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Introduction

This document describes techniques that may be used to aid automatic QC analysis of sonar data. The techniques described here are intended primarily to facilitate an estimation of the performance of side scan sonar systems mounted on an AUV. In particular the analyses techniques described here have been designed to produce output that may readily be transmitted over a very narrow bandwidth communications link.

There are two kinds of analysis described here, the first group described in section two are designed for the numerical analysis of data and the automatic assessment of data quality. Of course, the results of these analyses may be displayed graphically if required.

The second group of analyses is intended to allow the visualisation of sonar data through a low bandwidth link, typically an acoustic modem.

Many of the techniques described are also valid for sub bottom profiler data, particularly chirp sub bottom profilers.

1. Mathematical Data Analysis

1.1 Seabed Envelope Energy

1.1.1. Parameters required.

Altitude

Expressed in milliseconds

Frequency 
Byte value representing System frequency

Length

Length of the analysis in Milliseconds

Frequency is a byte value representing the system frequency of interest i.e. on dual frequency sonar systems valid values would be 0 or 1 for low or high frequency.

1.1.2. Figure1 – Seabed energy Envelope
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1.1.3. Return value.

This function should return the average energy in the section of sonar data between the seabed first return (represented by the altitude figure) and a point length milliseconds after the seabed first return.

1.2 Water Column Noise

1.2.1. Parameters required.

Altitude

Expressed in milliseconds

Frequency 
Byte value representing System frequency

Length

Length of the analysis in Milliseconds

Frequency is a byte value representing the system frequency of interest i.e. on dual frequency sonar systems valid values would be 0 or 1 for low or high frequency.

The sonar system should have an internal blanking figure. This determines the time after transmission before analysis should begin and is necessary to exclude the transmit pulse from the analysis.

1.2.2. Figure 2 - Water Column Noise
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1.2.3. Return value.

This function should return the average energy in the section of sonar data between the end of the blanking period and the seabed first return (represented by the altitude figure).

Mean Signal

1.2.4. Parameters required.

Altitude

Expressed in milliseconds

Frequency 
Byte value representing System frequency

N

Number of values to return per side -1

Frequency is a byte value representing the system frequency of interest i.e. on dual frequency sonar systems valid values would be 0 or 1 for low or high frequency.

1.2.5. Figure 3 – Record Length
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1.2.6. Figure 4 – Analysis sections

[image: image4.png]







1.2.7. Return value.

This analysis returns an array of values E0..EN. Each value represents the average signal for that period. 

Each value represents the average signal from the start of analysis to the end of analysis. For values other than E0 the start time of the analysis may be found using the following equation.
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Where

A = the altitude in Samples.

R = Number of samples in the sonar data set

N = Total number of analysis points.

N = Current analysis.

Ss = Start time of the analysis.

The end time of the analysis Se may be found by 
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The following therefore represents the output En
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Where X represents the array of samples that make up the data for one SSS Channel at the requested frequency.

The analysis should be repeated for both port and starboard channels for the requested frequency.

This analysis may also be applied to sub bottom profiler data.

RMS Signal

1.2.8. Parameters required.

Altitude

Expressed in milliseconds

Frequency 
Byte value representing System frequency

N

Number of values to return per side -1

Frequency is a byte value representing the system frequency of interest i.e. on dual frequency sonar systems valid values would be 0 or 1 for low or high frequency.

1.2.9. Figure 5 – Record Length
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1.2.10. Figure 6 – Analysis sections
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1.2.11. Return value.

This analysis returns an array of values E0..EN. Each value represents the average signal for that period. 

Each value represents the average signal from the start of analysis to the end of analysis. For values other than E0 the start time of the analysis may be found using the following equation.
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Where

A = the altitude in Samples.

R = Number of samples in the sonar data set

N = Total number of analysis points.

N = Current analysis.

Ss = Start time of the analysis.

The end time of the analysis Se may be found by 
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Rather than outputting the mean signal level, the RMS is calculated.
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1.3 Signal Standard Deviation

1.3.1. Parameters required.

Altitude

Expressed in milliseconds

Frequency 
Byte value representing System frequency

N

Number of values to return per side -1

Frequency is a byte value representing the system frequency of interest i.e. on dual frequency sonar systems valid values would be 0 or 1 for low or high frequency.

