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Automatic Camera Pose Determination from a
Single Face Image
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ABSTRACT

Camera pose information from 2D face image is very important for making virtual 3D face model
synchronize with the real face. It is also very important for any other uses such as: human computer
interface, 3D object estimation, automatic camera control etc. In this paper, we have presented a camera
position determination algorithm from a single 2D face image using the relationship between mouth position
information and face region boundary information. Qur algorithm first corrects the color bias by a lighting
compensation algorithm, then we nonlinearly transformed the image into YCyCr color space and use the
visible chrominance feature of face in this color space to detect human face region. And then for face
candidate, use the nearly reversed relationship information between Cp and C: cluster of face feature to
detect mouth position. And then we use the geometrical relationship between mouth position information
and face region boundary information to determine rotation angles in both x-axis and y-axis of camera
position and use the relationship between face region size information and Camera—Face distance
information to determine the camera-face distance. Experimental results demonstrate the validity of our

algorithm and the correct determination rate is accredited for applying it into practice.

Keywords: Face Detection, Mouth Detection, Color Space, Camera Position Determination

1. INTRODUCTION

During the past 30 years, many researchers
have been working on determine camera position
using 2D to 3D point or line correspondences. Such
as! Perspective-n-Point (PnP) method [1] and
Perspective-n-Line (PnL) method [2]. And there
are a lot of researchers who work on these
subjects: Ying & Jhal3] introduced a determine
algorithm used information of parallel lines in a
single 2D image, Bernas & Teisler[4] introduced
an algorithm to determine the rotation angles in
x—axis and y-axis of camera position in virtual
studio. But almost all of these researches are aim
at objects that contain correspond lines or points
information. For human face, the camera position
determination is also very important for dealing
with the multiple pose, illumination and expression
(MPIE) problem and face recognition in 3D face

space.

[5] have introduced a synthetic exemplar based
method for face recognition under different poses
and lightings. So getting a human 3D face model
is being possible. But use the individual's 3D face
model to generate different PIE images for training
the face recognition system is also a wasting time
job, and on actual condition, the input face image
is usually not the frontal face image. The camera
may be on any place, the input face image may
be captured from any angle. So on the actual con-
dition, when these multiple position face images
are inputted to the face recognition system, how
to recognize these kinds of face image is still a
problem to be researched[6].

In this paper, we will introduce an algorithm to
detect the camera position from a single input face
image which can be applied to 3D face space to
set the view point. Through this method, we can
make the virtual 3D face model synchronize to the

real face at view point. For a single human face
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image, there do not have any 3D point information
or 3D line information. So using these information
to defect the camera position is impossible. On the
other ways, to detect the face region and mouth
position can be much easier for an input human
face image because their features are very strongly
independent to others in image. So for a human
face image, the relationship between mouth
position and face region information can be em-

ployed to determine the camera position.

2. FACE REGION DETECTION ALGO-
RITHM AND MOUTH POSITION
DETECTION METHOD

In this section, an efficient and fully automatic

framework is proposed for face region detection
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and mouth position detection from an input single
human face image. The framework consists of two
parts: 1) Face region detection for face candidates
and 2) mouth position detection in the detected face
region image. The following subsections will de-
scribe these two parts in detail.

2.1 Face Region Detection

There are many kind of algorithm that used to
detect the face region. R. Feraud[7], M. Pantic[8]
discussed these algorithms. And [9] list a table to
compare advantage and disadvantage of these face
region detection algorithms. We will use the skin
color information to detect human face because ac-
curacy of the algorithm based on skin color in-

formation is better than others. The algorithm first

estimates and corrects the color bias based on the
lighting compensation technique which have been
introduced in [10]. Fig. 1(a), (b) shows an input
image and its’ lighting compensation operating
result,

The corrected red, green, and blue color compo—
nents are then nonlinearly transformed into YCsCr
color space and HSI color space. Fig. 2 shows these
color spaces, respectively.

(c) (d)

Fig. 1. Lighting Compensation and Face Detection
Result: (a) Source Image, (b) Lighting
Compensation Result Image, (c) Cr Image
of Face and (d) Face Region Image.
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Fig. 2. The RGB, YCuC; and HSI Color Spaces of human face image shown in Fig. 1(b) (blue dots represent
the reproducible color on a monitor) and the skin tone model (red dots represent skin color
samples, green dots represent mouth region color samples): (a) the RGB Space, (b) a 2D projection
in the R-G subspace, (c) a 2D projection in the R-B subspace and (d) a 2D projection in the G-B
subspace, (e) the YCuC: Space, (f) a 2D projection in the Y-Cb subspace, and (g) a 2D projection
in the Y-C; subspace, (h) a 2D projection in the Co-Cr subspace, (i) the HS| Space, (j) a 2D projection
in the H-S subspace, (k) a 2D projection in the H-l subspace and (1) a 2D projection in the S-I

subspace.

