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Abstract—The applications of computer vision are widely
used in traffic monitoring and surveillance. In traffic monitoring,
detection of vehicles plays a significant role. Different attributes
such as shape, color, size, pose, illumination, shadows, occlusion,
background clutter, camera viewing angle, speed of vehicles and
environmental conditions pose immense and varying challenges
in the detection phase. The native urban datasets namely NIPA
and TOLL PLAZA acquired in complex traffic environment are
used for research analysis. The selected datasets include varying
attributes highlighted above. The NIPA dataset has total of 1516
vehicles whereas the TOLL PLAZA dataset contains 376 vehicles
in an entire video sequence. This paper provides comparative
analysis and insight on performance of cascade of boosted
classifier using Haar features versus statistical analysis using
blobs. Haar features help effectively in extracting
discernible regions of interest in complex traffic scenes and has
minimum false detection rate as compared to blob analysis. The
detection results obtained from the trained Haar cascade
classifier for NIPA and TOLL PLAZA datasets have 83.7% and
88.3% accuracy respectively. In contrast blob analysis has
detection accuracy of only 43.8% for NIPA and 65.7% for TOLL
PLAZA datasets.

Keywords—detection; urban; traffic; Haar cascade classifier;
blob analysis

1. INTRODUCTION

Vision based surveillance systems typically are becoming
more acceptable in a wide range of applications including
Intelligent Transportation System (ITS) due to its non-intrusive
nature, continuous development of promising algorithms, easy
infrastructure setup, cost effectiveness, low maintenance and
large information acquisition for analysis. In road monitoring
and surveillance, detection of discernible region of interest in
the traffic scenes is a fundamental task. There are several
techniques developed for the detection of vehicles. However,
the research community is still identifying robust and generic
approaches to improve the detection in diverse climatic
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conditions and complex urban traffic scenes. Varying attributes
such as object shape, color, size, pose, illumination, shadows,
occlusion, background clutter, camera viewing angle and speed
of vehicles add an additional layer of complexity to the
detection process.

One of the classical yet competitive real-time object
detection framework was introduced by Viola and Jones [1].
The approach was primarily designed for face detection
application, though is expandable to variety of objects. The
authors have utilized an integral of an image to evaluate
rectangular (Haar like) features. Later after training phase, the
faces are separated from non-face images using cascaded
classifiers. This serves as the baseline of our proposed
research.

On the other hand, blob analysis is a machine vision based
method used for the analysis of consistent image region.
Vehicle detection using blob analysis utilizes motion
estimation. The moving objects correspond to the group of
foreground pixels known as ‘blobs’. Morphological operations
which include removal of noise are applied on a video
sequence to obtain the correct detection results.

In general, there are two types of vehicle detection
approaches: appearance based and motion based [13]. Broggi
et al [3] reported a motion based approach in which motion of
differential foreground from background is detected. They
have used an adaptive background model for extraction of
foreground however, identifying between pedestrian and
vehicle is not error free. Jazayeri et al [5] utilized a method for
separating the background model and moving vehicles in a
video sequence by using a hidden Markov Model. According
to the joint distribution of horizontal position and velocity of
scene, as well as characteristics of scene, they have modeled
the image of moving vehicles. Jodoin et al [10] introduced a
tracker that was able to handle multiple objects of various
shape and sizes. They have used background subtraction for
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moving object detection. For segmentation and occlusion, they
have developed a state machine and interface blob. The
detection rates of motion based methods are usually high
because motions are easily detected without performing any
complex computations. However, the error margin of false
detection is comparatively high in these methods as they do not
take any other features of wvehicle into consideration.
Subsequently, they are more sensitive to noise.

Appearance based methods are more complex than motion
based methods. Their dependencies on the characteristics of
scenes are quite high. Pankanti et al [7] from IBM Research
have implemented multi-view detection system that relies on a
set of motion-let classifier on urban environments including
crowded scenes. The same group proposed motion-let
approach [8] where clustering is based on motion and motion-
let approach using large-scale feature selection implemented on
crowded scenes with many occlusions. They have reported
false detections due to limited negative images in the training
set. Mithun ef al [9] proposed a detection and classification
method based on multiple time-spatial images (TSIs), each
obtained from a virtual detection line on the frames of a video.
The multiple TSIs are used to increase the accuracy of correct
detection. The authors identified the occluded vehicles and
reduced the dependency of pixel intensities between still and
moving objects. A novel Bayesian fusion algorithm based on
Gaussian mixture model was implemented on vehicular traffic
in complex challenging environment by Chen and Qin [11].
Their proposed method is computationally expensive and
performs low for occluded vehicles. One of the state of the art
work is presented in [6] where the authors have implemented
automatic detection based on appearance information. The
dataset used is acquired under varying illumination conditions.
For each set a separate detector was trained for detection. The
test set was divided into two different categories namely high
crowded scenes and low crowded scenes. They have
introduced occlusion handling technique by training a detector
on the basis of several occluded images. Occlusion handling is
done using poison image reconstruction through gradient.
Parallel feature selection over multiple planes including grey
scale, red, green and blue channels with standard adaboost
detection helps in acquiring more accurate results. Their
proposed method produces efficient results in crowded scenes.

