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One of the hottest issues in vision research adace recognition and face verification. In faeeagnition and face
verification, the goal is to recognize a persorthy pattern of their face, and to verify someomenfralready registered
images. Method used extensively in these two aseaalled the ‘eigen-face’ method.[1] By formingbasis of principle
components, or eigenvectors from a person’s tweedsional image, eigenvectors contain informatiooualivho the face
is from a process referred as Principal Componenatysis (PCA). To verify a person’s face, eigengextare aligned due
to whether they belong to one person or to anopleeson in the registration step, with certain digtishable feature,
which later is used to figure out a person’s idgntiowever, eigen-face method has disadvantagé&saoperformance in
circumstances of pose, illumination, and face esgiom variation. Accordingly, in order to minimitlgese defects, plenty
of images with these three variances and algoritionneduce such defects are inevitable. Sevemrinatts have been made
from CMU, Yale, KISA and etc. to amass large imalg¢abase to devise and to improve such algorithrget due to
several restrictions, no current database is duitip solely pose estimation research, for mosthefn only have 7~13
pose variations in there image database. Motivitaa limitations of external face databases, we lthaman Vision
technical group, HCI Lab, SAIT, collected 2D faceaiges of 120 people, controlling the angle meastiface pose in
horizontally 180 degrees range and vertically 12p¢grees range.

In eigen-face space, the eye position of imageddas lined up before undergoing PCA process fthahage have
to be cropped by certain ratio concerning the eyadinate), for if this condition’s not satisfie@fore feature extraction
and registering process, principal components eaultrin poor face recognition result. On the canyirif the eye position
is sufficiently aligned, it is said [1] that thelgriactor that can affect the efficiency of PCA imed would be variation of
the illumination, pose, and expression.[2] In additto obtaining normal face image for ordinarytpat experiments,
considering the requirement of eigen-face spaagatization” referring to eye coordinate aligningpgedure within the
2D image seemed to be essential. Therefore, afguiring face images from 120 people, the imagexewropped into
56 56 pixel image, all consistent in their eye posiiavithin the cropped figure.

There are three methods in acquiring facial imagesvery Euler degree. First method is by usingser scanner.
After scanning the head of a subject, input 3D dbjlata is transformed into 3D mesh information. &gely rotation of
wanted degree to the mesh and then project it tplaBe. The advantage of this method is that itesssexact rotation
degree of the face. However, post processing pwyeeshould not be underestimated within this metiodmesh error
that occurs in modeling hairy part are extensivddifionally, main concern with laser scanning idtigg fine mesh
structure, texture of the mesh is of no big impmees so camera options are short, which accordimgylts in poor picture
quality, and in case of poor texture quality, ilimation control is very difficult.

Secondly, 2D face images can be obtained fromigpesd studio made entirely for face images’ sakbree
institutions below are such examples. (See TablEhy set up cameras and lights in different pmsgtito simulate pose
and light variances. Images obtained this way db suffer from mesh control of hairy parts or illuration control
problems, nevertheless, certain constraints shbaldaken into account. The total number of poselsqo the actual
number of camera, and because camera number @afidxible, the total number of pose couldn’t bthei, and 7 to 13
pose images are far too short to perform experimmsmth as pose estimation. Additionally, whatéf meed images with
the testee’s head bent down or lifted? CMU obtajmietlre of the testee’s head bent down by posiipthe camera at the
ceiling toward down. Image taken from camera jpasétd on the ceiling is quite different from imatgé&en from a front
view camera and testee’s bending the head dowaukedactors like gravitation, eye direction aradaetd differ.

We therefore used video camera to solve probletnjentioned, to get many different pose images wat not easy
when using limited number of camera. Also, we poséd this video camera only at the front of thet¢e. The video was
taken by rotating the testee’s chair with asking/her to lift or bend down their head; we were abl@btain images of
horizontal at intervals of 1 degree and imagesesfical at intervals of 10 degree because thedestre asked to lift or
bend down within 10 degrees gap.
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Table 2 Institutions with Face Studio & Face DB

Face DB KISA[3] Yale[4] CMU(PIE)[5]
lllumination 43 illumination 64 light cones 21 flashes
Variance combinations
Pose Variance Total 7 Poses Total 9 Poses Total 13 Poses
(Rotation (0°, 0°), (x15°, 0°), (0°, £12°), (9°, £9°), (12, 0°), (0°, 0°), (x22.B, O°), (x45°, O7),
dzgreg)of (£30°, 0°),( 245, 0°) @ave, £17°), (24, 0°) (£67.5, 0°), (£90°, 0°), (0°, £22.5°)
ea