Modeling skin color requires choosing an appro—
priate color space and identifying a cluster asso—
ciated with skin color in this space. It has been ob-
served that the normalized red-green (r-g) space
[11] is not the best choice for face detection [12].
As shown in the above Fig. 2(e) (f) (g) (h), we
can see that in the YCoCr color model, the C: values
of face color are strongly independent of the
background. Therefore, we can translate the input
image from RGB color model to YC,Cr color model,
and the C; values can be employed to detect the
region of face. According to our framework, we
enactment that face region possess 70% of total re—
gion, so the histogram method can be employed to
detect C. threshold of face, equations are shown

as following:

255
S="S Hist(i), CrTh=70%xS
i=0 (1)

The detection result output image is shown in
Fig. 1 (d).

2.2 Mouth Position Detection in Detected
Face Region Image

Among the various facial features, eyes and
mouth are the most prominent features for recog—
nition and estimation of 3D head pose [13]. Most
approaches for eye or mouth localization [14], H.
Yan[15] are template-based. However, we directly
locate mouth and face boundary based on their fea-
ture derived from both the luma and chroma of an
image. The mouth and face features color in-
formation in multi-color models are shown in Fig.
2. Through comparing the mouth features in these
color models, we can notice that in YCuCr color
model, the Cy and C: cluster of face have nearly
reversed relationship, this relationship can also be
noticed in Cp image and C: image shown in Fig.
3(a) and Fig. 3(b), we can notice the relationship
in details in Co-Y and C.~Y subspace, shown in
Fig. 2(f) and Fig. 2(g), the color of mouth region
contain stronger red component and weaker blue
component than other facial region. Hence, the

chrominance component C. is greater than Cy in
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the mouth region. We further notice that the mouth
has a relatively low response in the Gy’ feature, but
it has a high response in G2 So in the mouth region
the Cy* and C.* will be closed and on other facial
region they will be nearly reversed. Then we can
make a multiply operation between Cy> and Cr2, SO
in the multiplied face image, mouth region contains
stronger information than other face region. These

operating equations are shown as following:

Crl CbZ
é 'X) c?.c}
MouthFeature = = b )
#3 Pr-g2- 95
1 1
h=13—— C,$=13——
M'N(t,/)eZM,N M 'N(x,j)sM,N
_ P+ o2
G, pr=13. 528 @

Here both C/” and Cy* are normalized to the range
[0,255], and M, N is width and height of face image.
The parameter @iis estimated as an average value
of Cr and @3 is an average value of Cy, and @3 is
an average value of C; and Cy. Fig. 3 (c), (d), (&)
show the operating results for the image shown
in Fig. 1.

And then we can use a pattern to detect the
mouth region. Commonly mouth region possess 1/5
of total face region at least and 2/3 at most in hori—
zontal direction and 1/6 at least and 2/6 at most
in vertical direction, so here we select an average
size between these size as a pattern, and use this
pattern to detect the mouth region. Move the mouth
pattern from left-top point to right-bottom point
in Mouth Feature Image, and calculate sum value

of all pixels in each pattern, and then select the

(a) (b) (c) (d) (e)

Fig. 3. Cr, Co, G/ d1, Cv¥/ ®2, and Mouth Feature
image of Face: (a) Cr Image of Face, (b) Ce
Image of Face, (c) C*/ &1 Image of Face, (d)
Co¥/ $2 Image, and (e) Mouth Feature Image.

pattern whose sum value is maximal. Then we can
confirm that the mouth region is contained in this
pattern. Then we can calculate the center point po—
sition (also the mouth position) of this pattern.

These operating equations are shown as following:

Lyly

14 6
Hist(m,n) = Z ZMouthFeature(m+ in+j),
(m.m)eM N i=1 j=1
MaxValue = Max(Hist(m,n)) 4)
(m.meM N

Fig. 4. shows the pattern operating result and

Fig. 5 shows the mouth detection results.

3. CAMERA POSITION DETERMINA-
TION ALGORITHM

As discussed in [16], the most important in-
formation of camera position is the rotation angles,
any point (A) in 3D space can be rotated to new
point (A’) by the transformation matrices. So the
most important job of camera position determi-
nation is to calculate the rotation angles (o, B) and

the Camera—-Face distance.

