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a b s t r a c t

We present a night-time pedestrian detection system based on automotive infrared video processing.
Far-infrared or thermal night vision is a technology well suited for automatic detection of pedestrians
at night as they generally appear warmer than the background. However, the appearance of a pedestrian
in IR video can vary dramatically depending on the physical properties of the clothing they wear, the time
spent adjusting to the outside environment, and the ambient temperature. We highlight the difficulties of
detection in low temperatures (below 8 �C) when pedestrians typically wear highly insulating clothing,
which can lead to distortion of the IR signature of the pedestrian. A pre-processing step is presented,
which compensates for this clothing-based distortion using vertically-biased morphological closing.
Potential pedestrians (Regions of Interest) are then segmented using feature-based region-growing with
high intensity seeds. Histogram of Oriented Gradients (HOG) features are extracted from candidates and
utilised for Support Vector Machine classification. Positively classified targets are tracked between
frames using a Kalman filter, adding robustness and increasing performance. The proposed system adapts
not just to variations between images or video frames, but to variations in appearance between different
pedestrians in the same image or frame. Results indicate improved performance compared to previous
HOG–SVM automotive IR pedestrian detection systems, which utilised stereo IR cameras.

� 2010 Elsevier B.V. All rights reserved.

1. Introduction

Automotive safety continues to be an important factor in vehi-
cle design and technology. Recently the focus has extended beyond
the occupants of the vehicle and has turned towards other road
users, particularly so-called Vulnerable Road Users (VRU). In the
EU, new regulations are placing the onus on automotive manufac-
turers to protect pedestrians by introducing stringent new passive
protection standards [1] on a staggered basis from 2011 to 2019.
These include provisions such as specifications for collision tests
and geometric constraints for vehicle bonnets and windscreens.
However, manufacturers may avoid a large section of the require-
ments if they equip the vehicle with a collision avoidance system.
This is based on a European Commission study that found that pe-
destrian protection can be significantly improved by a combination
of passive and active measures, especially adoption of active brake-
assist systems.

Almost one-third of road fatalities occur during the hours of
darkness [2], despite the greatly reduced traffic volume. It has been
estimated that per vehicle mile, the road fatality rate is 3–4 times

higher in darkness than in daylight [3]. Hence, night-time is of par-
ticular importance to automotive safety systems. Far-infrared tech-
nology is greatly suited to the task of night-time automotive
pedestrian detection, as thermal radiation from humans peaks in
the 8–14 lm far-IR spectral band, and no illumination is required.
It has also been found that far-infrared yields better response times
for drivers detecting pedestrians than near infrared [4]. A compar-
ison of images of a pedestrian at 35 m in the visible and far-
infrared spectrum is shown in Fig. 1.

Some techniques widely used for automotive pedestrian detec-
tion with visible cameras can also be applied in the case of IR sys-
tems. However, due to fundamental differences between visual
and thermal imagery, many of the conventional techniques are
not directly applicable [5]. The first step in most systems is to
determine Regions of Interest (ROIs) in the image, which are
examined more closely and classified as ‘‘pedestrian” or ‘‘non-
pedestrian”. It has been established that pedestrians are usually
warmer and hence appear brighter than the background [6]. There-
fore, image thresholding is a common starting point for extracting
pedestrian candidates.

The technique outlined in [7] defines a bright pixel threshold as
the difference between maximum image intensity and a set con-
stant. In [8] a static threshold is derived by performing Bayes Clas-
sification on a set of templates known to contain pedestrians.
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A region-growing style threshold is implemented in [9] using two
static threshold values. The lower of the thresholds is restricted to
areas spatially connected to seed regions resulting from the higher
threshold. In [10], region-growing is conducted until edge pixels
are reached to extract vehicular targets from thermal night vision
video. A threshold value is defined from the mean and maximum
image intensity values in [11], while in [12] a threshold value is
chosen as the last local minimum of the image histogram before
the saturation point. However, these types of global image
threshold, that adapt to the properties of the current frame, fail
to address the potential differences in appearance between multi-
ple pedestrians in the same frame. A thresholding technique in this
area should extract each pedestrian candidate individually from
the background.