1.3.2. Figure 7 – Record Length
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1.3.3. Figure 8 – Analysis sections
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1.3.4. Return value.

This analysis returns an array of values E0..EN. Each value represents the average signal for that period. 

Each value represents the average signal from the start of analysis to the end of analysis. For values other than E0 the start time of the analysis may be found using the following equation.
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Where

A = the altitude in Samples.

R = Number of samples in the sonar data set

N = Total number of analysis points.

N = Current analysis.

Ss = Start time of the analysis.

The end time of the analysis Se may be found by 
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The following therefore represents the output En
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Where X represents the absolute value of the samples being analysed. And M represents the mean value of the sample set.

Sub Sampling and compression techniques for visual inspection

1.4 Simple Ping Sub Sample

1.4.1. Parameters required.

Frequency 
Byte value representing System frequency

N

Number of values to return per side 

Frequency is a byte value representing the system frequency of interest i.e. on dual frequency sonar systems valid values would be 0 or 1 for low or high frequency.

1.4.2. Method

A complete ping is sub sampled at an appropriate rate to produce a sonar ping consisting of N samples. No averaging takes place.

1.4.3. Data Output

The output from this analysis consists of an array of bytes of length N. This implies that if the data is not originally 8bit it must be converted through a process of Histogram equalisation or linear quantisation.

1.5 Ping Averaging Sub Sample

1.5.1. Parameters required.

Frequency 
Byte value representing System frequency

N

Number of values to return per side 

Frequency is a byte value representing the system frequency of interest i.e. on dual frequency sonar systems valid values would be 0 or 1 for low or high frequency.

1.5.2. Method

A complete ping is sub sampled at an appropriate rate to produce a sonar ping consisting of N samples. The mean is calculated for each sub sample.

1.5.3. Summary

This is similar to the technique Mean Signal described in section 2.3 above. It differs in the case that this technique does not correct for the water column.

1.5.4. Data Output

The output from this analysis consists of an array of bytes of length N. This implies that if the data is not originally 8bit it must be converted through a process of Histogram equalisation or linear quantisation.

Compressed Snapshot

1.5.5. Parameters required.

Frequency 
Byte value representing System frequency

X

Number of pixels in the horizontal direction

Y

Number of pixels in the vertical direction (pings to include)

T

Target size of the compressed image in bytes.

Frequency is a byte value representing the system frequency of interest i.e. on dual frequency sonar systems valid values would be 0 or 1 for low or high frequency.

1.5.6. Method

Below is described the algorithmic method for generating a compressed sonar image.

Sonar data is received from the sonar system as a number of discrete voltage samples. There will be in the order of 1-4 thousand samples per channel per sonar ping. Samples are time orientated and must be rearranged to be spatially ordered. This is done by mapping sonar samples to a bitmap image. Each scan line of the bitmap image represents one or more sonar ping. Each pixel of the scan line represents the image of the seabed at a proportionate distance from the seabed. The sonar is assumed to follow a straight track along  the vertical centre of the image. As indicated below.




It would be possible to generate a bitmap for each channel, but for convenience of display only a single bitmap is generated for two channels.  Data must be mapped from the raw sonar samples to the display bitmap such that samples from directly below the sonar are displayed at the mid point of each scan line and samples at the end of the sonar ping are displayed at the outer edges of the scan line. As shown below.

Port Ch Data


Stbd Ch Data


Scan Line

Note that not all of the input data is used to generate the image, some of the sonar data is from the water column and can be discarded. 

It can be seen that while the Starboard channel simply needs sub sampling in order to fit the smaller number of storage locations available in the bitmap, the Port data requires not only sub sampling but also the order in which the data is stored to be reversed. I.e. for the port data the last sample must be ordered to appear first in memory.

Further to the problem of reordering and sub sampling the data is the process of slant range correction.  Slant range correction is required to convert the time ordered data to a distance ordered data.  This is due to the geometry of the sonar situation. The initial return from the transducer is nearly vertical and the and returns from long range are nearly horizontal. 

In order to convert from slant range as supplied by the sonar system to true range as is required in order to display an image of the seabed it is necessary to know the following information.

