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Abstract
Substandard fuselage can trigger a deadly disaster
that may claim many lives. This paper proposes
employing of a standard digital camera that can
produce JPEG images in an attempt to pinpoint a
scratch in a fuselage. The digital camera takes
pictures of the fuselage. The signal processing scheme
of JPEG takes for granted that the taken picture is
pretty smooth. Accordingly, when there is an abrupt
difference inside an individual block of a picture, the
value of many of its frequency coefficients will be
above what is usual; therefore it will be compressed
into many more bits. For that reason, if the image is
more than usually large, an embedded computer
system can spot the scratch. In such cases, sometimes
an action can be taken in an attempt to minimize the
risky outcomes of the impairment.
Keywords: Fuselage, Discrete Cosine Transform,
JPEG, Signal Processing

1. Introduction
At April 1, 2011, a Boeing 737-3H4 flew from
Phoenix, Arizona to Sacramento, California. Near
Yuma, Arizona, a mysterious sound was recorded on
the cockpit area microphone. Few seconds later, the
captain noticed that the airplane had rapidly lost cabin
pressurization and called for oxygen masks on. Steady
sounds with increased wind noise were heard on the
cockpit voice recording. The captain announced an
emergency with air traffic control. The cabin crew
began to search the source of the noises and found a 2foot hole in the fuselage. The aircraft was diverted to
Yuma International Airport. The airplane landed there
without further incident. The damaged part of the
fuselage can be seen at Figure 1.
The cabin crew in this case eventually indeed
succeeded to find the damage part; however it took
some time to find the damaged part and in such cases
time is very crucial.
The monitoring of the fuselage condition is
extremely vital [ 1 ]. We suggest using an ordinary
digital camera to locate the damaged part [2]. 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 [3] as well as vehicle
equipment like GPS [4].

JPEG images have many advantages like the ability
of being decoded in parallel [ 5 ], the
straightforwardness of adaptation for new compression
methods [ 6 ] and the capability of flexible
implementation for hardware from different vendors
[7].

Figure. 1. Dangerous fuselage damage
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, the
signal processing used by JPEG can let us use the
frequency information embedded in the compressed
data.
The rest of the paper is organized as follow: Section
2 describes the algorithm of baseline JPEG. Section 3
explains how JPEG images can be used for detecting
damaged fuselage. Section 4 describes the experiments
we have performed, while section 5 concludes the
paper.

2. Overview of the JPEG algorithm
The first step transforms the image color into a
suitable color space. There are several methods to
transform the image into a color space [8,9]. The most
common methods are the split into YUV components
[ 10] or the split into RGB components [ 11]. 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 [12].
JPEG allows samples of 8 bits or 12 bits. In the
original JPEG all values contained by the same source
image must have the same precision. The values are
shifted from unsigned integers with range [0,2p-1] to
signed integers with range [-2p-1,2p-1-1], by reducing
2p-1 from the original values, where p can be either 8
or 12. These biased values are then sent to the next
step.
The second step groups the pixels into blocks of
8X8 pixels. The order of the blocks is line by line and
each line is read from left to right. After the group into
blocks, JPEG transforms each block through a
Forward Discrete Cosine Transform (FDCT) [13]. The
DCT gives a frequency map, with 8X8 or 64 elements.
The transformation keeps the low frequency
information which a human eye is much more 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. These
coefficients reflect the frequency information of their
row and column. These coefficients indicate the
amplitude of a specific frequency component of the
input array. The frequency content of the sample set at
each frequency is calculated by taking a weighted sum
of the entire set.
Table 1 contains the values of weight for one row in
a 8x8 matrix. The rows are the Index of result whereas
the columns are the Index of value.

