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Abstract

This paper presents a pedestrian model built
collectively on a group of strong local convex shape
descriptors. The pedestrian model captures the most
important features of a pedestrian: head, body
contour, arms, legs and crotch, and is robust to
variances in appearances and partial occlusions. For
an image set of 2571 pedestrians and 4369 car and
background images, the pedestrian recognition system,
which was built upon the proposed pedestrian model,
gave a recognition rate of 98.8% with a false positive
rate of 1.56%. Furthermore, the pedestrian recognition
requires a very small set of prototypes of pedestrians
and non-pedestrians.

1. Introduction

Research in pedestrian detection has been very
active in the recent years. It is largely driven by many
emerging applications such as intelligent vehicles,
perceptual interfaces, image indexing, and smart video
surveillance. A variety of global and local features as
exemplified by PCA coefficients, Haar wavelets, local
receptive fields and contours, have been used in
pedestrian detection and classification [1, 2, 3, 4].
Munder & Gavrilla presented an in-depth experimental
study on pedestrian classification problem [1] and they
found that global features represented by PCA
coefficients were inferior to local features. Among the
latter, the adaptive features outperformed non-adaptive
ones. Furthermore, Munder & Gavrilla found that the
best pedestrian recognition system obtained an overall
performance of 5% false positives at 90% detection
rate, which is still far apart from the performance
needed for most real-world applications [1].

In the paper we present a pedestrian model built
collectively upon a group of strong local convex shape
descriptors. The proposed pedestrian model is robust to
imperfect edge images, pedestrians with extraneous
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objects, and partially occluded pedestrians in real
world images. A pedestrian recognition system is built
on this pedestrian model. We tested our system on a
data set that contains 2571 pedestrian images and 4369
non-pedestrian images, the performance of the system
that uses the proposed pedestrian model is 98.8%
recognition rate for a false positive rate of 1.56%.
More interestingly, the proposed pedestrian model
works well even when the pedestrians are partially
occluded. Furthermore the pedestrian recognition
system requires a very small number of prototypes, 8
pedestrians and 14 non-pedestrian images.

2. A pedestrian model built upon local
convex shapes

Local shapes are considered the most discriminant
features shared by different appearances of the
pedestrian, man and women with different clothes,
short, tall, close to or far away from the camera [5].
Our research focuses on the investigation of local
shape features that can sufficiently capture the most
important parts of pedestrians such as head, body
contour, arms, legs and crotch. We developed a local
convex feature representation and detection algorithm
that measures the extent to which the detected object
contours supporting circle or arc-like local structures at
the most promising positions and scales in a given
edge image. The algorithm consists of two major
components: detecting convex shapes and generating
shape context descriptor to capture the distribution of
contour points of the detected local convex shape.

2.1 Detecting local convex shapes

We define a local convex shape by the center and
the scale of a circle that best approximates the shape
contour. A two-stage process has been developed to
detect strong convex shapes in an edge image. At the
first stage we use the Hough Transformation method



[6] to detect circles. Since Hough Transform is a
voting process, noises and discontinuities in edges do
not seriously affect the results of the detection. The
computation is based on the fact that the gradient lines
of the points on the same circle intersect at the center
of the circle (see Figure 1). For every gradient
direction, a line is drawn and an accumulator matrix is
used to count the number of the gradient lines crossing
each image grid (x, y). The grids that have the most
counts are considered the centers of circles that
represent the strong convex shapes. Figure 1 illustrates
the relationship between a local convex shape, edge
pixels, the gradient directions, the radius (scale) and
the center (C, C,) of the circle. The centers of all
strong convex shapes are obtained through a
predetermined threshold T such as T being the number
of intersected lines, or the top T centers to be selected.

Edge point

.+ Gradient direstion

Shape contou

& convex lacal shape

Figure 1. Illustration of a local convex shape.

The second stage involves the calculation of the
scale or radius r for each strong convex shape found at
the first stage. At each convex shape center (Cy, Cy),
we calculate the distances of all edges to the center.
The distance that has the most number of edge points
to (Cy, C,) is the chosen scale.

At the end of this process M strong convex shapes
are detected and represented by (Cy, ..., Cy), where C;
is a vector of two parameters, the center, c;, and scale

O, , to represent a convex shape. The convex shapes

are ranked in a decreasing order by the following
quantitative measure: f(C;) = E; / 0,, where E; is the
number of edge points falling on circle defined by (c; ,
0, ) and p, is the circumference of C;. The number of

M can be determined based on an empirical study.

