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Abstract: The characteristics for propagation of quantization erfor the question of pose estimation from line correspoodgiare
introduced in this paper because quantization errors arprimary factors that affect the accuracy of pose estimattathematical
model of the propagation of quantization errors from imagfdse features to results of pose estimation could be sé tipe form of
closed-form solution. The research has some theoretitd vBurthermore, it has some practical value. One of ingmbrpplications
is to find the optimum line configuration. In priority, the mapresents the method to find the optimum line configuratesed on
quadrangular frustum pyramid model and determine the aptirtine configurations on the analysis of the quantizationrer This
analysis can increase the accuracy of pose estimation ipu@mvision.
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1 Introduction feature because the images of measurement object we
obtain are often unclear and occluded. Thus, pose
In the nineteen seventies, researchers of Marr, Barrow antheasurement from line feature3, fi] are usually more
Tenenbaum are as the representative people to pubbustthan that of point features.
forward a complete set of visual computing theory for  Quantization errorsg-7] are the primary source to
describing vision process. In visual research theory, Marraffect the pose estimation accuracy. Previous researchers
theory is far-reaching and it becomes the dominant idea irhave proposed some results of the quantization errors in
this field. Three-dimensional shape recovery from imagethe model-based pose measurement system. W8hg [
objects is its core. Computer vision has made a largaused statistic characteristic function for describing the
number of results in the Maldives framework after nearly three-dimensional error. L. Tiechend][ presents a
thirty years of development. stochastic error diffusion approach and analyzes its effec
Pose measurement is to measure the position andn image quality and artifacts. Matthies Shafd][
orientation of object by means of certain technical estimated the errors in navigation of mobile robot. li is
methods in the reference coordinate system. Posassumed that error is in the distribution of Gaussian form.
measurement has important application value in soméhey describe error in using of matrix form, because it is
fields. It has been used in mechanical processing, the neasy for computing. McBeyl[l] introduces situation of
obile robot, space technology, ship, satellite and otheruantization errors in computer system.
fields widely [, 2]. It mainly includes target acquisition Kamgar-Parsi 12] developed mathematical tools for
and pose estimation to complete a visual measuremerdomputing average error of quantization. Blosteir][
process. In computer vision, model-based monocular posanalyzed the error effect of image plane quantization on
estimation is an important problem. the three-dimensional point position by triangulation in
Currently, the pose measurement methods includestereo setup. Rodrigued4] did stochastic analysis for
methods of line-based pose estimation and methods ahree-dimensional point quantization error in stereo
point-based pose estimation. In practical application,vision. Griffin [15] discussed a method to integrate errors
accuracy of line detection is often higher than pointin the process of visual inspection process. Hd [
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expressed the digitizing error for various geometric
features on measurement object. At present, most

research focuses on error analysis for point featuresg ther ﬁ i
is little research which is proposed for error analysis from

line features.

Paper 7] analyzes the error in two measured
dimensions of a line. Mean, variance and range of the
error are derived. In the pose estimation process,
guantization errors are not constant and it depends on the
computation value. The effect of the quantization errors
on the precision of dimensional measurements of linesis %
introduced in the paper. Research of how these
guantization errors propagate from two-dimensional (2D)
image plane to three-dimensional (3D) model is little.
Paper 1§ introduces the research on quantization error

Camera frame

for pose estimation from line correspondences and how RT
the quantization errors affect the accuracy of pose
estimation.

~Analysis on the effect of quantization errors from Figure 1: Pose measurement from straight line features
image lines at pose estimation results with line

correspondences can be used to direct the design of the
intrinsic parameters of system and optimize the
characteristic of system in project. Furthermore, one ofmodel is assumed. The vectors of model ling

important applications is to estimate the error range of(j — 1 2 3) is assumed. The perspective projection model
pose estimation system and direct optimum lineconstraints model line, image line and the origin of the
configuration of location model. camera frame to lie in the same plane. This plane is called

__For one given model, quantization errors have explanation plane. The vector normal to this plane is
different effects on line configurations of location model N, = (f,b; f,c;).

in model-based monocular pose estimation system. Thus, \ectors of space line; in the object frame are

for different line configurations of location model, the assumed agm; = (Awi,Byi,Cwi). Rotation matrix between
accuracy of pose estimation is different. Thus, thethe camera frame and the object fram&isSpace line in

analysis of different line configurations for location the camera frame after the rotationjsthen we get:
model is an important aspect to execute the vision task at

high precision. At present, there is little research on the

optimum line configurations of location model with Vi =R )
respect to the camera according to the literatures we have

referred. On the basis of introduction of the propagation Ri1 Ri2 Ris

of the quantization errors, we do deep research on the R= | Ry Ry Ro3 (2)
optimum line configurations of the quadrangular frustum Rs1 Rs» Ras

pyramid model with respect to camera. The purpose of
the research is to increase the accuracy of posvhere:
estimation.