In this paper, a comparative analysis and insight on
performance of cascade of boosted classifier using Haar
features (appearance based) versus statistical analysis using
blobs (motion based) are discussed for native complex urban
datasets. Details of NIPA and TOLL PLAZA datasets are
tabulated in Table 1 and Table II. The Haar cascade classifier
has a trained set of positive and negative images in the
database for comparison of true and false objects. Performance
wise, Haar features provide promising results in the detection
process as compared to area characteristics.

Rest of the paper is organized as follows. Section 2
provides dataset details and system settings. Section 3 covers
the scheme of implementation. Experimental results and
analysis are provided in Section 4. Finally, Section 5
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summarizes and concludes the discussion with pointers to
future work.

1I. SYSTEM SETTINGS

Native urban datasets named NIPA and TOLL PLAZA
[12] are utilized for the research analysis with tabulated details
provided in Table I and Table II. The datasets include complex
urban traffic scenes where road markings and signs are
significantly low. In addition, type of vehicles range from
motorbikes to long trucks.

The NIPA dataset consists of three lanes and TOLL
PLAZA dataset consists of two lanes with different type of
vehicles flowing in alternate directions and varying speeds. In
NIPA dataset, cast shadow size is small. Camera is providing
low resolution side view of the traffic scene. Due to the side
view angle, vehicles pose along with background clutter is also
generating considerable complexity. Total of 1516 and 376
vehicles are assessed for NIPA and TOLL PLAZA datasets
respectively.

The algorithms were tested on a Core i-5 2.30 GHz, 8§ GB
RAM platform. OpenCV library is used for training the
classifier, VLfeat is used for plotting Receiver Operating
Characteristic Curve (ROC) so as to illustrate the performance
of a binary classifier [4]. Simulations are done using
Matlab® 2014 and Visual Studio 2013. The computational
time for training a classifier is around 4-6 hours.

TABLE 1. HIGHLIGHTS OF THE NIPA DATASET [12]

Video Frame

Sequence Type Outdoor
Video Length 00:08:16
Image Size 640 x 420
Shadow Strength Low
Shadow Size Small
Object Class Vehicle
Object Size Small
Object Speed (Pixels) Slow/Fast
Noise Level Medium
Camera position Side view

I11. IMPLEMENTATION

For blob statistics, as an initial step morphological
operations like hole filling and removal of noise are performed,
followed by vehicle detection based on area characteristics.
The blob is a connected group of foreground pixels which
corresponds to a moving object.
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TABLE II. HIGHLIGHTS OF THE TOLL DATASET [12]

Video frame

Sequence Type Outdoor
Video Length 00:20:00
Image Size 720 x 576
Shadow Strength High
Shadow Size Large
Object Class Vehicle
Object Size Medium
Object Speed (Pixels) Slow
Noise Level Medium
Camera position Front view

Haar cascade classifier utilizes two different trained
classifiers for NIPA dataset. For TOLL PLAZA dataset, one
trained Haar cascade classifier is used.. The trained cascade
classifier for each dataset is unique on the basis of positive and
negative samples and number of stages. The false positive rate
can be decreased by increasing the number of stages. In the
first case for NIPA dataset the cascade classifier # 1
has 168 positives, 500 negatives and  16-stages, whereas the
cascade classifier # 2 has 580 positives, 1500 negatives and 16-
stages. In the second case the cascade classifier has 1000
positives, 2000 negatives and 18-stages for the TOLL PLAZA
dataset.

Initially, samples are obtained for each classifier which
consists of positive and negative images. The negative samples
are random images, which are not required for the detection.
However, the positive samples correspond to cropped template
of objects of interest.

A. Haar Cascade Classifier

Haar cascade classifier utilizes Haar like features proposed
by Paul Viola and Michael Jones [1]. Haar features prototypes
[2] were used and are shown in Table III. These 14 features
include 2 center-surround features, 4 edge features and 8 line
features. A complete and rich set of features is generated by
scaling these prototypes independently in vertical and
horizontal direction. The cascade function is trained from a set
of positive and negative images. The ensuing paragraphs will
provide the details regarding the procedures and techniques
involved in training a Haar cascade classifier and it’s testing on
the datasets.

