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Abstract: Many people die each year in car accidents because of damaged
tyres. There are some techniques that have been suggested during the years to
detect such tyres. In this paper, we suggest a new technique for detecting
damaged tyres employing a standard digital camera that produces JPEG
images. The camera takes pictures of the tyre and if the image size is too large,
the tyre is deemed to be with a damage and dangerous for use. In such a case an
automatic system will draw the driver attention to the tyre condition before a
severe accident may happen. The system was checked on many tyres and has
high accuracy of damage detection.
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1 Introduction

Damaged tyres are a critical reason for many fatal accidents. A new warning of
National Highway Traffic Safety Administration (NHTSA) from June 2011 notifies the
drivers: that “The latest data from the Department’s National Highway Traffic
Safety Administration show that over the five-year period from 2005 to 2009, nearly
3,400 people died, and an estimated 116,000 were injured, in tire-related crashes”
(Aldana, 2011).

NHTSA also assesses there were 2,188,970 crashes in all the USA. Approximately
9% which are 189,917 of the estimated total accidents were tyre-related crashes.
According to NHTSA, there were 3,894,507 vehicles involved in these crashes.
5% which are 197,421 of the estimated total involved vehicles are tyre-related crash.
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About 50% of the tyre-related crashes were single vehicle crashes whereas only about
31% of other crashes were single-vehicle crashes (Choi, 2012).

These worrisome numbers motivated researchers to find ways to find ways to detect
below standard tyres. Some of them used special equipment like eyefish lens (Hirose et
al., 2009) or a complex intelligent wireless sensor network inside the tyre (Ergen et al.,
2009; Gustafsson et al., 2001; Giustino, 2000).

Actually, automatic tyre inspection is a very old objective and a patent for using an
X-ray device for tyre inspection can be found at the very old date of 1939 (Capen et al.,
1939). Some other devices have been presented during the years and have used many
other mechanisms like a hardware for interferometric analysis of the tyres (Wright et al.,
1981), thermal cameras (Gray et al., 1999), acoustic emission sensors (Schumacher et al.,
2010) or a laser-based illumination device (Wilson, 2006).

Some other works aim at simulating accidents and estimate the potential damage
(Feng et al., 2009; Grinberg and Wiseman, 2007; Yong et al., 2008). This is not the aim
of this work. Our work aims at detecting a potential exposition to danger and notify
about it.

During the years detection of vehicular elements was an attractive filed of research
(Sun et al., 2006; Wang et al., 2005) and the use of signal processing for this purpose was
quite intensive (von Seelen et al., 2000; Sun et al., 2005). We would like to continue this
course of research by suggesting a technique of automatic detecting damaged tyres using
a signal processing analysis.

We suggest using an ordinary digital camera to find below standard tyres. Nearly all
digital cameras can produce JPEG pictures. JPEG is a very common method for image
compression and it is also extensively used by electronic devices like scanners and digital
cameras (Khanna et al., 2008) as well as vehicle equipment like GPS (Hongyan et al.,
2010).

JPEG images have many advantages like the ability of being decoded in parallel
(Klein and Wiseman, 2003), the straightforwardness of adaptation for new compression
methods (Wiseman, 2007; Klein and Wiseman, 2005) and the capability of flexible
implementation for hardware from different vendors (Wiseman, 2001).

Images are often stored in a compressed standard. A naive approach for image
processing on compressed images would be to decompress the image and then
running the image processing algorithm on the original image data. Instead, for some
image operations, we can act on the compressed data directly. This gives us two
benefits: first, we can use the standard digital cameras without a need to adjust the
digital camera; second, we can use the frequency information embedded in the
compressed data.

The rest of the paper is organised as follows: Section 2 describes the JPEG
compression standard. Section 3 explains how JPEG can be used for detecting damaged
tyres, Section 4 gives some results. Section 5 expands the method by using Motion
JPEG-2000 and Section 6 concludes the paper.

