
An Efficient Trinocular Rectification Method for Stereo Vision

Young Ki Baik, Jonghyun Choi and Kyoung Mu Lee

School of Electrical Engineering and Computer Science, Seoul National University,
hyunxx00@snu.ac.kr, ppolon@snu.ac.kr, kyoungmu@snu.ac.kr

Abstract In this paper, we introduce an efficient method of trinocular rectification to enhance the perfor-
mance of stereo vision. In order to perform the trinocular rectification, we first obtain trinocular images
by three cameras lying on a plane that faces the target objects. Then, we extract the original camera pa-
rameters, and compute the new camera parameters that transform the epipole on each image to the point
at infinity. After that, we determine the homographies which relate the original camera parameters to the
new ones, and decide an affine matrix which ensure 45 degrees for the epipolar line between top and left
image. Finally, the trinocular rectification is finished by applying homographies and an affine transform
to the obtained trinocular images. In contrast to conventional trinocular rectification methods that are
mathematically and geometrically complicated, the proposed method is simple but efficient and accurate.

1 Introduction

One of the major problems of stereo vision is to estab-
lish dense and accurate correspondences. To alleviate
the computational overhead, one can make the epipo-
lar line be horizontally coincide. This process is called
the image rectification and is possible by using epipolar
geometry. There have been a lot of researches for this
topic.

Fusiello [1] introduced a compact method with
known camera parameters for the binocular rectifica-
tion. Hartley et al. [6] proposed an advanced rectifi-
cation method with only corresponding information be-
tween two images without known camera parameters.
Also, there have been researches for minimizing the
geometric distortion and computational error [7, 8, 9].
With respect to the accuracy of stereo vision, the trinoc-
ular rectification method is preferable rather than binoc-
ular one. So, Ayache [2] devised a trinocular rectifi-
cation method with known camera parameters. Based
on Ayache’s method, An et al. [3] proposed an modi-
fied algorithm that finds the proper internal parameters.
Sun [4] suggested a method using a fundamental ma-
trix from corresponding points with unknown camera
parameters. Finally, Heinrichs [5] introduced a practi-
cal algorithm based on Sun’s method.

In this paper, we propose an efficient trinocular rec-
tification method with known camera parameters. Con-
ventional works are mathematically and geometrically
complicated, ambiguous and hard to understand. On the
other hand, the proposed method is intuitive, easy to un-
derstand graphically and accurate as much as the state

of the arts.

This paper consists as follows. In section 2, we in-
troduce a general rectification method. In section 3, we
describe a camera model for rectification and epipolar
geometry. In section 4, a relevant binocular rectification
method is addressed. We propose a new trinocular rec-
tification method in section 5. Experimental results are
shown in section 6. And finally conclusions are drawn
in section 7.

2 Image Rectification

In the case of 3D reconstruction using more than two
images, we should find out corresponding points among
images first. If the corresponding points lie on the same
parallel line to one of the two image axes, we can ex-
pect to find the corresponding points quickly. In order
to match the corresponding points in this manner, we
have to transform the images so that they posses this
property and this procedure is called by image rectifica-
tion. Note that in general, the trinocular stereo is more
accurate than the binocular stereo, however, the trinoc-
ular rectification procedure is more complicate than the
binocular one. In this paper, we propose an efficient
and simple method that can produce same or better re-
sult than the existing complicated trinocular rectification
methods.



Fig. 1: Camera model

3 Camera Model and Epipolar Geometry

3.1 Camera Model

To understand the image rectification, we need to know
how the real world 3D points are mapped to the image
plane. In general, we use a pin-hole camera model as
shown in Fig.1.

By a pin-hole camera model, we assume a center of
projectionC, which is the homogeneous 3D point, and
define the image planeI. In the real world, a homoge-
neous 3D pointX composed of(X,Y, Z, 1)T is mapped
to a homogeneous pointx on image plane where a line
joining the pointX to the center of projection meets the
image plane. The center of projectionC is called cam-
era center. The line perpendicular to the image plane
via the camera center is called principal axis and is rep-
resented by Z-axis in Fig.1. The imaged point in the
principal axis is the principal pointp as shown in Fig.1.

The relationship between a 3D pointX and an imaged
pointx is as follows.

x ∼= PX (1)

In this case, projection matrixP is 3 by 4 linear trans-
form matrix and it can be decomposed by an internal
parameter matrixK and the external parameter matrix
R andt as in (2).