One trained classifier is used for TOLL PLAZA while two
different trained classifiers are utilized for NIPA dataset.
Trained classifier of TOLL PLAZA produced good results,
thereby eliminating need of second classifier. NIPA results
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TABLE III. SAMPLES OF USED FEATURES PROTOTYPES [2]
Edge Features |:. ; Q Q
Center-surround Features . @

o=

Line Features

sSPeN

obtained from first classifier are less accurate due which
second classifier is trained to make the detector sparse and
efficient. The cascade function was trained from a set of
positive and negative images. The ensuing paragraphs will
provide the details regarding the procedures and techniques
involved in training a Haar cascade classifier and it’s testing on
the dataset.

For both datasets, a set of positive and negative samples are
used for training a classifier. Negative images are downloaded
from GitHub [14]. A total of 2000 negative images are saved
for each datasets, these images are tabulated in a text file for
path location and image file extraction. Next, positive samples
for both datasets are obtained by cropping a positive sample
vector from the image sequence using object marker tool and
shown in Fig. land Fig. 2.

Thereafter, positive and negative samples are converted
into a vector file. The sample image size is significant so as to
define number of cascade classifier stages and to maintain
adequate resolution that in-turn will be used for feature
extraction.

Boosting technique is used to train each classifier by using
weighted average of the decision made by decision stumps
(one level decision tree). The current location of sliding
window (which may be positive or negative) is defined by the
labels present in every stage of classifier. Having a negative
label indicates zero detection and the classifier moves to the
next label. Alternatively, positive label indicates object found
and the detected region is fed to the next stage. The detector in
the final stage classifies the object with positive label.

PIF
SESHE
SEND

Fig. 1. Positive samples for training a Cascade Classifier [NIPA Dataset]
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For NIPA dataset, the numbers of stages are 16. Therefore,
the false alarm rate for a cascade classifier having 16 stages is
approximately 0.5'® =1.525 x 10° and a hit rate of
approximately 0.999'® = 0.984. The time taken by a cascade
classifier to train with 580 positives images, 1500 negatives
images and 16 stages on Core i5 is around 4 to 5 hours. While
training a cascade classifier for TOLL PLAZA dataset having
2000 negative images and 1000 positive images on the same
system configurations required 6 to 7 hours. The false alarm
rate is around 0.5'® = 3.814 x 10 and a hit rate of around
0.999'8 = 0.9821 having 18 stages in actual. Haar training tool
is executed to train the classifier in both cases. Finally, cascade
classifier was converted into an XML file by using Haar

converter tool in C++.
'

=S
= e |

Fig. 2. Positive samples for training a Haar Cascade Classifier [TOLL
PLAZA Dataset]

B. Blob Analysis

Blob statistics utilizes connected groups of foreground
pixels called ‘blobs’ which correspond to moving objects. An
array of tracks representing moving vehicles is generated so as
to maintain the state of a tracked vehicle. Noisy detections in a
frame tend to result in short-lived tracks. Next foreground
detector is used to obtain binary motion segmentation.
Subsequently, morphological operations are performed on the
resulting binary mask to remove noisy pixels and to fill the
holes in the remaining blobs.

The bounding boxes are updated by using the Kalman filter
which predicts track centroids in the current frame. Similarly,
cost function is minimized to assign object detections in a
current frame to existing track. Finally, assigned tracks are
identified and lost tracks are eliminated.

V. RESULTS AND ANALYSIS

The vehicle details in each lane of NIPA dataset is given in
Table IV. The blob analysis performance is low and detects
only 665 vehicles out of 1516. Haar classifier # 1 detects 1242
out of 1516 vehicles. Similarly, Haar classifier # 2 detects 1270
out of 1516 wvehicles. Quantitative analysis using these
approaches is tabulated in Table IV. Similarly, detection results
using blobs analysis and Haar classifier are laid over input
images and shown in Fig. 3 and Fig. 4 for visual inspection.
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The ground truth of TOLL PLAZA dataset is shown in
Table V. The detection results obtained from Haar cascade
classifier are better than blob analysis. The numbers of total
detected vehicles by using blob analysis are 247 out of 376.
However, Haar cascade classifier detected 332 vehicles out of
376. The results of each method are tabulated in Table V. The
pictorial results of blob analysis and Haar classifier are shown
in Fig. 3 and Fig. 4. The detection results obtained from the
trained Haar cascade classifier for NIPA and TOLL PLAZA
datasets have 83.7% and 88.3% accuracy respectively. In
contrast blob analysis has detection accuracy of 43.8% for
NIPA and 65.7% for TOLL PLAZA datasets.