Remainder of this paper is organized as follows: In  Ry1 = cosycosf3; Ry = cosysinf sina — sinycosa,
section Il, pose measurement method with line feature Ri3= cosysinfcosa + sinysina;
correspondences is introduced. Section Il introduces the Rz1 = sinycos; Ry = sinysinfsina — cosycosq;
characteristic of propagation for quantization errors in Rz = sinysinf cosa — cosysina;Rz; = —sing;
computer vision. In section 1V, the method to determine Rs» = cosfsina;Rs3 = cosf3cosa.
the optimum line configurations for quadrangular frustum
pyramid pose measurement model is presented in priority. The normal of explanation plane is perpendicular to
In section V, experimental results are proposed. Thethe space line, then we can get equation about rotation
conclusion is presented in Section VI. matrix R as follows §:

. . Ni-Rni=0 €)
2 Pose measurement from line features in
computer vision Rotation parameters of the rotation matrik are

obtained from three image lines. The solution condition is
See Figl, the parameters of the projection (the intrinsic there are not two lines which are parallel, and lines do not
camera parameters) are known and a pin-hole camerpass the optical centre.
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3 Characteristics for propagation of
guantization for line features in computer 2 = Naa(—CoSySiNBAwt + (CoSycosBSING ) B+
vision (cosycosBcosar)Cua ) + Nio(—sinysinBAw+
. _ . _ (sinycosBsina)By + (sinycosBcosa )Caa )+
Errors of image lines will lead to errors of rotation angles  Ny3(—cosBAn; — SNBSINABy, — SNBSINACyy)
a, B,y because of quantization errors. In this section, we

will introduce the relationship between quantization

errors and errors from rotation angte 3,y. Error of
norm vectomN; = (Ni1, Ni2, Ni3) in the explanation plane is
assumed to beN; in the reason of quantization errors.

From the effect of quantization errors, errors of the pose

measurement result is assumed todke= (da,df, dy).

In vision pose estimation method from three line

correspondences, we obtain expressi@) and the

following:
Avi Ni1
ni={ Buwi Ni = | N (4)
Cuwi Nis

Formula @) is substituted into3), equations between
a, B,y and (N1, Ni2,Ni3), (N21, N2z, Na3), (Na1, Naz, Ns3)
is get:

F2(N21,No2, N2z, a, B, Y)
F3(N31,N32, N33, a, B, y)

In formula 6),

N = [N11,N12,N13, N21, N22, N23, Na1, N2, Nag),

R=[a,B,y], F = [F1,F,F], we do partial differential
computation for equation set5) the following is
obtained:

F1(N11,N12,Ng3, a0, B,y) =0
0 (5)
0

oF oF
ﬁdN + ﬁdR_ 0 (6)
Therefore, errodN of N and errordR of R have the
relationship as below:

OF\ 1 /oF
dR:—<ﬁ> <ﬁ>dN (7)

Formula {) can be reorganize into expressi@j: (

mMpadar + Mpod B + Mpady + MpgdNpy

Ma1dd + maodf + mMaady + Me4dNpy (8)
+my5dNz2+ MedNi3 =0
+mpsdNgo + MpedNoz = 0
+mgsdNgo + MgedNoz = 0