2 The JPEG standard

JPEG is a well known standardised image compression technique. JPEG loses
information, so the decompressed picture is not the same as the original one. By adjusting
the compression parameters, the degree of loss can be adjusted. The wide use of JPEG is
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because of two fundamental reasons: reducing the size of image files, and storing full
colour information.

Reducing image files will be an important procedure when we transmit files across
networks (Wiseman et al., 2004) or when we archive libraries. Usually, JPEG can remove
the less important data before the compression; hence JPEG will be able to compress
images meaningfully, which produces a huge difference in the transmission time and the
disk space. The processing time of the compression can be overlapped with the disk
access time (Wiseman and Feitelson, 2003).

The second advantage of JPEG is the capability of storing full colour information:
24 bits/pixel or 16 million colours, while for example the GIF format, can store only
8 bits/pixel or 256 colours.

Here in below is a brief overview of the JPEG algorithm:

The first step transforms the image colour into a suitable colour space. There are
several methods to transform the image into a colour space (Hearn and Baker, 1986; Jain,
1986). The most common methods are the split into RGB components (Hunt, 1995) or
the split into YUV components (Laplante and Stoyenko, 1996). These components are
interleaved together within the compressed data. The ratio between these components is
usually not one to one. When YUV components are used, usually the Y component will
have a four times weight. The human eye is less sensitive to the frequency of
chrominance information than to the frequency of luminance information which is
represented by the Y component in the YUV format. Hence, the Y component gets a
higher weight (Awcock, 1996).

The second step groups the pixels into blocks of 8 x 8 pixels. Then, it transforms each
block through a forward discrete cosine transform (FDCT) (Rao and Yip, 1990). The
DCT gives a frequency map, with 8 x 8 or 64 elements. The transformation keeps the low
frequency information which a human eye is sensitive to. In each block the DCT
coefficients are composed of: A single direct current (DC) coefficient number, which
represents the average intensity level value in each block and the remaining 63 are named
alternating current (AC) coefficients. They reflect the frequency information of their row
and column.

The next step is the quantisation. The 63 AC coefficients are ordered into a
zig-zag sequence which arranges them into a one dimensional array. In each
block, each of the 64 frequency components is divided by a separate ‘quantisation
coefficient’. The quantisation coefficients are set according to the desired image quality.
The results of the division are rounded to integers. This step loses some information
because of the rounding. Furthermore, it can be noted that even if the quantisation
coefficient is 1, some information will be lost, because typically the DCT coefficients are
real numbers.

The last step encodes the reduced coefficients using either Huffman or arithmetic
coding. Usually a strong correlation appears between DC coefficients of adjacent
8 x 8 blocks. Therefore, JPEG encodes the difference between each pair of adjacent DC
coefficient. Baseline JPEG model uses two different Huffman trees to encode the data,
one for the DC coefficients’ length and the other for the AC coefficients’ length.

Finally, the compression parameters are written in the file header, so that the decoder
module will be able to decode the compressed image. JPEG’s procedure is summarised in
Figure 1.
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Figure 1 JPEG model for a lossy image compression
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The decompression process performs an inverse procedure:
e It decompresses the Huffman or the arithmetic codes.

e Then, it makes the inversion of the quantisation step. In this stage, the decoder raises
the small numbers by a multiplication of them by the quantisation coefficients. The
results are not accurate, but they are close to the original numbers of the DCT
coefficients.

e Finally, an inverse discrete cosine transform (IDCT) is performed on the data
received from the previous step.

JPEG has some disadvantages. Unfortunately, even with a JPEG viewer, it takes a longer
time to decode and view a JPEG image than to view an image of a simpler format such as
GIF, BMP, etc., however it is still a very short time as can be indicated in every digital
camera. Another disadvantage is the compression method that does not take into account
the temporal correlation of the coefficients.