· Velocity of propagation (Vp) meters per second

· Sample rate of the sonar system (Sr) Samples per second

· Vehicle altitude (A)

By knowing the Vp and the Sr it is possible to convert a sample number n (assuming samples are numbered 1 .. number of samples starting with the first sample recorded) to a slant range in m from the vehicle (Rs).

Equation 1
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It is important to remember to  divide the range by two to allow for the acoustic wave to travel both in both directions (out from the sonar to a target and back again to the sonar).

In order to convert Rs to true range (Rt) the following calculation may be employed.

Equation 2
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In order to convert the raw sonar data to an 8 bit slant range corrected image we first have to slant range correct the raw data and decimate it to fit across the width of the image.

One method of achieving this is listed below. 

1) Gather the port side data in to an array PortIn[1..X]

2) Gather the Starboard side data in to an array StbdIn[1..X] Where X represents the number of samples in the sonar data

3) Make W equal to the width of the target bitmap. 

4) If W is Odd then decrement W

5) Generate two arrays, each sized at half the width of the target bitmap. PortSR[1..w/2], StarboardSR[1..w/2]

6) Generate a third array sized as the previous two but called Range[1..W/2]

7) Calculate Maximum system ground range. SysRange.

8) Calculate BinSize by BinSize=SysRange/(W/2)

9) Fill Range array using the following algorithm

10) For n = 1..w/2 do

11) Range[n] = BinSize*n

12) End the for loop

13) Set a temporary variable (RangeIndex) to 1

14) Set a temporary variable (BinCount) to 0

15) Calculate the first sample in the input data that is valid for seabed mapping (Remove the water column)

16) sample_period_in_meters = ((Velocity_of_propogation/2)/Sample_Frequency) 

17) w = altitude / sample_period_in_meters

18) For n = w..x do (I.e. for each input value starting with the closest x = sample number).

19) Calculate Sample Slant Range SR by the following calculation

20) Sr=(Velocity of Propagation  / 2 ) / (x * Sample Period)

21) Calculate Ground range GR by the following

22) GR=Sqrt(SR^2 – Alttiude^2)

23) If GR > Range[RangeIndex] Then do the following

24) Divide PortSR[RangeIndex] by Bin Count

25) Divide StarboardSR[RangeIndex] by Bin Count

26) Increment RangeIndex by 1

27) Set PortSR[RangeIndex] to PortIn[n]

28) Set StbdSR[RangeIndex] to SdbdIn[n]

29) SetBinCount to 1

30) Else if GR <= Range[RangeIndex] then do the following

31) Add PortIn[n] to PortSR[RangeIndex]

32) Add StbdIn[n] to StbdSR[RangeIndex]

33) Increment BinCount

34) End the For Loop

35) Clear up the last sample by dividing both PortSR[RangeIndex] and StbdSR[RangeIndex] by Bin count.

The arrays PortSR and StbdSR now contain slant range corrected data. This algorithm results in the output arrays containing averaged samples. It would be trivial to adapt the algorithm such that the output arrays contained either the minimum or maximum input values per bin.

Caution must be taken with this algorithm, particularly if the output arrays are relatively large in relation to the source data. 

Next the data must be assigned to the relevant scan line of the image, remembering that the port side data must be reversed when copying from the PortSR array to the scan line. Also if the source data is of a resolution other than 8 bits data must be converted to 8 bit integers.

Where f() is a function that converts the source data to an 8 bit integer.

1) For n = 1 .. w/2  do

2) Scanline[n] = f(PortSR[W/2-(n-1)])

3) Scanline[n+W/2] = f(StbdSR[n])

4) End of the For Loop

The process of slant range correcting and applying the data to an image scan line is repeated on a ping by ping basis until the image is entirely filled with data. Once a filled image is achieved compression may be applied.

JPEG compression may be used on the images, but a better solution is to use Wavelet compression. If wavelet compression is to be used then an SDK is available Luratech at the following address:- http://www.luratech.com/ 

Later in 2001 it is expected that the JPEG 2000 file format will be ratified. Luratech have been involved in the JPEG 2000 standardisation process and will be providing products to allow their current customers to migrate to the JPEG 2000 format. 

The Luratech SDK is capable of compressing an image in memory and putting the result in to a provided buffer. The function will compress an image to exactly fit the provided buffer. For acoustic transmission of an image this is ideal as the packet size will be known at the start of the process.

