EPIPOLAR SPACES FOR ACTIVE BINOCULAR VISION SYSTEMS
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ABSTRACT involving motorized lens calibration, kinematic caliboat,

Depth recovery for active binocular vision systems is sim-and head/eye calibration [4]. Consequently, mechanidal ca
plified if the camera geometry is known and correspondindpration requires highly accurate, often expensive equipme
points can be restricted to epipolar lines. Unfortunadyn-  For some ABVS, such as those deployed for planetary ex-
putation of epipolar lines requires calibration which can b ploration using mobile rovers, calibration may not be feksi
complex and inaccurate. While it is possible to register im{5].

ages without geometric information, such unconstrained al  \while it is possible to register images without calibration
gorithms are usually time consuming and prone to error. Ifnformation, such unconstrained algorithms [6] are usifal

this paper we propose a compromise. Even without the inmgre time consuming and prone to error. In this paper we
stantaneous knowledge of the system geometry, we can rBropose a compromise. Even without knowledge of the exact
strict the region of correspondence by imposing limits @ th stereo geometry we can restrict the region of corresporedenc
possible range of configurations, and as a result, confine oy imposing limits on the possible range of configurations.
search for matching points &pipolar spaces. For each point  That js, by restricting the range of vergence angles, baseli
in one image, we define the corresponding epipolar space iistances, and focal lengths etc., we can confine our search f
the other image as the union of all associated epipolar ”n%atching points to what we refer to asipolar spaces. For
over all possible system geometries. Epipolar spaces-elimpach point in one image, we define the corresponding epipolar
nate the need for calibration at the cost of an increasedlsr;earSpace in the other image as the union of all associated @pipol

region. lines over all possible system geometries.
Index Terms— Stereo vision, Active vision, Image reg-
istration
1. INTRODUCTION 2. EPIPOLAR SPACES

Active binocular vision systems (ABVS) provide a powerful knowledge of the camera geometry can be extremely valu-
means for extracting information from a complex scene. Withyple in the registration process, reducing the search fartma

a virtually unlimited field of view they have access to hugejng points to epipolar lines. Consider the simplified stereo
amounts of information, yet are able to confine their resesirc geometry in Fig. 1. Here two pinhole cameras whose optical
to specific regions of interest. Additionally, their abjilito  centers are located & andC, converge at the fixation point
actively analyze their environment enables them to adgiess y Both cameras have identical focal lengghsThe left and

a well-posed manner, tasks that may be ill-posed for a passiyignt camera rotation angles ateandd,.. Each camera has an

observer [1]. _ _ associated right-hand coordinate system originatings atjt

ABVS are especially well suited for the recovery of depthtical center. Iffiy, = [z, y, 1, 1] andi, = [z, yr, 2, 1]
information. Depth recovery requires registering the tme i are projective world coordinates in the left and right caaner
ages, a notoriously difficult problem. This task can be dyeat frames, respectively, then their relatiorvis. = [R| 7],
simplified if the camera geometry is known. With geometricyynere

knowledge of the stereo configuration, the search for corre-

sponding points can be restricted to epipolar lines [2, 3 A —cos (6140,) 0 — sin (6,+6,)

certaining the actively changing stereo geometry requiaés R— 0 " 1 0 " 1)
ibration. This calibration procedure can be highly complex sin (6;+6,) 0 —cos (6;+6,)



our search for corresponding points to epipolar lines. How-
ever, even though we may not know the precise values of pa-
rameters such as focal length, baseline distance, and aamer
rotation angles, we can establish acceptable ranges fee the
values. Consequently, we can still restrict the locationart
responding points across images. For a given point in one
image, the matching point in the other is confined to a region
defined by the union of all corresponding epipolar lines pro-
duced over all possible camera configurations. We call these
continuous regionepipolar spaces.
The goal of the remainder of this section is to quantify

Left Image Right Image these epipolar spaces for a stereo rig with a fixed baselithe an

Plane Plane fixed focal length as shown in Fig. 1. In this configuration the
only variable parameters that effect the epipolar geonaty
the rotation angleg;, andé,.. Translation and rotation of the
entire stereo rig abou®, while allowed, do not influence the
epipolar geometry. We establish the range of rotation angle