3 Using JPEG for damaged tyre detection

This section describes the Damage Tyred Detection algorithm using the JPEG format. As
mentioned above the JPEG standard is based on the DCT paradigm. The DCT changes
the picture into frequency space. The frequency coefficients, which are very low
magnitude, are rounded to zero. When most of the coefficients in a block are zero or very
low magnitude: The compression algorithm will give a very short bits sequence for such
a block. Zero sequences are treated very efficiently by JPEG compression and the results
will be only few bytes.

When there is a drastic change in a block of 8 x §, the value of many frequency
coefficients will be high. Such a sequence will be compressed into many more bits.
JPEG’s standard stipulates that the block’s size will be 8 x § pixels, but the algorithm
will be obviously good for other small NXN pixels size too.
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When looking for the contour of an object, the goal will be to find the object’s border.
The idea is to break the compressed file into its original blocks, then look in the
compressed file for long bit sequences. The blocks which are compressed into long bit
sequences, are presumed to be the object’s border. In our implementation we took a
simpler approach. We take many pictures of each tyre. We actually take a close picture of
each part of the tyre. If the entire size of a picture is above a certain threshold, we will
consider this part of the tyre as a damaged part.

If we have no idea what the threshold value should be, we can examine the
probability density function (PDF) of the block representation to select a suitable value.
In the uncomplicated case the PDF should be mono-modal and we set the value in the
inflection point.

Many pictures are taken by rolling the tyre and in each picture suspected objects are
searched. The process is automatic, i.e., the pictures are incessantly taken in the smallest
possible gap. Usually a camera can take few pictures each second. There is no point to
move the camera. The tyre turns around anyway, so the camera will take a picture of
another part of the tyre. The device is linked to a plain light in the car. Several
automakers have technology already that tells the driver if he is over-inflating tyres or if
tyres are losing pressure (Barbanti, 2009); this would seem to be the next step. A
mechanic could detect both of the problems, but he could not check the tyres innumerable
times a day like an automatic device could.

Note the method does not use the spatial information in the blocks, so it would
identify any sequence of bits as a contour of the object, which is a weakness of the
algorithm. Our assumption is that the resolution is large enough to describe the shape’s
character.

Figure 2 demonstrates how JPEG is used for contour extraction. The original image
was compressed in greyscale baseline JPEG format with 75% quality. The left image
shows the original image, which is a high-resolution picture of 1,000 x 1,000 pixels. The
upper-right image shows the JPEG format in the white or black area. The lower-right
image shows the JPEG format in the upper left corner of the black square. The size of the
black square is 200 x 200 pixels and the square is not aligned relative to JPEG’s
8 x 8 blocks.

The JPEG file reports the difference of magnitude between the DC’s coefficients of a
previous block relative to the current block. In the case of a white or black area there are
no changes in the coefficients’ magnitudes. This type of block is encoded as six bits by
the JPEG standard (Capen et al., 1939).

The output of the JPEG file is shown in Figure 2. The ‘00’ reflects that there are no
differences between the values of the previous and the current block’s DC coefficients,
and ‘1010’ symbolises the end of the block. If there is a difference between the intensity
of the DC coefficients of the previous and the current blocks, the size of the encoding
block will be slightly bigger. For example, a block which encodes a sharp change from
white to black is represented by a wide range of frequency coefficients. It is easy to select
a threshold that delimits the edges of the shape from the rest of the image.

Figure 2 shows a sample of the block, which contains the upper left corner of the
black square. In order to compress these values in JPEG standard, 243 bits are needed.
The difference between 6 to 243 is obviously significant. By using three parameters the
length of the block, its magnitude and the number of consecutive blocks the threshold can



28 Y. Wiseman

extract the contour with a range of scalar values (Wiseman and Fredj, 2001; Fredj and
Wiseman, 2001). The extra parameters allow more control over the resulting mechanism.

Figure 2 A sample image and how JPEG can be used for contouring
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The algorithm is very simple and can be described as follows:

e Take a picture of the tyre and create image I
1 SetL =size of image (I)
2 (L>7T)
e then the tyre is deemed to be damaged and should be checked.

where T is a threshold and its value will be discussed below.