- Horizontally 15 Gap | - Five poses at PPfrom cam’s axis)| - Horizontally 22.5 gap in on row
- No cameras vertically - Three poses at 24(from cam’s| - 2 cameras vertically up and down

axis) - 2 cameras to simulate surveillance
camera
DB size 1000 people 10 people 68 people
(52,000 images) (4500 images used) (41,368 images)

Vertical, Horizontal Degree : HV_N_M

In order to manage inner and outer plane rotatiaes asked the testee to lift or bend down theirdhacertain
amount and then turned the chair around clockveisaye were able to obtain images of horizontahi@rvals of 1 degree,
and vertically at intervals of 10 degree. Vertidalgree is this lifted up or bent down degree amrdaimount of rotation
from the chair’s axis will be refer to as horizdrdagree. See Figure 1 for detail.

o

\// ]
N/ \ N/ \

@) O

Figure 1 Horizontal & Vertical degree definitions, notations

Left figure is to illustrate the position of the camera, how horizontal rotation and vertical rotation is defined. If the subject’s face is straight
toward the camera, that angle is defined horizontal 0° new notation for this is HV_0_0. Accordingly, from now on if the head is toward left,
this is same as HV_90_0, and if the head is toward right, this is same as HV_-90_0.
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We used Logitech Quick Cam 6.0, Windows 2000 Peifesl Operating System on 1GHz CPU and 512MB Remo.
testers were involved, one to control the video @anand the other to rotate the testee’s chairtandeasure vertical
degree of the head with normal graduated protraBie Figure 2 Settings & Video Capture process.t&hter rotated the
testee from horizontal minus 120 degree to plusdgtfiee. ( We only need -9®0 range image.) This redundant rotation
was due to keep rotation speed constant withirzbotal -90~90°range and to check which frame should be indicated
horizontal -90 frame and 990rotation frame. (Three frame numbers are inseategarameter for horizontal -90°, 0°°00
After, taking the video, AVI format video stream svahanged into JPG image file, one image file pframe. Next, for
localization, we had to retrieve the eye coordirgataund truth data. Since JPG image files were nfisde video stream
and there is just a slight change between fram2ge¥ frames of equal interval between®9®C were selected to mark
the eye coordinate pixel value. Then, these 12 mudets (x, y values for left and right eye eaclerevused to interpolate
eye coordinate value between key frames. Aftergagsj eye coordinate value to the entire jpg imsgfe the distance of
the two eyes could be figured out. Although, there few exceptions, distance between two eyesrapopional to the
size of a person’s face and the degree of rotaionjsing ‘distance between the eyes’ for imagehwiathd height, and
‘position of the two eye-coordinates’ for alignmeithages extracted from video stream were croppedrding to two
former factors into 56 by 56 pixel image.

Table 3 Average time required for capturing image s PER SUBJECT
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! poseMosaic: After cropping the image files, walma new image file that supported overall viewhefcropped result.
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Figure 2 Settings & Video Capture process
We used Logitech Quick Cam 6.0 to capture video stream and two electric lights to alleviate the side effect caused by shadow. Blue Screen

was used to support background substitution. Two testers were involved during the video capturing process, one to take control of the video
camera program, and the other to rotate the testee’s chair and to measure vertical degree of the head with normal graduated protractor.
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This section will provide full detail of how grouniduth data for eye positions was extracted, tipaitimnd output of some
modules, and algorithm used in localization (iagiorthat affect scaling factor used during crogganocess).

Although there is lots of ground truth informatiome decided only to extract eye positions to leameredundant time
consumed if more ground truth information were &otied. Because there were so many images, it wasstlmpossible
to extract eye positions manually from all of theme by one. Therefore, we decided to estimate yeeceordinates of

some frames from already known adjacent framesedimages were made from video streams and changewt radical
between frames.

