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Abstract
Many existing human detection systems are based on

sub-window classification, namely detection is done by
enumerating rectangular sub-images in the 2D image
space. Detection rate of such approaches may be af-
fected by perspective distortion and tilted orientation of
the human in images. To overcome this problem with-
out re-training the classifier, we develop a 3D search
method. A search grid is defined in the 3D scene. At
each grid point a rectified sub-image is generated to
approximate the orthogonal projection of the target, so
that the distortion due to camera setting is reduced. In
addition, 3D target position can be estimated from sin-
gle camera data. Experiments on challenging data from
the PETS2007 and CAVIAR INRIA datasets show signif-
icantly improved detection performance of our approach
compared with the 2D search-based methods.

1 Introduction
As an important problem in visual surveillance, hu-

man detection aims at finding all the humans in an im-

age. Among the large variety of detection methods, de-

tection based on sub-window classification [10][6] is an

important category with many high performance repre-

sentative human detection systems [11][3][8].

A sub-window classification based human detector

represents the target appearance by a rectangular im-

age patch with a pre-defined aspect ratio. Detection is

done by enumerating all such possible sub-windows in

the 2D image space. This works well when the cam-

era is distant, perspective distortion of the target is not

strong, and the target’s orientation is upright in images.

However, different camera settings may affect detection

performance. Figure 1(a) shows an example: humans in

the left top region become undetectable simply because

of the view angle and perspective effect.

Handling this problem at the classifier level is diffi-

cult and inefficient. We approach this problem by de-

veloping a new search strategy. Assuming that camera

(a) Input image from
PETS 2007 dataset [2].

(b) Our approach. (c) Image synthesized
with detected 3D position
of objects.

Figure 1. Comparison of pedestrian detection results

in a scene with strong perspective effect.

settings can be estimated (which should be the case for

most surveillance situations), object search is performed

in the 3D world space instead of the 2D image space. A

3D scanning grid is created to cover all possible posi-

tions of objects in the scene. At each grid point, a rec-

tified sub-image is generated to approximate the object

appearance under orthogonal projection, so as to reduce

distortion caused by camera projection. This is done by

approximating the object by an imaginary planar sur-

face facing the camera and computing the homography

between the input image coordinates and the rectified

image coordinates. The classifier is then applied to the

rectified sub-image. Figure 1(b)(c) show the detection

result using our method.

Compared with the conventional 2D search method,

the benefits of our approach include: 1) The range of

viewpoint variation that the detector can deal with is en-

larged, i.e.3D search extends the detection ability be-

yond the training data of the classifier. 2) Contextual

knowledge such as pedestrian height and ground plane

is naturally integrated to constrain the search space and

rule out false alarms. 3) Detection results are interpreted

as 3D world coordinates, which can be used for tracking

and other further processes. 4) It can be easily combined

with any sub-window classification based detector.

2 Related work
In the recent decade, intense research interest in clas-

sification based object detection has brought forward nu-

merous detection systems [10][6][11][3]. Since our em-
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(lower right image region in the PETS examples), the de-

tection rate is low because it is hard to recover the frontal

orthogonal view from a near-overhead camera view.
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Figure 9. Sample results on CAVIAR INRIA dataset

(all the false alarms of 3D search are marked in red).

4.2 Pedestrian detection in CAVIAR INRIA
data

For the CAVIAR INRIA data [1], we calibrate the

camera using a semi-automatic calibration tool by label-

ing parallel lines from the buildings. The result indicates

that our method is quite robust to inaccuracy in camera

parameters.

Quantitative comparison on the CAVIAR INRIA

dataset is done on 706 randomly selected images (947

humans). The result of conventional 2D search is very

poor(“2D” in Table 2). For a more meaningful compar-

ison, we improve the 2D search by rotating the image

in 2D according to the tilt angle of human’s upright di-

rection at each scanning point. The result shows that

detection rate of 3D search is still more than twice of

that of 2D search plus in-plane rotation with compara-

ble false alarm rates (“2D+rotation” in Table 2), mean-

ing that only adjusting tilt angle in 2D is not sufficient.

Some sample results can be found in Figure 9.

5 Conclusion

We have proposed a novel 3D searching strategy in

object detection, which has the following advantages:

3D(L) 3D(H) 2D(L) 2D(H)

Detection rate 65.6% 48.4% 46.6% 25.7%

False alarms / frame 0.28 0.07 0.63 0.09

Table 1. Comparison on PETS 2007 dataset. (H) in-

dicates a higher threshold of detection confidence, (L)
indicates a lower threshold.

3D 2D+rotation 2D

Detection rate 87.2% 38.3% 17.5%

False alarms / frame 1.23 1.54 1.75

Table 2. Comparison on CAVIAR INRIA dataset.

image rectification to reduce adversary effect of cam-

era view on detection performance, integration of scene

knowledge to reduce false alarms, flexibility to com-

bine with any patch-based detector, and the ability to

estimate object position in 3D. The output of 3D ob-

ject position can improve post-detection processes, and

hopefully will also integrate more naturally with existing

multi-view tracking algorithms.
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