In other words, these AC values of one row are the
results of this formula:
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+0.707 +0.707 +0.707 +0.707 +0.707 +0.707 +0.707 +0.707

1

+0.981 +0.831 +0.556 +0.195 -0.195 -0.556 -0.831 -0.981

2

+0.924 +0.383 -0.383 -0.924 -0.924 -0.383 +0.383 +0.924

3

+0.831 -0.195 -0.981 -0.556 +0.556 +0.981 +0.195 -0.831

4

+0.707 -0.707 -0.707 +0.707 +0.707 -0.707 -0.707 +0.707

5

+0.556 -0.981 +0.195 +0.831 -0.831 -0.195 +0.981 -0.556

6

+0.383 -0.924 +0.924 -0.383 -0.383 +0.924 -0.924 +0.383

7

+0.195 -0.556 +0.831 -0.981 +0.981 -0.831 +0.556 -0.195

Table 1: Values of weight for one row in a 8x8 matrix

x is the index of value.
f(x) is the value itself.
u is the index of result.
C (u ) = 1 2 if u=0; C(u)=1 otherwise.
F(u) is the result itself.

If f(x) (the intensity of each pixel) is exactly the
same in the entire row, each F(u) which holds u>0, will
be zero. F(0) will be the sum of the row’s values
divided by 2 2 . This explains why JPEG is better
pictures which do not have sharp changes. Pictures
which have sharp changes like cartoons will have
larger values and hence will be compressed not as
good as the pictures without the sharp changes.
As was mention above, the blocks are of 8X8, so
one-dimensional DCT is enough for only one row. The
DCT for an entire block is done by applying onedimensional DCT separately for each row of eight
pixels. The result will be eight rows of frequency
coefficients. Then, these 64 coefficients are taken as
eight columns. The first column will contain all DC
coefficients, the second column will contain the first
AC coefficient from each row, and so on. At that time,
JPEG apply one-dimensional DCT for each of these
columns.
In reality the one-dimensional DCT is not used and
the entire calculation is done by one formula that
reflects this calculation:
F (u, v) =

0

1 7
∑ f ( x)C (u) cos[(2 x + 1)uπ / 16]
2 x =0

1 7 7
(2 x + 1)uπ
(2 y + 1)vπ
∑ ∑ f ( x, y)C (u) cos[ 16 ]C (v) cos[ 16 ]
4 y = 0x = 0

Where:
• x,y are the indices of value.
• f(x,y) is the value itself.
• u,v are the indices of result.
• C (u ) = 1 2 if u=0; C(u)=1 otherwise.
• C (v) = 1 2 if v=0; C(v)=1 otherwise.
• F(u,v) is the result itself.
It should be noticed that index 0,0 contains the DC
of the DCs. This value is called the DC of the 8x8
block.
The next step is the quantization. The 63 AC
coefficients are ordered into a zig-zag sequence. Firstly
JPEG puts the coefficient that its row index plus

column index is 0 i.e. the DC. Then JPEG puts the
coefficients that their row index plus column index is
1. Next, JPEG puts the coefficients that their row index
plus column index is 2 and JPEG continues until
putting the last coefficient that its row index plus
column index is 14. This zig-zag algorithm arranges
the coefficients into one dimensional array .In each
block, each of the 64 coefficients is divided by a
separate “quantization coefficient”. The quantization
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 quantization coefficient is 1, some information will
be lost, because typically the DCT coefficients are real
numbers.
Unlike text compression method that usually use
Lempel-Ziv methods [ 14 ], the last step of JPEG
encodes the reduced coefficients using either Huffman
or Arithmetic coding. There are also other compression
algorithms that fit JPEG, but are not officially
supported [15].
Usually a strong correlation appears between DC
coefficients of adjacent 8X8 blocks. Therefore, JPEG
encodes the difference between each pair of adjacent
DC coefficient. Baseline JPEG model uses two
different Huffman trees to encode any given image,
one Huffman tree for the DC coefficients' length and
the other Huffman tree for the AC coefficients' length.
The tree for the DC values encodes the lengths in bits
(1 to 11) of the binary representations of the values in
the DC fields.
The second tree encodes information about the
sequence of AC coefficients. As many of them are
zero, and most of the non-zero values are often
concentrated in the upper left part of the 8 × 8 block,
the AC coefficients are scanned in the zig-zag order
specified by the quantization step i.e. processing
elements on a diagonal close to the upper left corner
before those on such diagonals further away from that
corner, that is the order is given by (0, 1), (1, 0), (2, 0),
(1, 1), (0, 2), (0, 3), (1, 2), etc.
The second Huffman tree encodes pairs of the form
(n, l), where n (limited to 0 to 15) is the number of
elements that are zero, preceding a non-zero element in
the given order and l is the length in bits (1 to 10) of
the binary representation of the non-zero quantized AC
value.
The second tree also includes codewords for EOB,
which is used when no non-zero elements are left in
the scanning order and for a sequence of 16
consecutive zeros in the AC sequence (ZRL),
necessary to encode zero-runs that are longer than 15.

