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Abstract— This paper describes an approach for pedestrian
detection in stereo infrared images. The developed system has
been implemented on an experimental vehicle equipped with two
infrared camera and preliminarily tested in different situations. It
is based on the localization and distance estimation of warm areas
in the scene; the algorithm groups areas with similar position
and considers only results with specific size and aspect ratio. A
final validation process, based on the head shape’s morphological
and thermal characteristics, is used to build the list of potential
pedestrian appearing in the scene. Neither temporal correlation,
nor motion cues are used in this processing.

I. I NTRODUCTION
The human shape detection from a moving vehicle is the target of a cooperation between the Vetronics Technology Area,
a division of the Army’s TACOM Research, Development, and
Engineering Center (TARDEC), and the University of Parma.
U. S. Army is working on programs (Robotic Follow
program [1], Crew integration and Automation Test bed
program [2]) that are in need of autonomous and semiautonomous navigation. Human shapes detection is a vital
piece to make these programs succeed.
However, the need for automatic human detection goes
beyond the Vetronics Technology Area. Within the Army, and
throughout the commercial community, the need for detecting
people is great. Driver warning systems, security systems,
traffic/pedestrian control systems, and automatic switching
systems are just a few areas that could greatly benefit from
this technology.
Vision-based pedestrian detection is a difficult task: pedestrians usually wear different and differently colored clothes
and often are barely distinguishable from the background.
Moreover, pedestrians can wear or carry items like hats, bags,
umbrellas, and many others, which give a broad variability
to their shape. Additional problems that must be considered
are: noise produced by the presence of buildings and human
artifacts, moving or parked cars, cycles, road signs, signals,
different illumination conditions, obstacles and so on.
There are many approaches to pedestrian detection. Some
use learning machines like neural networks [3] or support
vector machines [4], some are based on the detection of
specific patterns, texture or motion clues [5], [6], others are
stereo vision based [7].
Only recently, thanks to the decreasing cost of infrared (IR)
cameras, different systems based on the processing of farinfrared images have been presented [8]–[12].
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This work presents an approach based on stereo infrared
images to define areas that could contain pedestrians. Warm
parts of the scene are detected and, using stereo informations,
their position and distance to the cameras are estimated. The
algorithm groups detected objects with similar coordinates,
creating a list of hot areas. These results are then filtered and
only areas with specific size and aspect-ratio are considered
and analyzed to find head morphological characteristics. Although the proposed method works on single frames and does
not perform tracking, preliminary results have proven to be
promising.
This paper is organized as follows: section II introduces all
parts of the algorithm and section III presents the results of
this approach and the performances of the system. Section IV
summarizes and concludes the paper.
II. A LGORITHM DESCRIPTION
The algorithm is composed by seven steps: (1) preprocessing of the right input image; (2) warm areas detection in
the right image, yielding rectangular bounding boxes framing
interesting areas; (3) localization of homologous bounding
boxes in the left image; (4) objects distance and position
estimation; (5) grouping of bounding boxes in similar position; (6) filtering of the resulting areas; (7) analysis of head’s
characteristics.
The first six phases of the algorithm are oriented to detect
in which areas of the scene pedestrians could be located. The
last phase tries to find, inside the results, the most evident
characteristic of a human shape: the head.
A. Preprocessing phase
The first phase of the algorithm focuses the attention on
areas of the input image (figure 1.a) with a high intensity
value, that represent warm objects. This is obtained using
two different threshold values: initially, a high threshold is
applied on the pixel values in order to get rid of cold or barely
warm areas, selecting only pixels corresponding to very warm
objects. Then, pixels featuring a grey level higher than a lower
threshold are selected if they are contiguous to other already
selected pixels in a region-growing fashion. The resulting
image contains only warm contiguous areas that present hot
spots (figure 1.b).
B. Warm elements detection
In order to select vertical stripes containing hot regions, a
column-wise histogram is computed on the resulting image.
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Fig. 1. Preprocessing phase: (a) original input image, (b) focus of attention.