P = K[R |t] = KR[I |-C̃] (2)

whereC̃ denotes an inhomogeneous 3D point equal to
the camera centerC, and I describes the 3x3 identity

matrix. If we assume thatKR is Q andX = (X̃
T
, 1),

then the inhomogeneous 3D pointX̃ is expressed as fol-
lows.

X̃ = C̃ + λQ−1x, λ ∈ R (3)

whereλ denotes scale factor.

3.2 Epipolar Geometry

To explain the image rectification precisely, we should
mention epipolar geometry for two pin-hole cameras.

As shown in Fig.2, the world 3D pointX is mapped to
the corresponding image pointsx1 andx2 on the image
planesI1 and I2 respectively for the each camera cen-
ter C1, C2. These two points are corresponding point
pair each other. In Fig.2, the line between two camera
centers is baseline, and the points on the baseline which
meets the each image plane are epipolese1, ande2 re-
spectively. Also, the line between the imaged pointx
and epipolee is epipolar line. By this geometrical prop-
erty, we can obtain the corresponding epipolar linel on
the other image plane. We can find the corresponding
point by searching along the epipolar line on the other
image plane. To alleviate the computational complex-
ity, we can make the epipolar line parallel to one of the
image plane axes. This process is called image rectifi-
cation.

Fig. 2: Epipolar geometry

4 Binocular Rectification

In order to make the epipolar line parallel to an axis of
the image plane, we should move the epipoles to infin-
ity. In other words, principal axes of two cameras should
be orthogonal to the baseline and look out the same di-
rection. To rectify the given images, we should find the
baseline and produce the new projection matrices satis-
fying the rectification conditions. In this procedure, we
have to make sure that internal parameters of each cam-
era are same. Here is the summary.

1. Produce new images that is parallel to the baseline
and face the same direction.

2. Find the new camera matrices which have the same
internal camera parameters.

Detail algorithm is as follows. First of all, we assume
that the value of each camera parameters are known,
where we can compute them by using real 3D object
such as plane pattern or 3D rig. With known camera pa-
rameters, we can obtain the original camera matricesP1

andP2. Also, we can produce the new camera matri-
cesP′1 andP′2 that are satisfying the rectification con-



Fig. 3: Binocular rectification

straints. The detail equation for new camera matrix as
in (4).

P′1 = K ′R′[I |-C̃1], P′2 = K ′R′[I |-C̃2] (4)

where inhomogeneous camera center pointsC̃1 andC̃2

are derived fromP1 andP2, respectively.
Now, the unknown values areK ′ andR′. The internal

parameter matrixK ′should be same for new projection
matrices, and we can assume the specific one similar to
original internal matrixK from P1, P2, arbitrarily. R′

can be obtained as follows.

R′ =




r ′T1
r ′T2
r ′T3


 (5)

whereR′ is a rotation matrix which transforms the origi-
nal 3D cartesian coordinates system to new one. In order
to ensure the condition of rectification,R′ is constrained
as follows.

1. The new X-axis is parallel to baseline.

r ′ =
(C̃1 − C̃2)

‖C̃1 − C̃2‖
(6)

2. The new Y-axis is orthogonal to X-axis and arbi-
trary unit vectork.

r ′2 = k × r ′1 (7)

3. The new Z-axis is orthogonal to new X and new
Y-axis simultaneously.

r ′3 = r ′1 × r ′2 (8)

where the arbitrary unit vectork is set to the unit vector
of Z-axis for one of the cameras. By this unit vector
k, we can obtain the new Y-axis orthogonal to the new
X-axis and orizinal Z-axis.

Using the relationship between each world 3D point
and the corresponding imaged point, we can come up
with the relationship between unrectified and rectified
images as follows.

{
x = PX
x′ = P′X

(9)

By (3), we can lead the new equations.

{
X̃ = C̃i + λQ−1

i xi

X̃
′
= C̃i + λ′Q′

i
−1

x′i
,i=1,2 (10)

By (10), we can derive the following equation.

x′i = λ′′Q′
iQ
′−1
i xi = λ′′Hixi ,i=1,2 (11)

Finally, we are able to complete the rectification pro-
cedure when the homographiesHi drawn in (11) are ap-
plied to the each original image, whereλ, λ′ and λ′′

denote scaling factors.

5 Trinocular Rectification

In the previous section, we reviewed a general binocular
rectification method. In this section, we will introduce a
proposed trinocular rectification method with following
condition.

