unknown face onto the Eigenspace (by the same Eigenvectors as in creat­ 

ing an Eigenfaces database : 

/ / — 
matmmlt(*One_face, 1, FACE_DET_SIZE, *Eigenvectors_transpose, 

NUMBER_FACES, *One_eigenface); 
// matrix * matrix m u l t i p l i c a t i o n : One_eigenface[] 
// = F a c e l _ Y [ l ] [ ] * Eigenvectors_transpose[][] 

// 

Compar ing the unknown face in Eigenspace wi th Eigenfaces database by Eucl idean Dis­ 

tances be tween t h e m : 

// C l a s s i f y i n g the unknown faces - Euclidean Distance (distance between 
// unknown eigenface and a l l eigenfaces from Eigenface database): 

f o r (fl=0; f1<NUMBER_FACE S; f l = f l + l ) 
{ 

acc_double=0; 

f o r (al=0; a1<NUMBER_FACE S; al=al + l) 
{ 

acc_double = acc_double + 
+ ( (One_eigenface[0][al] - E i g e n f a c e _ d a t a b a s e [ f l ] [ a l ] ) 
* ( O n e _ e i g e n f a c e [ 0 ] [ a l ] - E i g e n f a c e _ d a t a b a s e [ f l ] [ a l ] ) ); 

} 

D i s t a n c e _ r e c o g n i t i o n [ f 1 ] = sqrt(acc_double); 
// Euclidean Distance between unknown eigenface 
// and f l - t h eigenface from Eigenface database 

Distance_recognition_u8[f1] = (u8) ( D i s t a n c e _ r e c o g n i t i o n [ f 1 ] / 4 ) ; 
// convert to be seen i n "u8" range 

} 

f o r (f1=NUMBER_FACES; f1<MAX_FACE S_IN_MEMORY; f l = f l + l ) 
{ 
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Distance_recognition[f1]=DBL_MAX; 
// f i l l r e s t of array with max-distance number 

Distance_recognition_u8[f1]=255; 
} 

// 

4.4 Experimental results 

This sect ion conta ins exper imenta l results of Face recogni t ion based on Eigenfaces im­

p lemented into DSP processor . 

Table 1 shows faces f rom Training set (face database) of 15 faces. From these faces w a s 

created Eigenface database ­ Training set projected onto the Eigenspace by the calculated 

Egenvec to rs . 

Table 1: Faces from Training set: 

01 02 1 03 04 05 06 07 08 1 

: i U 
09 10 n 12 13 I 14 I 15 

\) £3 m 

Recogni t ion process is based on compar ing of Unknown face pro jected onto the Eigen­

space by the calculated Eigenvectors with all faces f rom Training set projected onto the Ei­

genspace by the same Eigenvectors. 

For test ing purpose, were created modi f ied faces of Training set. Modi f i ca t ion w a s dif­

ferent : 

§ covered mouth (results in Append ix A1) 

§ added moustache (results in Append ix A2) 

§ shift ing of 1 pixel to le f t ­down (results in Append ix A3) 

§ rotat ion of 3 degree in the direct ion of clock (results in Append ix A4) 

§ decrease size of faces (95% in x and 9 5 % in y) (results in Append ix A5) 
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§ test ing one face 02 wi th some modi f ies (results in Append ix A6_1 and Append ix 

A6_2) 

§ test ing one face 05 wi th some modi f ies (results in Append ix A7) 

For classifying of similari ty we re chosen Euclidian d is tances be tween Unknown face pro­

jected onto the Eigenspace and all faces f rom Training set projected onto the Eigenspace. 

The less is d is tance then the Unknown face is more similar to face f rom Training set. 

Tables in Append ix A1 to Append ix A7 show Euclidian d is tances in these tests. For good 

similari ty (same faces) is d is tance around 10.0 - 50.0, for bad similar i ty (different faces) is 

d istance > 200.0 . For dif ferent faces wi th no simi lar i ty is d is tance > 1000.0. 

In these tables, the red highl ighted means incorrect recogni t ion (smaller d is tance for 

this face then distance of same or modi f ied face). If there are one or more red highl ighted 

d is tances in l ine, then the recogni t ion is incorrect. 

Tests, w i th changes, such as shif t ing, ro ta t ion, and decrease size of faces to be recog­

nized, are shown in Append ix A3 up to Append ix A5 for no big change. If faces wil l be more 

changed as original faces from train ing set, the results of Face recognit ion wi l l be not satis­

f ied (high number of red highl ighted d is tances - incorrect recogni t ion), because Face recog­

nit ion based on Eigenfaces is very sensi t ive to th is type of changes. 

4.5 Summary 

This chapter deals wi th Face recogni t ion based on Eigenfaces - descr ipt ion and imple­

menta t ion into DSP processor . In sect ion 4.4 are exper imenta l results of imp lemen ted algo­

r i thm. 

Face recogni t ion based on Eigenfaces uses pr inc ip les of Principal Componen t Analysis. 

The main idea of the pr inciple componen t is to f ind the vectors that best account for the 

distr ibut ion of face images wi th in the ent i re image space. These vectors def ine the subspace 

of face images, wh ich be cal led " face space" or "E igenspace" . Recogni t ion process is based 

on compar ing of Unknown face pro jected onto the Eigenspace by the calcu lated Eigenvec-

t o r s w i t h all f a c e s f r o m tra in ing set pro jected onto the Eigenspace by the same Eigenvectors. 

Experiment of Face recogni t ion w a s done wi th t ra in ing set of faces showed in Table 1. 

From th is t ra in ing set w a s calculated Eigenfaces database. A s Unknown face we re used 
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modi f ied faces from tra in ing set. Mod i f i ca t ions we re chosen : covered mou th , added mous­

tache, shift ing of 1 pixel to le f t -down, rotat ion of 3 degree, decrease size, and some modi f ies 

wi th one face 02 and face 05. Results of th is exper iment are shown in Append ix A1 up to 

Append ix A7 . There are Eucl idian d is tances wh ich represent metr ic d is tances be tween Un­

known face pro jected onto the Eigenspace and all faces from Training set projected onto the 

Eigenspace. 

From these results fo l lows character is t ics and requ i rements of Face recogni t ion based 

on Eigenfaces. Pre-step of Face recogni t ion is Face detec t ion . Qual i ty of de tec ted face im­

pacts success of Face recogni t ion. 

Face recogni t ion based on Eigenfaces is very sensit ive wi th these factors: 

§ movemen t , resizing and rotat ion of face in face image compared wi th faces in t ra in­

ing set 

§ Change contrast of image (face vs. background or be tween face features) 

§ Change of Gray-Scale level of some pixels (for example , results are dif ferent for 

wh i te glasses and black glasses, even , the glasses are same and cover the same part 

of face) 

Follow of these, Face de tec t ion , as a pre-step of Face recogni t ion, is very important and 

Face detect ion should arrange de tec ted face wi th cons iderat ion of these factors. 

These factors are same for prepar ing faces of t raining set. Besides, creat ing training set 

(face database) is also very important process. It can be used more v iews of same face to 

reduce w rong recogni t ions. Fur thermore , number of faces in t ra in ing set and size of face 

image must be consider to have fast and rel iable face recogni t ion sys tem. 

63 



P e t e r K N A P P : D i p l o m a p ro jec t FEKT V U T v B rně , K H B P P o s t e n d e - B e l g i u m 

5 Other implementationsand Windows Application 

This chapter descr ibes other project code for DSP processor Blackf in®ADSP-BF561 (sec­

t ion 2.1) wi th using a deve lopment board EZ-KIT Lite®ADSP-BF561 (section 2.2) and deve l ­

opment env i ronment VisualDSP++ (section 2.3); all deve lopment too ls are f rom Ana log De­

vices, Inc. 

A lso, there is descr ibed des igned W i n d o w s App l ica t ion , wh ich commun i ca tes wi th DSP 

processor v ia UART. The W i n d o w s Appl icat ion he lped wi th designing and imp lement ing algo­

r i thms and now, is used as suppor t ive appl icat ion for loading faces into DSP processor, 

showing result of Face detect ion and Face recogni t ion, etc. 

5.1 Other algorithms for DSP processor 

This sect ion descr ibes a lgor i thms (code) such as Video f rame captur ing f rom camera , 

Displaying f rame on moni tor , Commun ica t i on wi th PC v ia UART, Conver t ing from YCbCr 

mode to RGB mode , and others . These codes make funct ional i ty wi th env i ronment to im­

p lemented a lgor i thms before (in chapter 3 and 4). 

5.1.1 Video frame capturing from camera 

Video format for v ideo s t reaming is ITU-R 6 5 6 \ N T S C ( informat ion about th is v ideo for­

mat is descr ibes in sect ion 1.3). 

Program in DSP processor is using only act ive NTSC f rame. The size of f rame is 1440x480 

(resolut ion: 720x480) d iv ided into 2 f ields, first f ield wi th even l ines and second f ield wi th 

odd l ines ( inter laced system). There is used only first f ie ld, every second line and every 

fourth pixel in line (for face detec t ion is used dec ima ted f rame 180x120). 

The source code of V ideo f rame captur ing from camera : 

v o i d CaptureFrame( 
ADI_DCB_HANDLE DCBManagerHandle, 
ADI_DMA_MANAGER_HANDLE DMAManagerHandle, 
ADI_DEV_MANAGER_HANDLE DeviceManagerHandle, 
ADI_DEV_2D_BUFFER *pBuffer2D 

) { 
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// t a b l e of c o n f i g u r a t i o n values f o r the PPI on input 
ADI_DEV_CMD_VALUE_PAIR InboundConfigurationTable [] = { 

{ ADI_DEV_CMD_SET_DATAFLOW_METHOD, (void *)ADI_DEV_MODE_CHAINED }, 
{ ADI_PPI_CMD_SET_CONTROL_REG, (void *)0x00c0 }, 

// A c t i v e f i e l d only, F i e l d 1 & 2, YcbCr - a l l 
{ ADI_PPI_CMD_SET_LINES_PER_FRAME_REG, (void*)LINES_FROM_FRAME_NTSC} 

// ADI_ITU65 6_NTSC_HEIGHT 
{ ADI_DEV_CMD_END, NULL }, 

ADI_DEV_DEVICE_HANDLE DeviceHandle; 

// t u r n on f i r s t LED 
ezTurnOnLED (0); 

// handle to the device d r i v e r 

// enable the video decoder (7183) 
ezEnableVideoDecoder() ; 

// give the decoder time to sync 
ezDelay(300); 

// since we're doing input, have the PPI d r i v e r generate a c a l l b a c k 
// when the b u f f e r 
// has completed processing. 
// The pArg parameter to the c a l l b a c k f u n c t i o n w i l l be 
// whatever we set the CallbackParameter value t o . 
pBuffer2D->CallbackParameter = pBuffer2D; 

// open the PPI d r i v e r f o r input 
ezErrorCheck(adi_dev_Open(DeviceManagerHandle, SADIPPIEntryPoint, 

DECODER_PPI, NULL, SDeviceHandle, ADI_DEV_DIRECTION_INBOUND, 
DMAManagerHandle, DCBManagerHandle, C a l l b a c k ) ) ; 

// configure the PPI d r i v e r with the values 
// from the inbound c o n f i g u r a t i o n t a b l e 
ezErrorCheck(adi_dev_Control(DeviceHandle, ADI_DEV_CMD_TABLE, 

InboundConfigurationTable)) ; 

// give the PPI d r i v e r the b u f f e r to process 
ezErrorCheck(adi_dev_Read(DeviceHandle, ADI_DEV_2D, 

(ADI_DEV_BUFFER *)pBuffer2D)); 

// t e l l the PPI d r i v e r to enable data flow 
ezErrorCheck(adi_dev_Control(DeviceHandle, ADI_DEV_CMD_SET_DATAFLOW, 

(void *)TRUE)); 

// wait t i l l the b u f f e r has been processed 
while (pBuffer2D->ProcessedFlag == FALSE) ; 

// delay 
ezDelay(300) ; 

// clos e the PPI d r i v e r 

ezErrorCheck(adi_dev_Close(DeviceHandle)) ; 

// t u r n o f f f i r s t LED 
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ezTurnOffLED (0); 

// re t u r n 
} 

Program uses buffer type of structure wh ich conta ins pointer to array, size of array, 

Cal lback Parameter , or pointer to next buffer w h e n th is buffer is p rocessed : 

// Populate the b u f f e r that w e ' l l use f o r the PPI input and output 
//Frame_ycbcr[14 4 0 * ADI_ITU656_NTSC_HEIGHT]; // 1440 x 525 
Buffer2D.Data = Frame_ycbcr; 
Buffer2D.ElementWidth = 2; 
Buffer2D.XCount = (NTSC_LINE_WIDTH_ACTIVE 12); 
Buffer2D.XModify = 2; 
Buffer2D.YCount = LINE S_F ROM_F RAME_N T S C; 
Buffer2D.YModify = 2; 
Buffer2D.CallbackParameter = NULL; 
Buffer2D.pNext = NULL; 

After, w h e n is buffer p rocessed, can be cal led Cal lback funct ion, wh ich can be used for 

more buf fer -processed act ion (UART, etc.): 

s t a t i c v o i d C a l l b a c k ( 
v o i d *AppHandle, 
u32 Event, 
v o i d *pArg) 

{ 

s t a t i c unsigned i n t Counter = 0; 
// count the number of input b u f f e r s processed 

ADI_DEV_BUFFER *pBuffer; 
// p o i n t e r to the b u f f e r that was processed 

// CASEOF (event type) 
switch (Event) { 

// CASE (buffer processed) 
case ADI_DEV_EVENT_BUFFER_PROCESSED: 

// point to the b u f f e r 
pBuffer = (ADI_DEV_BUFFER *)pArg; 

// increment our counter 
Counter++; 

i f (pBuffer == (ADI_DEV_BUFFER *)SOutboundBuffer) 
// i f processed OutboundBuffer - UART 

{ 
uart_processedl=l; // UART was processed 

} 

break; 

// CASE (an error) 
case ADI_DEV_EVENT_DMA_ERROR_INTERRUPT: 
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case ADI_PPI_EVENT_ERROR_INTERRUPT: 

// tu r n on a l l LEDs and wait f o r help 
ezTurnOnAHLEDs () ; 
while (1) ; 

// ENDCASE 
} 

// re t u r n 

Development board EZ-KITLi te ADSP-BF561 conta ins v ideo decoder and v ideo encoder , 

which prov ides channe ls of analog v ideo input and output (more in format ion in sect ion 2.2). 

5.1.2 Communication with PC via U ART 

Sett ing up the serial commun ica t i on v ia UART is similar as V ideo f rame captur ing or Dis­

playing f rame at moni tor . Instead of v ideo decoder device is used UART device and buffer 

point to array to be processed by UART. 

