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Introduc)on	  
•  We	  introduce	  a	  new	  algorithm	  for	  the	  detec3on	  and	  localiza3on	  of	  planar	  structures	  and	  rela3ve	  camera	  

pose	  in	  a	  Manha=an	  world,	  using	  line	  matches	  from	  two	  images	  taken	  from	  different	  viewpoints.	  	  

Our	  method	  
•  We	  use	  a	  new	  invariant	  feature	  (n-‐characteris3c	  line)	  of	  the	  image	  of	  a	  bundle	  of	  coplanar	  parallel	  lines.	  
•  This	  feature	  can	  be	  used	  to	  cluster	  visible	  lines	  into	  planar	  patches	  and	  to	  compute	  the	  rela3ve	  camera	  

pose.	  	  
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Image	  pair	  with	  detected	  lines	  oriented	  along	  three	  canonical	  direc3ons	  in	  a	  Manha=an	  world	  

Coplanar	  line	  sets	  produced	  by	  our	  method	  

Characteris)c	  line	  

3-‐D	  reconstruc3on	  of	  the	  visible	  line	  segments,	  
planar	  structures	  and	  camera	  center	  posi3ons.	  	  

Contact	  
•  Chelhwon	  Kim	  
•  chkim@soe.ucsc.edu	  
•  soe.ucsc.edu/~chkim	  
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Processing	  steps	  
1.  Es3mate	  rela3ve	  camera	  rota3on	  using	  vanishing	  points	  
2.  Iden3fy	  line	  correspondences	  
3.  Find	  coplanar	  line	  sets	  and	  es3mate	  direc3on	  of	  camera	  transla3on	  	  
	  	  	  	  	  	  by	  our	  characteris3c	  line	  method	  

Characteris)c	  line	  algorithm	  

1. For	  each	  pair	  of	  parallel	  lines,	  find	  the	  associated	  characteris3c	  line	  
2. Find	  clusters	  of	  nearby	  characteris3c	  lines.	  Each	  such	  cluster	  may	  signify	  the	  presence	  
of	  a	  plane	  	  

3. For	  all	  characteris3c	  lines	  in	  a	  cluster,	  label	  the	  associated	  parallel	  lines	  as	  belonging	  to	  
the	  same	  plane	  

Iden3fied	  pairs	  of	  parallel	  lines	  oriented	  along	  one	  canonical	  direc3ons	  	  

Traces	  of	  characteris3c	  line	  (circles)	  and	  	  
cluster	  centers	  found	  by	  mean-‐shiN	  (crosses)	  

Mul)ple	  line	  orienta)on	  
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Experimental	  evalua)on	  

Conclusions	  
•  We	  have	  introduced	  a	  new	  algorithm	  for	  the	  explicit	  detec3on	  of	  coplanar	  line	  sets	  and	  for	  the	  es3ma3on	  of	  

the	  camera	  mo3on	  in	  a	  Manha=an	  world.	  	  
•  The	  main	  drawback	  of	  this	  approach	  is	  that	  it	  doesn’t	  work	  in	  non–Manha=an	  environments,	  although	  it	  

could	  conceivably	  be	  extended	  to	  support	  mul3ple	  plane	  orienta3ons.	  	  
•  Future	  work	  will	  extend	  this	  technique	  to	  the	  case	  of	  line	  matches	  over	  more	  than	  two	  images.	  	  
	  

Image	  pair	  with	  detected	  lines	  oriented	  along	  three	  canonical	  direc3ons	  (Manha=an	  world)	  	  

Characteris3c	  lines	  for	  different	  orienta3ons.	  Cluster	  
centers	  iden3fied	  by	  the	  mean	  shiN	  (black	  crosses).	  	  
The	  regressed	  baseline	  direc3on	  is	  represented	  by	  a	  
black	  line	  through	  the	  origin	  (shown	  as	  a	  thick	  dot).	  

The	  coplanar	  line	  sets	  defined	  by	  the	  characteris3c	  line	  
clusters	  (each	  set	  drawn	  with	  a	  characteris3c	  color)	  
	  

•  The	  characteris3c	  line	  is	  defined	  by	  intersec3on	  of	  characteris3c	  planes	  induced	  by	  coplanar	  parallel	  lines.	  	  

L⇤

•  Characteris)c	  plane	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  contains	  normalized	  baseline	  vector	  t/d	  ⇧(L,~n)

•  Characteris)c	  line	  L⇤

Coplanar lines (L1,	  L2,	  L3) induce  
characteristic planes that all contain the 
normalized baseline vector t/d1, where d1 is 
constant. 
Hence, all characteristic planes intersect at 
L*,	  where the characteristic line L* goes 
through t/d1.  