Fig. 1. Stereo geometry.

is the rotation matrix and by confining them to the interval
—sin (6,) 01,0, € [Onr,m — Ou], (7)
= B Cog ©,) (2) whered,, is the minimum angle relative to the baseline.
" Although theoretically a matching point can lie anywhere
is the translation vector. Lety — [u,w, 1]t andm, — on the corresponding epipolar lines, the search is usually r

stricted to a maximum horizontal disparity. Bounding the-ho
izontal disparity has the effect of limiting the depth arduhe
horopter at which objects can be fused. For our purposes, we
assume a maximum horizontal disparity defined by

ml A Ty RAT 'y = 0, 3) |d| = |u —uy| < D. 8)

[ur,v,,1]" be projective coordinates in the left and right im-
age planes. It is well known that the equation relating corre
sponding epipolar lines is

For the right image poinf,. Fig. 2 illustrates several cor-
responding epipolar lines in the left image. Each separate
fo 0] epipolar line results from a unique geometric configurgtion

where, in our simplified geometry,

Ai=A.=]|0f0 (4) i.e. aunigue combination df, and#, The dashed vertical
001 lines delimit the maximum allowable horizontal dispastie
defined by (8).

The restriction imposed by (8) determines the leftmost

0 cos (6,) 0 ] and rightmost bounds of the epipolar spaces. The upper and

are the identical intrinsic matrices and

Ty = | —cos(6,) 1 sin (6,.) (5) lower bounds are determined by maximizing and minimizing
0 —sin(f,.) 0 (6) with respect to botl#, and#6,., respectively. The maxi-
mum can be found by separately maximizing the numerator

implements the crossproduct as a matrix. The malifix=" and minimizing the denominator. Taking the derivative @ th
T« R is the essential matrix and relates the coordinate framegymerator with respect t6, setting it to zero, and solving

The matrixF' = A;‘fEA;1 is the fundamental matrix [7]and g 6, yields the maximizing valu@, = atan (f/u;). The

includes the intrinsic parameters of the cameras. The 8xpregenominator (which must be positive so long as the cameras
sion in (3) can be simplified to the following: never image each other, i.e. the images do not contain the
y epipoles) is minimized whefi. = 6,,. Inserting these re-
Jsin (61) + w cos (0h) , 6) sultsinto (6), the upper bound becomes
. (6)
fsin(6,) — u, cos (6,)

That is, for a given poin{u,.,v,) in the right image, the hmaz = Ur s i (Br) — ty cos (0a7) ©)
matching point in the left image (if not obscured) lies on th
line given by (6).

We now consider the situation where the camera config
uration actively changes and we no longer know the specific o fsin (Oar) — u, cos (Oar)
geometry. In such a situation we will not be able to restrict Bmin = T NI '

UV = Up

eThe minimization of (6) is performed similarly with = = —
¢ andd,. = atan (— f/u;), producing

(10)
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Fig. 2. Leftimage epipolar lines corresponding to right imageFig. 3. Various epipolar spaces. The large dots represent
point I,. for several unique geometric configurations. Specif{points from the right image. Each point is enclosed in its
ically, the camera rotation anglésand6,. are each set to an attendant epipolar space in the left image. The thick lines
element of{w/4, 7 /3, 7/2}, producing nine combinations.  represent the precise boundaries described by (8), (9), and
(10). The thin lines denote the approximate upper and lower
bounds determined from (11) and (12).
Since the horizontal extents of these bounds are limited by
(8), f2+u} in the preceding equations can be rewritten as
f2 + (ur+¢€)®, wheree € [-D, D]. In practicef > ¢ and
f > u,, allowing the following approximation:f?+u? =
f?-+u?2. Incorporating this result into (9) and (10) produces

VP
Vl,maz = vrfsm (Oa1) — 1wy cos (On7) =vpc(uy) (11 [2] A. C. Bovik, The Handbook of Image & Video Process-
ing. San Diego, CA: Academic Press, 2000.
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