The histogram is filtered with an adaptive threshold whose
value is a fraction of the average value of the whole histogram. Obviously, multiple hot objects may be vertically
aligned in the image, so that their contributions add up in the
histogram. Nevertheless, warm areas belonging to the same
horizontal stripe can be distinguished by computing a new
row-wise histogram of the grey-levels for each stripe. This
procedure yields rectangular bounding boxes framing areas
where pedestrians may be located (see figure 2.a). In order to
refine these bounding boxes, the column-wise and row-wise
histogram procedure is iteratively applied to each rectangular
box (figure 2.b) until its size is no longer reduced. Results are
shown in figure 2.c.
In this phase, small bounding boxes are thrown out, as they
represent nuisance elements.
C. Candidate areas localization
The content of the resulting bounding boxes is matched
with the other stereo image with the purpose of finding the
corresponding areas of the image. By supposing that the
optical axes of the cameras are parallel, homologous areas can
be localized on the same row in the two images and limited
search space can be estimated thanks to the knowledge of
calibration parameters.
The following Pearson’s correlation function is used to
evaluate the result of the match:
r= q
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Fig. 2. Warm elements detection: (a) intersection of column-wise and rowwise histograms produces wide rectangular bounding boxes, (b) a following
iteration reduces their size, (c) final results are shown on the original image.

where N is the number of pixels in the considered bounding
box, axy and bxy are gre-level values of corresponding pixels of
the two images. The bounding box in the other image featuring
the maximum value for the correlation is selected as the best
match, and the algorithm considers only the best matches
whose correlation values are higher than a given threshold
(figure 3.a).
A triangulation technique is then used to estimate the
distance between each object and the vision system. Therefore,
a refinement of the bounding boxes base can take place, based
on calibration and perspective constraints. More precisely,
the knowledge of position and orientation of the cameras
and assumption of a flat road-plane can provide information
about human shape’s point of contact with the ground. This
knowledge is used to stretch the bottom of the bounding box
till it reaches the ground and frames the entire shape of the
pedestrian.
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(a)
Fig. 4. Candidates areas are binarized and the model is scaled in order to
obtain best pattern matching results.

(b)

Fig. 5.

(c)
Fig. 3. (a) Homologous bounding boxes in the left image, (b) bounding box
bases are resized to reach the ground and elements with similar 3D coordinates
are grouped together, (c) areas compatible with the presence of pedestrians.

Then, bounding boxes located near to each other are
grouped in a single bounding box, that represents an area of
interest. A list of warm areas of the scene containing potential
pedestrians is then built (see figure 3.b).
Human shape is not always warmer than the background.
Thus, the system should manage to also detect incomplete
human shapes. More specifically, experimental results showed
that the bounding box is sometimes smaller than the human
shape when hair or a hat mask the head heat. To cope with
this problem the following approach was tested: the top of the
boxes is extended until the correlation between the additional
areas in the left and right correspondent portions of the stereo
images is higher than a given threshold. The results seem
promising but an additional processing that takes into account
the image texture should be further investigated.
In order to get rid of false positives a number of filters
relying on size and aspect ratio have been devised. Small

Pedestrians heads detection.

or huge bounding boxes are discarded, because they can
not contains human shapes; moreover, it is expected to find
standing pedestrian, so also bounding boxes with a significant
horizontal component are eliminated. Distance and height of
each object are evaluated as well: too close bounding boxes
that can not contain whole human shape, too far areas that do
not allow to analyze their content with sufficient reliability, or
too short or tall objects are discarded.
After the filtering phase, a list of areas that can potentially
contain pedestrians is obtained (see figure 3.c).
D. Search for pedestrians head
The last phase of the algorithm is in charge to find, in each
area of interest, characteristics which could be related to the
presence of a pedestrian. Generally, the most evident feature of
a human shape in infrared images is represented by the head.
This is due to the fact that head is often warmer than the
body and its position is not strongly affected by pedestrian’s
pose, being always in the upper part of the bounding box.
A simple binary model of a head is used to perform pattern
matching operations and, in order to produce better results, the
considered areas are also binarized and the model is scaled to
adapt it to the bounding boxes size, assuming that a head
measures nearly 1/6 of human shape height (figure 4). A
match for the head is performed against an area centered
around the top of the bounding box.
Different rows of each bounding box are considered to avoid
possible mistakes in their dimensions, as the head could not be
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Fig. 6.

Pedestrian detection results.

exactly contained in them. To evaluate the result of the match,
correlation (1) is used.
The portion of the bounding box that produces the best
correlation value is recognized as the head of a potential
pedestrian, see figure 5. Bounding boxes featuring a too bad
match are discarded as not containing a human shape.
III. R ESULTS
The developed system has been preliminarily tested in
different situations using an experimental vehicle equipped
with two infrared cameras.
Figure 6 shows some results of this infrared stereo visionbased pedestrian detection approach. Each human shape is
remarked by a superimposed yellow box; distance and height
are reported as well. It is possible to see that the system is
able to detect one or more pedestrians even if they are close to
each other or in presence of a complex background. It can be
noticed in figure 7 that, thanks to the triangulation information,
different human shapes are not mixed even if partly occluded.
Moreover, even though the model used for head detection is
quite simple, the head of each pedestrian is properly located.
The model represents a frontal head shape but it give good
results also for side shots (see figure 7). In figure 7.c pedestrian