The Huffman trees used in baseline JPEG are static
and can be found in [16].
Each 8X8 block is then encoded by an alternating
sequence of Huffman codewords and binary integers
(except that the codeword for ZRL is not followed by
any integer), the first codeword belonging to the first
tree and relating to the DC value, the other codewords
encoding the (n, l) pairs for the AC values, with the
last codeword in each block representing EOB.
Table 2. Example of block compression

20

1

0

0

0

0

0

0

0

3

0

0

0

0

0

0

0

0

0

0

0

0

0

0

-2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Table 2 brings an example of a JPEG 8X8 block after
DCT and after quantization., with the DC value is in
the upper left corner. The DC value is more often than
not very similar to the previous DC value, so it is
computed as a difference between the current value
and the previous DC value. Suppose the previous DC
value in this example was 15, the result of the
compression will be as shown in Figure 2.
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Figure 2. Ruselt of JPEG compression
The first value (110) is the Huffamn code for the
DC length in bits (3). Then, the difference between the
current DC value and the previous DC value is
explicitly written (5). Next, the AC values are written
as sequences of several zeros followed by one nonzero value. At the end a special code EOB (1010) is
written.

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
summarized in Figure 3.
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Figure 3: JPEG Model for a lossy image compression
The decompression process performs an inverse
procedure:
• It decompresses the Huffman or the Arithmetic
codes.
Then, it makes the inversion of the Quantization
•
step. In this stage, the decoder raises the small
numbers by a multiplication of them by the
quantization coefficients. The results are not
accurate, but they are close to the original
numbers of the DCT coefficients.
•
Finally, an Inverse Discrete Cosine Transform
(IDCT) [17] 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.
To conclude, JPEG is a well known standardized
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 because of two fundamental reasons: storing
full color information and reducing the size of image
files, so as to avoid high traffic on the network and
avoiding memory pressure [ 18 ]. JPEG is an
eminent format and is described in many places e.g.
[19,20].

3. Detection of Fuselage Defective Parts
As was mentioned in the previous section, the JPEG
standard is based on the DCT paradigm [21,22]. 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 8X8,
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 8X8 pixels, but the algorithm will be obviously
good for other small NXN pixels size too.
When there is a good algorithm that is very
common in the market and does a good job, it seems to
be the commonsensical choice. There might be some
other good algorithms, but using those algorithms
means you have to push a new standard which can be a
very hard task.
When looking for the contour of an object, the goal
will be to locate 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
pictures of the fuselage. We actually take a close
picture of each part of the fuselage. If the entire size of
a picture is above a certain threshold, we will consider
this part of the fuselage as a damaged part.
If we have no idea what the threshold value should
be, we can examine the probability density function
(PDF) [ 23 ] 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.
Figure 2 demonstrates how JPEG is used for
contour extraction. The original image was compressed
in grayscale baseline JPEG format with 75% quality.
The figure shows the original image, which is a highresolution picture of 1000X1000 pixels. Table 1 shows
the JPEG format in the upper left corner of the black
square. The size of the black square is 200X200 pixels
and the square is not aligned relative to JPEG’s 8X8
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:
0,0,1,0,1,0.
The “00” reflects that there are no differences
between the values of the previous and the current
block’s DC coefficients, and “1010” symbolizes 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 larger. 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 [24,25,26].

parameters the length of the block, its magnitude and
the number of consecutive blocks the threshold can
extract the contour with a range of scalar values
[27,28]. The extra parameters allow more control over
the resulting mechanism.
The algorithm is very simple and can be described
as follows:
• Take a picture of the fuselage part and
create an image - I
o Set L= size_of_image (I)
o If (L > T)
 then the fuselage is
deemed to be damaged
and should be checked.
Where T is a threshold and its value will be
discussed below.