The center of each camera is on a line or on a
plane.

If all cameras satisfy this condition, then we can rec-
tify multiple images. However, this condition is hardly
satisfied in the real world situation. So, as an alterna-
tive, we would show a new condition for the trinocular
rectification.

1. Obtained images are parallel to a plane which is
composed of three camera centers.

2. Internal parameters of all cameras are same.

3. The angle of diagonal epipolar line should be 45
degrees.

The reason of third constraint is that the disparity be-
tween left and right imagesdRL should be same as the
distance between upper and left imagesdRT , which de-
notesdRT = dRL. By this constraint, we can expect
images that are convenient for the trinocular stereo vi-
sion algorithm. Fig.4 shows the constraints.

The first step of trinocular rectification is to obtainR′

which makes pinciple axis of each camera to perpen-
dicular one for a plane composed of three camera cen-
ters. This method is similar to the binocular rectification
case. TheR′ in (5) can be obtained as follows.



Fig. 4: Vertically and horizontally rectified images

1. The new X-axis is parallel to the baseline between
left and right camera.

r ′1 =
(C̃1 − C̃2)

‖C̃1 − C̃2‖
(12)

2. The new Z-axis is perpendicular to a plane com-
posed of three camera centers.

r ′3 =
(C̃1 − C̃3)× (C̃1 − C̃2)

‖(C̃1 − C̃3)× (C̃1 − C̃2)‖
(13)

3. The new Y-axis is perpendicular to new X and new
Z-axis, simultaneously.

r ′2 = r ′1 × r ′3 (14)

Using thisR′ and arbitraryK ′, we can obtain the new
projection matrixP′ as follows.

P′i = K ′R′[I | − C̃i] ,i=left,right,top (15)

Additionally, applying (11), we can estimate homo-
graphies for rectification:H left , Hright , Htop. The result
of transformation by these rectification homographies is
shown in Fig.5.

Fig. 5: Epipoles at infinity

Now, we are having rectified images parallel to a
plane composed of three camera centers. Since each
epipole in the images is a point at infinity, all epipolar
lines are parallel to each other. So far, we can rectify im-
ages which satisfy constraints number 1 and 2. Finally,
in order to rectify the trinocular images with constraint
number 3, we should correct the normal triangle to the
right-angled isosceles triangle as shown in the Fig.6.

Fig. 6: Affine transform for trinocular rectification

We can draw the nomal triangle from 3 camera cen-
ters. In Fig.6,w is length between the left and right
camera center, andh is distance between the top camera
center and baseline from the left and right camera.β is
the angle depicted in Fig.6. It should be zero after recti-
fication. The affine transform matrix namedHaffine is as
follows.

Haffine =




1 tanβ 0
0 w/h 0
0 0 1


 (16)

Applying this homography to all images equivalently,
we can finish the trinocular rectification.

6 Experimental Result

For experiments, we took three different pictures [reso-
lution: 640×480] of which we knew the 3D real infor-
mation as shown in Fig.7. Then we obtained camera pa-
rameters from 3D information and corresponding points
on images. Applying the proposed algorithm, we could
produce trinocular rectified image as shown in Fig.8.

(a) (b) (c)

Fig. 7: Before rectification (a) right (b) left (c) top

Table 1. shows a result of rectification error for all
corresponding points. We set the error value of rectifica-
tion to the perpendicular distance between each epipolar
line and each corresponding point. The reason of which
the error of R-L part is big relative to the others caused



Fig. 8: After rectification

Table 1: Distance error for each corresponding point (in
pixel)

R-L R-T L-T

Average 0.113021 0.0758203 0.0730634
Minimal Error 0.001007 0.0007324 0.0012408
Maximal Error 0.529724 0.2337340 0.3106760

by amplifying the original error through the last affine
transform. The result shows that the error value is de-
pendent on the location of three cameras when the pic-
tures were taken. In order to assure the result accurate,
we should position the cameras to make a right-angled
isosceles triangle or use more accurate camera parame-
ter extraction algorithm [10].

7 Conclusion

In this paper, we proposed an efficient trinocular cam-
era rectification method for trinocular stereo vision. Al-
though previous works tried to solve this problem by us-
ing mathematically, geometrically complicated method,
the proposed method is simpler and intuitive than the
previous works. More than that, the accuracy of the al-
gorithm is good or better than the previous ones.
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