in foreground is not detected, even if visible, because his
height is too small for a human shape and the corresponding
bounding box has no valid aspect-ratio, so the filtering phase
discards it.
Best results are obtained at night or low temperature conditions: in this cases the images present a high contrast between
cold objects, whose pixels are dark, and warm objects, whose
pixels are bright, and it is easy to discriminate between them.
Otherwise, in high temperature conditions, the system seems
not to be suitable to give satisfying results, as there is not
enough difference between cold and warm elements.
Main problems to check concern aspect ratio and small
bounding boxes. Sometimes aspect ratio is not a good evaluation criterion for filtering results. Figure 8 shows that a
pedestrian with open arms produces a bounding box that is
compatible with other possible objects in the scene, like cars.
This problem can appear in different situations, causing the
system to get false positive results despite of the head pattern
matching filtering.
Another problem concerns small warm elements: the algorithm discards warm objects framed by small bounding boxes
because they usually contain noise. This can sometimes cause
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Fig. 7. Results: (a) the system is able to detect pedestrians even if partially occluded, (b) the head model is appropriate whether for frontal or side shots,
and (c) foreground pedestrian foreground is not properly detected due to height and aspect ratio constraints.

(a)
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(d)

Fig. 9. Small warm elements problem: (a) Right input image, (b) preprocessed image, (c) warm elements detected, (d) homologous bounding boxes localized
in the left image. Detected hot objects in right image are too small to produce good results during the homologous localization phase.
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Fig. 8.
Aspect ratio problems: (a) and (b) show pedestrians detected
assuming unusual positions; their bounding boxes have an aspect ratio which
is compatible with other possible objects in different situations, like in (c) and
(d).

important informations loss and false negatives. However,
removing this filter is not a good solution, as shown in
figure 9: under some circumstances, small warm elements in
the preprocessed image are considered, but these boxes don’t
produce appreciable results in homologous localization, so that

no pedestrians can be detected.
Other detection failures are due to occlusions, but this
problem is observed only in few frames, thus tracking could
be used to cope with these particular cases.
A tool for vision based pedestrian detection performance
evaluation [13] has been used to obtain ROC curves shown in
figure 10. The first curve has been obtained running the system
with the head detection disabled. It can be noticed that in
this condition the system is able to correctly detect more than
80% of pedestrians in the scene. Lowering stereo correlation
threshold do not improve this percentage. The second curve
has been obtained enabling the head detection and varying the
correlation threshold in the pattern matching. Correct detection
percentage rapidly reaches the maximum value with a very low
number of false detection per frame.
Tests have been performed using a Pentium IV processor
at 2.80 GHz equipped PC with 512 kBytes of cache memory
and 1 GByte of RAM.
Several sequences of images have been acquired from a
moving vehicle and have been processed in order to evaluate
the algorithm execution time. For each frame of a sequence,
elaboration time is strongly related with the number of
pedestrians it contains. Therefore, the sequences have been
subdivided into four categories:
Results are shown in table I. It is possible to see that each
single frame is processed in an average time of 35.25 ms. This
means that the system is able to elaborate about 29 frames
per second and this is a good result, considering that cameras
works at a slower frame rate (25 fps). Therefore, algorithm
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ROC curves: (a) stereo matching and (b) head matching.

speed allow to add some more processing step in order to
obtain a better pedestrian detection.
Sequence
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TABLE I
PERFORMANCE OF THE SYSTEM IN DIFFERENT CONDITIONS .

IV. C ONCLUSIONS
In this paper a stereo vision-based algorithm aimed to the
detection of pedestrians in infrared images has been presented.
It has been tested in urban and extraurban environments using
an experimental vehicle equipped with two infrared cameras.
The algorithm is based on the detection of warm areas in
the scene that are compatibles with human presence, based
on distance estimation, size, aspect ratio, and head shape
localization. The detection of pedestrians is computed through
the processing of single frames (temporal correlation is not
considered).
Experimental results are good and demonstrate that this
approach is promising, especially in extraurban and low temperature conditions. Correct detection percentage is high with a
very low number of false detections per frame, and the system
has proven to work also when pedestrians are partly occluded.
In urban situations, noise produced by the presence of
buildings, cars, signals and other objects could increase false
detections. Therefore, in order to enhance the robustness and
reliability of the discussed system, alternative warm objects
search methods, filters and a tracking algorithm are currently
under development.
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