The source code of Commun ica t ion wi th PC v ia UART: 

v o i d Init_and_Send_buffer_to_UART( 
ADI_DCB_HANDLE DCBManagerHandle_u, 
ADI_DMA_MANAGER_HANDLE DMAManagerHandle_u, 
ADI_DEV_MANAGER_HANDLE DeviceManagerHandle_u, 
ADI_DEV_1D_BUFFER *pBufferlD 

) 
{ 

// t a b l e of c o n f i g u r a t i o n values f o r the UART 
ADI_DEV_CMD_VALUE_PAIR ConfigurationTable [] = { 

// c o n f i g u r a t i o n t a b l e f o r the UART d r i v e r 
{ ADI_DEV_CMD_SET_DATAFLOW_METHOD, (void *)ADI_DEV_MODE_CHAINED }, 
{ ADI_UART_CMD_SET_DATA_BITS, (void *)8 }, 
{ ADI_UART_CMD_ENABLE_PARITY, (void *)FALSE }, 
{ ADI_UART_CMD_SET_STOP_BITS, (void *)1 }, 
{ ADI_UART_CMD_SET_BAUD_RATE, (void *)BAUD_RATE }, 
{ ADI_UART_CMD_SET_LINE_STATUS_EVENTS, (void *)TRUE }, 
{ ADI_DEV_CMD_END, NULL }, 

}; 

// Handle to the UART d r i v e r 
ADI_DEV_DEVICE_HANDLE DriverHandle_u; 

// t u r n on 3. LED 
ezTurnOnLED (2); 

// c a l l b a c k a f t e r b u f f e r processed enabled 
pBufferlD->CallbackParameter = pBufferlD; //NULL; //pBufferlD; 

67 



P e t e r K N A P P : D i p l o m a p ro jec t F E K T V U T v B rně , K H B O O o s t e n d e - B e l g i u m 

// 
uart_processedl=0 ; 

// open the UART d r i v e r f o r b i d i r e c t i o n a l data flow 
ezErrorCheck(adi_dev_Open(DeviceManagerHandle_u, SADIUARTEntryPoint, 0, 

NULL, &DriverHandle_u, ADI_DEV_DIRECTION_BIDIRECTIONAL, NULL, 
DCBManagerHandle_u, C a l l b a c k ) ) ; 

// configure the UART d r i v e r with the values from the c o n f i g u r a t i o n t a b l e 
ezErrorCheck(adi_dev_Control(DriverHandle_u, ADI_DEV_CMD_TABLE, 

ConfigurationTable)) ; 

// send the outbound b u f f e r ID 
ezErrorCheck(adi_dev_Write(DriverHandle_u, ADI_DEV_1D, 

(ADI_DEV_BUFFER * ) p B u f f e r I D ) ) ; 

// enable data flow 
ezErrorCheck(adi_dev_Control(DriverHandle_u, ADI_DEV_CMD_SET_DATAFLOW, 

(void *)TRUE)); 

// wait t i l l the b u f f e r has been processed 
while (pBufferlD->ProcessedFlag == FALSE) ; 

uart_processedl=0 ; 

// wait f o r sending l a s t byte before cl o s e UART d r i v e r 
ezDelay(300); 

// clo s e the UART d r i v e r 
ezErrorCheck(adi_dev_Close(DriverHandle_u)) ; 

ezDelay(300); // delay f o r LED 

// tu r n o f f 3. LED 
ezTurnOffLED (2); 

} // End of f u n c t i o n : Init_and_Send_buffer_to_UART 

The buffer for sending v ia UART: 

// Bu f f e r f o r send array v i a UART 
OutboundBuffer3.Data = Array_u8; 
OutboundBuffer3.ElementCount = (FACE_DET_SIZE); //(NUMBER_FACES); 
OutboundBuffer3.ElementWidth = 1; 
OutboundBuffer3.CallbackParameter = SOutboundBuffer3; 
OutboundBuffer3.ProcessedFlag = FALSE; 
OutboundBuffer3.pNext = NULL; 

Receiving buffer f rom UART is very simi lar. 
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5.1.3 Converting from YCbCr mode to RGB mode 

Color mode of pixels in v ideo format is YCbCr. For Skin Color based face detec t ion algo­

rithm is needed use RGB color mode . 

Conver t ing f rom YCbCr mode to RGB mode is executed by extern funct ion wr i t ten in as­

sembler in .asm fi le: " Y C b C r t o R G B . a s m " wh ich is impor ted to the project. File is wr i t ten by 

Ana log Devices, Inc. and can be seen in project source code. Calculat ing th is convers ion is 

not hard, but using op t im ized asm code is faster. 

5.2 Windows Application 

A W i n d o w s App l i ca t ion , wh ich w a s des igned, he lped wi th designing and imp lement ing 

a lgor i thms and now, is used as suppor t ive appl icat ion for loading faces into DSP processor , 

showing result of Face detect ion and Face recogni t ion, etc. 

The W i n d o w s Appl icat ion commun i ca tes wi th PC v ia UART. It is wr i t ten in Microsof t 

Visual Studio 2008 (student l icense). The language of source code is Visual C++. 

The W i n d o w s Appl icat ion can read color image f rom file and convert to the Gray-Scale 

level and normal ize it. Then can send picture to DSP processor v ia UART. A lso , can shows 

detec ted face from DSP processor and shows result of Face Recogni t ion by wr i t ing Distance 

numbers and showing recognized face f rom t ra in ing set. 

The best way , how to test Face Recogni t ion, is create p ic tures of one face wi th 35x35 

size and send th is t ra in ing set (face database) to DSP processor and show Distance numbers 

after Face Recogni t ion process. 
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6 Conclusion 

This work deals wi th deve lopment of a lgor i thms for image processing, such as Face de­

tect ion and Face recognit ion a lgor i thms, and w i th imp lementa t ion of these a lgor i thms into 

DSP processor Blackfin® ADSP-BF561 wi th using a deve lopment board EZ-KIT Lite® ADSP-

BF561 and deve lopment env i ronment VisualDSP++; all deve lopment too ls are from Ana log 

Devices, Inc. 

Descr ip t ion, deta i ls about imp lementa t ion , exper imenta l resul ts and summary of Skin 

Color based face detec t ion algor i thm and Face recogni t ion based on Eigenfaces are shown in 

Chapter 3 (Face detect ion) and Chapter 4 (Face recognit ion). Exper imenta l results of Face 

detect ion are shown in sect ion 3.4. Exper imenta l results of Face recogni t ion are shown in 

Append ix A1 to Append ix A7 and in sect ion 4.4. 

A lgor i thms work wel l w i th appropr ia te results; however , Face detect ion is not fully 

done, the process of Eye de tec t i on /Appearance compar ing process is missing. This step as­

signs choos ing appropr ia te size of w indow and center ing of face to be in the midd le of the 

w indow. The face detec t ion w o r k s only wi th faces wi th speci f ic size. 

The a lgor i thms are work ing in DSP processor , and also can work under the W i n d o w s , 

because they are wr i t ten in C/C++; some funct ion (matrix mul t ip l icat ion, sort ing, and others) 

are part of l ibrary for DSP processor, so th is func t ions need to implement f rom l ibrary for 

W i n d o w s . 

A lso, I have deve loped a W i n d o w s App l ica t ion , wh ich is used as suppor t ive appl icat ion 

for loading faces into DSP processor, and showing result of Face detect ion and Face recogni­

t ion. The W i n d o w s Appl icat ion commun i ca tes wi th DSP processor v ia UART. The W i n d o w s 

Appl icat ion is deve loped in M icrosoft Visual Studio 2008, in Visual C++. 

Figure in Append ix B1 shows Project d iagram, whe re are demons t ra ted the deve lop­

ment board and imp lemen ted a lgor i thms including Face recogni t ion based on Eigenfaces 

a lgor i thm. Figure 10 shows imp lemen ted Skin Color based face detect ion a lgor i thm. 
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Appendix A1, Table: 
Euclidian distances between Training set of faces in Eigenspace and Modified faces from Training set in Eigenspace. 

Modified face with covered mouth. 



Appendix A2, Table: 
Euclidian distances between Training set of faces in Eigenspace and Modified faces from Training set in Eigenspace. 

Modified face with added moustache (this modification is for testing purpose only, there is NO taunt, caricature, etc.) 



Appendix A3, Table: 
Euclidian distances between Training set of faces in Eigenspace and Modified faces from Training set in Eigenspace. 

Modified face with shift of 1 pixel to left-down. 
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Appendix A4, Table: 
Euclidian distances between Training set of faces in Eigenspace and Modified faces from Training set in Eigenspace. 

Modified face with rotation of 3 degree in the direction of clock. 



Appendix A5, Table: 
Euclidian distances between Training set of faces in Eigenspace and Modified faces from Training set in Eigenspace. 

Modified face - smaller size of faces (95% in x and 95% in y). 



CD 
a> 
c 
"c 
'cC 

E o 
M— 

(M O 
CD 
O 
CO 

M— 
T 3 
CD 

H— 

T 3 O 

A 6 1 

02 6 1 

02 6 2 

02 6 3 

02 6 4 

02 6 5 

02 6 6 

02 6 7 

02 6 8 

02 6 9 

01 02 03 04 I 05 I 06 I 57 
Faces from Training set: 

08 

. 111 I 
321.1 

278.3 

261.0 

210.6 

276.8 

308.2 

313.8 

308.2 

348.8 

40.2 

111.7 

129.4 

338.8 

97.4 

47.6 

41.2 

74.2 

18.8 

224.6 

164.1 

149.9 

137.1 

175.2 

211.8 

216.1 

200.9 

257.0 

219.2 

203.3 

195.1 

272.4 

175.7 

195.5 

206.3 

217.9 

243.0 

480.0 

529.8 

532.9 

673.9 

485.1 

463.5 

472.7 

506.6 

469.5 

317.5 

369.7 

370.2 

554.5 

333.3 

301.9 

308.0 

340.8 

295.1 

333.3 

382.3 

386.0 

551.5 

349.4 

320.0 

320.7 

354.9 

310.8 

291.9 

347.6 

352.8 

531.3 

311.1 

277.3 

280.8 

317.8 

270.0 

543.5 

609.3 

619.3 

820.6 

583.9 

534.8 

534.7 

566.8 

504.4 

278.3 

273.6 

446.0 

247.9 

231.4 

233.5 

260.7 

231.0 

210.0 

219.2 

235.2 

364.8 

240.9 

225.1 

213.2 

212.0 

208.1 

204.2 

201.3 

194.8 

330.8 

192.2 

201.5 

198.6 

203.6 

208.4 

518.8 

572.1 

575.2 

770.1 

546.8 

504.0 

506.0 

534.1 

482.7 

366.2 286.1 

327.5 350.3 

323.0 368.6 

319.6 544.1 

362.2 319.2 

379.8 289.3 

370.8 287.9 

351.8 323.0 

380.0 273.3 

02 6 10 364.8 29.5 269.8 253.9 472.6 296.3 310.8 269.4 494.9 236.3 204.1 218.6 475.4 388.2 264.4 

02 6 11 

02 6 12 

02 6 13 

02 6 14 

02 6 15 

338.9 36.3 249.2 234.6 470.6 288.0 308.0 269.8 505.1 217.0 214.6 191.6 476.8 373.1 291.6 

376.4 50.0 276.4 261.9 479.9 305.7 319.2 278.0 493.5 253.8 199.6 235.4 473.0 395.5 260.7 

375.7 59.5 279.9 250.1 458.1 282.1 299.6 256.0 474.7 232.3 206.7 218.9 450.0 407.1 254.5 

268.2 262.2 145.9 274.1 658.0 506.7 504.3 483.9 737.4 407.4 272.8 296.4 690.9 280.6 486.2 

430.8 138.9 365.0 297.7 380.3 190.1 228.1 172.6 379.1 189.7 292.6 271.0 360.1 489.3 205.1 



A 6 2 
01 02 03 04 I 05 I 06 I 07 

Faces from Training set: 
08 

02 6 16 

02 6 17 

02 6 18 

. 111 I 
267.7 

303.9 

519.0 

127.5 

110.7 

290.5 

158.7 

219.4 

475.3 

201.2 

177.1 

369.8 

528.9 

438.4 

294.5 

381.5 

285.2 

167.5 

384.8 

278.1 

151.8 

350.5 

243.0 

115.6 

618.5 

516.3 

268.0 

194.0 

237.7 

210.9 

231.5 

408.9 

200.6 

173.2 

383.0 

591.4 

485.6 

258.7 

315.6 348.5 

392.0 272.0 

616.6 178.5 

02 6 19 482.1 186.5 410.0 345.9 403.5 209.6 243.8 191.8 336.6 224.8 302.6 307.2 319.3 518.7 217.6 

02 6 20 452.7 172.2 387.8 318.4 383.1 187.4 225.5 173.0 350.9 198.4 300.5 285.1 329.8 504.0 218.8 

CD 

a> 
c 
"c 
'cC 

02 6 21 297.9 133.8 197.8 202.6 503.5 329.7 338.6 310.7 551.3 253.0 230.1 221.4 497.9 366.5 343.3 

02 6 22 327.0 102.4 239.6 231.5 479.4 322.0 323.7 292.5 547.8 230.5 235.0 190.7 521.8 378.2 300.3 

E o 
M— (M O 
CD 
O 
CO 

M— 
T 3 
CD 

H— 

T 3 O 

02 6 23 297.4 76.5 205.8 216.8 494.7 328.5 343.2 309.8 563.8 249.8 232.1 196.6 536.1 351.2 325.9 

02 6 24 275.0 101.3 183.7 214.1 516.5 352.4 369.8 335.2 594.9 267.9 229.5 209.3 566.1 323.3 345.1 

02 6 25 271.1 209.0 149.5 236.0 601.8 457.1 459.6 427.4 687.0 357.7 236.0 223.0 665.6 288.4 434.9 

02 6 26 

02 6 27 

02 6 28 

284.4 181.7 254.3 191.1 400.0 281.1 312.5 277.0 568.9 215.2 343.7 201.2 537.5 431.1 329.9 

581.8 569.3 480.5 622.8 1004.4 838.8 825.1 806.5 1005.6 733.0 467.3 594.9 978.0 392.2 770.6 

358.1 27.3 263.8 250.6 475.5 296.9 313.1 273.7 498.6 235.4 202.8 214.1 476.2 380.7 274.2 

02 6 29 359.3 32.4 260.2 247.9 478.1 303.1 322.2 276.4 504.4 245.0 203.3 225.8 482.7 387.8 269.7 

02 6 30 262.6 229.7 242.9 198.7 430.3 337.3 374.5 333.0 632.7 271.3 377.5 238.3 599.7 439.2 377.4 



A 7 

Faces from Training set: 

A 7 
01 02 03 04 I 05 I 06 07 08 09 10 11 12 13 14 15 

A 7 I II 1 I i I U I M 
Li--4-

H -' • i 

L _ * 
L V D r . 

M
od

ifi
ed

 f
ac

e 
02

 f
ro

m
 T

ra
in

in
g 

se
t: 

05_7_1 533.6 453.1 549.4 404.1 56.0 252.1 302.7 271.0 468.7 357.3 615.9 500.4 431.2 771.5 363.4 

M
od

ifi
ed

 f
ac

e 
02

 f
ro

m
 T

ra
in

in
g 

se
t: 

05_7_2 529.1 467.9 551.3 405.8 68.0 270.7 310.0 289.2 487.6 366.3 628.3 504.1 442.7 774.5 390.2 
M

od
ifi

ed
 f

ac
e 

02
 f

ro
m

 T
ra

in
in

g 
se

t: 

05_7_3 • 
j 

357.9 260.2 362.9 243.1 255.2 146.2 165.9 163.0 437.8 166.4 410.4 286.9 382.6 540.1 296.2 

M
od

ifi
ed

 f
ac

e 
02

 f
ro

m
 T

ra
in

in
g 

se
t: 

05_7_4 

• 
j 

497.1 375.5 494.8 356.2 101.3 212.7 245.9 212.6 421.8 309.9 531.9 437.4 402.1 700.7 283.8 

M
od

ifi
ed

 f
ac

e 
02

 f
ro

m
 T

ra
in

in
g 

se
t: 

05_7_5 465.6 417.2 484.8 341.0 118.5 248.6 298.2 265.8 504.4 328.5 580.7 459.2 451.3 724.3 363.8 

M
od

ifi
ed

 f
ac

e 
02

 f
ro

m
 T

ra
in

in
g 

se
t: 

05_7_6 472.0 367.0 462.2 323.1 159.8 212.4 241.0 195.8 445.3 263.7 520.5 403.2 396.9 685.2 300.7 

M
od

ifi
ed

 f
ac

e 
02

 f
ro

m
 T

ra
in

in
g 

se
t: 

05_7_7 325.7 124.6 268.5 214.1 401.3 257.3 247.1 227.7 488.2 172.5 257.7 158.9 463.5 401.2 279.1 



P e t e r K N A P P : D i p l o m a p ro jec t FEKT V U T v B rně , K H B O O o s t e n d e - B e l g i u m 

Appendix B1 - Project diagram 
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Figure 22: Project diagram: Development board with connections to PC, camera, monitor, and 
implemented Face detection and Face recognition algorithms into DSP processor. 
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Appendix C1 - Source code of project for DSP proces­
sor 

This sect ion con ten ts source code of project for DSP processor. Source code is d iv ided 

into some fi les, in appendix are shown these f i les from source code : 

§ M a i n C f i l e - impl . alg. 