Fig. 4. Pattern Operating Results for Mouth
Feature Image Shown in Fig 3(e): (a) 3D
Diagram of Result, (b) Overlook of Depth
Information for All Patterns (colors which .
changed from crimson to navy blue
represent the depth information).

(a) (b) (c) (d)

Fig. 5. Mouth Position Detect Result Outputs.
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As shown in Fig. b, we can easily find that,
when camera rotated from one position to another
(For Example: from frontal face to left 45 degree
side in x direction), in the corresponding captured
face image, the mouth position linearly moved from
horizontal center to a corresponding position in the
face region.

So here, we can use the linearly relationship in—
formation between mouth position and face region
boundary to calculate the camera rotation angles
(a, B). And as we all know that when captured im-
age from different distance, the size of face region
is also different, as shown in Fig. 6 (d), they have
linearly relationship, so we can use this relation-
ship to determine the distance information. Firstly
we make some definition about some Symbols used
in our algorithm, and move the reference frame to
the center point of face region, as the mouth and
face region model shown in Fig. 6(a)

Here, M is symbol for mouth, FL for Face Left
Boundary, FR for Face Right Boundary, FB for
Face Bottom Boundary and FT for Face Top
Boundary. The following subsections will describe
the rotation angle determination algorithm for
x-axis (@) and y-axis (B) and Camera-Face dis-

tance information (Dcr) in details.

3.1 Rotation Angle Determination for x-axis
(o)

Firstly, we appoint that =0 in the frontal view

o Face Top » Face Top
E
N
F \ F
v_._,_....A_,_ €_,7v_.<_,..v_;_,R C R
F = /
f a M |
T Face Bottom Face Bottom

(a) (b)

of face. And the range of a is [-1/2, 1/2] when face
rotate from left side to right side. As shown in Fig.
6(b), the distance between mouth and face left
boundary, mouth and face region right boundary

can be calculated by
Dyt = | Prtouin(x) = Pru(x)| Do =| Prsona(x) — Per(x)| (5)

Here P Moun (%) is horizontal position mouth and
Pr(x) is horizontal position of face region left
boundary and Prr(x) is right boundary in the input
image. Then we can gain horizontal setover be—

tween the two distances.

Dhitoretover =

D — Dur 6)

So we can set up a linearly equation to describe
the relationship between o and Duorservoer as follow—
ing:

DriorSetover a

Dir - kg o )

Here k, © and b are constants.

We can calculate them by experiments in two
special cases ¢=0 (Frontal View) and a=m/2
(Right Side View).

In case of Frontal View: ¢=0, Proun{X)=0 : Dz
=Dix/2 and Dur=Dir/ 2.

In case of Right Side View: a=1/2, Pyoun(x)=
Diz / 2 @ Dyvr=Dir and Dur=0.

Then we can get an equation group from above

equations as following:

SRl W
Face Bottom

(c)

Fig. 6. Mouth and Face Region Model: (a) Common Frontal Side Model, (Ib) « in Mouth and Face Region
Model, (¢} B in Mouth and Face Region Model and (d) Different Camera-Face Distance with

Different Size of Face Region Model.
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And k, © and b can be calculated from the equa-—
tion group: b=0, 6=k - (1/2).

So the camera rotation angle for x-axis is:

7 2Pyoun(x)— Dir
B 2 Drr 9

Here Dir and Pmoun (X) can be easily gained
from input 2D face image by using the Face Region
and Mouth Position Detection algorithms discussed
in section 2.

3.2 Rotation Angle Determination for y-axis

(B)

And we also appoint that =0 in the frontal view
of face. And the range of B is [-1/2, n/2] when face
rotate from bottom side to top side. As shown in
Fig. 6(c), the distance between mouth and face top
boundary, mouth and face region bottom boudnary
can be calculated by

Dhvr = |szh(y) - Plfr(y)l D= IPMou/h(y) - PFB(y)| (10)

Here Prr(x) is vertical position of face region top
boundary in the input image Then we can gain

vertical setover between the two distances.

