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Abstract

An interactive scene annotation tool for video
surveillance is presented in this paper. The annotation
process is divided into three stages. 1) Camera rough
calibration; 2) Calibration refinement; 3) Major sur-
faces annotation. Inputs are then rendered in a 3D en-
vironment, which again help users check calibration ac-
curacy and annotation correctness. Experiments show
that this tool is easy to use and attains acceptable anno-
tation accuracy. The interactive procedure helps users
without knowledge in computer vision to complete cam-
era calibration as well as surface annotation.

1. Introduction

In order to develop high performance video surveil-
lance systems, researchers fused 3D scene context into
various modules of surveillance systems [2] [3] and re-
ceived considerable performance improvement. This
paper mainly address the issue of how to conveniently
extract 3D information from surveillance scenes.

In this paper, 3D scene context mainly refers to cam-
era calibration information and coarse surface config-
uration. Correspondingly, the labeling process is di-
vided into 2 parts, camera calibration and surface lay-
out annotation. For the first part, there are mainly two
classes of methods which address the problem of cal-
ibrating surveillance cameras. One category is by ex-
tracting point pairs from moving objects in the scene,
especially from pedestrians. Generally, these points are
labeled or estimated head feet point pairs, from which
camera’s projection matrix can be calculated [6], or es-
timated through Bayesian paradigm [4]. Another cate-
gory utilizes special landmarks such as lane markings
on the road [5] to estimate horizon lines and vanishing
points. Most of these methods try to automatically es-
timate camera parameters. However, when applied to

978-1-4244-2175-6/08/$25.00 ©2008 IEEE

(d) Rendered 3D effect

i i =
(c) Annotate major surfaces

Figure 1. Camera calibration and major
surface layout recovery from video.

real applications, performance of these automatic meth-
ods highly depend on other modules, such as tracking
and recognition, and is difficult to improve once fail.

To better utilize above algorithms while ensures con-
venience and accuracy, we propose an interactive cali-
bration method to recover camera calibration informa-
tion and major surfaces layout. Through manually la-
beled vertical objects of approximately the same height,
camera internal and external parameters are roughly es-
timated using algorithm in Section 2. After that, pairs
of parallel lines and a vertical line are given, and the
vanishing point estimation is refined by adjusting these
lines. Then, the estimated horizon line and re-projected
vertical poles are displayed on the image, serving as cal-
ibration accuracy indicators. These indicators further
help users add and adjust other inputs, such as verti-
cal poles and principle point. After calibration, major
surfaces are labeled and reconstructed according to the
algorithm in Section 2.
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Figure 2. Feet point estimation using
cross ratio theorem.

2 The Annotation Algorithm

For most of the surveillance applications, a pinhole
camera model is enough to obtain acceptable accuracy.
As is illustrated in Fig.2, we set the origin of WCS at
CCS origin’s projection point on the ground plane, Y
axis points into the ground plane, and Z axis along the
ground projection direction of camera’s heading direc-
tion. In this way, the translation vector 1" of projection
matrix P ~ A - [R|T] has only one degree of freedom,
i.e. camera’s height H,. and camera’s pan will be zero.
Without loss of generality, we also assume internal pa-
rameter skew is zero and aspect ratio equals one.

2.1 Camera Calibration Algorithm

Given 3 vanishing points Vx, Vy and Vz, camera
internal parameters can be numerically calculated [1].
Since we also want to estimate external parameters, im-
ages of vertical poles as well as their real length should
also be provided. Using calibration method in [6], cam-
era’s focal length and rotation matrix R can be derived.

As illustrated in Fig.2, the height of camera H¢ is
estimated by

H P |Cd| . ‘bel
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where b and c are the lower and upper point of the verti-
cal pole (e.g., image of a standing pedestrian’s feet and
head point ), d is the intersection of line bc and horizon-
tal line, and H p the real height of pole’s corresponding
object (e.g., the height of a pedestrian). This relation is
derived from cross ratio theorem.

