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a  b  s  t  r  a  c  t

A  monocular  method  to measure  the pose  of a translation-only  one-dimensional  (1D)  object  containing
at  least  two  known  characteristic  points  is  presented.  The  position  of  any  other  point  on  the  1D  object
can  be located  after  the  pose  measurement.  Scene  information  is not  needed  to  apply  the  method.  If  the
distance  between  the  characteristic  points  is unknown,  there  is  a scale  factor  between  the object’s  real
positions  and  the measurement  results.  The  method  can  also  be used  to measure  the  pose  and  shape
parameters  of a parallelogram,  prism  or cylinder  object.
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1. Introduction

One important task of computer vision is to measure an
object’s three-dimensional (3D) pose, including position and atti-
tude parameters. When the measurement system comprises two
or more cameras, the 3D position and attitude parameters can be
obtained by intersecting the cameras at three or more characteris-
tic points on the object [1]. If only one camera is used (monocular),
the object’s pose can also be measured when there are at least three
characteristic points on the object with known coordinates in the
object system [2,3]. Such research is known as a PNP (perspective
of N points) problem [4,5]. If there are more characteristic points
on the object, the 3D structure and movement can be rebuilt by
using the object’s sequence images captured by a single camera
[6]. For a point object, that is, the object is a point or only one char-
acteristic point can be used on the object, its 3D position can be
calculated by more than two cameras or by a single moving camera
[7,8]. Apart from using characteristic points, the task can also be
completed according to other characteristics such as lines or the
object’s contour [9–11].

For a one-dimensional (1D) object consisting of characteristic
points on a line, most research on 3D pose measurement focuses
on camera calibration with 1D objects. In camera calibration, all
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or some of the camera’s intrinsic parameters and extrinsic param-
eters, i.e., the translation and attitude parameters between the
camera and the objects, are calculated. The extrinsic parameters
of the camera describe the pose of the object related to the cam-
era. Traditional methods of camera calibration are based on 2D or
3D objects with reference points distributed on different planes,
or on the same plane but along different lines [12,13]. In 2004,
Dr. Zhengyou Zhang first proposed a method of camera calibration
with 1D objects [14]. In Zhang’s method, the reference object has
at least three characteristic points on a line. The distances between
the characteristic points are known. When one of the characteristic
points is fixed and the others are moving, the camera’s intrinsic and
extrinsic parameters can be calculated from at least six images of
the 1D object. After that, Wu,  Peng, Qi and Lv further proposed some
methods of camera calibration using 1D objects with the condi-
tion that the objects move under various restrictions, i.e., the object
moves on a plane [15,16], the object moves under gravity (its cen-
troid’s trajectory is a parabola) [17], or the object translates in a
direction perpendicular to a horizon plane and there are horizon
lines to be used in the view field [18]. If there are two or more cam-
eras used together, the multiple cameras can be calibrated with a
1D object under general motions [19].

This study presents a monocular method of pose measurement
of a translation-only 1D object. The method can be used to obtain
the 3D position and attitude of the translation-only object using
at least two  of its known characteristic points. The position of
any other point aligned on the 1D object can also be located. If
the distance between any two characteristic points is unknown,
there is a scale factor between the object’s real positions and
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Fig. 1. Two characteristic points on a translation-only 1D object and their corre-
sponding projections.

the measurement results. By the new method, the movement
parameters of a translation-only object in a stationary camera’s
view field can be measured when there are two characteristic
points on the object and the distance between them is known.
Scene information, such as horizon plane, horizon lines, or any
other geometrical restriction, is not needed for the object’s pose
measurement. This method can also be used to locate any other
point on the 1D object and to obtain the movement and shape
parameters of parallelograms, prisms and cylinders.

2. Principles of the new method

2.1. Projective relationship of the characteristic points on a
translation-only 1D object

A pin-hole camera model is used in this method. The stationary
camera system S-XYZ is the reference system. The coordinates in 3D
for a characteristic point in the reference system are M = [X Y Z]T.
The augmented matrix of M is M̃ = [ X Y Z 1 ]T . The coordinates
for the corresponding projection’s image are m = [u v]T, with aug-
mented matrix m̃ = [ u v 1 ]T . Then, the relationship between
the characteristic point and its projection is as follows:

sm̃ = A[ R T ]M̃

with A =

⎡
⎢⎣

 ̨ � u0

0  ̌ v0

0 0 1

⎤
⎥⎦ , R =

⎡
⎣ 1 0 0

0 1 0

0 0 1

⎤
⎦ , T =

⎡
⎣ 0

0

0

⎤
⎦ (1)

where s is an arbitrary scale factor, the extrinsic parameters [R T]
are the rotation and translation, which relate the reference coordi-
nate system to the camera coordinate system. Because the camera
system in this case is the reference system, the translation vector T
is a zero vector and the rotation matrix R is an identity matrix. A is
the camera intrinsic matrix, and (u0, v0) are the coordinates of the
principal point,  ̨ and  ̌ are the scale factors in the image u and v
axes, and � is the parameter describing the skew of the two image
axes.