DVerSelover = Dur— D (11)

So we also can set up a linearly equation to de-
scribe the relationship between B and Dversetvoer as
following:

D VerSetover

D1y

_.B
=kt (12)
Here k, © and b are also constants for this
equation.
Usually for the vertical direction, human mouth
position is not in the center, so here we firstly move

mouth position to the center in vertical direction

like this: Pumouth’ (¥) =P Moun(y) —Dwmc. So then we
can use the similar equation as for x—axis, as the
following:

B T Dversetover
=X

27 D (13)

And here:
Dversetover = Dutr — D = 2 Prtournd vY— D13 —2Dmc , So the
finally camera rotation angle for y-axis is:

B % N 2 Putoun(y) — D — 2 Duc

Drs (14)

Here D1p and Puoun(y) can also be easily gained
from input 2D face image by using the Face Region
and Mouth Position Detection algorithms discussed
in section 2 and Dy is an experience constant that
can be gained from frontal view face image
through many experiments. We have make many
experiments on the FERET face database to con-
firm that commonly the value of Dwc is 7/40 of Drs.

3.3 Camera-Face Distance Information De-
termination (Dcr)

As we all known than when an object close to
the camera, size of this object in the captured im-
age is larger than that from-a far distance, and
there is a linearly relationship between size in-
formation of object in image -and Camera-Object
distance information, which can be determined by
using camera focus.

So for human face, we can set up a linearly
equation to describe this relationship as the follow—
ing:

Srr Bci Srr

Dcr=f-
S'm f B fS'FR (15)

Here Srr is actual size of face, and S'wy is size
of face region in captured image. Usually, for com-
mon use camera, focus of camera is not frequently
changed, and for face, Srr is also an experience
constant, we can calculate an average face size as

Srr value through many experiments, so here we
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can just use the S'er information which can be
gained from the image by using the algorithm dis-
cussed in section 2 to determine the Camera-Face
distance (Dcr).

4. EXPERIMENTAL RESULTS

We have evaluated our algorithm on several face
image databases, including family photo collec—
tions. Most of the commonly used databases for
face recognition, including the FERET face data-
base contain frontal view gray-scale images only.
So we must construct our database from MPEG7

videos, and USB camera for evaluating our
algorithm. And we have evaluated our algorithm
in different light conditions with different complex
backgrounds and from different angle and distance.

Table 1 shows the results for only x-axis rota-
tion from the same Camera-Face distance (human
face only rotate from frontal side to left side or
right side), Table 2 shows the results for only
y-axis rotation from the same Camera-Face dis—
tance (human face only rotate from frontal side to
top side or bottom side), Table 3 shows the results
only for only Camera-Face distance and Table 4
shows the results for any other rotation in both

Table 1. Camera Position Determination Results for only x-axis Rotation

Face Image &

ry

x—axis Rotation 2.7950° 13.3291° 40.2173°
y~axis Rotation ~3.6044° - 2.3955° - 49776°
Camera-Face Distance 0.4289 m 0.4629 m 0.4936 m

Table 2. Camera Position Determination Results for only y-axis Rotation

Face Image

%

5.5369°

3.7073°

x~axis Rotation - 3.0731°
y—axis Rotation 3.9477° 32.3358° - 35.4263°
Camera-Face Distance 0.3407 m 0.3046 0.4013 m

Face Image

Table 3. Camera Position Determination Resuits for only Camera-Face Distance

g

41.9254°

x-axis Rotation 39.0859° 34.7283°
y-axis Rotation ~17.3656° -13.3982° -15.8429°
Camera-Face Distance 0.4917 m 09766 m 22973 m

Table 4. Camera Position Determination Results for any Angle and Distance

Face Image

X X

L

87.4596°

x-axis Rotation 45.2795° -38.3694°
y-axis Rotation 9.2014° -5.1268° 12.3953°
Camera-Face Distance 0.4487 m 0.3815m 15309 m
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x-axis and y-axis and from different distances. A
Summary of the determination results (including
the number of false determination, and accurate
determination rate) on our self-build image data-
base are presented in Tables 5, 6, 7 and 8
respectively. The database contains 30 peoples and
for each people, there are 24 images that captured
from different angle and different distance, each of
size 320x240 pixels, and lighting conditions
(including overhead lights and side lights) change
from one image to another. A determined camera

result is a Correct Determination (CD) if the

mouth position is found and camera rotation angle
and Camera-Face distance are determined with a
small amount of tolerance, otherwise it is called a
False Determination (FD). The determination rate
is calculated by the ratio of number of correct de-
terminations in a gallery to that of all human faces
in the gallery. The Correct Determination (CD)
Rate on our self-build database is more than 96%
for all the poses when captured from frontal side,
and when face rotate from frontal side to profile
side, the determination rate will decrease, as shown
in Table 5, in the second stage, the Correct