TABLEIV.  NIPA DATASET GROUND TRUTH AND QUALITATIVE RESULTS
OBTAINED FROM BLOB ANALYSIS AND HAAR CASCADE CLASSIFIER 1 & 2

Nipa

Category Lanel Lane2 Lane3 Total
Total 687 422 407 1516
Blob Analysis

Category Lanel Lane2 Lane3 Total
Total 216 228 221 665
Correct 314% | 540% | 542% | 43.8%

Vehicle Detection

Cascade Classifier # 1

168 positives, 500 negatives, 16-stages

Category Lanel Lane?2 Lane3 Total
Total 477 396 369 1242
Correct o o o

Vehicle Detection 69.4% 93.8% 90.6% 81.9%
Cascade Classifier # 2

580 positives, 1500 negatives, 16-stages

Category Lanel Lane?2 Lane3 Total
Total 507 404 359 1270
Correct 738% | 957% | 88.2% | 83.7%

Vehicle Detection

TABLE V. TOLL PLAZA DATASET GROUND TRUTH AND QUALITATIVE
RESULTS OBTAINED FROM BLOB ANALYSIS AND HAAR CASCADE
CLASSIFIER

TOLL PLAZA
Category Lanel Lane2 Total
Total 122 254 376
Blob Analysis
Category Lanel Lane2 Total
Total 104 143 247
Correct Vehicle 85.2% 56.3% 65.7%
Detection
Cascade Classifier
1000 positives, 2000 negatives, 18-stages
Category Lanel Lane2 Total
Total 111 221 332
Correct Vehicle 90.9% 87.0% 88.3%
Detection
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occlusion. As a future work, we plan to incorporate shadow
modeling and elimination and enhance the feature pool that
will help improve vehicle detection in the subject multifaceted

environment.
1 TR _'—..
0.9 s "r_,_: i
08 ",'-‘/J:
2 0.7 /'? o
Fig. 3. Detection results obtained from Blob Analysis. Lanes are labeled as f /;" P
1,2 and 3 (a) NIPA (b) TOLL PLAZA Datasets :E 06 /' 5
é 05 I,"' g a
Q f, D B Lane 1(Blob Analysis)
E 0.4 //. !
0.3 /'/I s S I M Lane 1(Cascade Classifier # 1)
02 /’l o Lane 1(Cascade Classifier # 2) |
0.1 -
1
0 100 200 300 400 500 600 700
(2) False Positive Rate
Fig. 4. Detection results obtained from Haar Cascade Classifier. Lanes are @
labeled as 1, 2 and 3 (a) NIPA (b) TOLL PLAZA Datasets 1 T o
R —
The detection performance of the used algorithms is os ’_j i H
analyzed by using Receiver Operating Characteristics curves 0.8 = —r
(ROC). For NIPA dataset, the acquired results reveal that Haar o 07 A o+
cascade classifier has the highest accuracy as compared to blob & 06 JJ H
analysis. The numbers of positive images and stages are kept E ' J’-"'
higher in cascade classifier 2 in order to enhance detection g 05 rp
results. ROCs of stated algorithms for lane 1, lane 2 and lane 3 1 I A R N Lane 2(Blob Analysis) ]
are shown in Fig. 5. The detection results of each lane are = 05 3 , B
analyzed individually. It has been noted that correct detection Ml Lane 2(Cascade Classifier # 1)
rate for lane 1 has comparatively low accuracy as compared to 02 Lane 2(Cascade Classifier # 2)
lane 2 and lane 3 for both methods. This is due being the 01—
farthest lane and having camera viewing angle which resulted o ‘ ‘ ‘ ‘ ‘ ‘
in increased complexity and occlusion. Similarly, for TOLL 0 50 100 150 200 250 300 350 400 450
PLAZA dataset, Haar cascade classifier performed better as False Positive Rate
compared to Blob analysis and reflected by ROCs in Fig. 6. (®)
Due to comparatively slow vehicle speeds and frontal view ;
angle of the dataset thereby having better appearance and =
motion information both Haar classifier and blob analysis 0.8 }__,,U"-L
performed better in terms of detection rate as compared to o 08 i
NIPA results. % orl _'":/
V.  CONCLUSION Ié osf / ;
2 ) .
This paper provides an insight on the performance of 5 05 / 2 -
motion (blob analysis) and appearance (Haar cascade = oabd L T Lane 3(Blob Analysis) i
classifier) based methods for vehicle detection in native ,,1’ ‘
environment. The dataset includes complex urban traffic 03 :y Lane 3(Cascade Classifier#1)
scenes where road markings and signs are significantly low. In 02— Lane 3(Cascade Classifier # 2)
addition, type of vehicles ranges from motorbikes to long 04 i
trucks having varying speeds thereby posing increased ‘ ‘ ‘ ‘ ‘ ‘
detection challenges. The detection results obtained from the % 50 100 150 200 250 800 350 400 450
trained Haar cascade classifier are more promising than blob False Positive Rate
analysis. Some false and misdetection are occurring due to (©
varying vehicle speed, cast shadows, background clutter and Fig. 5. ROC Curve for NIPA Dataset (a) Lane 1 (b) Lane 2 () Lane 3

camera viewing angle causing detection complexity and
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