2.2 Surface Layout Reconstruction

This subsection introduces how to reconstruct the
vertices of surfaces from corresponding image points
and the projection matrix P. These vertices can be clas-
sified into three cases. Without specific explanation, we
use upper case character to represent 3D point, and use
Fig.2 as an illustration.

Case 1. 3D point on the ground plane. This corre-
sponds to recover point B from b. With the placement
of WCS, point B will be the form (Bx, 0, Bz,1). By
eliminating the second column from P, homography H
between image plane and ground can be derived, and
then B’ = (Bx,Bz,1)" ~ H™'-b.

Case 2. 3D point with known Y-axis coordinate.
It is the case of estimating C' from c. Assume the line
BC is perpendicular to ground plane, then point C’s
position can be determined from B or equivalently its
image b. Firstly, |bc| satisfies the following equation,

el
|cd|

[Vybl _ [Hp]
|\Vyd| |Hp — Hcl|’

/ 2

where Hp is the known Y value Cy and H the cam-
era height. This is also derived from the cross ratio the-
orem. Note that point b is on line Vy-d. These two con-
straints are enough to get the position of b. After that,
Cx and Cz can be calculated as is in the previous case.

Case 3. 3D point which is on an annotated wall.
This is the case of estimating E from ¢’ and the image
of wall’s intersection line with ground plane. Compared
with Case 2, this case’ only difference is that Ey is not
known. To get Ey, we either need to know E’s pro-
jection point E’ on the ground plane or its image ¢’. If
we further know the image of intersection line between
ground plane and this wall, such as the brown line in
Fig.2, then ¢’ is simply the intersection between this line
and Vye. In practice, we can let users label this inter-
section line first, and then annotate other lines forming
that wall’s boundary. After got ¢/, we can use Eq.2 to
get the height of point F.

Determined by the application, most of the major
surfaces in surveillance video are manmade, and are
usually vertical or parallel to the ground plane. So, in
practice, the problem of reconstructing vertices of these
major surfaces can be categorized into one of the three
cases above.

3 Interactive Annotation Procedure

This procedure is divided into 3 stages, which are
specified as follows.

3.1 Initial Calibration Using Vertical Poles

At the initial stage, users are requested to label at
least three vertical poles from a video sequence. These
vertical poles can be either walking human or any other
vertical objects of approximately the same height, such
as cars, lampstandard, etc. As illustrated in Fig.3, van-
ishing point V4 and its corresponding horizon line can
be estimated by extending and joining these vertical
poles, and further optimized by RANSAC [6].
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Figure 3. Estimate vanishing points from
vertical poles.

At this initial stage, image of camera’s principle
point can be assumed at image’s center. According to
the placement of WCS, vanishing point of (0,0,1,0)”
must also lie on horizon line’s perpendicular line which
passes through principle point, and Vx lies on the line
which is parallel to the horizon line and passes through
principle point. Together with the constraint that V
and Vx must lie on the horizon line, these two vanish-
ing points can be easily calculated. In practice, V; is
set on the dashed line’s infinity, which is assumed to be
the intersection point of these two parallel lines. Given
these three vanishing points, vertical poles and their real
heights, camera parameters can be estimated through
methods in Subsection 2.1.

3.2 Interactively Adding and Adjusting Con-
straints

Because of the assumption on principle point’s po-
sition and inaccuracy of labeled head-feet point pairs,
estimated vanishing points in the last subsection are not
very accurate. In this stage, we mainly focus on opti-
mize them by interactively optimizing the estimation of
horizon line and Vy .

