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Abstract
For autonomous robots and driver assistance systems it is necessary to react adequately to sudden changes in the
surrounding area. Camera-systems are often affected by environmental influences like sun light, shades or sunreflecting surfaces which makes it hard to obtain well exposed images for further utilization. In this paper, two
algorithms for image enhancement are compared in several test scenes to examine the ir performance with regard to
contrast enhancement and computing time. In comparison one off-the-shelf high dynamic range camera is tested,
too. The results from this study show that histogram equalization works significantly faster than the successive mean
quantization transform. Both algorithms are appropriate to be used for autonomous robots and driver assistance systems
if the camera is incapable to high dynamic range images.
Keywords: High dynamic range imaging; successive mean quantization transform; histogram equalization; autonomous
robots; driver assistance systems

1. Introduction
Regarding to the steady growth of autonomous machines in industry and agriculture it always becomes more inevitably
to be able to react on many environmental influences. To solve this setting of tasks camera-systems are frequently used
[1-2].
However, especially in outdoor applications it is hard for camera-systems to work adequately because of a huge
variation in the objects appearance due to changing weather and light conditions. Performing the task automatically
without human intervention is particularly hard in image processing. Many methods have been proposed to handle this
challenge.
According to [3] these methods to achieve a contrast enhancement can be divided into two groups. One way to solve
the problem is to take minimum 3 pictures of the same scene with different exposures and combine them to one well
exposured picture with enhanced contrast. Different approaches and techniques have been suggested to solve this problem
[4]-[6].
But in fast changing environments it is possible, that some fragments are not shown on the right place. This
phenomenon is called “Ghost Effect”.
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To prevent pictures with not trustworthy information a lot of algorithms for digital image processing and contrast
enhancement have been proposed [7]-[11]. Especially automotive suppliers are very interested in video cameras which
can cope with varying lightning conditions. For advanced driver assistance systems (ADAS) it is mandatory to be robust
against direct sunlight or dark areas – e.g., when driving in or out of a tunnel [12]-[17].
2. Contrast Enhancement
Every digital image consists out of single pixels. In grey scale pictures each of these image points corresponds to a
brightness value. Nowadays, there are different kind of sensors available. The difference between them is how many steps
are between the brightest and the darkest point. An 8 bit sensor, for example, can distinguish the luminance of an image
into 256 steps. According to these insights, a picture can be interpreted as a matrix of values in the area [0,255]. The
graphical representation of the distribution of the image points with the prevailing intensities is called histogram.
This is the basis of the histogram equalization procedure. This method causes a contrast enhancement by an
equipartition of the brightness-value distribution. The calculation occurs by means of accumulated sum of the pixels. This
entails that those areas of the histogram with higher appearing grey values are stretched and those with smaller amount
are compressed.
With this method it is possible to make the full use of the whole range of intensities in a picture. The result is a contrast
enhancement. The histogram equalization automatically flattens and stretches the histogram and therefore, the dynamic
range of the image.
However, the successive mean quantization transform perform an automatic structural breakdown of information and
these characteristic make the transform interesting for automatic enhancement of any images [9]. The smallest unit of the
arithmetic process is the Mean Quantization Unit (MQU). The SMQT function can be described by a binary tree of
MQU’s as it is shown in Figure 1.

Fig. 1. The SMQT as a binary tree of MQU’s (source: [7])
Histogram equalization, which was developed for image contrast enhancement, is similar to the successive mean
quantization transform. However, both algorithms are used to enhance the luminance of low dynamic range images to
extend the dynamic range.
3. Experimental Results
In fact that the histogram equalization and successive mean quantization transform algorithms calculate all pixels new
in the picture, the computing time is given in 10 -9 sec/pixel (ns/pixel).
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This allows a further objective comparison to different sized pictures. As time measurement the tic-toc function in
MatLab on a computer with an i7-4700MQ 2,4GHz processor was used.
In Table 1 the arithmetic average of 20 procedures with 100 image calculations are listed. The computing time and
the maximum possible picture rate with a picture format of 1024x768 pixels is shown, too.
Method
SMQT grey level
SMQT colour
HE grey level
HE colour

Computing time
[ns/pixel]
90,56
528,81
2,2
50,66

Max. frame rate
[fps]
14
2
574
25

Table 1. Computing time and maximum frame rate of SMQT and HE.
The results of this comparison shows that the HE method is faster to compute than the SMQT method and therefore,
it is possible to get higher frame rates which is necessary for fast changing environments.
Regarding to the fact that in grey-level pictures every pixel represents only the value of saturation, the computing time
is much faster than for colour pictures. The tested algorithms were applied in images with different dynamism extent of
the motive. The test scenarios contained under- and over- exposed pictures as well as backlight conditions to simulate
any environmental factors like in real-world outdoor applications.
In Figure 2 the results of the image enhancement of a picture with poor contrast and for comparison an image of the
same scene with a high dynamic range camera is shown. The differences are evident between images take with a
customary industrial camera and a camera with raised dynamism extent as well as the contrast enhancement with the
algorithms proposed on top.
Both methods for contrast enhancement deliver satisfactory results, nevertheless, the quality of the images is clearly
worse than those of the HDR camera [18]. In closer consideration it is apparent that as a consequence of the contrast
enhancement the white noise increases in the dark regions of the picture.

Fig. 2. (A) Low dynamic range image with back-light conditions. (B) The enhanced image with HE. (C) The enhanced
image using the SMQT method. (D) High dynamic range image taken with an HDR-camera DFK AFU130-L53 from
The Imaging Source [18].
5. Conclusion
In this paper the histogram equalization and the successive mean quantization transform methods for contrast
enhancement of a low dynamic range image were evaluated and a comparison with an HDR- camera was shown. Both
algorithms for image enhancement were compared in several test scenes to examine their performance with regard to
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computing time and level of contrast enhancement. For comparison, the results of a high dynamic range camera were
demonstrated, too.
We show, that the histogram equalization works significantly faster than the successive mean quantization transform.
Both algorithms deliver satisfying results in contrast enhancement but the SMQT shows more focus on details.
However, HDR-cameras provide excellent images even in dynamic environments.
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