§ M e m o r y l_3, C f i l e 

§ H e a d e M , C f i l e 

The M ain C f i l e con ten ts all imp lemen ted a lgor i thms wi thout l ibrar ies (DSP and run- t ime 

library for DSP processor) and extern funct ion such as " Y C b C r t o R G B . a s m " and 

" jacob i_cyc l ic_method.c" wh ich are not des igned by author. 



/ / / / / M l i n C f i l e - i npl . al g. / / / / / 

Copyr igh t (c ) 2005 Analog Devices , Inc. A l l Rights Reserved. 
Copyr igh t (c ) 2009 Peter KNAPO, (PK) . A l l Rights Reserved. 

*** P ro j ec t : 2_f ace-de t ec t _s end- PC *** 
*** + i npl errent at i on of Eigenfaces *** 
*** for DSP: ADSP BF561 i n E Z - K t L i t e *** 

$Revi si on: 1.2 $ 
$Date: 2007/ 05/ 18 20:35:02 $ 

PK Revi si on: 4. 2 
P K D a t e : 1. August 2009, 15:26 
************************************************************ 

I ncl ude f i l e s 

*/ 

#include <ser vi ces \ser vi ces . h> 
#include <dr i ver s \adi de v. h> 
#i ncl ude <dr i ver s \ ppi \ adi ppi . h> 
#i ncl ude <dr i ver s \ uar t \ adi uar t .h> 

/ / s y s t em s er vi ces 
/ / device manager inc ludes 
/ / PPI d r ive r inc ludes 
/ / uart d r i ve r inc ludes 

#i ncl ude 
#i ncl ude 

" ezki t ut i 1 i t i es . 
" adi i t u656. h" 

h" 
/ / ITU656 

/ / EZ-
u t i l i t i e s 

Ki t ut i 1 i t i es 

#i ncl ude " . . /Header 1. h" 
#defi ne ) 

/ / Header f i l e for project ( ny 

#i ncl ude <mat h. h> 
#i ncl ude < f i l t e r . h > 
#include <matrix.h> 
#i ncl ude <st dl i b. h> 

#i ncl ude "j acobi cyc l i c met hod. c' 
e igenvalues and e igenvectors for 

/ / DSP RUN-TI1VE LIBRARY 
/ / DSP RUN-TI1VE LIBRARY 

/ / DSP RUN-TI1VE LIBRARY 
/ / Run-1 i me l i b r a r y 

/ / 
syr et r i c 

J acobi 
it r i x ( covar i ance 

bi cy 
t r i x) 

c l i c rrethod for count ing 

/********************************************************************* 

ADSP-BF533/ 537 have only 1 PPI c a l l e d PPI 0 
ADSP-BF561 has 2, PPI 0 connected to video decoder, PPI 1 to video encoder 
*************************************************************** 

#if def i ned(__ADSPBF561__) 
#define ENCODER_PPI (1) 
#define DECODER_PPI (0) 

#define ENCODER_PPI (0) 
#define DECODER_PPI (0) 
#endi f 

/********************************************************************* 

User c o n f i g u r a t i o n s : 
Ca l lbacks can be e i the r " l i v e " meaning they happen at hardware i n t e r rup t 
t irre, or "deferred" meaning that the Deferred C a l l b a c k Serv ice i s used 
to make c a l l b a c k s at a lower p r i o r i t y i n t e r rup t l e v e l . Deferred 
c a l l b a c k s u s u a l l y a l l o w the system to process data mor e e f f i c i e n t l y wi th 
lower i n t e r rup t l a t e n c i e s . 

The macro below can be used to toggle between " l i v e " and "deferred" 
c a l l b a c k s . A l l d r i v e r s and s ys t em s er vi ce s that make c a l l b a c k s i n t o an 
a p p l i c a t i o n are passed a handle to a c a l l b a c k s e r v i c e . I f that handle 
i s NULL, then l i v e c a l l b a c k s are used. I f that handle i s non-NULL, 
rreani ng the handle i s a rea l handle i n t o a deferred c a l l b a c k s e r v i c e , 
then c a l l b a c k s are deferred us ing the g iven c a l l b a c k s e r v i c e . 
*********************************************************************/ 

,********************************************************************* 

St at i c and Ext er n dat a 
*********************************************************************/ 

/ / DM\ Minager data (base memory + memory for 1 DM\ channel) 
s t a t i c u8 DMMVgr Dat a[ ADI_DM\_BASE_1VEMRY + ( ADI _DM\_CHANNEL_1VE1VDRY * 1)] ; / / x l 

/ / Deferred Ca l lback Minager data (memory for 1 s e rv i ce plus 4 posted c a l l b a c k s ) 
#i f def i ned( USE_DEFERRED_ CALLBACKS) 
s t a t i c u8 DCBlVgrData[ADI_DCB_OUEUE_SIZE + ( ADI _DCB_ENTRY_SI ZE) *4] ; 
#endi f 

/ / / / / Page 1 / / / / / 
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/ / Device Minager data (base memory + memory for 1 device) 
s t a t i c u8 DevMjrData[ADI_DEV BASE_M3VDRY + ( ADI _DEV DEVI CE_M3VDRY * 1)] 

/ / 
/ / 
/ / 
/ / 

#if 

def: ne a chunk of SDRAM t o hold a s i n g l e NTSC video frame 
For s i n g l e - c o r e processors , we can define the frarre r igh t here but 
for dua l -core processors , we need to dec lare i t here but define 
i t i n the sni3 project so that they get p laced i n SDRAM pr oper 1 y 

def i ned(__ADSPBF561__) 
/ / e x t e r n u8 Frarre[]; 
/ / e x t e r n u8 Frame A[] 

ex tern 

[ YJ [X] , i n L2 rreirory 
faces i n graysca le f rom 

Detected faces i n 

/ / 720 x 525 
Frarre_ycbcr[] ; / / 1440 x 525 = 756000, i n Externa l rreirory SDRAM- L3 

extern u8 r gb_r educed_f r arre [ ] ; / / R G B . . . 3x180x120 = 64800 , i n L2 rreirory: Rl Gl B l R2 G2 B2 
extern u8 byt e a r r a y r educed[ ] ; / / 180x120, i n L2 rreirory 
extern u8 Y_r educed_f r arre [ ] ; / / 180x120, i n L2 rreirory: Y l Y2 Y3 
extern u8 Ski n_noi s e_r errove [ ] ; / / 36x24, 0/ 255 0/ 255 . . . 
ex tern u8 Ski n_noi s e_r errove_2D[ Y_R_REM_FRAM3] [ X_R_REM_FRAM3] ; / / 36x24, 
ex tern double Face 1_Y[ M\X_FACES_I N_M3VDRY] [ FACE_DET_SI ZE] ; / / Detected 

Y r educed fr arre [ ] 
ex tern u8 Face_one_Y_u8[ FACE_DET_SI ZE] ; 
ex tern double One_f ace [ 1] [ FACE_DET_SI ZE] ; 
ex tern double Face l_Y_t r ans pos e [ FACE_DET_SI ZE] [ M\X_FACES_I N_M3VDRY] ; / / 

g raysca le f r om Y r educed fr arre [ ] - t ransposed 
extern double M a n _ f ace [ FACE_DET_SI ZE] ; / / M a n face f r om Face 1_Y[ ] 
ex tern double Covar i ance_mat r i x_m[ FACE_DET_SI ZE] [ FACE_DET_SI ZE] ; 
ex tern double Ei genval ues [ M«_FACES_I N_M3VDRY] ; 
ex tern double Ei genvect or s_m[ M\X_FACES_I N_M3VDRY] [ M\X_FACES_I N_M3VDRY] ; 
ex tern double Ei genvect or s [ M«_FACES_I N_M3VDRY] [ FACE_DET_SI ZE] ; 
ex tern double P_Ei genval ue s [ M«_FACES_I N_M3VDRY] ; 
ext er n doubl e Ei genvect or s _t r ans pos e [ FACE_DET_SI ZE] [ M\X_FACES_I N_M3VDRY] ; 
ex tern double Ei genf ace_dat abas e [ M\X_FACES_I N_M3VDRY] [ M\X_FACES_I N_M3VDRY] ; 
ex tern double Qne_ei genf ace [ 1 ][ M«_FACES_I N_M3VDRY] ; 
ex tern double Di s t ance_r ecogni t i on[ M^X_FACES_I N_M3VDRY] ; 
ex tern u8 D s t ance_r ecogni t i on_u8[ M\X_FACES_I N_M3VDRY] ; 
ex tern u8 Ar r ay_u8 [ FACE_DET_SI ZE] ; 

/ / p o v o d n e / / e x t e r n u8 s mal 1 _ar r ay_2D[ Y_R_REM_FRAM3] [ X_R_REM_FRAM3] ; / / 36x24, i n L2 rreirory 
/ / p o v o d n e / / e x t e r n fract 16 out _conv_ar r ay [ Y_R_REM_FRAM3+A_CONV_Y- 1] [ X_R_REM_FRAM3+A_CONV_X- 1] 

/ / i n L2 rrerror y 

/ / s t a t i c u8 Frame[ ADI _I TU656_NTSC_LI NE_W DTH * ADI _I TU656_NTSC_HEI GHT] ; 
/ / s t a t i c u8 Frarre_A[ ADI _I TU656_NTSC_W DTH * ADI _I TU656_NTSC_HEI GHT] ; / / 720 x 525 

/ / s t a t i c u8 Frarre_ycbcr [ 1440 * ADI _I TU656_NTSC_HEI GHT] ; / / 1440 x 525 
/ / s t a t i c u8 rgb_reduced_f rarre[X_R_FRAM3*Y_R_FRAM3] [3] ; / / R G B . . . 3x180x120 = 64800 , i n LI 

rreirory: Rl Gl B l R2 G2 B2 
#endi f 

/ / Buffers for UART: 
ADI _DEV1D_BUFFER Out boundBuf f er ; 
ADI _DEV1D_BUFFER Out boundBuf f er 2; 
ADI _DEV1D_BUFFER Out boundBuf f er 3; 
ADI _DEV1D_BUFFER I nboundBuf f er ; 

u8 Out boundDat a[ ] =" abcdef ghi j k l imop"; 

/ / Handl er s : 
ADI _DCB_ HANDLE DCBMnager Handl e; / / handle to the c a l l b a c k se rv i ce 
ADI _DM\_M\NAGER_ HANDLE DMMVanager Handl e; / / handle to the DM\ Mnager 
ADI _DEVM\NAGER_ HANDLE Devi ceMnager Handl e; / / handle to the Device Mnager 
/ / A D I _DEV DEVI CE_HANDLE Dr i ver Handl e_uar t ; / / handle to the uart d r ive r 

u8 uar t pr oce s s ed 1 =0; / / processed f l a g for uart 

/ / f unc t ion : Convert YCbCr t o RGB from . asm f i l e : 
vo id (*f 1 ) ( ) ; 
voi d _YCbCr t oRGB() ; 

ex tern vo id Cr eat e e i genf a c e d a t abas e( voi d) ; 

/ /povodne/ / Arrays i n LI Mrrory: 
/*u8 array_conv[ A_CONV_Y] [ A_OONV_X] = 
{ 

, 1, 1, 1, 1, 
, 1, 1, 1, 1, 
, 1, 1, 1, 1, 
, 1, 1, 1, 1, 
, 1, 1, 1, 1, 
, 1, 1, 1, 1, 
, 1, 1, 1, 1, 

YCbCrt oRGB. asm 

/ /povodne/ / u8 Ski n_noi s e_r errove_2D[ Y_R_REM_FRAM3] [ X_R_REM_FRAM3] ; / / 36x24, i n LI rrerror y 

unsigned i nt num_faces=0; / / po in ter of detected face to create Eigenface database ( i - t h detected 
f aces i n rrerror y) 
unsigned i nt i l _ t e s t = 0 ; 
unsigned i nt ig l=0; 

Funct i on: Except i onHandl er 
HWEr r or Handl er 

D e s c r i p t i o n : W should never get an excep t ion or hardware e r ro r , 
but jus t i n case w e ' l l ca tch themand s imply turn 
on a l l the LEDS should one ever occur. 
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s t a t i c ADI _I NT_HANIXER( Except i onHandl er ) / / excep t ion handler 

ezEr r or Check( 1) ; 
r et ur n( ADI _I NT_RESULT_PRCCESSED) ; 

t a t i c ADI _I NT_HANDLER( HWEr r or Handl er ) / / hardware error handler 

ezEr r or Check( 1) ; 
r et ur n( ADI _I NT_RESULT_PRCCESSED) ; 

Func t ion : Ca l lback 

D e s c r i p t i o n : Each type of c a l l b a c k event has i t ' s own unique ID 
so we can use a s i n g l e c a l l b a c k func t i on for a l l 
c a l l b a c k events. The swi tch statement t e l l s us 
which event has occurred. 

In the example, w e ' l l get a c a l l b a c k when the PPI 
has completed p rocess ing of the input buf fer . W 
don't r e a l l y need the c a l l b a c k func t i on as the main 
code uses the Pr oces s edFl ag f i e l d of the buffer to 
deterrrine when the inbound buffer has completed 
p rocess ing , but i t ' s i n c l u d e d here for i l l u s t r a t i v e 
pur poses. 

Note that i n the device d r ive r model , i n order to 
generate a c a l l b a c k for buffer complet ion, the 
Cal 1 backPar arret er of the buffer mist be set to a non-NULL 
value. That non-NULL value i s then passed to the 
c a l l b a c k func t i on as the pArg parameter. In the example, 
the Cal 1 backPar arret er i s set to be the address of the 
buffer i t s e l f . That a l lows the c a l l b a c k func t i on to 
determine which buffer was processed. Often the 
Cal 1 backPar arret er value i s set to NULL for every buffer 
except the l a s t buffer i n a cha in . That technique causes 
the c a l l b a c k func t i on to get c a l l e d only when the l a s t 
buffer i n the cha in has been processed. 

s t a t i c vo id Cal 1 back( 
vo id *AppHandle, 
u32 Event , 
voi d *pAr g) 

{ 

s t a t i c unsigned i nt Counter = 0; / / count the nurrber of input buffers processed 
ADI LEV BUFFER *pBuffer; / / po in ter to the buffer that was processed 

/ / CASEOF (event type) 
s wi t ch ( Event) { 

/ / CASE (buffer processed) 
case ADI _DEV_EVENT_BUFFER_PRCCESSED 

/ / point to the buffer 
pBuffer = ( ADI _DEV BUFFER *)pArg; 

/ / increment our counter 
Count er ++; 

i f (pBuffer == ( ADI _DEV BUFFER *) &Out boundBuf f er ) / / i f processed 
Out boundBuf f er - UART 

I 
uar t pr oce s s ed 1 = 1; / / UART was processed 

} 

br eak; 

/ / CASE (an e r ro r ) 
case ADI _DEV_EVENT_DM\_ERROR_I NTERRUPT: 
case ADI _PPI _EVENT_ERROR_I NTERRUPT: 

/ / t u rn on a l l LEDs and wait for help 
ezTurnOnAl 1 LEDs () ; 
whi 1 e ( 1 ) ; 

/ / ENDCASE 
} 

/ / r et ur n 
} 

Funct ion : CaptureFrame 
/ / / / / Page 3 / / / / / 
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D e s c r i p t i o n : This f unc t i on i s c a l l e d to capture a frarre of video 
data. This f unc t i on f i r s t enables the A D 7 1 8 3 video 
decoder and gives i t t i rre to sync. The buffer that 
i s passed to the device d r i v e r , g iven to t h i s func t ion 
by the c a l l i n g func t i on , i s modif ied so as to generate 
a c a l l b a c k when the buffer i s processed by the PPI 
d r i v e r . The PPI d r ive r i s then opened for input , 
conf igured accord ing to the parameters i n the 
c o n f i g u r a t i o n t ab l e , and then d a t a f l o w i s enabled. 
After the buffer has been processed, rreani ng the 
frame of video data has been captured i n SDRA1VJ the 
PPI d r ive r i s c losed and the func t i on re turns to the 
c a l l e r . 