4 Results

We examined our technique on 1,032 tyres and succeeded to find most of the damaged
tyres. Clearly, obvious cases like in Figure 2 do not exist in real tyres, but we still
succeed to find most of the damaged tyres by rolling the tyre and take many picture of it
in all of its parts.

We used an Olympus FE-170 digital camera. The images with no damage in the tyre
produced images in size of less than 1.3 MB; whereas images in size of more than
1.5 MB usually had damage in the tyre.

Figures 3(a) to 3(c) show some damaged tyres that our system has found. All of these
pictures were on vehicles of volunteers. Driving a vehicle with such damages can be a
substantial risk of life!
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Figure 3 Damaged tyre (see online version for colours)

(b)
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The images between 1.3 MB-1.5 MB sometimes had a small scratch and sometimes it
was only a change in the colour shade. Also the caption on the tyre can increase the size
of the image; however, the caption typically increases the image size less than the
increase that a real damage makes; however, it may make the size above 1.3 MB.

Figures 4(a) and 4(b) show two cases where a change in the colour shade of the tyre
made the result above the threshold of 1.3 MB and caused an uncertain result.

Figure 4 Tyre with a change in the colour shade (see online version for colours)

(b)

There are also cases where our system has produced false alarms. Figure 5 shows an
example for such a false alarm. The dirt on the tyre in Figure 5 can be easily noticed. This
dirt made the system assuming that the tyre is damaged; whereas this tyre was
undamaged and the vehicle was safe for driving.

Therefore, we recommend washing the tyre before the system tests the vehicle. Dust,
dove feces, mud and any other dirt can mislead the system, especially if the dirt is white.
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Figure 5 Dirt on the tyre (see online version for colours)

Figure 6 shows the statistics of the experiment results. The graph includes all the cases
where the image was larger than 1.3 MB. The graph details the cases of image size less
than 1.5 MB (uncertain) and image size more than 1.5 MB (success or false positive).
The graph specifies the instance distribution of each magnitude of the damage. The
magnitude of the damage was calculated according to the longest measurement of
damage regardless of its shape.

Figure 6 Success rate
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It can be seen that large damages can be confidently detected. Smaller damages can be
detected with a high probability of a correct detection, but the accuracy is less precise.

There were only four cases when the image was less than 1.3 MB although there was
a real damage in the tyre. In all of these cases the damage was very superficial and the
magnitude of the damage was in three cases less than 1 cm and only in one case it was
1.2 cm.
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Table 1 details the number of tyres that were examined listed by the magnitude of the
tyre.
Table 1 Number of inspected damaged tyres

Damage size Number of instances
<1 125
1-1.5 242
1.5-2 217
2-2.5 327
2.5-3 84
>3 37

5 Motion JPEG-2000

JPEG-2000 is a new standard for image and video compression (Taubman and Marcellin,
2002; Christopoulos et al., 2000; Skodras et al., 2001a, 2001b; Usevitch, 2001). Several
latest digital cameras support JPEG-2000 and Motion JPEG-2000, e.g., Yamauchi et al.
(2004), Fang et al. (2004), Liu et al. (2004) and Seo and Kim (2007). Motion JPEG is
employed in numerous applications from professional video editing to capture cards in
many hardware settings.

By means of JPEG-2000, an image stored on a disk has lower quality levels
embedded in the compressed file. If a user asks to preview a JPEG-2000 image, only a
lower quality image will be restored. No modification of compressed data is needed. If
the user decides to see a better quality image, further information will be restored from
the JPEG-2000 image file. There will be no need to redownload the entire image. The
overall quality of a JPEG-2000 image is typically higher than a traditional JPEG image.
In addition to the advantages of improved quality and scalability, JPEG-2000 also
generates about 20% better compression ratio than JPEG and at several cases JPEG-2000
even generates a considerably better compression ratio.