First, we had to decide the number of key framé tizal to be processed manually. Under empiricatisagion, it was
proved that about 12 key frames were sufficienefstimating eye coordinates between them. For Adtfile, twelve left

and right (x, y) values were saved in a vector datacture, and these were used by Hermite Leasir8capproximation
function supported by MATLAB spline toolbox to estite eye coordinate values in between ( spap2@f).graph of
Figure 3 shows actual Y value that has been olataimenually and Right graph shows how it has beg@moagmated. We
used cubic spline to approximate the data in batward after the spline function was made, thetaegaof each frame

were used to get approximated eye coordinatesaNMatie were obtained linearly, i.e. if there wern® 5 frame between
horizontal -90° ~90°, then each theta value woadd®°, -45°, -0°, 45°, 90°.
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Figure 3 Hermite Least Square Approximated Spline: Left eye Y value graph

Left graph is the result of plotting 12 right eye y coordinate values from key frames. This initial graph is smoothed with Hermite Least Square
Approximation Spline. Eye coordinate values (in this case, ‘left eye y value’) of other frames are obtained using this graph.

Figure 4 Approximated Eye Coordinates
The approximated eye coordinates obtained from the splines are marked on the sample images with white circle. Notice that they are
considerably accurate.

The result information was made into a text filel amas saved with JPG images. Refer to Appendixase you need
details about the intermediate data.
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Localization is essential for eigen-face space lergy, so after image acquisition, images werealaed for preparation of
experiments, such as pose estimation.

Basically, two rules were considered during ¢hepping step. First rule was for the eye positidthin an image. For
frontal-view image, two eye positions were fixed(@t3, 0.32), (0.7, 0.32), but when the head rstaieckwise from
facing forward (horizontal B-9°, head toward left direction), this coordinate t#@ applied by rote. Therefore, when the
head was to the left direction, only the (0.7, §.82ue were applied. Similarly, when the head teathe right direction
(horizontal degree -960°), only the (0.3, 0.32) value were applied.

Figure 5 Localization Rule One ( PoseMosaic HV_18 0_60)

Two rules were applied in the cropping process. When aligning the images, (0.3, 0.32) was the position of the left eye when horizontally min
us 90° ~0°, and (0.7, 0.32) was the position of the right eye when horizontally 0°~ plus 90° degree. These two ratios are Localization Rule O
ne. This new version of image tiled is also called HV_180_60 PoseMosaic, which we will later explain in 2.3.

Secondly, for determining the size of the imagedistance between eyes an

the horizontal rotation degree was used. It iseqaiplicit how the width and /{
height of thehv_0_0image is obtained. If the distance between thes éye S
divided by0.4 (eye distance proportion in cropped image), thioigghly the Blldeg B0deg
length for cropping. However, this ratio has toywaccording to the rotation of
the head. Image is merely a projection of 3D objed¢he view plane, and this
fact can be applied to the distance between the ayevell. As you can see ir
Figure 5, when an imaginary line between two egeprojected on the view
plane, the projection degree would equal to thatim degree of the head
_— -
Therefore, the ratio was extendedtd’ coqy. Figure 6 Localization Scaling Factor
This image is a figure of subject’s head, viewpoint located
Thus, the equation for the width of the image widu like: above subject’s head towards the subject. The triangles in
dicates nose of two situations. When head is toward horizo
1: 04 coqy = Image Width : Distance between two eyes ntal 60 degree, the distance between the eyes shorten at ¢

osq rate because the horizontal angle are same with the a
ngle between projection plane and imaginary line between

Image Width = Distance between two eygs(0.4" coq) the eyes. This how scaling factor 0.4" cosq is acquired.

Using the equation above, approximated Image Widltks somewhat

like left graph in Figure 7. Therefore, the scalfagtor would be 56 (ImageWidth). Intuitively, the graph should be alin
but as assumptions made in Figure 6 like head whabpeople being exact sphere can't be achiehedgtaph becomes to
be a curved one. Graph on the right is approximaddth by vertical degree.
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Figure 7 Ratio applied Image Width by Hor. Degree (  left) Image Width by Vert. Degree

If (Image Width) = (0.4 “cosq), (Distance between two eyes) equation is evaluated the result graph looks like left one. The image size of
a certain horizontal degree is obtained from this graph. After 7 (13) graphs of left form are evaluated, mean values of these 7(13) graphs are
calculated, then it is used to approximate again to smooth the image size vertically.

# $

Since the total number of the subject was not ldadp@ut 120), database organization was no diffijold because there
were about 2500 images per subject. Accordinglyitfiportance obatabase Schemandimage Naming Ruleare not to
be underestimated.