The f i r s t LED i s l i t when t h i s f unc t i on i s execut ing . 

vo id Capt ur eFr arre( 
ADI _DCB_HANDLE DCBMinager Handl e, 
ADI _DM\_M\NAGER_HANDLE DMyVhnager Handl e, 
ADI _DEV M\NAGER_HANDLE Devi ceMinager Handl e, 
ADI _DEV 2D_BUFFER *pBuffer2D 

)! 
/ / t ab le of c o n f i g u r a t i o n values for the P P I on input 
A D I _ D E V _ C M l V A L U E _ P A I R I nboundConf i gur at i onTabl e [] = { 

{ ADI_DEV CM) SET_ DATAFLOW 1VETHCD, ( v o i d *) ADI _DEVJVDDE_CHAI NED 
{ ADI _PPI _QVD_SET_(XNrR(X_REG, ( v o i d *)0x00c0 

), / / Av t ive f i e l d only , F i e l d 1 & 2, YcbCr - a l l / / ( 0x02c0 0x0084 ) 
{ ADI _PPI _GVD_SET_LI NES_PER_FRAIVE_REG, ( v o i d *) LI NES_FROMFRAVE_NTSC | , / / 

ADI _I TU656_NTSC_HEI GHT 
{ ADI_DEV CM) END, NULL 

ADI _DEV DEVI CE_HANDLE De vi ceHandl e; / / handle t o t he device d r ive r 

/ / t u rn on f i r s t LED 
ezTurnOnLED(0) ; 

/ / enable the video decoder (7183) 
ezEnabl eVi deoDscoder() ; 

/ / give the decoder t i rre to sync 
ezDel ay( 300) ; 

/ / s ince we're doing input , have the PPI d r ive r generate a c a l l b a c k when the buffer 
/ / has completed p rocess ing . The pArg parameter to the c a l l b a c k func t i on w i l l be 
/ / whatever we set the Cal 1 backPar arret er value to. 
pBuffer 2D->Cal 1 backPar arret er = pBuffer2D, 

/ / open the PPI d r ive r for input 
ezErr or Check( adi _dev_0pen( Devi ceMnager Handl e, &ADI PPI Ent r yPoi nt , DECODER_PPI, NULL, 

SDevi ceHandl e, ADI _DEV DI RECTI ON_I NBOUND, DMMVanager Handl e, DCBMinager Handl e, C a l l b a c k ) ) ; 

/ / conf igure the PPI d r ive r wi th the values f rom the inbound c o n f i g u r a t i o n t ab le 
ezErr or Check( adi _dev_Cont r ol ( Devi ceHandl e, ADI _DEV CM) TABLE, I nboundConf i gur at i onTabl e)) : 

/ / give the PPI d r ive r the buffer to process 

ezErr or Check( adi _dev_Read( Devi ceHandl e, ADI_DEV 2D, ( ADI _DEV BUFFER *) pBuf f er 2D)) ; 

/ / t e l l the PPI d r ive r to enable data f l o w 
ezErrorCheck(ad i_dev_Cont ro l (DeviceHandle , ADI _DEV CM) SET_ DATAFLOW ( v o i d *)TRUE)); 
/ / wait t i l l the buffer has been processed 
whi le (pBuf f er2D->ProcessedFl ag == FALSE) ; 

/ / del ay 
ezDel ay( 300) ; 

/ / c lose the PPI d r ive r 
ezEr r or Check( adi de v_Cl ose(Dsvi ceHandl e)) ; 

/ / t u rn off f i r s t LED 
ezTurnOffLED(0) ; 

/ / r et ur n 

Funct i on: 

Des cr i pt i on: 

Di s pi ayFr arre 

Thi s funct i on i s c a l l e d to d i s p l a y a frarre of video 
data on the video-out device . The func t i on f i r s t 
enables the AD7171 video encoder and gives i t time 
to sync. As we're going to d i s p l a y the data for a 
second or two, t h i s f unc t i on opens the PPI d r ive r 
us ing the chained wi th 1 oopback mode. This w i l l 
cause the PPI d r ive r to con t inuous ly send the buffer 
out the PPI so that we can see the image. As a r e su l t 
we don't need to be n o t i f i e d by a c a l l b a c k that the 
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/ / / / / M i i n C f i l e - i n p l . al g. / / / / / 
buffer has been processed, so the buffer that i s sent 
to the PPI d r ive r i s modif ied to not generate a 
c a l l b a c k . W then open the PPI d r ive r and conf igured 
according to the parameters i n the c o n f i g u r a t i o n 
t ab l e , and then da ta f low i s enabled. The func t ion 
spins for a whi l e , a l l o w i n g the data to be seen on 
the video monitor, then c loses down the PPI d r i v e r . 

The l a s t LED i s l i t when t h i s f unc t i on i s execut ing . 

vo id Di spl ayFr arre( 
ADI _DCB_HANDLE DCBMinager Handl e, 
ADI _DM\_M\NAGER_HANDLE DMVMnager Handl e, 
ADI _DEV M\NAGER_HANDLE Devi ceMinager Handl e, 
ADI _DEV 2D_BUFFER *pBuffer2D 

){ 
/ / t ab le of c o n f i g u r a t i o n values for the PPI on output 

ADI _DEV_CM)_VALUE_PAI R Out boundConf i gur at i onTabl e [] = { 
{ ADI _DEV CM) SET_DATAFLOW M5THOD, ( voi d 

*) ADI _DEV_MXE_CHAI NED_LOOPBACK }, 
{ ADI _PPI _QVD_SET_CCNrR(X_REG, ( v o i d *) 0x0082 

}, 
{ ADI _PPI _CM)_SET_LI NES_PER_FRAM3_REG, ( v o i d *) ADI _I TU656_NTSC_HEI GHT 

1, 
{ ADI_DEV CM) END, NULL 

ADI _DEV DEVI CE_HANDLE De vi ceHandl e; / / handle t o t he device d r ive r 

/ / t u rn on 2. LED 
ezTurn0nLED( 1) ; 

/ / enable video encoder (7171) 
ezEnabl e Vi deoEncoder () ; 

/ / give the decoder t i ire to sync 
ezDel ay( 300) ; 

/ / s ince we're doing output, don't generate any ca l l backs 
pBuffer 2D- >Cal 1 backPar arret er = NULL; 

/ / open the PPI d r ive r for output 
ezErr or Check( adi _dev_Cpen( Devi ceMnager Handl e, &ADI PPI Ent r yPoi nt , ENCCDER_PPI, NULL, 

SDevi ceHandl e, ADI _DEV_DI RECTI 0N_ OUTBOUND, DM\Mnager Handl e, DCBMnager Handl e, C a l l b a c k ) ) ; 

/ / conf igure the PPI d r ive r wi th the values f rom the outbound c o n f i g u r a t i o n t ab le 
ezErr or Check( adi _dev_Cont r ol ( Devi ceHandl e, ADI _DEV_aVD_ TABLE, Out boundConf i gur at i onTabl e)) ; 

/ / give the PPI d r ive r the buffer to process 

ezEr ro rCheck(ad i_dev_Wi te (Dev iceHand le , ADI_DEV_2D, ( ADI _DEV_ BUFFER *) pBuffer 2D)); 

/ / t e l l the PPI d r ive r to enable da ta f low 
ezErr or Check( adi _dev_Cont r o l ( Devi ceHandl e, ADI _DEV_CM)_SET_DATAFLOW ( v o i d *)TRUE)); 

/ / delay for a whi le so we can see the image 
ezDel ay( 3000); 

/ / c lose the PPI d r ive r 
ezEr r or Check( adi de v_Cl os e(Devi ceHandl e)) ; 

/ / t u rn off 2. LED 
ezTurnOf f LED( 1) ; 

/ / r et ur n 

Funct i on: In i t and Send buf f er t o UART 

vo id I ni t and Send buf f er t o UART( 
ADI _DCB_HANDLE DCBMnager Handl e_u, 
ADI _DM\_M\NAGER_HANDLE DMVMnager Handl e_u, 
ADI _DEV_M\NAGER_HANDLE Devi ceMnager Handl e_u, 
ADI _DEV_1D_BUFFER * p B u f f e r l D 

) 

dr i ver 

/ / t ab le of c o n f i g u r a t i o n values for the UART 
ADI _DEV_CM)_VALUE_PAI R Conf i gur at i onTabl e [] = { / / c o n f i g u r a t i o n t ab le for the UART 

ADI 
ADI 

DEV CM) SET DATAFLOW M3TH0D, 
_UART_QVD_SET_DATA_BI TS, 

( voi d 
( voi d 

*)ADI DEV M X E CHAINED 
*) 8 

ADI _UART_QVD_ENABLE_PARI TY, ( voi d *)FALSE 

ADI _UART_OVD_SET_ST0P_BI TS, ( voi d *) 1 

ADI _ UART_ QVD_ S ET_ BAUD_ RATE, ( voi d *) BAUD_RATE 

ADI _UART_OVD_SET_LI NE_STATUS_ EVENTS, ( voi d *)TRUE 
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{ ADI _DEV_GVD_END, NULL 

}, 
1; 
/ / Handle t o t he UART d r ive r 
ADI _DEV_DEVI CE_HANDLE Dr i ver Handl e_u; 

II2>2 s endedbyt e s uar t =0; 

/ / t ur n on 3. LED 
ezTurnOnLED(2) ; 

/ / c a l l b a c k af ter buffer processed enabled 
pBuffer ID- >Cal 1 backPar arret er = p B u f f e r l D , / / N U L L ; / / p B u f f e r l D , 

uar t pr ocessedl=0; 

/ / open the UART d r ive r for b i d i r e c t i o n a l data f l o w 
ezEr r or Check( adi _de v_Open( De vi ceMinager Handl e_u, &ADI UARTEnt r yPoi nt , 0, NULL, 

SSXi ver Handl e_u, ADI _DEV_DI RECTI ON_BI DI RECTI CNAL, NULL, DCBMnager Handl e_u, C a l l b a c k ) ) ; 

/ / conf i gur e t he UART dr i ver wi t h t he val ues f r om t he conf i gur at i on t abl e 
ezErr or Check( adi _dev_Cont r ol ( Dr i ver Handl e_u, ADI _DEV_CM)_TABLE, Conf i gur at i onTabl e)) ; 

/ / send the outbound buffer ID 

ezErr or Check( adi _dev_Wi t e( Dri ver Handl e_u, ADI_DEV_1D, ( ADI _DEV_ BUFFER *) pBuf f er ID)); 

/ / enable data f l o w 
ezEr r or Check( adi _de v_Cont r ol ( Dri ver Handl e_u, ADI _DEV_CM)_SET_ DATAFLOW ( v o i d *)TRUE)); 

/ / e z E r r o r C h e c k ( a d i de v Cont r o l (Dr i verHandle_u, 
ADI _UART_CM)_C(3VPLETE_OUTBOUND_BUFFER NULL)) ; 

/ / ezEr r or Check( adi de v Cont r o l (Dr i verHandl e u , 
ADI _UART_(^_C£T_OOTBOUND_PR(XESSED_ELE^C^T_COUN^, &s ended_byt e s _uar t ) ) ; 

/ / pr i nt f (" ADI _UART_(^_GET_OUTBOUND_PRO(XSSED_ELENeNr_CX)UNr = <M\ n", 
s endedbyt e s uar t ) ; 

/ / wait t i l l the buffer has been processed 
whi le ( pBuf f er ID- >Pr oces s edFl ag == FALSE) ; 
/ / w h i l e ( uart processed1==0) ; 

uar t pr ocessedl=0; 

/ / wait for sending l as t byte before c lose UART d r ive r 
ezDel ay( 300) ; 

/ / c lose the UART d r ive r 
ezErrorCheck(adi de v_Cl ose(Dri verHandl e u ) ) ; 

ezDel ay( 300); / / delay for LED 

/ / tu rn off 3. LED 
ezTumOffLED(2) ; 

) / / End of func t ion : I ni t and Send buff e r t o UART 

Funct i on : I ni t and Recei v e b u f f er f r om UART 
************************************************* 

vo id I ni t and Recei ve buf f er f r om UART( 
ADI _DCB_HANDLE DCBMnager Handl e_u, 
ADI _DM\_M\NAGER_HANDLE DM\Mnager Handl e_u, 
ADI _DEV_M\NAGER_HANDLE Devi ceMinager Handl e_u, 
ADI _DEV_1D_BUFFER * p B u f f e r l D 

) 
{ 

/ / t ab le of c o n f i g u r a t i o n values for the UART 
ADI _DEV_CM)_VALUE_PAIR Conf i gur at i onTabl e [] = { / / c o n f i g u r a t i o n t ab le for the UART 

dr i ver 
ADI DEV CM) SET DATAFLOW M3THOD, ( voi d *)ADI DEV M X E CHAINED 

*) 8 ADI _UART_CM)_SET_DATA_BI TS, ( voi d 
*)ADI DEV M X E CHAINED 
*) 8 

ADI _UART_QVD_ENABLE_PARI TY, ( voi d *) FALSE 

ADI _UART_CM)_SET_STOP_BI TS, ( voi d *) 1 

ADI _ UART_ CM)_ S ET_ BAUD_ RATE, ( voi d *) BAUD_RATE 

ADI _UART_CMD_SET_LI NE_STATUS_ EVENTS, ( voi d *)TRUE 

ADI _DEV_CM)_END, NULL 

/ / Handle t o t he UART d r ive r 
ADI _DEV_DEVI CE_HANDLE Dr i ver Handl e_u; 

/ / 3 2 s endedbyt e s uar t =0; 

/ / t u rn on 4. LED 
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ezTurnOnLED(3) 
/ / / / / M i n C f i l e - i n p l . al g. / / / / / 

/ / c a l l b a c k af ter buffer processed enabled 
pBuffer ID->Cal 1 backPar arret er =pBufferlL>, / / N U L L ; / / pBuf f er ID; 

/ / 
uar t p r ocessedl=0; 

/ / open the UART d r ive r for b i d i r e c t i o n a l data f l o w 
ezEr r or Check( adi _dev_Open( Devi ceMinager Handl e_u, &ADI UARTEnt r yPoi nt , 0, NULL, 

8E)ri ver Hindi e_u, ADI _DEVDI RECTI CN_BI DI RECTI CNAL, NULL, DCBMinager Handl e_u, C a l l b a c k ) ) ; 

/ / conf i gur e t he UART dr i ver wi t h t he val ues f r om t he conf i gur at i on t abl e 
ezErr or Check( adi _dev_Cont r ol ( Dr i ver Handl e_u, ADI _DEV CM) TABLE, Conf i gur at i onTabl e)) ; 

/ / r ece ive the inbound buffer ID 

ezErr or Check( adi _dev_Read( Dri ver Handl e_u, ADI_DEV ID, ( ADI _DEV BUFFER *) pBuf f er ID)); 

/ / enable data f l o w 
ezEr r or Check( adi _de v_Cont r ol ( Dri ver Handl e_u, ADI_DEV CM) SET_DATAFLOW ( v o i d *)TRUE)); 

/ / e z E r r o r C h e c k ( a d i de v Cont r o l (Dr i verHandle_u, 
ADI _UART_CM3_CCMLETE_OUTBOUND_BUFFER, NULL)) ; 

/ / ezEr r or Check( adi de v Cont r o l (Dr i verHandl e u , 
ADI _UART_(^_CET_(XJTB(X]ND_PR(XESSED_ELENCNr_C(X]Nr, &s ended_byt e s _uar t ) ) ; 

/ / pr i nt f (" ADI _UART_(^_GET_(XJTB(XJ^PRCXXSSED_ELENeNr_CX)UNr = <M\ n", 
s endedbyt e s uar t) ; 

/ / wait t i l l the buffer has been processed 
whi le ( pBuf f er ID->Pr oce s s edFl ag == FALSE) ; 
/ / w h i l e ( uart processed1==0) ; 

uar t pr ocessedl=0; 

/ / wait for sending l as t byte before c lose UART d r ive r 
ezDel ay( 300) ; 