Unlike MPEG, by means of Motion JPEG-2000 each frame is encoded
independently. MPEG employs three kinds of frames for encoding:

e I-frames do not need other video frames to be decoded, but the compression ratio is
not as good as the other frame types

e P-frames employ data of previous frames to be decoded and the compression ratio is
typically better than I-frames

e B-frames employ data of both previous and forward frames for the decoding and
typically obtain the best compression ratio.

The three types of frames allow improved compression efficiency but the coding
technique is more complex and therefore requires more computation time. Motion
JPEG-2000 employs only Intra-frame blocks which let the user the ability to randomly
access a file at any fame. In addition, the using of only Intra-frame blocks reduces the
complexity of the compression and decompression processes and therefore the decoding
time is shorter.
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There is another major modification in JPEG-2000. The designers of JPEG-2000
came to a decision to depart form the block-based DCT coding used by the traditional
JPEG and MPEG standards in favour of a wavelet-based compression — the discrete
wavelet transform (DWT). The DWT provides improved quality than JPEG and also
provides scalability without having to store surplus data.

The forward DWT at the encoder is successive functions of a pair of low-pass and
high-pass filters, followed by division by a factor of two after each filtering function so
that odd indexed samples will be discarded. The low-pass and high-pass filter pair is
known as analysis filter-bank. The low-pass filter keeps the low frequencies whereas the
high frequencies are significantly diminished and therefore the result is only a vague
form of the original signal. Conversely, the high-pass filter keeps only the high
frequencies of a signal such as contours, whereas the low frequencies are significantly
diminished.

The standard of Motion JPEG-2000 is extremely suitable for the technique of this
paper. Since the high pass filter generates much more bits for contours, the compress data
of such a region in the picture will be larger. This feature can be used as it has been used
with the DCT of traditional JPEG. Furthermore, there is no need to extract the high
quality picture. The high pass filter detects a contour even in a low quality picture. In
addition, since Motion JPEG-2000 employs only I-frames blocks, the technique becomes
even more straightforward because there is no need to process the frame along with
nearby frames. Each I-frame contains all the information needed for the damage
detection.

However, there is a major difficulty to implement this method with contemporary
video hardware. Some researches have been conducted during the years with the purpose
of finding the threshold of rate for distinguishing successive still images from a proper
continuous video that a human eye would not be able to detect, e.g., MacKenzie and
Ware (1993) and Kaff et al. (2001). Researchers are commonly consistent with the rate of
10-20 frames per second. Therefore even though there are some exceptional plentiful
frames per second cameras (Chin et al., 2003), the common up to date hardware can
support only about 30 frames per second in CIF size (352 x 288 pixels) and about
20 frames per second for SDTV size resolution (760 % 480 pixels) (Tsai and Lian-Tsung,
2008). Pushing a new standard of digital cameras can be full of twists and turns; however
the common standard is not enough for a tyre of a moving vehicle, e.g., an everyday
private car having ordinary tyres of 225/45R17 travelling in a speed of 45 miles per hour
will wholly rotate the tyre ten times each second. 30 frames per second will not be
enough for such a system. However, we believe the hardware will be improved and in the
future this method will be feasible.

6 Conclusions and future work

Rollover accidents are very dangerous and cause too many loss of life. Since many of the
rollover accidents are a result of damaged tyres, the keeping of the tyre in a good shape is
more than important. Although there are reports arguing that the human factor is the main
reason for rollover accidents (Farmer and Lund, 2002), we would not advise any driver to
pay no attention to the shape of his tyres.
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In this paper, we explained how a system using simple equipment — digital camera
can detect damages in a tyre. In the future we would like to adapt our system to a moving
vehicle. Conventional digital cameras cannot take a picture of so fast moving object, so
we should find a practical way how the pictures can be taken. A possible solution might
be taking the pictures when the vehicle moves slowly before or after stopping. In
addition, we would like to adjust our system to be able to detect damages in the tyre tread
and also in the tyre inner liner. We will also be happy to improve the technique such that
it will be able distinguish between different types of damage.