•  The	  intersec3on	  of	  characteris3c	  lines	  induced	  by	  orthogonal	  coplanar	  lines	  directly	  provides	  the	  direc3on	  
of	  camera	  transla3on.	  	  
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one of three canonical mutually orthogonal vectors2 ~n1, ~n2,
and ~n3. In addition, we will assume that each line visible in
the scene lies on a planar surface (possible at its edge) and
is oriented along one of the three canonical vectors (hence
visible lines form mutually orthogonal bundles of parallel
lines).

Our goal is to estimate, based on two images of a Man-
hattan world from different viewpoints, a geometric de-
scription of the visible lines, defined as the clustering of
lines into maximal coplanar sets. This geometric descrip-
tion can be useful in multiple applications (e.g. identifying
the walls in a corridor, or associating a posted sign with
a certain wall in reference to the camera). Of course, a
full geometric reconstruction (including the camera motion)
would be desirable in many cases. The proposed charac-
teristic line algorithm is able to produce a complete metric
reconstruction (up to scale) when enough lines in at least
two orientations are visible, but can also produce a simple
geometric description in more restrictive cases (e.g. when
only lines along a certain orientation are detected).

3.1. Notation and Basic Concepts

We will assume that two pictures of the environment are
taken by a stereo configuration, although in practice the
pictures would be taken by the same camera from differ-
ent viewpoints. The locations ~c1, ~c2 and orientations of the
cameras are, for what concerns our analysis, fixed but un-
known. The baseline ~t is the vector joining ~c2 and ~c1, di-
rected towards ~c1. The rotation matrix representing the ori-
entation of the frame of reference of the first camera with
respect to the second one is denoted by R.

Previous work has shown how to reconstruct the orienta-
tion of a camera from a single picture of a Manhattan world,
using the location of the three vanishing points of the vis-
ible lines [9]. This estimation can be made more robust
by measuring the gravity vector using a 3-axis accelerome-
ter, a sensor that is present in any modern smartphones [7].
We will assume that the intrinsic calibration of the cam-
eras has been obtained offline, and that the orientation of
each cameras with respect to the canonical reference sys-
tem (~n1,~n2,~n3) has been estimated using one of the methods
mentioned above. We will also assume that lines that are
visible in both images have been correctly matched; the al-
gorithms used in our implementation for line detection and
matching are discussed in Sec. 4.

A generic plane ⇧ will be identified by the pair (~n, d),
where ~n is its orientation and d is its signed offset to the
first camera. A generic line L will be identified by its unit-
norm orientation vector ~l and by the location of any point
on the line.

2A vector is represented by an arrowed symbol (~n) when the frame of
reference is immaterial, and by a boldface symbol (n) when expressed in
terms of a frame of reference.
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Figure 2. Left: The two camera centers ~c1, ~c2 and the lever vectors
~u1(L), ~u2(L) for line L. Right: A line L lies on the plane ⇧ ⌘
(~n, d) (both line and plane orthogonal to this page). The thick
blue line is the trace of the ~n-characteristic plane ⇧(L,~n) (also
orthogonal to the page).

It is well known that a plane (~n, d) induces an homog-
raphy H on the image points in the two cameras. Given
a line L in the plane, the two homogeneous representations
L1 and L2 of the corresponding image lines in the two cam-
era are related to one another as by L1 = HTL2. The lever
vectors ~u1(L) and ~u2(L) are unit-norm vectors orthogonal
to the plane defined by L and the two camera centers, re-
spectively (see Fig. 2, left panel). Expressed in terms of
the corresponding camera reference frames, the lever vec-
tors can be written as u1 = KT

1 L1 and u2 = KT
2 L2, where

K1 and K2 are the calibration matrices of the two cameras.
Hence

u1 = HT
c u2 (1)

The calibrated homography matrix is defined by Hc =
K�1

2 HK1. The calibrated homography induced by a plane
can be decomposed [6] as

Hc = R + tnT /d (2)

where the baseline t and plane normal n are expressed in
terms of the reference frames defined at the second camera
and at the first camera, respectively, and d is the plane’s
distance to the first camera.

A set of lines will be termed ~n-coplanar if the lines are
all coplanar, and the common plane has orientation ~n.

3.2. Characteristic Planes

Given a line L and a vector ~n, we define the sin-ratio
sr(L,~n) as follows:

sr(L,~n) =
sin ~u1(L), ~u2(L)

sin ~u1(L),~n
(3)

where ·, · indicates the signed angle between two vectors.
The sin-ratio has an interesting property:

3

< ~t/d, ~u2(L) >= sr(L,~n), where

If the line L lies on plane (~n, d), then the projection h~t/d, ~u2(L)i of ~t/d
onto ~u2(L) is equal to sr(L,~n)

Hence, ~t/d is guaranteed to lie on ⇧(L,~n)