Figure 2 shows three pedestrian edge images and the
top 10 (i.e M=10) strong local convex shapes detected
by the above process and superimposed on the original
images. Note one pedestrian is carrying a brief case
and two are carrying backpacks. Collectively the top
10 local convex shapes captured the most important
features of each pedestrian: head, body contour, arms,
legs and crotch.

Figure 2. E
circles detected from the edge images.

2.2. Pedestrian modeling using Local Shape
Context Descriptor

The local convex shapes detected using the two-
stage process described in section 2.1 are represented
by the circularly supported shape context descriptors
that are similar to what introduced in [3, 5]. Each local
convex shape is represented by a shape context
descriptor designed to capture the distribution of its
contour points. For each local convex shape, C=(c, o),
we generate 4 concentric circles with radii equal to
0.60, 20, 40, 8c. The circular space is then
decomposed into sectors evenly distributed in 32
orientations. This results in 128 bins in the log-polar
space. The shape context descriptor is the distribution
of the local density of edge pixels over the 128 bins.

©

Figure 3. Local convex shape represented in log-
polar space. (b), (d) and (e) illustrate the edge
distribution in radial-polar bins for local convex
shapes represented by the red circle in (a), the red
circle and the green circle in (c) respectively.

We use the examples in Figure 3 to illustrate the
effectiveness of the shape context descriptor. The three
circles shown in Figure 3 (a) and (c) have their shape
context descriptors shown (b), (d) and (e) respectively.
Figure 3 (b) is the shape context descriptor of the local
convex shape outlined by the red circle (head area) in
Figure 3 (a). Figure 3 (d) is the shape context
descriptor of the local convex shape outlined by the red
circle (head area) in Figure 3 (c). The edge
distributions in the radial-polar bins in Figure 3 (b) and
(d) representing the contour areas of two different
pedestrians’ heads are similar in comparison to the
edge distribution in the radial-polar bins(see Figure 3



(e)) that represents the body part marked by the green
circle in Figure 3 (c).

A local convex shape context descriptor is formally
represented by a histogram of 128 bins with Bin(h)
being the number of edge points within the h™ bin in
the radial-polar space. The similarity between two
local shape descriptors is calculated as follows. Let
Bin,(1..n) and Bin,(1..n ), n=128 be the radial-polar
histograms of two local convex shapes P and Q

respectively. We first normalize two histogram
functions as: for k =1, ..., 128,
Bin (k) Bin, (k
D,(k)= = Dq(k):%
2, Bin, (b) "\ Bin, ()

The distance between the two local shape context
descriptors is measured by the 2 function [7]:

_1EID,(0-D, (0T

2 (D,,D,) 2; D, (k)+ D, (k)

The y2 function has the range of 0 through 1. A small
value of y2 implies that two shape descriptors are
similar, therefore they are more likely to be in the same
class. For example, the similarity of Figure 3 (b) and
(d) is x2: 0.222, and the similarity of Figure 3 (b) and
(e) is x*=0.473, and ¥*=0.472367 between Figure 3 (d)
and (e). Therefore the local convex shape shown by
the circle in Figure 3 (a) is more similar to the one
shown in the red circle than the green circle in Figure 3

(©).

3 Pedestrian recognition using local convex
shape descriptors

Pedestrian recognition is carried out by matching the
local convex shape descriptors of an input image with
the pedestrian prototypes and non-pedestrian
prototypes in our pedestrian recognition system. The
matching function is non-linear, it takes into account
the relative location, orientation and context descriptor
of each local convex shape. Let us denote L, as the "

Local Convex Shape (LCS) of an image A and
L, =(cy.ry,Dy)> Where ¢ is the location of the

LCS, ry is the respective scale, p P is the local convex

shape context descriptors explained in section 2.2.