As a final point, our suggestion to mount a camera with the aim of becoming aware of
below standard tyres is easy for implementation and such a simple device can be very
beneficial because detecting damages in tyres before an accident happens can save our
life!

Acknowledgements

This work was supported in part by SUN Microsystems. We would like to thank
SUN Microsystems for their donation.

References

Aldana, K. (2011) ‘Consumer advisory: motorists should check tires in hot weather to improve
safety’, June [online]
http://www.nhtsa.gov/About+NHTSA/Press+Releases/201 1/Consumer+Advisory:+Motorists+
Shoul d+Check+Tires+in+Hot+Weather+to+Improve+Safety (accessed 4 January 2012).

Awcock, G.J. (1996) Applied Image Processing, pp.260-261, McGraw-Hill Book Company,
New York, NY, USA.

Barbanti, G. (2009) ‘Device capable of signaling the inflating condition in the tires’,
US Patent RE41, 058.

Capen, W.H. et al. (1939) ‘Tire inspection apparatus’, US Patent No. 2301251.

Chin, C.T., Lancée, C., Borsboom, J., Mastik, F., Frijlink, M.E., de Jong, N., Versluis, M. and
Lohse, D. (2003) ‘Brandaris 128: A digital 25 million frames per second camera with
128 highly sensitive frames’, Review of Scientific Instruments, Vol. 74, No. 12, pp.5026-5034.

Choi, E-H. (2012) ‘Tire-related factors in the pre-crash phase’, Report No. DOT HS 811 617,
National Highway Traffic Safety Administration, Washington, DC, April.

Christopoulos, C.A., Skodras, A.N. and Ebrahimi, T. (2000) ‘The JPEG 2000 still image
coding system: an overview’, I[EEE Trans. Consumer Electron., November, Vol. 46, No. 4,
pp.1103-1127.

Ergen, S.C., Sangiovanni-Vincentelli, A., Sun, X., Tebano, R., Alalusi, S., Audisio, G. and
Sabatini, M. (2009) ‘The tire as an intelligent sensor’, IEEE Transactions on Computer-Aided
Design of Integrated Circuits and Systems, Vol. 8, No. 27, pp.941-955.

Fang, H.C., Huang, C.T., Chang, Y.W., Wang, T.C., Tseng, P.C., Lian, C.J. and Chen, L.G. (2004)
‘81 MS/s JPEG 2000 single-chip encoder with rate-distortion optimization’, in Dig. Tech.
Papers IEEE Int. Solid-State Circuits Conf-, p.328.

Farmer, C.M. and Lund, A.K. (2002) ‘Rollover risk of cars and light trucks after accounting

for driver and environmental factors’, Accident Analysis and Prevention, Vol. 34, No. 2,
pp.163-173.



The effectiveness of JPEG images produced by a standard digital camera 35

Feng, L., Chu, L. and Zechang, S. (2009) ‘Intelligent vehicle simulation and debugging
environment based on physics engine’, Proc. International Asia Conference on Informatics in
Control, Automation and Robotics, CAR ‘09, Bangkok, pp.329-333.

Fredj, E. and Wiseman, Y. (2001) ‘An o(n) algorithm for edge detection in photos compressed by
JPEG format’, Proc. IASTED International Conference on Signal and Image Processing
SIP-2001, Honolulu, Hawaii, pp.304-308.

Giustino, J.M. (2000) ‘System and method for predicting tire forces using tire deformation
sensors’, US Patent No. 6550320.

Gray, W.H., Dumont, C. and Abidi, M.A. (1999) ‘Simulation of a tire inspection system’,
Proceedings of the 5th Conference on Quality Control by Artificial Vision, Les Trois-rivieres,
Quebec, Canada, pp.171-175.