For example, consider the two characteristic points on a
translation-only 1D object represented by the two  endpoints on
the 1D object shown in Fig. 1. The camera coordinate S-XYZ is the
reference coordinate, and the image plane is I. The object’s two
characteristic points are A and B. The distance from A to B is L. The
object is translated m − 1 times from the initial location. At time ti
(i = 0, 1,. . .,m − 1), the two characteristic points’ locations are Ai and
Bi, and the corresponding projections are ai and bi.

The coordinates of the characteristic points A and B are MAi = [XAi
YAi ZAi]T and MBi = [XBi YBi ZBi]T at time ti. The translation of the object

from ti to the initial time t0 is Ti = [TXi TYi TZi]T, where T0 = [0 0 0]T.
Thus the following can be written:{

MAi = MA0 + Ti

MBi = MB0 + Ti

(i = 0, 1, 2, . . .,  m − 1) (2)

The image coordinates of the characteristic points’ projections
are mAi = [uAi vAi]T and mBi = [uBi vBi]T at time ti. According to Eqs.
(1) and (2), the projective relationships of the characteristic points
A and B on the translation-only 1D object are obtained as follows:{

sAim̃Ai = A[ R T ](M̃A0 + T̃i)

sBim̃Bi = A[ R T ](M̃B0 + T̃i)
(i  = 0, 1, 2, . . .,  m − 1) (3)

where m̃A0, m̃B0, m̃Ai, m̃Bi, M̃A0, M̃B0 and T̃i are augment matrices
of mA0, mB0, mAi, mBi, MA0, MB0 and Ti. sA0, sB0, sAi and sBi are scale
factors. A is the camera intrinsic matrix and [R T] are the extrinsic
parameters, where T is a zero vector and R is an identity matrix.

2.2. Calculation of the translation-only 1D object’s pose
parameters

In pose measurement problems, the camera’s intrinsic parame-
ters are known. The parameters to be calculated are MA0, MB0 and
Ti (i = 1, 2, . . .,  m − 1), i.e., the locations of A and B at the initial time,
t0, and the translation of the object from t0 to the later time, ti. MA0
and MB0 describe the initial position and attitude of the 1D object,
and Ti describes the purely translational movement of the object
from the initial time to time ti. The attitude of the object remains
unchanged during translation-only movement.

The scale factor is eliminated from Eq. (3) and the equations are
expressed in variable form as follows:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

uAi − u0 = ˛
XA0 + TXi

ZA0 + TZi
+ �

YA0 + TYi

ZA0 + TZi

vAi − v0 = ˇ
YA0 + TYi

ZA0 + TZi

uBi − u0 = ˛
XB0 + TXi

ZB0 + TZi
+ �

YB0 + TYi

ZB0 + TZi

vBi − v0 = ˇ
YB0 + TYi

ZB0 + TZi

(i = 0, 1, 2, . . .,  m − 1) (4)

Because the object is in front of the camera, the Z coordinates of
the characteristic points are positive. Some intermediate variables
can be defined as follows:⎧⎪⎨
⎪⎩

g0 = XA0

ZA0
, g1 = YA0

ZA0
, g2 = XB0

ZA0
, g3 = YB0

ZA0
, g4 = ZB0

ZA0

g5,i = TXi

ZA0
, g6,i = TYi

ZA0
, g7,i = TZi

ZA0
(i = 1, 2, . . ., m − 1)

(5)

Eq. (4) is transformed and the resulting equations are divided
by ZA0, to obtain the following:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(uA0 − u0) = ˛g0 + �g1

(vA0 − v0) = ˇg1

(uB0 − u0)g4 = ˛g2 + �g3

(vB0 − v0)g4 = ˇg3

(uAi − u0)(1 + g7,i) = ˛(g0 + g5,i) + �(g1 + g6,i)

(vAi − v0)(1 + g7,i) = ˇ(g1 + g6,i)

(uBi − u0)(g4 + g7,i) = ˛(g2 + g5,i) + �(g3 + g6,i)

(vBi − v0)(g4 + g7,i) = ˇ(g3 + g6,i)

(6)
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