Table 5. Simulation Test Results of Camera Position for x-axis

Camera Rotation Angle Te?\tIuII;nsfres CD Number | FD Number| Average Camera Angle Clz%liate
(a=0, B=0) 30 29 1 =0.0932°  p=1.9179° 96.67
(a=0, B=0) 30 28 2 a=5.4472°  B=4.7238° 93.33
(a=-m/4, B=0) 30 28 2 a=-43.919° p=-3.8134° 93.33
(a=n/4, B=0) 30 27 3 a=45341°  P=3.8283° 90
(a=-1/2, B=0) 30 25 5 a=-86.459° P=-51268° 83.3
(a=1/2, B=0) 30 26 4 a=88.2647° P=-14.977° 86.67

Table 6. Simulation Test Results of Camera Position for y-axis

Camera Rotation Angle 'l‘e?\tjulrr:;ies CD Number | FD Number | Average Camera Angle Cl)(ygate

(a=0, B=0) 30 30 0 a=0.1933°  B=0.4568° 100
(a=0, B=0) 30 29 1 a=0.3532°  P=2.4568° 96.67
(a=0, B~-n/4) 30 28 2 a=5.7073°  p=-45.425° 93.33
(a=0, B=n/4) 30 28 2 a=-3.073°  p=42.3358° 93.33
(a=0, B=-n/3) 30 26 4 a=0.1043°  B=-55.145° 86.67
(a=0, B~mn/3) 30 27 3 a=2.4523°  P=63.545° 90
Table 7. Simulation Test Results of Camera Position for DCF

Camera Distance Te?\trulrrnnbaegres CD Number | FD Number | Average Camera Distance CD(%‘E{)ate
Der=1 m 30 30 0 0.9147 m 100
Dcr = 1.5m 30 29 1 1.4672 m 96.67
Der =2 m 30 28 2 20134 m 93.33
Dcr = 25m 30 29 1 25093 m 96.67
Dcr = 3m 30 28 2 3.0178 m 93.33
Dcr = 4m 30 27 3 3.9872 m 90
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Table 8. Simulation Test Results of Camera Position for Any Angle and Distance:

Camera Position Test Images CD FD Average Camera Position | CD Rate
Number | Number | Number (o, B, Dcr) (%)
a=n/3, B~- /3, Dcr = 1 m 30 29 1 61.237°, -62.218°, 0.9752 m 96.67
a=n/5 B=n/6, Dcr = 2 m 30 29 1 37.653°, 29.745°, 2.0342 m 96.67
a=n/2, p=n/4, Der =14 m 30 26 4 87.1245°, 45535°, 1.4218 m 86.67
a=-n/4, B=-n/10, Dcr =23 m 30 27 3 -45.279°, -17.664°, 2.3130 m 90
a=-271/100, B~ -21/25Dcr=1.6 m 30 26 4 50.869°, -30.201°, 15174 m 86.67
a=-2n/25 B=3n/25Dcr = 3.2 m 30 25 5 -16.211°, 12.783°, 3.1931 m 83.33

Determination rate decreases to 93.33%, and in the
third stage, decreases to 86.67%, and for the profile
face image, the rate is 83.3%. The reason for this
is that when face rotates from frontal side to profile
side, the left or right ear feature in Y-C, subspace
and Y-C; subspace will become more similar to
mouth feature. But mouth feature in these two
subspaces will become more unconspicuous. So the
False Determination Rate of mouth position de-
tection will be higher, then the finally determi-
nation rate will be not very good when face rotates
to profile side. And on the other ways, the experi-
ence constant value can also make errors for de-
termining the rotation angle in y-axis and
Camera-Face distance. But through many experi-
ments, we can make the experiment constant more

accurate to decrease the error.

5. CONCLUSIONS

We have presented a camera position determi-
nation algorithm for a single 2D face image using
the relationship between mouth position in-
formation and face region boundary information.
Our algorithm first corrects the color bias by a
lighting compensation algorithm, then we non-
linearly transformed the image into YCiC:r color
space and use the visible chrominance feature of
face in this color space to detect human face region.
And then for face candidate, use the nearly re-
versed relationship information between Cp, and Cr
cluster of face feature to detect mouth position.

And then we use the geometrical relationship be—
tween mouth position information and face region
boundary information to determine rotation angles
in both x-axis and y-axis of camera position and
use the relationship between face region size in-
formation and Camera-Face distance information
to determine the Camera-Face distance. The de-
termination results on several image collections
have been presented. Our object is to design a sys—
tem use the camera position information to make
the virtual 3D face model synchronize to the real
world at view point, and for future work, we can
capture a sample image from the virtual 3D face
model, and use this sample image to compare with
an input image from the real world captured at the
same position, then we can make human face rec-

ognition with different PIE much more possible.
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