Grinberg, 1. and Wiseman, Y. (2007) ‘Scalable parallel collision detection simulation’, Proc. Signal
and Image Processing (SIP-2007), Honolulu, Hawaii, pp.380-385.

Gustafsson, F., Drevo, M., Forssell, U., Lxfgren, M., Persson, N. and Quicklund, H. (2001) ‘Virtual
sensors of tire pressure and road friction’, in SAE 2001, Detroit.

Hearn, D. and Baker, M.P. (1986) Computer Graphic, Prentice Hall, Englewood Cliffs, NJ,
pp-295-307.

Hirose, K., Toriu, T. and Hama, H. (2009) ‘Detection of tire-road contact point for vehicle position
estimate considering shape distortion in a circular fisheye image’, 2009 Fifth International
Conference on Intelligent Information Hiding and Multimedia Signal Processing, pp.178—181.

Hongyan, P., Hong, H. and Hengtian, J. (2010) ‘Drive design for ship GPS navigation equipment
based on Linux operating system’, International Conference on Educational and Network
Technology (ICENT), Qinhuangdao, China, June, pp.384-388.

Hunt, RW.G. (1995) The Reproduction of Colour, Fountain Press England, Hertfordshire, UK,
pp-507-511.

Jain, A.K. (1986) Fundamental of Digital Image Processing, Prentice Hall Information and System
Sciences Series, Engelwood Cliffs, New Jersey, USA, pp.553-557.

Kaff, D.A., Rodrigues, C., Krishnamurthy, Y., Pyarali, I. and Schmidt, D.C. (2001) ‘Application of
the QuO quality-of-service framework to a distributed video application’, Proceedings. 3rd
International Symposium on Distributed Objects and Applications, pp.299-308.

Khanna, N., Chiu, G.T.C., Allebach, J.P. and Delp, E.J. (2008) ‘Forensic techniques for classifying
scanner, computer generated and digital camera images’, Proceedings of the 2008 IEEE
International Conference on Acoustics, Speech, and Signal Processing (ICASSP 2008),
pp.1653-1656.

Klein, S.T. and Wiseman, Y. (2003) Parallel Huffman Decoding with Applications to JPEG Files,
the Computer Journal, Oxford University Press, Swindon, UK, Vol. 46, No. 5, pp.487—497.

Klein, S.T. and Wiseman, Y. (2005) ‘Parallel Lempel Ziv coding’, Journal of Discrete Applied
Mathematics, Vol. 146, No. 2, pp.180-191.

Laplante, P.A. and Stoyenko, A.D. (1996) Real Time Imaging, Theory, Techniques and
Applications, IEEE Press Inc., New York, NY, USA, pp.122—-124.

Liu, L., Chen, N., Meng, H., Zhang, L., Wang, Z. and Chen, H. (2004) ‘A VLSI architecture of
JPEG2000 encoder’, IEEE J. Solid-State Circuits, November, Vol. 39, No. 11, pp.2032-2040.

MacKenzie, 1.S. and Ware, C. (1993) ‘Lag as a determinant of human performance in interactive
systems’, Proceedings of the INTERACT ‘93 and CHI ‘93 Conference on Human Factors in
Computing Systems, pp.488—493.

Rao, K.R. and Yip, P. (1990) Discrete Cosine Transform Algorithms, Advantages, Applications,
Academic Press Inc., London.

Schumacher, T., Higgins, C.C. and Lovejoy, S.C. (2010) ‘Detection of vehicles with studded tires
using acoustic emission sensors mounted to highway bridges’, Journal of Transportation

Engineering, Special issue on Applications of Advanced Technologies in Transportation,
Vol. 136, No. 5, pp.480—487.



36 Y. Wiseman

Seo, Y.H. and Kim, D.W. (2007) ‘VLSI architecture of line-based lifting wavelet transform for
motion JPEG2000°, IEEE Journal of Solid-State Circuits, Vol. 42, No. 2, pp.431-440.