{ myda + myodB + myady + myadNypg

In equation §):

my1 = Ni1((cosysinBcosa + sinysind ) By, + (—cosy
sinsina + sinycosa )Cy1) + Ni2((sinysin

cosa — cosysina )By; + (—sinysinBsina — cosy
cosa )Cya ) + Ny3(—cosfcosa By + cosBcosaCyy )

my3 = Ny1(—sinycosBAw: + (—sinysinsina — cosy
cosa )By; + (—sinysinBcosa + cosysina )Cyy )
+N12(cosycosBAy; + (cosysinBsina — siny

cosa )By; + (cosysinBcosa + sinysina )Cy1)

mMy4 = cosycosBAw + (cosysinBsina — sinycosa ) By
+(cosysinBcosa) + sinysina )Cy1

my5 = sinycosBAw + (sinysinBsina + cosycosa ) By
+(sinysinBcosa — cosysina )Cya

My = —SiNBAw1 + cosBsina By, + cosBsinaCuy

Mp1 = Np1((—cosysinBcosa + sinysina )By, + (—cosy
sinBsina + sinycosa )Cyz) + No2((sinysinBcosa
—cosysind By, + (—sinysinBsina — cosycosda ))

Cw2) + Nog(—cosBcosa By, + cosBcosaCyy)

Mp2 = Nps (—COSYSINBA2 + (COSycosBSING) By +
(cosycosBcosa )Cpp) + Noo(—sinysinBAu+
(sinycosBsina)Byy, + (sinycosBcosa )Cyy)
+Na3(—cosBAw — SinBsina By, — sinBsinaCyp)

Mp3 = No1(—sinycosBA + (—sinysinBsina — cosy
cosa ) By + (—sinysinfcosa + cosysing )Cyy)
+Ng2(cosycosBAy, + (cosysinBsina — siny

cosa )By, + (cosysinBcosa + sinysina )Cyp)

My4 = cosycosBAy, + (cosysinBsina — sinycosa ) By,
+(cosysinBcosa + sinysina )Cyp

Mps = sinycosBAye + (sinysinBsina -+ cosycosa ) By,
+(sinysinBcosa — cosysina )Cye

Mpe = —SiNBAw2 + cosBsina By, + cossinaCy,

Mgy = N31((—cosysinBcosa + sinysina )B,s + (—cosy
sinBsina + sinycosa )Cya) + N3o((sinysinBcosa
—cosysind )Bygs + (—sinysinBsina — cosycosa )

Cws) + Na3(—cosBcosa By + cosBcosaCyz)
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mg2 = N3z (—cosysinBAys + (cosycosBsina)Bysz+
(cosycosBcosa )Cyg) + Nao( —sinysinBAys+
(sinycosBsina)Bys + (sinycosBcosa )Cya)+
N33(—CcosBAwz — SinBsinaByz — SinBsinaCygz)

Mg3 = Na1(—SinycosBAyz + (—sinysinBsina — cosy
cosaBys + (—sinysinBcosa + cosysina )Cyz)
-+N32(cosycosBAyz + (cosysinBsina — sinycosa )
Buws + (cosysinBcosa + sinysinaCygs)

Mg4 = COSYCcOSB AWz + (cosysinBsina — sinycosa ) Byz+
(cosysinfcosa + sinysina )Cygs

Mgs = sinycosfAws + (SinysinBsina + cosycosa ) By
+(sinysinBcosa — cosysina )Cys

mMge = —SiNBAwz + cosBsinaByz + cosBsinaCys
Where coefficientm is function about cos, cosB,

cosy and(Awi, Bwi,Cwi) (i = 1,2,3).
We have the following formula from equatio8)(

(f10dB + f13dy+ f140N11 + f150N12+ f16dN13)

da = —
f11
9
dp = (M3Mp1 — Mp3my1)dy+ Gy (10)
—M2Mp1 + MpoMy 1
Ga2(Myamp1 — Mpolmy 1) —
dy— G1(Mpama1 — Maampy)
(My3Mp1 — MpaMy 1) (Mp2Mg — M2y ) —
(MpaMz — MaaMp1) (My2Mp1 — MpoMy 1)
(11)

In above formula, coefficier® is as following:

G1 = Myamp1dNy1 + MysMpadNi2 + Myemp1dNg 3
—Mpamy 1dNp1 — MpsMy 1N — Mpemy 1dN23

G2 = MpsMg1dNo2 + MpeMz1dN23 — Maamp1dNa1
—MgsMp1dN32 — MggMp1AN33

We assume the errors of the norm vectors of straight

Figure 2: Pose measurement model of quadrangular
frustum pyramid

4 Optimum line configuration for
guadrangular frustum pyramid location
model

Optimization function for the optimum line configuration
of location model with respect to the camera is expressed
as sum of absolute value for rotation angle:

F = Abs(da) + Abs(df3) + Abs(dy) (12)

In practical application, we can use it to determine the
optimum line configuration for given location model with
respect to camera. When the sum of the errors for the
pose estimation is minimum, we can determine the
optimum line configuration on location model with
respect to the camera. The analysis can select the best line
configuration on location model for pose estimation, thus
it can increase the accuracy for pose estimation.