/ / c lose the UART d r ive r 
ezErrorCheck(adi de v_Cl ose(Dri verHandl e u ) ) ; 

ezDel ay( 300) ; / / delay for LED 

/ / tu rn off 4. LED 
ezTumOffLED(3) ; 

1 / / End of func t ion : I ni t and Recei ve buf f er f r om UART 

Func t ion : Send frarre to UART 

JC * * * # * :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]: :]::]: * # # ^ 

/ * v o i d Send_fr arre_to_UART( ADI _DEV1D_BUFFER *pBuffer lD) 

{ 
/ / t u rn on l a s t LED 
ezTur nOnLED( EZ_LAST_LED) ; 
/ / s ince we're doing output, don't generate any ca l l backs 
pBuffer ID->Cal 1 backPar arret er = NULL; 

/ / send the outbound buffer ID 

ezErr or Check( adi _dev_Wi t e(Dri ver Handl e_uart , ADI_DEV ID, ( ADI _DEV BUFFER *) pBuffer ID)); 

/ / enable data f l o w 
ezErr or Check( adi _dev_Cont r o l ( Dri ver Handl e_uart , ADI _DEV CM) SET_DATAFLOW ( v o i d *)TRUE)): 
/ / ezDel ay( 100) ; / / wait for sending l as t byte 
/ / wait t i l l the buffer has been processed 

/ / w h i l e (pBuffer ID->ProcessedFl ag == FALSE) ; / / not f unc t i on i n UART 

/ / Completes p rocess ing of the current outbound buffer 
/ / ezErr or Check( adi _dev_Cont r ol (Dr i verHandl e_uar t , ADI _UART_CM3_CCMLETE_OUTBOUND_BUFFER, 

( v o i d *)TRUE)); 
ezDel ay( 1000) ; 

/ / c lose the UART d r ive r 
ezEr r or Check( adi de v CI ose(Dri verHandl e u a r t ) ) ; 

/ / t urn off 1 ast LED 
ezTur nOf f LED( EZ_LAST_LED) ; 

Func t ion : Open UART 
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/ *voi d 

dr i ver 

/ / / / / Mii n C f i l e - i npl • al g / / / / / 

Open_UART() 

/ / t ab le of c o n f i g u r a t i o n values for the UART 
ADI _EEV_QVD_VALUE_PAI R Conf i gur at i onTabl e [] = { / / c o n f i g u r a t i o n t abl 

{ A O EEV CM) SET DATAFLOW 1VETHOD, 
{ ADI _UART_CM)_SET_DATA_ BITS, 

( voi d 
( voi d 

*)ADI DEV M X E CHAINED 
*) 8 

j 
{ ADI _UART_CM)_ENABLE_PARI TY, 

( voi d *)FALSE 

( ADI_UART_(M)_SET_STOP_BITS, ( voi d *) 1 
j 

{ ADI _UART_(M)_SET_BAUD_RATE, 
( voi d *) BAUD_RATE 

{ ADI _UART_QVD_SET_LI NE_STATUS_ EVENTS, ( voi d *)TRUE 

{ ADI_DEV CM) END, NULL 

/ / open the UART d r ive r for b i d i r e c t i o n a l data f l o w 
ezEr r or Check( adi devOpen( Devi ceMinager Handl e u a r t , &ADI UARTEnt r yPoi nt , 0, NULL, 

Ó3> i ver Handl e_uart , ADI _ DEV DI RECTI ON_BI DI RECTI ONAL, NULL, DCBMinager Handl e_uar t , Cal 1 back_UART)) : 

/ / conf i gur e t he UART dr i ver wi t h t he val ues f r om t he conf i gur at i on t abl e 
ezErr or Check( adi _dev_Cont r ol ( E H ver Handl e_uar t , ADI _ DEV CM) TABLE, Conf i gur at i onTabl e ) ) ; 

}*/ 

Funct ion : compare f loa t 
************************************************* 

i nt conpar e doubl e (const vo id *a, const vo id *b) 
{ 

double aval = ""(double *)a; 
double bval = *( double *)b; 
i f (aval < bval ) 

r et ur n - 1; 
e l se i f (aval == bval) 

r et ur n 0; 
e l se 

r et ur n 1; 
} 

Funct i on: Face_det ect col or bas ed f r om ycbcr fr a me 
*********************************************************************^ 

vo id F a c e d e t ect col or bas e d f r om ycbcr f r a me ( voi d) 
{ 

/ / tu rn on 9. LED 
ezTurnOnLELX 8) ; 

f 1 _YCbCr t oRGB; / / f unc t ion : Convert YCbCr to RGB from . asm f i l e : YCbCr t oRGB. as m 

u8 rgb l [3 ] ; 
u8 y c b c r l [ 3 ] 
unsi gned 
unsi gned 
uns i gned 
uns i gned 
uns i gned 
uns i gned 
uns i gned 
uns i gned 
u8 ninY=255; 
u8 maxY=0; 
u8 maxCn=0; 
unsigned i nt Yavf 

111 px, 1 n 
111 i 1=0; 
lit i 2=0; 
lit i 3=0; 
lit i 4=0; 
lit i 5=0; 
lit i x5=0; 
lit i y5=0; 

pxf: 

=0; / / average Y 
unsigned i nt count 1=0; 

t ypedef s t r uct 
I 

unsi gned i nt x; 
unsi gned i nt y; 

) S t r u c t x y ; 

Struct xy box pos i t i on[ M\X N BOX] ; / / p o s i t i o n of boxes wi th potencional faces 
M\X_N_BOX boxes i n the frame 

f i r s t 

u8 condl=0; 

/ / Conversion f rom 720x480 ycbcr frame to 180x120 rgb frame ( : 4) : 
/ /Frame_ycbcr[ 1440 x 525] -> r gb_r educed_fr aire [ 3x180x120] : 

for (1 n=( ADI_ITU656_NTSC_ILF1_START-1) ; 1 n<( ADI _I TU656_NTSC_I LF1_END) ; 1 n=l n+2) / / l i n e s , every 
2nd odd l i n e (4 th l i n e i n frame) 
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/ / / / / M i i n C f i l e - i npl . al g. / / / / / 

for (px = l ; px<(NTSC_LINE_WDTH_ ACTIVE) ; px=px+8) / / coluims 
{ 

pxf = In * (NTSC_LI NE_W DTH_ACTI VE) + px; / / byte i n frame 

i f ( ((px + l)9S4)==0 ) / / every 4th p i x e l - Y 
{ 

ycbcr 1 [ 0] =Fr arreycbcr [ pxf ] ; / / Y 
ycbcr 1 [ 1] =Fr arre ycbcr [ pxf - 3] ; / / Cb 
ycbcr 1 [ 2] =Fr arre ycbcr [ pxf - 1] ; / / Cr 

1 
e lse / / every 2th p i x e l - Y 
{ 

ycbcr 1 [ 0] =Fr arreycbcr [ pxf ] ; / / Y 
ycbcr 1 [ 1] =Fr arre ycbcr [ pxf - 1] ; / / Cb 
ycbcr 1 [ 2] =Fr arreycbcr [ pxf+ 1] ; / / Cr 

} 
f l ( y c b c r l , r g b l , 1); / / convert YCbCr to RGB 
r g b r educed fr arre[i l+0]=rgbl[0] 
r g b r educed fr a r re [ i l + l ] = r g b l [ l ] 
r g b r e d u c e d f r arre [ i 1 +2] =r gb 1 [ 2] 

/ / R 
/ / G 
/ / B 

i l=i 1+3; 

II---

II---

II---

II---

Fi ndi ng rri n. Y: 
i f (ycbcr 1[0] <rri nY) 
! 

rri nY=ycbcr 1 [ 0] 

Fi ndi ng max. Y: 
i f (ycbcr 1[0] >rraxY) 

maxY=ycbcr 1 [ 0] 

Y_r e d u c e d f r arre [ i 2] =ycbcr 1 [ 0] ; / / a r ray of Y 
i 2=i 2+1; 

ti­

ll Norma l i z ing of Y frame and Counting average Y 
for ( i 2=0; i 2<( X_R_FRA1VE*Y_R_FRA1VE) ; i 2=i 2+1) 
{ 

/ / Y=255. 0*( Y-rri nY). / (maxY-ni nY) ; 
Y_r e d u c e d f r arre [ i 2] = ( (( Y_r e d u c e d f r arre [ i 2] - rri nY) *255) / (maxY-ninY) ) ; / / 

n o r m a l i z i n g the Y t o be 0 . .255 
Yavg = Yavg+Y_r e d u c e d f r arre [ i 2] ; 

I 
Yavg = Yavg / (X_R_FRA1VE* Y_R_FRA1VE) ; 

/ / - - -

II - R- / / Now i s Y r e d u c e d f r arre[] normal ized (0-255) 

f loa t T=1.0; 

i f (Yavg<64) 
{ 

T=l. 4; 
1 
i f (Yavg>192) 
{ 

T=0. 6; 
1 
/ / C o m p e n s a t i o n R a n d G , a n d c o m p u t i n g C r ( ! ! ! Cr[] = b y t e a r r ay r educed[] ! ! ! ) 

i 1=0; 
for ( i 2=0; i 2<( 3*X_R_FRA1VE*Y_R_FRA1VE) ; i 2=i 2+3) 
{ 

i f (T==l) 
{ 

/ / Cr = 0. 5R - 0. 419G - 0. 081B 
C r [ i l ] = ( 127*r g b r e d u c e d f r arre [ i 2+0] - 107*r g b r e d u c e d f r arre [ i 2 + 1 ] -

21 *r g b r e d u c e d f r arre [ i 2+2] ) / 255; / / computing Cr ( Cr = byt e a r r a y r educed[ ] ) 
1 
else 
{ 

/ / R =RAT; G =&T; B=B 
r g b r educed f r arre[i 2+0] =powf((fl oat )r g b r e d u c e d f r arre [ i 2+0] , T) ; / / r e f i l l 

rgb reduced frarre[] wi th compensated R G B 
r g b r e d u c e d f r arre[i 2 + 1] =powf((fl oat )r g b r e d u c e d f r arre [ i 2+1 ] , T); 
r g b r e d u c e d f r arre [ i 2+2] =r g b r e d u c e d f r arre [ i 2+2] ; 
/ / Cr = 0 . 5R - 0. 419G - 0. 081B 
C r [ i l ] = ( 0. 5*( ( f 1 oat )r gb_reduced_f r ame[i 2+0] ) -

0. 419*( ( f 1 oat )r gb_r educed_f r arre[ i 2 + 1] ) - 0. 081 *( ( f 1 oat) r gb_r educed_f r arre [ i 2+2] ) ) ; / / count ing Cr 
( Cr = byt e a r r a y r educed[ ] ) 

1 
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II-

IIIII M i n C f i l e - i n p l . al g. / / / / / 

i l=i 1 + 1; 
) 

/ / - R-/ / Now i s r gb r educed f r arre [ R G, B] compensated 

/ / Ski n det ect i on: 
for ( i 2=0; i 2<( X _ R _ F R A I V E * Y _ R _ F R A I V E ) ; i2=i2 + l) 
{ 

i f ( (Cr[ i2]>10) && ( C r [ i 2 ] <45) ) 
{ 

Ski n[ i 2] =SKI N; / / s k i n p i x e l ; ! ! ! Ski n[ ] =byt e a r r a y r educed[ ] ! ! ! 
I 
else 
{ 

Skin[i2]=N0N_SKIN; / / non s k i n p i x e l 
1 

} 

/ / - - -

11 - R - / / Skin[ ] - frarre of s k i n p i x e l s 

/ / High frequency noisy removing - averaging i n Dl V_N x DI V_N area (5x5): 
Ski n[al 1 ] =( Dl V_N*Dl V_N) *Ski n_noi s e_r emove [ al 1 ] 

for ( i 1=0, iy5=0 ; i 1 <( Y _ R _ F R A I V E ) ; i l = i l + D I V _ N , iy5=iy5 + l ) / / i n y 
{ 

for ( i 2=0, ix5=0 ; i 2<( X_R_FRA1VE) ; i2=i2+DIV_N, ix5=ix5 + l ) / / i n x 
{ 

count 1=0; 

for ( i 3=0; i3<(DIV_N); i 3=i 3+1) / / i n y ( D I V N a r e a ) 
{ 

for ( i 4=0; i4<(DIV_N); i 4=i 4+1) / / i n x ( D I V N a r e a ) 
{ 

i f ( S k i n [ i l*X_R_FRMVE+i2+i3*X_R_FRA1VE+i4]==SKIN ) / / i f 
s k i n p i x e l 

f 
count l=count 1 + 1; 

} 
/ / p o v o d n ě / / 

S k i n [ i 1 * X _ R _ F R M V E + Í 2 + Í 3 * X _ R _ F R A 1 V E + Í 4 ] = N O N _ S K I N ; / / set to non s k i n p i x e l 
1 

} 
/ / p o v o d n ě : 
/ * i f ( count 1 > ( (DIV_N*DIV_N)/2 ) ) / / i f i n 5x5 area i s mare s k i n p i x e l , 

then f i l l a l l 5x5 area of s k i n p i x e l s 
( 

for ( i 3=0; i3<(DIV_N); i 3=i 3+1) / / i n D I V N a r e a 
{ 

for ( i 4=0; i4<(DIV_N); i 4=i 4+1) / / i n D I V N a r e a 
{ 

S k i n [ i l * X _ R _ F R M V E + i 2+i 3*X_R_FRA1VE+i 4] =0; / / set to 
s k i n p i x e l 

} 
1 

} * / 

i f ( count 1 > ( (DIV_N*DIV_N)/2 ) ) / / i f i n 5x5 area i s mare s k i n p i x e l , 
then f i l l a l l 5x5 (one area) of s k i n p i x e l s 

Ski n ar ea 

non s ki n ar ea 

Ski n n o i s e r emove [ i y5*X R REIVIFRAIVE+i x5] =SKI N; / / for t e s t i n g / / 

Ski n noi s e r emove_2D[ i y5] [ i x5] =SKI N; / / Sk in area 
} 
else 
{ 

Ski n n o i s e r emove [ i y5*X R REIVIFRAIVE+i x5] =NON_SKI N; / / for t e s t i n g / / 

Ski n n o i s e r emove_2D[ i y5] [ i x5] =NON_SKI N; / / non s k i n area 

/ / - - -

11 - R- / / Ski n n o i s e r emove 2D[ ] [ ] - frarre of s k i n (area of p i x e l s wi th the same sk in) - af ter 
noi s e r emovi ng 

/ / F i n d i n g blocks of potencional faces (Box: F BOX X x F BOX Y) : 

/ / povodne/ / conv2d_f r 16( Ski n_noi s e_r emove_2D, Y_R_REM_FRAIVE, X_R_REM_FRA]VE, 
array_conv, F BOX Y, F BOX X, out conv ar r ay) ; / / c o n v o l u t i o n Ski n noi s e r emove 2D array wi th 7x7 
array of SKIN p i x e l to f i n d 7x7 block wi th s k i n p i x e l s 

/ / output i s out c o n v a r r ay which con ta in number where 
/ *voi d conv2d_f r 16( cons t f r a c t l 6 *input_x, 

i nt r o w s x , 
i nt col u r m s x , 
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/ / / / / M i i n C f i l e - i npl . al g. / / / / / 
const f r a c t l 6 * i nput y, 
i nt r ows _y, 
i nt col umnsy, 
f r a c t l 6 *output) ;* / 

maxCn=0; 

for ( i 1=0; i 1<( M«_N_BOX) ; i l=i 1+1) 
{ 

box p o s i t i o n [ i 1 ] . x = 0; 
b o x p o s i t i o n [ i 1 ] . y = 0; 