One convenient way of optimizing the horizon line
is to let users add more parallel line pairs, such as lane
marks on the road, grids formed by floor tiles, etc.
Specifically, we let users click and drag two pairs of
colored lines to place them on image of parallel line
pairs which are also parallel to ground plane, corre-
sponding to the red and green lines shown in Fig.1(b).
To conveniently tell users the labeling accuracy, every
time they adjust these lines, camera is re-calibrated and
feet points are re-projected. Re-projected feet points
are displayed on the image, connecting with the orig-
inal head points, which are shown as the pink lines
in Fig.1(b). Re-projected feet point is got by pro-
jecting the estimate point B in Fig.2, using point c,
length Hp and Eq.2. Compared with the labeled ver-
tical pole, users can immediately percept the calibra-

tion accuracy, and adjust the position of these paral-
lel line pairs accordingly. Besides displaying the re-
projection effect, a numerical re-projection error is also
shown on the screen, which is calculated as Error =
iy
the number of vertical poles, and (uy,,vy,), (u},, v},)
are coordinates of i-th original and re-projected feet
point. At the same time, the calculated horizon line
corresponding to the yellow line in Fig.1(b) is also dis-
played, which expressively shows camera’s tilt, roll and
camera’s height.

In the same manner, users can add another vertical
line to improve the estimation of Vy-, which is the brown
line in Fig.1(b). This line can be placed on a vertical
pole with arbitrary length, such as image of two wall’s
intersection line. Usually, this line’s end points shall be
more distinctive and easy to label than that of head-feet
pairs, therefore reduces the inaccurate head-feet point
pairs’ effect on estimating Vy . Besides, principle point
is also shown on the center of image, serving as an ad-
justment option. If users feel that any labeled vertical
pole is not very accurate, they can also replace it with
new ones at this stage. Note that every time any input is
changed, camera will be re-calibrated and indictor lines
described above will be updated and displayed.

[(ug, —ul,)? + (vg, —%,)?] , where N is

3.3 Major Surface Annotation

After camera calibration, users can begin to label
major surfaces of the scene. In this paper, major sur-
faces refer to ground plane, walls and other surfaces
constraining objects activity such as plane abstracted
from stairs, etc.

The problem of recovering major surfaces’ vertices
has three cases represented in Section 2.2. To find out
a vertex’s category, we classify major surfaces into sur-
faces parallel to ground plane (called parallel planes),
and vertical ones. So, vertices in parallel plane belong
to case 1 of Section 2.2. For vertices on vertical sur-
faces, we let users first annotate two vertices on the
ground plane, so the rest vertices belong to case 3 of
Section 2.2. An example of surface area chart is shown
in Fig.1(c). After annotation, major surfaces are re-
constructed and rendered using 3D render engine, as is
shown in Fig.4. Users can drag, rotate and zoom the
model in arbitrary angle and scale to check the calibra-
tion accuracy and labeling correctness.

4 Experiments

This tool has already been integrated into our in-
telligent surveillance system, and has successfully im-
proved other module’s performance[3]. Besides, most
of our testers and clients report that this tool is easy to



Figure 5. Different views of a recon-
structed scene. (a) Original View; (b) Top
View; (c)-(f) Other novel views;

use and the final rendered result is useful and impres-
sive.

To demonstrate this tool’s effectiveness, we show
images of rendered major surfaces, together with 3D
pedestrian models placed on vertical poles. If camera’s
position is in view port, it is also rendered (Red box
in Fig.4(c)(e)). Through the top view (Fig.4(b)), we
can see that the walls are roughly perpendicular to each
other, which indirectly confirms the accuracy of the cal-
ibration method.

To show this tools convenience, we let a user with-
out knowledge of computer vision to annotate the scene
in Fig.1(a). In the annotation process, we recorded the
average re-projection errors in every 15 seconds inter-
val during the interactive refining process, and show the
result in Fig.4. Through this figure, we can see that the
user finished the interactive calibration in about 80 sec-
onds, and the re-projection error falls quickly with time,
which demonstrates this tool is very easy to use.

Limited by space requirement, we only show two
other reconstructed scenes in Fig.4, three views per
each. From these views, we can again verify the cali-
bration correctness.

5 Conclusion

An interactive scene annotation tool is introduced in
this paper. Through this tool, camera calibration accu-
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Figure 6. Convergence of re-projection er-
ror with user’s adjustment

racy can be visualized to assist users adjust inputs, and
major surfaces are reconstructed to help users check the
labeling correctness and accuracy. Experiment results
show that this tool provides users an easy to use envi-
ronment for scene annotation in video surveillance ap-
plication.
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