Table 3 shows how images were named. First, alj@savere identified by its [Name]. [Name] is magbeotfi the subject’s
gender, where the subject belongs to (HCI Lab,N@twork Lab), and the subject’s initial. In casesaime initials, we
occasionally abbreviated the middle part of the @amo 2 characters initial. [Name] is followed &y underscore ‘' and
[Format]. [Format] indicates how the video streaaswbtained. If the subject’'s head was rotatedhé@aotation of chair it
is horizontal mode and number that follows it irrdés the bent amount of the subject’s head. I§tigect lifted their head
up from facing downwards, it is called vertical neogind ‘v’ comes instead of ‘h’, also for verticabde we only filmed
face facing front, so there is no number indicdtorvertical mode stream. Lastly, ‘g’ and ‘n’ stantbr ‘glasses’ and
‘normal’. For example, let's consider format ‘hp30dpe image was obtained from a video stream with subject’s eye
glasses on, rotating the chair, and its head lifiedo 30 degrees. Every image was maintainedreethtyle; video stream
type AVI file (videoStreams), 32@40 image (ImgFromVideo), 566 (ImageCropped) and mostly in frame number
order. (In ImgCropped directory, there also exéstset of image sorted according to their horizoatal vertical degree).
Table 4 shows the amount of image per associatimgtdry. Approximately 7 to 13 videos were takesr gubject and
each video stream is processed individually inforapriate directory. There are about 300 to 50té&sin a video stream,
so the number of image obtained falls between thessumbers. Since, images are named accordinbeto ftotation
degree and saved in that order in localization,stiepre are exactly 180 more image files in ‘Imgiped’ directory.
Therefore, total number of image saved per subgaeids to 1000 ((7~13§300+500 ~500+700)).

Table 4 Image Naming Rule

Directory name = 9
videoStreams @= AJ@, AH, = I$F
ImgFromVideo @= AJ@, AH, = I$F
ImgCropped J@= AJ@, AH, = I$F

@= AJJH / 1IJH ISF
@= A H K IEH K IEH:::K::::! |
[Format] (h|v)(pIm)(0|10]20[30|1ED|60)(9|n)
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Table 5 Directory Structure of the Database & Ima ge Number PER directory

@- &A @=;&A LM)' > H
, > @= &A @,29; A '55M855 C+D
@=&A @,29; A 855ML55 C+D

Table 5 shows overall result of this project witttadl. As we rotated every subject by 10 verticagribe gap, from -6Qo
+50° or from -30 to +3C, we could obtain every horizontal degree face infag specific vertical degree. This goes same
with the vertically incremented video stream. Sutgewith glasses were asked to take video twicehfwizontal and
vertical axis rotation; fourth and fifth row of Tiab5 indicates image statistics for this case. mytthe image cropping
process, it was difficult to see the entire loadizmages at a glance, so we made some sort okjnitegd up by every
horizontal and vertical 10 degree images and naso@te POSEMOSAIC and VERTMOSAIC. There are two typkes
POSEMOSAIC as mentioned in Table 5; Hv_180_ 110tawd180_60. Figure 4 is an example of Hv_180_60 Flasaic
and Figure 6 is an example of Hv_180_110 Pose Mo¥&ERTMOSAIC was made from vertically incrementeideo
stream and an instance of it is Figure 7.

Table 6 Database Statistics Specification

/ > = + >
9 9 H# |
G5°MGB!# ) ° B5 °M85°l# )5 ° Q0 0)45J))5
G5°MGB!# ) ° 'BSM'5I# )5 ° 40 J)45335
G5°MGB!# ) ° 5 ° ‘5§ H)L E 8* N3Gl
5° 35 °M35°# ) ¢ QOE '4 N 4*H*0I >J)15

Figure 8 PoseMosaic HV_180_110

During the image cropping process, it was difficult to see the entire localized images at a glance, so we made some sort of image, tiled up
by every horizontal and vertical 10 degree images and named some ‘PoseMosaic’. HV_180_110 indicates the range of horizontal and
vertical degree. As this PoseMosaic shows horizontally -90° to +90° and vertically -60° to +50° localized images, it is classified into
HV_180_110 PoseMosaic.
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Figure 9 VertMosaic V_120

VertMosaic is a sort of PoseMosaic, except that it only covers images of same horizontal degree, usually horizontal 0°. Each column is
picture of HV_0_-60, HV_0_-50, HV_0_-40, HV_0_-30, HV_0_-20, HV_0_-10, HV_0_0, HV_0_10, HV_0_20, HV_0_30, HV_0_40, HV_0_50,
HV_0_60 individually.