} 

/ / Scanning and count ing s k i n p i x e l s i n boxes: F BOX X x F BOX Y: 
/ / Save p o s i t i o n of f i r s t M\X_N_BOX (3) wi th mast s k i n p i x e l s : 
for (iy5=0; i y5 <( Y_R_REM_FRA]VE - F_BOX_Y + 1); iy5=iy5 + l ) 
{ 

for (ix5=0; i x5 <( X_R_REM_FRA]VE - F_BOX_X + 1); ix5=ix5 + l ) 
{ 

count 1=0; 
for ( i 3=0; i 3 <( F_BOX_Y) ; i 3=i 3+1) 

boxes ( p o s i t i o n l e f t - t o p of box) 

for ( i 4=0; i 4<( F_BOX_X) ; i 4=i 4+1) 
{ 

i f ( Ski n_noi s e_r eirove_2D[ i y5+i 3] [ i x5+i 4] ==SKI N) 
{ 

count l=count 1 + 1; 

i f (countl>rraxCn) / / i f newrraxirrumof s k i n p i x e l s i n box 
{ 

rraxCn=count 1; 

for ( i 1 =( M\X_N_BOX-1) ; i l > 0 ; i 1 =i 1 - 1) / / f i l l p o s i t i o n s of 

{ 
box p o s i t i o n [ i 1 ] .x = box p o s i t i o n [ i 1- 1] .x ; 
b o x _ p o s i t i o n [ i 1] .y = box posi t i on[ i 1-1] . y; 

box wi th the mast s k i n p i x e l s 

e t c . , t i l l box_posi t i on[ M\X_N_BOX] 

box pos i t i on[ 0] . x = i x 5 ; / / box pos i t i on[ 0] -> p o s i t i o n of 

boxpos i t i on[ 0] . y = i y 5 ; / / box posi t i on[ 1] -> l ess p i x e l s , 

/ / Mirk detected faces to the Ski n n o i s e_r errove [ ] frame: 
i x5=box_posi t i on[ 0] . x; 
i y5=box_posi t i on[ 0] . y; 

Ski n_noi se_reirove[i y5 *X_R_REM_FRAlVE+i x5] =200; / /mark of detected faces ( h a l f 
i n t e s i t y i n graysca le ) 

/ / Create face frarre i n graysca le f r om Y r educed f r arre [ ] : 
for ( i 1=0; i K(F_BOX_Y*DI V_N) ; i l=i 1 + 1) 
{ 

for ( i 2=0; i 2<( F_BOX_X*DI V_N) ; i 2=i 2 + 1) 
{ 

Face_one_Y_u8[ i 1*( F_BOX_X*DI V_N)+i 2] = Y_r educed_f r arre [ 
(iy5*DIV_N+i 1) *X_R_FRA1VE + ix5*DIV_N+i2 ] ; 

II---

II Norma l i z ing of detected faces Face one Y u 8 [ ] : 

u8 ninYd=255; 
u8 maxYd=0; 

/ / Fi ndi ng ni n. Y and max. Y 
for ( i 1=0; i 1 <( FACE_DET_SI ZE) ; i l=i 1 + 1) 
{ 

/ / Fi ndi ng ni n. Y: 
i f ( Face_one_Y_u8[ i 1] <ni nYd ) 
{ 

ni nYd = Face one Y u 8 [ i 1] ; 
} 
II---

II F i n d i n g max. Y: 
i f ( Face one Y u 8 [ i 1] > maxYd ) 
{ 

maxYd = Face one Y u 8 [ i 1] ; 
} 
II---

11 Nor mal i ze: 
for ( i 1=0; i 1 <( FACE_DET_SI ZE) ; i l=i 1 + 1) 
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/ / / / / M i i n C f i l e - i npl . al g. / / / / / 
{ 

Face_one_Y_u8[i 1] = ( (( Face_one_Y_u8[ i 1] - rri nYd) *255) / ( max Yd-rri nYd) ) ; / / 
n o r m a l i z i n g the Face 1 Y [ numf ace s ][ i 1 ] to be 0. . 255 

Face 1_Y[ numf aces ][ i 1 ] = ( doubl e)Face one Y u 8 [ i 1]; 
} 

/ / - - -

II t u rn off 9. LED 
ezTurnQf f LEDf 8) ; 

/ / - R-/ / box p o s i t i o n [ i 1 ] . x 
/ / - R-/ / box pos i t i on[ i 1 ] . y - p o s i t i o n of blocks of potencional faces ( p o s i t i o n 

1 eft -1 op of box) 

} / / End of func t ion : F a c e d e t ect col or bas ed_f r omycbcr _ f r arre() 
/ / Output: double F a c e l _ Y [ ] [ ] : NUVBER_FACES x FACE_DET_SI ZE 
/ / u8 Face_one_Y_u8[ ] : FACE_DET_SI ZE ( cur r ent face) 

Func t ion : Test Ei g e n s ol v e M i t r i x mil t i pi y 
************************************************* 

vo id Te s t Ei g e n s ol v e M i t r i x r r u l t i p l y ( v o i d ) 
{ 

#defi ne N 3 

double A[ N] [ N] ={ {1 ,3 ,5} , {3 ,1 ,9} , {5,9,1} }; 
double ei genval ues [ N| ; 
double ei genval ue s 2 [ N] [ N] ; 
double ei genvect or s [ N] [ N] ; 
doubl e vysl 1 [ N} [ N} ; 
doubl e vysl 2[ NJ [ NJ ; 

double X[2][3]={ {1 ,2 ,3} , {4,5,6} }; 
double Y[3][2]={ {2,3}, {4,5}, {6,7} }; 
double YV[3][1]={ {2}, {4}, {6} }; 

double Ve[2] ; 
doubl e Ve2[2] [ 1] ; 
doubl e Ve3[ 1] [2] ; 
doubl e Z[2] [2] ; 

unsi gned i nt a 1 =0; 
unsigned i nt a2=0; 

/ / t e s t : 
double d_pok=(- 12. 12345) ; 
u8 u8_pok=72; 

/ /u8_pok = (u8) d_pok; 
d pok = ( doubl e) u8_pok; 

/ / A*V = 1 *V 
J acobi Cycl i c l v t t hod( ei genval ue s , ( doubl e*) ei genvect or s , ( doub l e* )A N) ; 

for (al=0; al<N; a l=al + l ) 
{ 

for (a2=0; a2<N; a2=a2+l) 
{ 

ei genval ues2[al] [a2] =0; 
} 

} 
for (al=0; al<N; a l=al + l ) 
{ 

ei genval ues2[al] [ a l ] =ei genval ues[a l ] ; 
} 

p r i n t f ( "ei genval ues [ N] , ei genvect or s [ N} [ N} : <K <M <M ;; <M <M <M ; <M <M <M ; <M <M 95f\n", 
ei genval ues [ 0] , ei genval ues [ 1] , ei genval ues [ 2] , ei genvect or s [ 0] [ 0] , ei genvect or s [ 0] [ 1] , 
ei genvect or s [ 0] [ 2] , ei genvect or s [ 1] [ 0] , ei genvect or s [ 1] [ 1] , ei genvect or s [ 1] [ 2] , ei genvect or s [ 2] [ 0] , 
ei genvect or s [ 2] [ 1] , ei genvect or s [ 2] [ 2] ) ; 

mat mni t ( * A N, N, *e igenvectors , N, * v y s l l ) ; / / v y s l l = A * e igenvectors 
mat mrri t ( *ei genval ue s 2, N, N, *ei genvect or s , N, * v y s l 2 ) ; / / v y s l 2 = e igenvalues2 * 

ei genvect or s 

/ / A*V = 1 *V 
/ / ( A * e igenvectors = e i g e n v a l u e s 2 * e igenvectors ) => ( v y s l l == v y s l l ) 

p r i n t f ( " v y s l 1[N] [N] : <M <M <M <M <M <M <M <M 95f\n", v y s l l [ 0 ] [ 0 ] , v y s l l [ 0 ] [ l ] , v y s l l [ 0 ] [ 2 ] , 
v y s l l [ l ] [ 0 ] , v y s l l [ l ] [ l ] , v y s l l [ l ] [ 2 ] , v y s l l [ 2 ] [ 0 ] , v y s l l [ 2 ] [ l ] , v y s l l [ 2 ] [ 2 ] ) ; 

p r i n t f ( " v y s l 2[N] [N] : <M <M <M <M <M <M <M <M 95f\n", v y s l 2 [ 0 ] [ 0 ] , v y s l 2 [ 0 ] [ l ] , v y s l 2 [ 0 ] [ 2 ] , 
v y s l 2 [ l ] [ 0 ] , v y s l 2 [ l ] [ l ] , v y s l 2 [ l ] [ 2 ] , v y s l 2 [ 2 ] [ 0 ] , v y s l 2 [ 2 ] [ l ] , vys!2[2] [2] ) ; 

/ mat mrri t ( *X , 2, 3, *Y, 2, *Z) ; 
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/ / / / / IVain C f i l e - imp l . al g. / / / / / 

ma tmr l t (*X 2, 3, *YV, 1, *Ve2) ; 

matmmlt(*X, 2, 3, *YV, 1, Ve) ; 

ma tmr l t (*X 2, 3, *YV, 1, *Ve3) ; 

p r i n t f ( " X <M "/& "/& <?<t <?<t 95f\n", X[ 0] [ 0] , X [ 0 ] [ 1 ] , X [ 0 ] [ 2 ] , X [ 1 ] [ 0 ] , X[ 1] [ 1] , X [ l ] [ 2 ] ) ; 

p r i n t f ( "Z: 95f 95f 95f 95f\n", Z[ 0] [ 0] , Z [ 0 ] [ 1 ] , Z [ 1 ] [ 0 ] , Z[ 1] [ 1] ) ; 
p r i n t f ( " V e 2 [ 2 ] [ l ] : <M 95f\n", Ve2[0] [0] , Ve2[ l ] [0 ] ) ; 
p r i n t f ( "Ve[2] : 95f 95f\n", Ve[0] , Ve[ l ] ) ; 
p r i n t f ( " V e 3 [ l ] [ 2 ] : "/& <M\n", Ve3[0] [0] , Ve3[0] [ l ] ) ; 

*/ 

p r i n t f ( " d p o k , u8_pok: 95f -> % i \ n " , d pok, u8_pok); 

) / / End of func t ion : Te s t _Ei gen_s ol ve_Mit r i x_nul t i pi y 

,********************************************************************* 

Funct i on : C r e a t e e i g e n f a c e database 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * / 

voi d Creat e e i genf a c e d a t abase( voi d) 
{ 

/ / t u rn on 10. LED 
ezTurnQnLED(9) ; 

unsigned i nt p ix l=0 ; 
unsigned i nt f 1 =0; 
unsi gned i nt a 1 =0; 
unsigned i nt poml=0; 
doubl e acc doubl e=0; 
unsigned i nt pom_p[ NUVBER_FACES] ; 

/ / Face l_Y[ ] [ ] ( NUVBER_FACES x FACE_DET_SIZE ) 

/ / IVtan face f rom detected faces: 
for ( p ix l=0 ; pi x 1 <FACE_DET_SI ZE; p i x l = p i x l + l ) 
I 

IVt a n f ace [ pi x 1 ] =0; 
for ( f l=0; f 1<NU1VBER_FACES; f l = f l + l ) 
{ 

IVtanf ace [ pi x 1 ] = Face 1 Y[ f 1 ] [ pi x 1 ] + IVtanf ace [ pi x 1 ] ; 
} 

lVtan_f ace[pi x l ] = ( IVtan_f ace [ pi x 1 ] / NUVBER_FACES ); 
1 

II---

II Subtract the mean face: 
for ( p ix l=0 ; pi x 1 <FACE_DET_SI ZE; p i x l = p i x l + l ) 
{ 

for ( f l=0; f 1 <NUVBER_FACES; f l = f l + l ) 
{ 

F a c e l _ Y [ f 1] [ p i x l ] = Face 1_Y[ f 1] [ pi x 1] - IVt an_f ace [ pi x 1 ] ; 
1 

1 
II---

II Create t ransposed matr ix of Face 1_Y[ ] [ ] : 
for ( p ix l=0 ; p i x l <FACE_DET_SI ZE; p i x l = p i x l + l ) 
{ 

for ( f l=0; f 1 <NUVBER_FACES; f l = f l + l ) 
{ 

Face 1 Y t r anspos e [ pi x 1 ] [ f 1 ] = Face 1 Y[ f 1 ] [ pi x 1 ] ; 
1 

1 
II---

II Create Covariance matr ix C ( r rod i f i ed ) : 
mat mni t ( *Facel_Y, NUVBER_FACES, FACE_DET_SI ZE, *Face l_Y_t r ans pos e, NUVBER_FACES, 

*Covar i ancemat r i x_m) ; / / matr ix * matr ix mil t i pi i cat i on: Covar i ance mat r i x m[ ] [ ] = Face l_Y[ ] [ ] * 
Facel_Y_transpose[] [] ( NUVBER_FACES x NUVBER_FACES ) 

II---

II--- Counting e igenvectors (modi f ied , NUVBER_FACES x NUVBER_FACES) and eigenvalues 
(NUVBERFACES x 1) fr om Covar i ance matr ix C ( J a c o b i ' s c y c l i c method): 

/ / A*V = 1 *V 
/ / J acobi Cycl i c l V t t hod( ei genval ue s , ( doubl e*) ei genvect or s , ( doub l e* )A N); 
/ / ( Covar i ance mat r i x m[ ][ ] * Ei genvect or s_m[ ][ ] = Ei genval ues [ ] * 

Ei genvect or s_m[ ][ ] ) 

J acobi Cycl i c l V t t hod(Ei genval ues, (doubl e*)Ei genvect ors _m 
( doubl e*) Covar i ancemat r i x_m NUVBERFACES); / / J a c o b i ' s c y c l i c method i n "j acobi _ c y c l i c_iret hod. c" 

II---

II--- Create true e igenvectors (NUVBER_FACES x FACE_EET_SI ZE): 
/ / povodne-asi - chyba// mat mni t ( *Face 1_Y, NUVBER_FACES, FACE_DET_SI ZE, 
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/ / / / / IVfiin C f i l e - imp l . al g. / / / / / 
*Ei genvect or s m , NUIVBERFACES, *Ei genvect or s) ; / / matr ix * matr ix mil t i pi i cat i on: Ei genvect or s [ ] [ ] 
Face l Y[ ] [ ] * Ei genvect or s_m[ ][ ] 

mat mrri t ( *Ei genvect or s_m, NUVBER_FACES, NUVBER_FACES, *Facel_Y, FACE_DET_SI ZE, 
*Ei genvect or s) ; / / matr ix * matr ix mil t i pi i cat i on: Ei genvect or s [][ ] = Ei genvect or s_m[ ][ ] * 
Face l_Y[ ] [ ] 

/ / - - -

II S o r t i n g of e igenvalue (max -> ni n) and save o r i g i n a l indexes: 
for ( f 1 =0; f 1 <NUVBER_FACES; f l=f 1+1) 
{ 

P Ei genval ues [ f 1] = Ei genval ues [ f 1] ; / / Saving unsorted ar ray of 
Ei genval ues [ ] 

} 

qsort (E igenva lues , NUIVBERFACES, s i zeof ( Ei genval ues [ 0] ) , compar e doubl e) ; / / sort 
Eigenvalues] ] i n (ni n -> max) order 

for ( f 1 =0; f 1 <NUVBER_FACES; f l=f 1+1) 
{ 

for (al=0; a 1 <NU1VBER_FACES; a l=a l + l ) 
{ 

i f ( Ei genval ues [ f 1] == P_Ei genval ues [ a 1] ) 
{ 

pom_p[NUlvBER_FACES-1-f 1] =al; / / index of unsorted 
Eigenvalues i n sor ted Eigenvalues 

/ / - - -

II N o r m a l i s a t i o n of Eigenvectors to has one magnitude: 
for ( f 1 =0; f 1<NU1VBER_FACES; f l=f 1+1) 
{ 

acc doubl e=0; 
for ( p ix l=0 ; pi x 1 <FACE_DET_SI ZE; p i x l = p i x l + l ) 
{ 

a c c d o u b l e = a c c d o u b l e + ( Ei genvect or s [ f 1 ][ pi x 1 ] * 
Ei genvect or s [ f 1] [ pi x l ] ) ; 

} 

a c c d o u b l e = sq r t ( acc doubl e); 

for ( p ix l=0 ; pi x 1 <FACE_DET_SI ZE; p i x l = p i x l + l ) 
I 

Ei genvect or s [ f 1] [ pi x l ] = ( Ei genvect or s [ f 1] [ pi x l ] / acc doubl e ) ; 
1 