Skodras, A., Christopoulos, C. and Ebrahimi, T. (2001a) ‘The JPEG2000 still image compression
standard’, /IEEE Signal Processing Mag., September, Vol. 18, No. 5, pp.36-58.

Skodras, A.N., Christopoulos, C. and Ebrahimi, T. (2001b) ‘JPEG 2000: the upcoming still image
compression standard’, Pattern Recognition Lett., October, Vol. 22, No. 12, pp.1337-1345.

Sun, Z., Bebis, G. and Miller, R. (2005) ‘On-road vehicle detection using evolutionary Gabor filter
optimization’, [EEE Trans. Intelligent Transportation Systems, Vol. 6, No. 2, pp.125-137.

Sun, Z., Bebis, G. and Miller, R. (2006) ‘On-road vehicle detection: a review’, [EEE Trans. Pattern
Analysis and Machine Intelligence, May, Vol. 28, No. 5, pp.694-711.

Taubman, D.S. and Marcellin, M.W. (2002) ‘JPEG 2000: image compression fundamentals,
standards and practice’, Kluwer International Series in Engineering and Computer Science.

Tsai, T.H.AN. and Lian-Tsung, T. (2008) ‘An efficient design for motion-JPEG2000 system in
real-time video encoding’, Journal of Circuits, Systems, and Computers, Vol. 17, No. 4,
pp-597-610.

Usevitch, B.E. (2001) ‘A tutorial on modern lossy wavelet image compression: foundations of
JPEG 2000°, IEEE Signal Processing Mag., September, Vol. 18, No. 5, pp.22-35.

von Seelen, W., Curio, C., Gayko, J., Handmann, U. and Kalinke, T. (2000) ‘Scene analysis and
organization of behavior in driver assistance systems’, Proc. IEEE Int’l Conf. Image
Processing, pp.524-527.

Wang, J., Bebis, G. and Miller, R. (2005) ‘Overtaking vehicle detection using dynamic and
quasi-static background modeling’, Proc. IEEE Workshop Machine Vision for Intelligent
Vehicles.

Wilson, A. (2006) ‘3-D vision system checks tires’, Vision Systems Design, February, Vol. 11,
No. 2, pp.31-35.

Wiseman, Y. (2001) ‘A pipeline chip for quasi arithmetic coding’, IEICE Journal — Trans.
Fundamentals, Tokyo, Japan, Vol. E84-A, No. 4, pp.1034-1041.

Wiseman, Y. (2007) ‘Burrows-wheeler based JPEG’, Data Science Journal, Vol. 6, No. 1,
pp.19-27.

Wiseman, Y. and Feitelson, D.G. (2003) ‘Paired gang scheduling’, /EEE Transactions on Parallel
and Distributed Systems, Vol. 14, No. 6, pp.581-592.

Wiseman, Y. and Fredj, E. (2001) ‘Contour extraction of compressed JPEG images’,
ACM — Journal of Graphic Tools, Vol. 6, No. 3, pp.37-43.

Wiseman, Y., Schwan, K. and Widener, P. (2004) ‘Efficient end to end data exchange using
configurable compression’, Proc. The 24th IEEE Conference on Distributed Computing
Systems (ICDCS 2004), Tokyo, Japan, pp.228-235.

Wright, F.S. et al. (1981) ‘Tilt head camera for interferometric analysis of tires’,

US Patent No. 4392745.

Yamauchi, H., Okada, S., Taketa, K. and Ohyama, T. (2004) ‘A single chip JPEG2000
encode processor capable of compressing D1-images at 30 frame/sec without tile division’,
IEICE Trans. Elec., April, Vol. E87-C, No. 4, pp.448-456.

Yong, W., Jing, Z. and Ping-bo, W. (2008) ‘Dynamics simulation model of double united

articulated container flat vehicle’, Journal of Traffic and Transportation Engineering, Vol. 8,
No. 1, pp.14.