Assume an input image X is matched with a
prototype object image I, where T'and X are
represented by their respective sequence of LCS,

Ties ={Lrys- - L} and Xies={Lts- - » L} - The
matching procedure is described as follows.
For every LCS, Ly; = (¢ry. 1, Dry) in prototype image

[,:] =1, ..., k, we search for a possible matching

LCSthat its location is close to

LCS in input image X
Crj- A @ x @ search window, w(crj)is placed in the
input image space centered at ¢;. If a local convex
shape of X, L
within the search window, a(cry) and the orientation

xi = (Cxi>Fyin Dyi) has its center Cxi
of the vector (cy,-0,) is similar to the orientation of
the vector (c¢p,-Oy), then Ly =(cy,ry,Dy) is a
candidate for matching with Ly; = (crj, iy, Dry) » where
O, 1s the center of input image X, and O, is the center
of prototype image I". Let us denote such a candidate
setas & ={L,,...,Ly,} € X, With respect to the local
convex shape, Ly; = (cr;, 71y, Dry) in prototype T, .
The similarity between L, = (cy;,ry,Dy)€ &; and
Ly; = (¢rys 1y, Dry) is measured by the 2 distance. If
2
X (Dyy, Dry) <th| Ly = (cy,F, Dyyi) € f,} =9,
then there is a match from X es 1O Lyys where th is a

pre-set threshold. The matching score between X and
I" is measured by the number of local convex shapes

in T, that have matched local convex shapes in

X,cs- The input image X is classified as a pedestrian

. . . )4 .
if y is positive, y= Sign(zF(XLcs,Fch)’ where 17 is
i=1l

the top i™ matched prototype based on the matching
score, p is a odd number and F(X s, =1if I is

a pedestrian prototype otherwise F(Xycs, Tlpg) =-1

FLics )

4. Experiments and Conclusion

We have implemented a pedestrian recognition
system based on the algorithms presented in section 2
and 3. We also generated a prototype group of 8
pedestrian images and 14 non-pedestrian images. 4
prototype pedestrian images were selected manually
from a set of 197 pedestrian images (UMD _images)
we acquired in urban areas using a camera system
mounted on a moving vehicle, 2 prototype pedestrian
images from the MIT-Label-Me [8], 2 prototype
pedestrian and 5 prototype background images from
INRIA [9], and 9 prototype car images from MIT-
CBCL car data site [10]. The 8 prototype pedestrian
images are used as the positive class, and the
prototypes of cars and background images are used as
the negative class.

Two experiments have been conducted. First
experiment was conducted on the image data set that
contains 2571 pedestrian images and 4369 non-
pedestrian images collected from the following
sources: 924 pedestrian images from the MIT-CBCL



pedestrian data [11], 308 pedestrian and 293 car
images from the MIT-Label-Me [8], 1142 pedestrian
and 3560 background images from INRIA [9], 197
pedestrian images from UMD images, and 516 car
images from the MIT-CBCL car data [10]. The images
are in a broad range of background, resolution and
contrast. The pedestrians in these images are mingled
with other objects such as vehicles, buildings, trees and
roads; some pedestrians are carrying briefcases,
backpacks, purses or shopping bags. The images are
first being processed by the Histogram Equalization to
reduce the sensitivity to low contrast and changes in
illumination conditions followed by the Sobel edge
detection. The local convex descriptors are generated
by the algorithm described in section 2.1 and 2.2. The
local convex descriptor of each image is matched with
every prototype image. The top 5 matched prototypes
are used in the voting process to generate the ROC
curve: if the number of votes for pedestrian among the
top 5 matched prototype is equal to or greater than i, 1
= 1~5, the input image is a pedestrian. The system
performances on the entire set of 6940 images for i =
1~5 are used to generate the ROC curve shown in
Figure 4.

For the false positive rate of 0, the system detected
74.5% of the pedestrian images, and for a false positive
rate of 1.56% the recognition rate on the entire
pedestrian set is 98.8%.

In order to perform a quantitative study on the
robustness of our pedestrian, we applied 10%, 20%,
30%, 40% and 50% occlusion to all 308 pedestrian
images from the MIT-Label-Me set in four directions,
top, left, right and bottom. We applied the pedestrian
detection system to these occluded images and the
results are shown in Figure 5. The recognition rates
are stable for occlusions up to 20% in all four
directions. The system recognition rate is still above
90% with 30% occlusions at the top, left and right.
This shows that the pedestrian recognition system is
robust to partial occlusions.

We have presented a pedestrian model built upon
strong local convex shapes. A pedestrian recognition
system has been developed based on the pedestrian
model. We conducted experiments on a wide range of
pedestrian and non-pedestrian images. The results
show that the pedestrian recognition system gives high
recognition rates with low false positive rates, and is
robust to partial occlusions.
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Figure 4. The ROC curve performance.
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