1 
/ / - - -

II Create t ransposed matr ix of Ei genvect or s [][ ] and sort by sor ted values of 
ei genvalues[ ] : 

for ( p ix l=0 ; pi x 1 <FACE_DET_SI ZE; p i x l = p i x l + l ) 
{ 

for ( f 1 =0; f 1<NU1VBER_FACES; f l=f 1+1) 
{ 

poml = pom_p[f l ] ; / / convers ion index for s o r t i n g Ei genvect or s [][ ] 
by sor ted values of e igenvalues] ] 

Ei genvect or s _t r ans pos e [ pi x 1 ][ f 1 ] = Ei genvect or s [ poml ][ pi x 1 ] ; / / 
t r ans pons i ng 

} 
1 

/ / - - -

II C rea t ing Eigenface database - implement detected faces i n t o the eigenspace: 
for ( f 1 =0; f 1<NU1VBER_FACES; f l=f 1+1) 
{ 

for (al=0; a 1 <FACE_DET_SI ZE; a l=a l + l ) 
{ 

One_face[0] [ a l ] = Face 1_Y[ f 1 ] [ a 1 ] ; 
} 

mat mrri t(*One_f ace, 1, FACE_DET_SI ZE, *Ei genvect or s_t r anspos e, NU1VBER_FACES, 
*Qne_ei genf ace) ; / / matr ix * matr ix mil t i pi i cat i on: Onee igenface [ ] = F a c e l _ Y [ l ] [ ] * 
Ei genvect or s_transpose[] [] 

for (al=0; a 1<NU1VBER_FACES; a l=al+l) 
{ 

Ei genf a c e d a t abas e [ f 1 ] [ a 1 ] = O n e e i genf ace [ 0] [ a 1 ] ; 
1 

1 
/ / - - -

II t u rn off 10. LED 
ezTum0ffLED(9) ; 

) / / End of func t ion : Cr eat e e i genf a c e d a t abas e 
/ / Output: Ei genf ace_dat abase[ ] [ ] : NUVBER_FACES x NUVBER_FACES 

Func t ion : Face r ecogni t i on 
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/ / / / / M i i n C f i l e - i npl . al g. / / / / / 
vo id F a c e r ecogni t i on( voi d) 
{ 

/ / Input: Face 1_Y[ num f ace s ][ ] (current detected face) 
/ / t u rn on 11. LED 
ezTurnOnLED( 10) ; 

unsigned i nt p ix l=0 ; 
unsigned i nt f 1 =0; 
unsi gned i nt a 1 =0; 
unsigned i nt poml=0; 
doubl e acc doubl e=0; 

/ / Subtract the rrean face ( cur r ent f ace - IVfcanf ace [ ] ) : 
for ( p ix l=0 ; pi x 1<FACE_DET_SI ZE; p i x l = p i x l + l ) 
I 

One f ace [ 0] [ pi x 1 ] = Face 1_Y[ num f ace s ] [ pi x 1 ] - IVtanf ace [ pi x 1 ] ; 
1 

/ / - - -

II C rea t ing Eigenface of unknown face - i npl errent detected face i n t o the eigenspace of 
Eigenface database: 

mat mm t ( *Qne_f ace, 1, FACE_DET_SI ZE, *Ei genvect or s_t r anspos e, NUVBER_FACES, 
*Qne_ei genf ace) ; / / matr ix * matr ix mil t i pi i cat i on: Onee igenface [ ] = F a c e l _ Y [ l ] [ ] * 
Eigenvect or s t ranspose!] [] 

/ / - - -

II C l a s s i f y i n g the unknown faces - Euc l idean Dis tance (d i s t ance between unknown eigenface 
and a l l ei genf aces f r om Ei genf ace database): 

for ( f 1 =0; f 1<NUVBER_FACES; f l = f l + l ) 
{ 

acc doubl e=0; 
for (al=0; a 1 <NUIVBER_FACES; a l=a l + l ) 
{ 

a c c d o u b l e = a c c d o u b l e + ( 
(One_eigenface[0] [ a 1 ] - Ei genf ace _database[ f l ] [ a l ] ) * 
(One ei genf ace[0] [ a 1 ] - Ei genf ace database! f 1 ] [ a l ] ) ) ; 

1 
Di s t ance_r ecogni t i on[ f 1 ] = s qr t ( a c c d o u b l e) ; / / Euc l idean Distance between 

unknown eigenface and f l - t h eigenface f r om Ei genf ace database 

Di s t a n c e r ecogni t i on u8 [ f 1 ] = (u8) ( Di s t a n c e r ecogni t i on[ f 1 ] / 4 ) ; / / 
convert to be seen i n "u8" range 

) 

for ( f 1=NUVBER_FACES; f 1<M\X_FACES_I N_IVE]VDRY; f l = f l + l ) 
{ 

Di s t a n c e r ecogni t i on[ f 1 ] =DBL NftX; / / f i l l rest of ar ray wi th max-distance 
number 

Di stance r e c o g n i t i on u8 [ f 1 ] =255; 
1 

/ / - - -

I* II C l a s s i f y i n g the unknown faces - Harming Distance (d i s t ance between unknown eigenface 
and a l l ei genf aces f r om Ei genf ace database): 

for ( f 1 =0; f 1<NUVBER_FACES; f l = f l + l ) 
{ 

a c c d o u b l e=0; 

for (al=0; a 1<NUVBER_FACES; a l=a l + l ) 
{ 

acc double = acc double + ( abs( O n e e i g e n f a c e [ 0 ] [ a 1] -
Ei genf a c e d a t abas e [ f 1 ] [ a 1 ] ) ) ; 

) 
Di s t ance r ecogni t i on[ f 1 ] = s qr t ( a c c d o u b l e) ; / / Euc l idean Distance between 

unknown eigenface and f l - t h eigenface f r om Ei genf ace database 

Di s t a n c e r ecogni t i on u8 [ f 1 ] = (u8) ( Di s t ance r ecogni t i on[ f 1 ] / 4 ) ; / / 
convert to be seen i n "u8" range 

) 

for ( f 1=NUVBER_FACES; f 1<M\X_FACES_I N_IVE]VDRY; f l = f l + l ) 
{ 

Di s t ance r ecogni t i on[ f 1 ] =DBL NftX; / / f i l l rest of ar ray wi th max-distance 
number 

Di stance r e c o g n i t i on u8 [ f 1 ] =255; 
1 

*/ / / - - -
I/test// 
p r i n t f ( " Di st ance_recogni t i on[] : 01: <K , 02: <M , 03: <M , 04: <M , 05: <M , 06: <M , 07: 

95f , 08: 95f , 09: 95f , 10: 95f , 11: 95f , 12: 95f , 13: 95f , 14: 95f , 15: 95f\n", 
Di s t ance _r ecogni t i on [ 0] , D stance _r ecogni t i o n [ l ] , Di stance _ r e c o g n i t i o n [ 2 ] , Di stance _ r e c o g n i t i o n [ 3 ] , 
Di st ance_r ecogni t i on[ 4] , Di st ance_r ecogni t i on[ 5] , Di st ance_r ecogni t i on[ 6] , Di st ance_r ecogni t i on[ 7] , 
D stance _r ecogni t i on[ 8] , Di s t ance _r ecogni t i on [ 9] , Di s t ance _r ecogni t i on [ 10] , 
D stance r e c o g n i t i o n ! 11], D stance r e c o g n i t i o n ! 12], D stance r e c o g n i t i o n ! 13], 
D s t a n c e r ecogn i t i on [14] ) ; 

/ / t u rn off 11. LED 
ezTurnOf f LED( 10) ; 
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/ / / / / IVfiin C f i l e - i r rp l . al g. / / / / / 
) / / End of func t ion : F a c e r ecogni t i on 

/ / Output: Di st ance_r ecogni t i on[ ] : 1 x NUVBER_FACES 
/ / Di st ance_r ecogni t i on_u8[ ] : 1 x NUVBER_FACES 

Funct i on: rmi n 

D e s c r i p t i o n : This f unc t i on i s the s t a r t i n g point of the example. 
It f i r s t c a l l s the EZ- Ki t u t i l i t y func t ions to 
i n i t i a l i z e the asynchronous and f l a s h memories on 
the board, then makes sure a l l LEDs are of f . The 
In ter rupt Minager i s then i n i t i a l i z e d and the 
excep t ion and hardware error events are hooked. I f 
deferred c a l l b a c k s are enabled by the macro at the 
top of the f i l e , the Deferred Ca l lback Minager i s 
then i n i t i a l i z e d wi th one s e r v i c e , running at IVG 14, 
being created. The DM\ Minager and then the Device 
Mnager are then i n i t i a l i z e d . The func t i on then 
populates a buffer that i s used for both PPI input 
and PPI output. The buffer i s conf igured to process 
a standard NTSC 480i frarre. The func t i on then enters 
a loop, c o n t i n u a l l y c a l l i n g the capture func t i on to 
capture a frame of data and then a d i s p l a y func t ion 
to transmit the frarre to a d i s p l a y device . 

Should the l a s t pushbutton swi t ch ever be pressed, the loop 
w i l l ex i t and c lose down the Device Mnager , DM\ 
Mnager and, i f i t was enabled, the Deferred Ca l lback 
Mnager . 

voi d mai n( voi d) { 

ADI _DEV 2 D_BUFFER Buffer2D, / / buffer to be sent 
t o PPI Dr i ver 

u32 ResponseCount ; / / response counter 
u32 f c c l k , f s c l k , fvco; / / f requencies 
i nt al=0; 

/ / c lea r any pending hardware error (Si anomaly 04-00-0066, TAR 24983) 
*((u32 *)ILAT) = 0x20; 

/ / i n i t i a l i z e the EZ-Ki t 
ez l ni t( 1) ; 

/ / I n i t i a l i z e a l l LEDs: 
for (al=0; a 1<EZ_NUM_LEDS; a l=a l + l ) 
{ 

ez l ni t LED( a l ) ; 
} 

/ / I n i t i a l i z e a l l buttons: 
for (al=0; a 1 <EZ_NUM BUTTONS; a l=a l + l ) 
{ 

ez l ni t But t on( a 1) ; 
} 

/ / run at maxi mim speed and get current frequencies 
ezErrorCheck(adi_pwr_SetFreq(0 , 0, ADI _P\\R_DF_NONE)); 
ezEr r or Check( adi pwr Get F r e q ( ( v o i d * ) & f c c l k , ( v o i d * ) & f s c l k , ( v o i d * ) & f v c o ) ) ; 

/ / t u rn off al 1 LEDs 
ezTurnGf f Al 1 LEDsQ ; 

/ / i n i t i a l i z e the In ter rupt Mnager and hook the excep t ion and hardware error i n t e r r u p t s 
ezEr r or Check( adi _ i nt _I ni t ( NULL, 0, &Re s pons eCount , NULL)); 
ezErr or Check( adi _ i nt _CECHook( 3, Except i onHandl er , NULL, FALSE)); 
ezErr or Check( adi _ i nt _CECHook( 5, HWEr r or Handl er , NULL, FALSE)); 

/ / i n i t i a l i z e the Deferred Ca l lback Mnager and setup a queue 
#i f def i ned( USE_DEFERRED_ CALLBACKS) 

ezErr or Check( adi _dcb_I ni t ( 8£XBW£r Dat a[ 0] , ADI _DCB_QUEUE_SI ZE, <SRe s pons eCount , NULL)); 
ezErrorCheck(adi_dcb_Open( 14, &DCBM r Dat a [ ADI _DCB_QUEUE_SI ZE] , ( ADI _DCB_ENTRY_SI ZE) *4, 

&ResponseCount , &DCBMnager Handl e)) ; 
#el se 

DCBMnager Handl e = NULL; 
#endif 

/ / i n i t i a l i z e the DM\ Mnager 
ezEr r or Check( adi _dma_I ni t ( DMMVgr Dat a, s i zeof ( DMMVgr Dat a) , &Re s pons eCount , &DM\Mnager Handl e, 

NULL)) ; 

/ / i n i t i a l i z e the Device Mnager 
ezErrorCheck(adi de v_I ni t ( De v M r Data, s i z eo f ( De v M r Dat a) , &Re sponseCount , 

&Devi ceMnager Handl e, NULL)); 

/ / Populate the buffer that w e ' l l use for the PPI input and output 
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/ / / / / M i i n C f i l e - i n p l . al g. / / / / / 
/ / A c t i v e frarre only 
/ / Fr arre [ ADI _I TU656_NTSC_LI NE_W DTH * ADI _I TU656_NTSC_HEI GHT] ; / / 1716 x 525 
//Frarre_A[ADI_ITU656_NTSC_WDTH * ADI _I TU656_NTSC_HEI GHT] ; / / 720 x 525 
/ /Frarre_ycbcr [ 1440 * ADI _I TU656_NTSC_HEI GHT] ; / / 1440 x 525 

Buf f er 2D. Dat a = Frarre ycbcr; / /Frarre A 
Buf f er 2D. El errent Wdt h = 2; 
Buf f er 2D. XCount = ( NTSC_LI NE_W DTH_ACTI VE / 2) ; 
Buf f er2D. XlVbdi f y = 2; 
Buf f er2D. YCount = LI NES_FROVlFRA1VE_NrSC; 
Buf f er2D. YlVbdi f y = 2; 
Buf fer 2D. Cal 1 backPar arret er = NULL; 
Buffer2D. pNext = NULL; 

/ / Buffer for send v i a UART 
Out boundBuf f er . Dat a = Face one Y u 8 ; / / r g b reduced frarre; / / F a c e one Y u 8 ; / /Frame ycbcr; 

/ / Face_one_Y_u8; / / Face 1_Y[ 0] ; / / F a c e l Y ; / / S k i n ; / / Ski n n o i s e r errove; / / b y t e a r r a y r educed; 
/ / Y_r e d u c e d f r arre; / / r g b r e d u c e d f r arre; / / Fr ameycbcr ; / / Out boundDat a; / / F r a r r e A 

Out boundBuf fe r . El errent Count = ( FACE_DET_SI ZE) ; / / X_R_FRA1VE* Y_R_FRA1VE*3; / / ( FACE_DET_SI ZE) : 
/ /756000; / / ( FACE_DET_SI ZE) ; / / ( X_R_REM_FRAVE* Y_R_REM_FRAVE) ; / / ( X_R_FRAIVE * Y_R_FRAIVE) ; 
//X_R_FRA1VE*Y_R_FRA1VE*3; / / ( 1440 * ADI _I TU656_NTSC_HEI GHT) ; / / 1440 x 525 = 756000 
//(ADI_ITU656_NTSC_WDTH * ADI _I TU656_NTSC_HEI GHT) ; / / 720 x 525 = 378000 

Out boundBuf fer . El errent Wdt h = 1; / / s i zeof ( Face 1_Y[ 0] [ 0] ) ; III 
Out boundBuf fer . Cal 1 backPar arret er = &Out boundBuf fer ; / / N U L L ; //&Out boundBuf f er ; 
Out boundBuf f er . Pr oces s edFl ag = FALSE; 
Out boundBuf fer . pNext = NULL; 

/ / Buffer for send ar ray v i a UART 
Out boundBuf fer 2. Dat a = Di s t ance r ecogni t i on u8; 
Out boundBuf fer 2. El errent Count = M\X_FACES_I N_1VE1VDRY; 
Out boundBuf fer 2. El errent Wdt h = 1; 
Out boundBuf fer 2. Cal 1 backPar arret er = &Out boundBuf f er 2; 
Out boundBuf f er 2. Pr oces s edFl ag = FALSE; 
Out boundBuf fer 2. pNext = NULL; 

/ / Buffer f 
InboundBuf f 
InboundBuf f 
InboundBuf f 
InboundBuf f 
InboundBuf f 
InboundBuf f 

/ / ( NUVBER_FACES) ; 