#

‘Localized width’ (Distance between two eye$ 0.4" cogy ) )values around horizontal +36+8(°, -80°~-90° are useless,
because cosine value arow®D degrees approximates near zero and so doegsthrad between the eyes which result in
zero divided by zero. In order to improve the l@adion result, certain portion of it was discaddand then extrapolated
the discarded part. If we discarded more, or lesbaps, the recognition or verification performamight have changed.
For now, we don't have any clue.

The order of approximation or interpolation splfoaction is all ‘cubic’. This was because cubitirgpwas the most
prevalent spline used. If we changed this ordaqteare of quadric, cropped image size or eye coatel$ of approximated
frame might have changed.

‘Localization Rule One, Two’ are not suitable fardges of extreme degree, such as vertical +50°, Ho@fer to Figure 8
for left bottom, or right top image, these imageso better than images randomly cropped with raguare at all. Thus,
some other localization measure or criteria isdadhto improve localization.

# n %& (1]

People have their own way of bending or liftingitheead. Someone’s head might be tilt a little; sorme might not be
good at bending or lifting their head at all. Besmwe actually asked the subjects to position tiead to a certain vertical
angle, we could obtain all kind of head configuratthat reflects each subject’s specific neck daoli If some future
research topic is on the actual movement of a hismeatk, or actual picture of every angle movenwdithe head, this
database would be the first candidate to be used.

Moreover, from right graph of Figure 7, we can sgjdorm the database that the center of sphererti€al rotation
between vertical -60~0° and 0~5C is different because if it were same the graplukshbe somewhat like regular cosine
function at -60 ~50°

As mentioned in the introduction, image taken tgcpig the camera at the ceiling with the subjeakilog straight
forward, and image taken by setting the camereoimt fof the subject and the head bent down mayf Heecsame
horizontal and vertical degree but are quite diffefrom one another. One factor that makes thesémages different is
gravity. Images taken by former method (CMU PIE aot suitable for experiments that have conssahtamera
position as in ATM machine.

It is difficult to get eye coordinate value if thae of the eye is hidden behind nose. As we usptbajmating method,
there was no need to worry about these hidden eyelimates because the approximation step revisegttvalues to
correct ones.
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## ' (
lllumination: As illumination wasn’t controlled,ght condition changed according to the daylighgtimess.

Moreover, when the intensity of illumination inceeal, shadow prevented getting picture of fine tyidliherefore, closed
room is needed to settle this problem.

Focus: As the focus length between subject anddheera was very close, and the camera did not suppmmatic focus
option, and the subject’s rotation affected theaufolength, quality of obtained images was not thest. If the distance
between subject and the camera was far enougiméoedhe difference made from turning the chaiuath or the camera
supported auto focus function, this problem willdieno concern.

Overall time: There were two steps done manuallynduthe whole process; chair rotating; groundhirdiata extraction.
Manual jobs are time consuming and hinder from aggularge size database. In this project, 2 memtin was consumed
to obtain 120 people face database; automatiolneskttwo processes would enable acquisition of ldegabase.

Etc: When the tester rotated a chair, the testedbenhair tends to bend his/her head in the opgpdsgiection of rotation.

#$ % " ##
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Table 7 [Name]_[Format].txt in| MGFROMVIDEO Directories
61 148.275 117.532 147.804 117.496 90.0
62 148.000 117.537 147.956 117.502 89.2
63 147.726 117.542 148.108 117.508 88.5
e . (OmMitted) ........
122 135.340 117.951 156.399 117.785 725.
123 135.200 117.960 156.520 117.788 049.
124 135.063 117.969 156.640 117.791 244,
.o . (OmMitted) ........
182 131.889 118.613 161.585 117.907 452.
183 131.930 118.626 161.640 117.9080.726
184 132.024 118.653 161.750 117.909 00.0
185 132.085 118.668 161.812 117.910-0.833
186 132.151 118.683 161.874 117.910 667T.
o . (OmMitted) ........
237 143.383 118.806 165.535 117.927 164
238 143.725 118.797 165.589 117.927 .00D
239 144.069 118.786 165.640 117.927 .883
e . (OMitted) ........
290 161.646 117.645 161.521 117.911 .383
291 161.927 117.611 161.249 117.910 .189
292 162.203 117.576 160.967 117.909 .090




