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a b s t r a c t

Full reference image quality metrics are important tools for optimizing system design
parameters associated with image acquisition, compression and transmission. While
optimizing systems for perceptual quality is important, in the automotive environment
Advanced Driver Assistance Systems (ADAS) such as automated pedestrian detection are
becoming a common feature of in-vehicular vision systems. As such, automotive image
quality must also be tuned for optimal machine vision performance.

In this paper the effects of transmission artifacts on the performance of a number of state-of-
the-art pedestrian detection algorithms are evaluated. We demonstrate that the human visual
system may not perceive distortions that adversely affect machine vision performance. As a
result, existing full-reference image quality metrics are not necessarily accurate predictors of
machine vision performance on transmitted video sequences. To address this problem, a novel,
computationally inexpensive, full-reference objective quality metric based on histogram of
oriented gradients is proposed. The proposed metric accurately predicts algorithm performance
in the presence of transmission artifacts. The metric can be used at the system design stage in
order to optimize image capture parameters for machine vision performance without the need
for annotated test databases, which are both expensive and time consuming to produce.

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

Machine vision functionality is becoming increasingly
important in automotive systems [1]. An important class of
applications is the rapid detection of vulnerable road users
such as pedestrians, or other vehicles that pose a threat
to the host vehicle. In particular, the task of pedestrian
detection from cameras mounted on a vehicle has become
increasingly important to a number of automotive safety
applications such as collision avoidance and autonomous
driving [2–6].

In typical automotive vision systems degradation in
image quality can occur as a result of lossy compression or
transmission errors. Quantifying the loss of performance of
detection algorithms due to these degradations typically
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requires the use of annotated test databases, which are
both expensive and time consuming to produce. It would
therefore be desirable to utilize an objective Image Quality
Assessment (IQA) metric that accurately predicts the per-
formance of machine vision algorithms on degraded images
and video. Such a metric could be used as a predictor of the
impact of choice of system parameters (e.g. Compression
Ratio (CR) in image/video compression) on pedestrian
detection performance. It may also obviate, or at least reduce
the need to carry out extensive machine vision performance
evaluation, which requires large annotated datasets.

Video quality is extremely important in automotive
vision systems since images displayed to the driver are
safety critical. However, the concept of quality is poorly
defined in this environment [7]. In [8], the authors make a
distinction between the “naturalness” and “usefulness” of an
automotive image. The “naturalness” of an image is often
referred to as its “perceptual quality”. In order to quantify
perceptual quality subjective tests must be carried out, in
which a large number of human observers are shown a
series of images whose quality they are asked to rate on a
particular scale. The mean score of each sequence is termed
the Mean Opinion Score (MOS) and is representative of the
perceived quality of that image. Such large scale subjective
tests have been carried out and have been made publically
available to the research community [9–11].

In an automotive context, a natural image should be a
faithful representation of the road ahead. For example, it
should contain recognizable signal colors and be free from
noise and compression artifacts. On the other hand, the same
image with exaggerated local contrast and sharpness may be
more “useful” if it allows the driver to see more detail, such
as a pedestrian in low light conditions. In the automotive
environment, the amount of informationwe can extract from
a scene determines its “usefulness”. While these distinctions
are important, it is necessary to present a further distinction.
Increasingly, image processing algorithms are making use of
automotive cameras for applications such as automatic
pedestrian or vehicle detection. The question then arises as
to whether an image that is useful to the human driver is
equally useful to a machine vision algorithm. Unfortunately,
this is often not the case, for example, depending on the
content of an image, the addition of noise may go unnoticed
to a human viewer due to masking effects, however even a
modest amount of noise will typically impair the perfor-
mance of image processing algorithms (see Fig. 1). Similarly,
interpolation artifacts may occur at high frequencies that are
difficult for a human viewer to discern (as illustrated in Fig. 2),
nevertheless the presence of such artifacts are sufficient to
degrade the performance of a pedestrian detection algorithm.
These examples raise important safety concerns for automo-
tive vision engineers since a seemingly imperceptible change

Fig. 1. The presence of noise in (b) can go unnoticed to a human viewer due to masking effects, whereas noise can have a significant effect on the
performance of a pedestrian detection algorithm (HOGþSVM).

Fig. 2. “Ringing” caused by JP2 compression in (b) can occur at high spatial frequencies that are difficult for the human visual system to discern,
nonetheless, the presence of this distortion is sufficient to degrade the performance of a pedestrian detection algorithm (HOGþSVM) by causing an
increase in false positives.
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