/ / Buffer for send ar ray v i a UART 
Out boundBuf f er 3. Dat a = Array u8; 
Out boundBuf fer 3. El errent Count = ( FACE_DET_SI ZE) 
Out boundBuf fer 3. El errent Wdt h = 1; 
Out boundBuf f er 3. Cal 1 backPar arret er = &Out boundBuf fer 3 
Out boundBuf f er 3. Pr oces s edFl ag = FALSE; 
Out boundBuf fer 3. pNext = NULL; 

/ / ( NUVBER_FACES) ; 

or r ece ive f rom UART 
e r .Da ta = Face one Y u 8 ; / / &I nboundDat a; 
er . El errent Count = ( FACE_DET_SI ZE) ; 
er . El errent Wdt h = 1; 
er . Cal 1 backPar arret er = &I nboundBuf f er ; 
er . Pr oces s edFl ag = FALSE; 
er . pNext = NULL; 

/ / Start pr ogr am 

whi le (1) / / Mii n cyclus 
{ 

/ / / i n d i c a t e numfaces on LEDs (number faces i n database): 

i f ( numfaces <16) 
{ 

/ / t ur n on LED 
ezTur nQnLEL\ num f aces) ; 
/ / del ay 
ezDel ay( 50); 

/ / t u rn off LED 
ezTur nOf f LEL\ num f aces) ; 

/ / del ay 
ezDel ay( 50) ; 

} 

i f ( ( num_f aces >=16) && ( numf ace s <31) ) 
{ 

/ / t ur n on LED 
ezTurnOnLED(0) ; 
ezTur nQnLEL\ numfaces -15) ; 

/ / del ay 
ezDel ay( 50); 

/ / t u rn off LED 
ezTurnOffLELXO) ; 
ezTur nOf f LEL\ numfaces -15) ; 

/ / del ay 
ezDel ay( 50) ; 

} 

/ / / / Capture frarre f romcarrera , face detect , send to UART: 
i f (ezIsButtonPushed(BUTTCN_SW) ==TRUE) 
{ 

/ / capture a frarre of video 
Capt ur eFr arre( DCBMinager Handl e, DM\Mnager Handl e, Devi ceMnager Handl e, 
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/ / / / / M i n C f i l e - i n p l . al g. / / / / / 
&Buf f er2D) ; 

num_faces=0; / / c lea r poin ter of detected face 

/ / Face det ect: 

Face det ect col or bas e d f r om ycbcr f r arre() ; 

/ / Send face detected frarre to the UART 
I ni t _and_Send_buf f er _t o_UART( DCBMnager Handl e, DM\Mnager Handl e, 

Devi ceMnager Handl e, &Out boundBuf f er ) ; 

/ / d i s p l a y t he frarre of video 
/ / D i spi ayFr ame( DCBMnager Handl e, DMyVIinager Handl e, Devi ceMnager Handl e, 

&Buffer2D); 

/ / delay 
ezDel ay( 300) ; 

/ / Te s t Ei g e n s ol ve_Mt r i x r r u l t i pl y() ; / / Test 

/ / / / Capture frame from camera, face detect , save detected faces to memory 
database of detected faces (max. faces: M\X_FACES_I N_MM3RY) : 
/ * i f (ezIsButtonPushed(BUTTCN_SW) ==TRUE) 

( 
i f (num_faces < M\X_FACES_I N_MMTRY) 

Devi ceMnager Handl e, &Buffer2D): 

create Eigenface database 

/ / capture a frame of video 

CaptureFrame( DCBMnager Handl e, DM\Mnager Handl e, 

/ / Face det ect: 
Face det ect col or bas e d f r om ycbcr f r ame() ; 
numfaces =nunLfaces+1; / / increase poin ter of detected face to 

/ / del ay 
ezDel ay(300) ; 

/ / / Create Eigenface database f rom saved detected faces i n memory 
i f (ezIsButtonPushed(BUTTCN_SW) ==TRUE) 
{ 

/ / Create Eigenface database: 
C r e a t e e i g e n f a c e d a t a b a s e Q ; 

/ / T E S T / / Send ar ray to the UART: 
/ * for ( i g 1 =0; i gl<FACE_DET_SIZE; i g l = i g l + l ) 

f 
Array_u8[ i g l ] = (u8 ) M a n _ f ace [ i g 1 ] ; / / ( u8 ) 

(Facel_Y[0] [ i g l ] ) ; / / ( u8) M a n _ f ace[ i g l ] ; 
) 
I ni t _and_Send_buf f er _t o_UART( DCBMnager Handl e, DM\Mnager Handl e, 

Devi ceMnager Handl e, &Dut boundBuf fer 3) ; 
* / 
/ / del ay 
ezDel ay( 300) ; 

/ * / / / Face-r ecogni t i on of unknown face (captured f rom camera and detected) - compare 
eigenface of unknown face wi th Eigenface database 

i f (ezIsButtonPushed(BUTTCN_S"W8) ==TRUE) 

&Buf f er2D) : 

/ / capture a frame of video 
Capt ur eFr ame( DCBMnager Handl e, DM\Mnager Handl e, Devi ceMnager Handl e, 

/ / Face detect of unknown face: 
Face det ect col or bas e d f r om ycbcr f r ame() ; 

/ / F a c e - r e c o g n i t i on of unknown face: 
F a c e r ecogni t i on() ; 

/ / del ay 
ezDel ay( 300) ; 

/ / Send Di s t a n c e r ecogni t i on[ ] a r ray to the UART: 

/ / del ay 
ezDel ay( 300) ; 

/ / / TEST: Face-r ecogni t i on of unknown face ( r e c e i v e d from UART - test database f rom 
PC) - compare eigenface of unknown face wi th Eigenface database 

i f (ezIsButtonPushed(BUTTCN_S'W5) ==TRUE) 
{ 

/ / Receive frame from UART 
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/ / / / / M i n C f i l e - i n p l . al g. / / / / / 
I ni t _and_Recei ve_buf f er _ f r om_UART( DCBMinager Handl e, DMVMnager Handl e, 

Devi ceMinager Handl e, &InboundBuffer) ; 

/ / Copy detected face to face database on l as t place 
for ( i g 1 =0; i gl<FACE_DET_SIZE; i g l = i g l + l ) 
{ 

Face 1_Y[ nuriLf aces] [ i g 1 ] = ( doubl e) Face_one_Y_u8[ i g l ] ; 
} 

/ / Face-r ecogni t i on of unknown face: 
F a c e r ecogni t i on() ; 

/ / del ay 
ezDel ay( 300) ; 

/ / Send Di s t a n c e r ecogni t i on u8 [ ] a r ray to the UART: 
I ni t _and_Send_buf f er _t o_UART( DCBMinager Handl e, DMVMnager Handl e, 

Devi ceMinager Handl e, &Dut boundBuf f er 2) ; 

/ / del ay 
ezDel ay( 300) ; 

/ / / TEST: Receive small frame (de tec ted face) f rom UART and copy to face database, 
(send back to UART for v e r i f y ) 

i f (ezIsButtonPushed(BUTTCN_SW) ==TRUE) 
{ 

/ / Receive frame from UART 
I ni t _and_Recei ve_buf f er _ f r om_UART( DCBMnager Handl e, DMVMnager Handl e, 

Devi ceMinager Handl e, &InboundBuffer) ; 
/ / Copy detected face to face database 
for ( i g l=0 ; i gl<FACE_DET_SIZE; i g l = i g l + l ) 
{ 

Face 1_Y[ nuiiLf aces] [ i g 1 ] = ( doubl e) Face_one_Y_u8[ i g l ] ; 
} 

i f (num_faces < M\X_FACES_I N_M3M)RY ) 
{ 

numf ace s =num_f ace s +1; / / increase poin ter of detected face to 
create Eigenface database 

} 

/ / del ay 
ezDel ay( 300) ; 

/ / Send frame t o t he UART 
I ni t _and_Send_buf f er _t o_UART( DCBMnager Handl e, DMVMnager Handl e, 

Devi ceMnager Handl e, &Out boundBuf fer ) ; 

/ / del ay 
ezDel ay(300) ; 

} 

/ / ENDLCOP 
} / / End: M i n cyclus 

/ / c lose down the device d r ive r 
/ / e z E r r o r C h e c k ( a d i _de v_Cl ose(Dri verHandl e)) ; 

/ / c lose the Device Mnager 

ezErrorCheck(adi d e v T e r rri nat e(Devi ceMnagerHandl e)) ; 

/ / c lose down the DMV Mnager 
ezEr r or Check( adi dim Ter rri nat e( DMVMnager Handl e)) ; 
/ / c lose down the Deferred Ca l lback Mnager 

#if defi ned(USE_DEFERRED_CALLBACKS) 
ezErrorCheck(adi deb Ter r r ina te ( ) ) ; 

#endif 

/ / r et ur n 
) / / End of func t ion : main 
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/ / / / / Mirror y L3, C f i l e / / / / / 

/ / L3 Mrrory (SDRAM : 

#i ncl ude <ser vi ces /ser vi ces . h> 
#include " . . / c o r e A / a d i _ i t u 6 5 6 . h" 

#i ncl ude " . . /Header 1. h" 

/ / i nc lude the s y s t em s er vi ce s 
/ / ITU656 u t i l i t i e s 

/ / rry Header 

/ / Create an area i n SDRAM t hat w i l l the NTSC frame 

/ / u8 Frarre[ ADI _I TU656_NTSC_LI NE_W DTH * ADI _I TU656_NTSC_HET GHT] ; / / 1716 x 525 

/ / o n l y a c t i v e f i e l d video frarre 

/ / u8 Frame_A[ ADI _I TU656_NTSC_W DTH * ADI _I TU656_NTSC_HEI GHT] ; / / 720 x 525 

/ / act i ve f i e l d YCbCr: | Cb Y Cr | Y | Cb Y Cr | Y | . . . . 
u8 Frame_ycbcr[NTSC_LINE_WDTH_ ACTIVE * LI NES_FROM FRAMi_NTSC] ; / / 1440 x 525 
u8 Ski n_noi s e_r errove [ X_R_REM_FRAMJ* Y_R_REM_FRAMi] ; 
doubl e Face 1_Y[ M\X_FACES_I N_MiMRY] [ FACE_DET_SI ZE] ; 
u8 Face_one_Y_u8[FACE_DET_SIZE] ; 
double One_face[ 1] [ FACE_DET_SI ZE] ; 
double Face l_Y_t ranspose[ FACE_DET_SI ZE] [ M\X_FACES_I N_MiMRY] ; 
double M a n _ f ace [ FACE_DET_SI ZE] ; 
double Govari ance_matri x_m[ M«_FACES_I N_MiMRY] [ M\X_FACES_I N_MiMRY] ; / / zireni t na 
[ M\X_FACES_I N_MiMRY] [ M\X_FACES_I N_MiMRY] ; ! ! ! 
doubl e Ei genval ues [ M«_FACES_I N_MiMRY] ; 
double P_Ei genval ues [M\X_FACES_IN_MiMRY] ; 
doubl e Ei genvect or s_m[ M\X_FACES_I N_MiMRY] [ M\X_FACES_I N_MiMRY] ; 
doubl e Ei genvect or s [ M\X_FACES_I N_MiMRY] [ FACE_DET_SI ZE] ; 
doubl e Ei genvect or s_t r anspos e [ FACE_DET_SI ZE] [ M\X_FACES_I N_MiMRY] ; 
double Eigenface_database[M\X_FACES_IN_MiMRY] [ M\X_FACES_I N_MiMRY] ; 
doubl e One_ei genf ace[ 1] [ M«_FACES_I N_MiMRY] ; 
doubl e H st ance_r ecogni t i on[ M\X_FACES_I N_MiMRY] ; 
u8 H st ance_r ecogni t i on_u8 [ M«_FACES_I N_MiMRY] ; 
u8 Ar r ay_u8[ FACE_DET_SI ZE] ; 

/ / doubl e = 32 bi t / / 

/ /p resunute zo sn i2 : 
u8 r gb_r educed_f r aire [ X_R_FRAMi*Y_R_FRAMi*3] ; / / R G B . . . 3x180x120 = 64800 , i n L2 rremory: Rl Gl Bl 
R2 G2 B2 
u8 byt e_array_reduced[X_R_FRAMi*Y_R_FRAMi] ; / / 180x120, i n L2 rremory 
u8 Y_reduced_frarre[X_R_FRAMi*Y_R_FRAMi] ; / / 180x120, i n L2 memory 

/ / u8 Ski n_noi s e_r errove [ X_R_REM_FRAMJ*Y_R_REM_FRAMi] ; / / , i n L2 memory 
u8 Ski n_noi s e_r errove_2D[ Y_R_REM_FRAMi] [ X_R_REM_FRAMi] ; / / 36x24, i n L2 memory 

/ / f r a c t l 6 out _conv_ar r ay [ Y_R_REM_FRAM!+A_CONV_Y- 1] [ X_R_REM_FRAMi+A_CaW_X- 1] ; / / i n L2 

merror y 

II---
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/ / / / / Header 1, C f i l e / / / / / 

/ / Header f i l e for project ( rry #define ) / / 

/ / Def i ne: 

/ /#def ine USE_DEFERRED_CALLBACKS / / us ing deferred c a l l b a c k s , i f not, us ing normal 
cal 1 backs 

#define BAUD_RATE (57600) / / (460800) / / (57600) / / baud ra te at which the UART wi 1 1 
r un 

#define NTSC_LI NE_W DTH_ACTI VE 1440 / / A c t i v e NTSC ( ADI _I TU656) frame l i n e width 
#define NTSC_HEI GHT 525 / / NTSC (ADI_ITU656) frame height i n c l u d i n g 

a c t i v e & bl ank l i n e s 
#define NTSC_RESOLUTI 0N_X 720 / / NTSC (ADI_ITU656) X r e s o l u t i o n 
#define NTSC_RESOLUTI CN_Y 480 / / NTSC (ADI _I TU656) A c t i v e l i n e s i n a frame ( F i e l d l 

+ Fi el d2) - Y r e s o l u t i o n 
#define NTSC_FI ELD_LI NES 240 / / NTSC ( ADI _I TU656) A c t i v e F i e l d l i n e s 

#define LI NES_FROVLFRA1VE_NTSC ( NTSC_HEI GHT ) / / nurrber of l i n e s to process fromfrarre 

#define X R FRAIVE (180) / / r e s o l u t i o n x of redeced frarre - p i x e l s 
#define Y R FRAIVE (120) / / r e s o l u t i o n y of redeced frarre - p i x e l s 

#def i ne DI V_N (5) / / dimension ( x , y ) for noise removing (area of p i x e l s f rom s k i n 
frame to noise remove) 

#define X_R_REM_FRAIVE ( X_R_FRA1VE / DI V_N ) / / 36/ / r e s o l u t i o n x of redeced frarre af ter noise 
r emovi ng - pi xel s 

#define Y_R_REM_FRAIVE ( Y_R_FRAIVE / DI V_N ) / / 24// r e s o l u t i o n y of redeced frarre af ter noise 
r emovi ng - pi xel s 

#define Sk in byt e a r r a y r educed 
#define Cr byt e a r r a y r educed 

#define SKIN 255 / / s k i n p i x e l 110 
#define NON_SKI N 0 / / non s k i n p i x e l 11255 

#define F BOX Y 111 pot enci onal face box Y-dirrension 
#define F BOX X 111 pot enci onal face box X-dimension 

#define M\X_N_BOX 3 / / maxi num number of boxes (po tenc iona l faces) i n the frarre 

rremor y 

#define M\X_FACES_I N_IVE]VDRY 20 / / maxi rrum nurrber faces saved i n memory 

/ /#def ine NUVBERFACES (numfaces+1) / / number of detected and p rocess ing faces saved i n 

#define NUVBERFACES (numfaces ) / / number of detected and p rocess ing faces saved i n memory 

#define FACE_DET_SI ZE ( F_BOX_Y*DI V_N * F_BOX_X*DI V N) / / 35*35 

/ / / / 

#define BUTTON_SV6 0 / / EZ_FI RST_BUTTON 
#define BUTTON_SW 1 
#define BUTTON_S"W8 2 
#define BUTTON_SW 3 / / EZ_LAST_BUTTON 
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