While it has been observed that pedestrians appear brighter
than the background, segmentation based on thresholding is not a
trivial task. A threshold value that is too low may extract back-
ground regions as well as the candidate pedestrian, distorting the
candidates shape and intensity characteristics. On the other hand,
a threshold that is too high may fragment the candidate into
numerous sub-regions, creating a new task of attempting to group
these regions to form potential candidates, using such techniques
as active contours [13,14]. Xu et al. label such fragmented candi-
dates ‘‘body-ground candidates”. In fact, this phenomenon is partic-
ularly common in low temperatures, when heavy clothing tends to
insulate body-heat, particularly the torso. The result of this is that it
can be difficult to determine an optimum threshold to extract the
pedestrian, and in some cases it may be impossible to extract a
pedestrian by thresholding as the surface temperature of well-
insulated clothing nears the temperature of background objects.

The number of non-pedestrian ROIs generated from the thres-
holding step can be reduced by filtering the regions identified,
based on the expected physical features of a pedestrian. Very small
ROIs may indeed be pedestrians, but it classifying them can be
challenging, especially given the relatively low-resolution of auto-
motive IR sensors. Objects can be filtered according to aspect-ratio
[11] since pedestrians are generally expected to be taller than they
are wide. This technique is used widely but with different bound-
ing parameters, some more stringent than others. In [7], the con-
cept of ‘‘inertial” is introduced to identify pedestrians.

Horizontal and vertical grey-level intensity profiles have been
analysed [7] to form a shape-independent approach composed of
two steps . Their method first segments the image into vertical
strips by finding the local minima of a thresholded horizontal im-
age intensity profile. These strips are then further segmented in the
vertical. As humans display bilateral symmetry, grey-level symme-
try and edge symmetry of pedestrians can also be used to segment
Regions of Interest as demonstrated in [15]. Edge density can also

be analysed as pedestrians in FIR images are usually much brighter
than the background, and there can be a sharp change in image
intensity at their edges [15]. The gradient operator can also be used
to aid detection [12,16].

Stereo has also been proposed for infrared pedestrian detection,
and there are many advantages to utilising stereo sensors for this
task [9,16–18]. Stereo systems have demonstrated robust detec-
tion with simple techniques, as disparity can be used to effectively
find ROIs. However, multiple thermal imaging cameras are not a
viable option for many automotive designers as cost, power con-
sumption and physical space are significant factors.

Models and templates of pedestrians are frequently matched
against images [19,20] and a probabilistic template is created in
[8]. This template matching is commonly performed using cross-
correlation.

Night vision systems have become an important safety feature in
some road vehicles. Commercial automotive IR pedestrian detection
systems are starting to appear on the market, e.g. the system de-
scribed in [6]. This system uses several features to distinguish rele-
vant (pedestrian) objects from non-relevant hot or warm objects. A
motion based cue is primarily used. A hot or warm object that
changes shape at a rate above a certain threshold is considered rele-
vant. This is combined with size and shape assumptions, template
matching and image profiles. However, this approach relies on the
assumption that pedestrians appear as entirely warmer than the
background. While it is acknowledged that clothing can distort
the thermal signature of a pedestrian, no special consideration is gi-
ven to dark body segments caused by low temperatures and heavily
insulating clothing.

Statistical classification is the process by which ROIs are placed
into groups, in this case pedestrian or non-pedestrian. This deci-
sion is based on characteristics (features) determined from a train-
ing set of manually labelled images. This is conventionally
achieved by means of a statistical classification method such as
Support Vector Machines (SVM) [11,16], Artificial Neural Networks
(ANN) [21] or Boosting [22]. It was found in [11] that grey scale
classification was more successful than binary classification, as
the binary candidates were too sensitive to shape. Experimental re-
sults showed that a single classifier for all types of pedestrians
(along road, across road) performed better than the application
of multiple classifiers. Other types of specialised statistical classifi-
cation are explored in [23].

The choice of feature for classification of pedestrians is crucial
to system performance. Suard et al. have successfully used
Histogram of Oriented Gradients (HOG) features for pedestrian
classification in automotive stereo thermal imagery [16,18]. HOG
are used most effectively with an SVM classifier. Alternatively,
the grey scale and binary images themselves are used as feature

Fig. 1. Examples images of a pedestrian at 35 m with dipped headlights with minimal ambient lighting in (a) the visible spectrum and (b) far-infrared.
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