To test the validity of this method to find optimum
line configuration, this paper does simulation for one
qguadrangular frustum pyramid model. For given model
(see Fig.2), the quantization errors have different effects
on the location model with different line configuration
combinations (Quantization errors have been modeled as
a uniform distribution).

As shown in Fig.3, there are some model lines on

line features have been modeled as a uniform distributionquadrangular frustum pyramid model. They can consist of
Formula @) (10) (11) analysis how the quantization errors one line configuration combination from three lines of

propagate and it obtain the relationship between the errormodel lines. We get eight line configuration combinations
from rotation anglea, 3,y and the errors from normal when we get rid of useless line configuration which can
vector Nj = (Ni1,Ni2,Ni3) of the explanation plane in not locate. These line configuration combinations are as
closed-form solutions form. shown in Fig 3.
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. N size of image is 512512 .We add 0.01pixel random noise
/]\\\ /l‘\ to the norm vector of the image lines. The testing range is
- »_\_:. € _ ¢ x- R from 200mm to 700mm. We set up different testing points

RN a / at the distance of 100mm. We do 15000 experiments at
RN S each testing point and analyze the value of function F. In
(0 (1) Table1, Range is the distance between the optical center

and the location model. The value of horizontal axis
corresponding(1-8)are statistic value of function F for
different line configurations at different testing places.
Error statistical results of different line configuration
combinations on quadrangular frustum pyramid model
are shown in Tablé.

We can get conclusion that accuracy for rotation angel

BN . for different line configuration combinations on location
s RPN model has big disparity from statistic results. Optimum
SER N ., line configuration is combination (5). Then the
. ;/,r' N combination which has smaller positioning error is
o (\ﬁ’) comb|nat.|on (6), (1'), (7),_ @), (2), (8), (3). T.hus we can
) select line configuration (5) as optimum line
] /\ configuration on location model to locate in computer
S NN i vision. The study for optimum line configuration on
> —egTyad location model can increase the accuracy of pose
o RN measurement in computer vision.
~ | “ ,
(&) (8)

6 Conclusion

Figure 3: Line configurations on quadrangular frustum o )
pyramid model Quantization errors are the primary factors that affect the

accuracy of pose measurement. On basis of introduction
of the characteristics for propagation of quantization
errors, mathematical model for the effect of quantization
errors on the accuracy of pose measurement is presented.
The mathematical model of error analysis has some value

Table 1: Error statistical results for different line
configuration combinations

Rcange 200 300 400 500 600 700 in practical application. In practical engineering praojéc
om . . . . .
T 063 073 084 104 2057 2063 can be used to direct the design of the intrinsic parameters
of system and optimize the configuration of system. For a
2 7028 8578 9004 1061  11.082 1216 given location model, quantization errors have different

3 12.964 15964 18964 20.964 23.561 26.394 effects on location accuracy of model with different line
configuration combinations. The analysis of optimum line
configuration of location model with respect to camera is
5 0476 0512 0675 0.74 1183  1.495 an important aspect to execute vision task at high
precision. This paper sets up optimization function for
determining the best line configuration on location model.
7 1212 2224 223 3.255  4.285  4.347 By experiment analysis, optimum line configuration is
8 3547 35 4863 5162 8712 9783 obtained at last. And we get statistic results for pose
accuracy of rotation angel for different line configuration
combinations on location mode. This method can be used
to determine the optimum line configuration for an
arbitrary location model. At the same time, the analysis in
5 Experimental Results this paper can increase the accuracy of pose measurement
for computer vision system.

We test quadrangular frustum pyramid model at different
distance. In our simulation experiments, we choose the

4 2.533 3.767 4.767 4.964 7.683 9.683

6 0.832 0.963 0.936 2.109 2.203 2.386
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