4. Experiments

Figure. 4. Sample image and how JPEG can be
used for contouring
Table 1. JPEG format of the upper left corner of
the black square.
-12
22
-18
16
-11
6
-2
1

18
-25
20
14
10
-5
2
-1

-8
8
-7
4
-2
1
-1
0

-2 3 -1 -1 1
2 -3 0 1 -1
-2 2 0 -1 1
1 -1 0 1 1
-1 0 -1 -1 0
-3 0 0 0 0
0 0 0 0 0
0 0 0 0 0

Figure 4 and Table 1 show 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

We examined our technique on some damaged
fuselages and tried to check whether we succeed to
locate the damaged part. Clearly, obvious cases like in
Figure 4 do not exist in real fuselages, but we still
succeed to find most of the damaged parts by taking
many picture of it in all of its parts.
We used an Olympus FE-170 digital camera with
resolution of 2112X2816. The Images with no damage
in the fuselage produced images in size of less than
1.3MB; whereas images in size of more than 1.5MB
usually had damage in the fuselage.
Many of the fuselage damages are clear like the
damage in Figure 5. It appears that many wildlife
strike aircrafts [29] and in such cases the damage is
usually quite large.
Since the establishment of the Federal Aviation
Administration’s (FAA) National Wildlife Strike
Database at 1990, 99,411 reported wildlife strikes to
airplanes have been reported [30]. Also strikes of bats
are reported as a noteworthy difficulty for the air
traffic [31]. Geese are also can cause crash of aircrafts
as was happened to US Airways Flight 1549, which
crash landed in the Hudson River in New York City on
15 January 2009 after a collision with a flock of geese
[32].
The result of these strikes causes more than 200
human lives lost worldwide as well as financial losses
(direct and indirect) of at least $1.2 billion annually to
civil aviation worldwide. Particularly, more than $625
million of financial losses annually just in the United
States [33].
This is more than the loss for the aviation industry
caused by various terror groups [34].

Figure 5. Large and clear damage
However, sometimes there are smaller damages.
One major reason for smaller damages is hail [35]. At
July 14, 2011, More than 100 flights have been called
off at Denver International Airport after hail damaged
about 40 aircrafts and stranded about 1,000 passengers
overnight. The damages were usually not large as can
been seen in Figure 6.

Figure 7. Small damage
Actually, there are seasons that there more such
accidents [36]. Usually the months of Aug-Oct have
the highest priority of having such damages as can
been seen in Figure 8.

Nov-Jan

Feb-Apr

May-Jul

Figure 8. Strike's distribution during a year

Figure 6. Hail Damage in Denver International
Airport
There also some other small objects that sometime
soar over airports and can cause tiny damages like the
damage in Figure 7.

As a matter of fact, the use of our system for large
and clear damages is less important, although
sometimes a cabin crew member under stress can need
a help even such cases; however when a small and
indistinguishable damage can make lower the pressure
in the cabin and locating it without delay can be an
imperative.
There are also cases where our system has produced
false alarms. Figures 9 and 10 show examples for such
a false alarm. The dirt on the fuselage in Figures 9 and
10 can be easily noticed. This dirt made the system
assuming that the fuselage is damaged; whereas this
fuselage was actually undamaged.

Figure 9. Dirt on the Fuselage

damage scenarios and circumstances have been
researched [42,43].
This method can be also effective for data
collection for the flight data recorder. Using this
device the flight data recorder will be able to know
about the size and the location of the damage during
the flight time [44,45].
The suggested system in this paper can be mounted
in an aircraft and it may save lives. In this paper, we
explained how a system using simple equipment –
digital camera can detect damages in a fuselage. In the
future we would like to adapt our system to a ground
camera. Conventional digital cameras cannot take a
picture of so fast moving object and so far objects, so
we should find a practical way how the pictures can be
taken.
We also consider developing more sophisticated
algorithm that can not only identify damaged fuselage,
but also identify various kinds of damages. Looking at
existing machine-vision [ 46 , 47 , 48 ] and machinelearning algorithms [49,50] may help in significantly
extending the suggested method.
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Figure 10. More Dirt on the Fuselage
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