1.5.7. Output Data

The output data is the produced image file. 

Notes on 8 or 16 bit to 8 bit conversion.

Sonar data is generally recorded as 12 or 16 bit data, this is generally stored in two bytes. By a simple process of converting the data to 8 bit values we can reduce the bandwidth required to transmit the data by half. Obviously information will be lost in this process, so a conversion method that preserves most of the useful information and discards redundant information or noise would be preferred. The best choice of algorithm to accomplish the above will depend on the 

Explained below are the following conversion algorithms

· linear quantisation

· logarithmic companding - reducing contrast in whites

· logarithmic companding - reducing contrast in blacks

· histogram equalisation

· entropy equalisation

All the above conversion algorithms can take the form of a look-up table and so are efficient to implement. The look-up table can be displayed graphically as output versus input.

The following descriptions in general assume 12 bit data but may be modified for use with 16 bit input data.

1.6 Linear quantisation
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Figure 1. Linear quantisation

Linear quantisation uses the relationship shown below in the equation.
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Where


X
=
16 for 16 bit data or 12 for 12 bit data etc.

Inp
=
Input value


Out
=
Output value


Trunc
=
Truncate real value to lower integer value

Precision is reduced equally across the complete grey scale from black to white. 

For a 12 bit input data set 16 input values could have all have the same output value. This gives the following example data conversions:

0 , 1 , 2 , ... , 15


all become
0

16 , 17 , 18 , ... , 23

all become
1

24 , 25 , 26 , ... , 31

all become
2

:

4080 , 4081 , 4082 , ... 4095
all become
255

The inverse process is shown below in the equation
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The 1/2 is required to minimise quantisation error.

1.7 Logarithmic Companding (Reduce Contrast In Whites)
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Figure 2. Logarithmic Companding (Reduce Contrast In Whites)

Logarithmic companding uses the relationship shown below in the equation.
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Where



[image: image25.wmf]a


=
Normalisation factor.


Round
=
Round real value to nearest integer value.

Precision is maintained for low input values and gradually reduced as the input values become larger. the dashed line shows the line of equal precision. 

For 12 bit data the normalisation factor has to be set to 
[image: image26.wmf]a

= 60.38 to ensure an input value of 4095 gives an output value of 255. This gives the following example data conversions:

0 


becomes
0

1


becomes
1

:

7


becomes
7

8 , 9


both become
8

:

439, 440, ... , 446
all become
128

:

4027, 4028, ... 4095
all become
255.

The inverse process is shown below in the equation. 
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1.8 Logarithmic Companding (Reduce Contrast In Blacks)
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Figure 3. Logarithmic Companding (Reduce Contrast In Blacks)

By rotating the companding curve through 180 degrees, the contrast can be preserved in the high input values and reduced in the low input values. The logarithmic relationship now takes the form shown below in the equation.
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This gives the following example data conversions:

0 , 1 , ... , 68

all become
0

:

3649 , 3650 , ... , 3656
all become
127

:

4086 , 4087


both become
247

4088


becomes
248

4089


becomes
249

:

4095


becomes
255

The inverse process is shown below in the equation. 
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1.9 Histogram Equalisation
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Figure 4. Histogram Equalisation

Unlike the other conversions described so far, histogram equalisation is data dependant. As such, no equation can be derived which describes the conversion. However, a look-up table can still be generated to convert between input and output values. This look-up table is generated from the input values themselves.

The purpose of histogram equalisation it to create equal numbers of each output value, e.g. nine 0's, nine 1's, nine 2's, ... nine 255's. The look-up table is formed from the cumulative probability distribution of the input values. This gives a curve similar to the one shown in Error! Reference source not found.. As the distribution is cumulative, the curve is monotonically increasing, i.e. at every step the curve can only increase or stay the same value. 

Steep gradients occur at input values that are common, i.e. high probability. This means these input values are converted to a large range of output values, giving high precision, i.e. good contrast. The curve has low gradient for input values that are rare, i.e. low probability. This means these input values are converted to a small range of output values, giving low precision, i.e. poor contrast.

As with all the other conversions so far described, the inverse conversion is performed by reading the curve in reverse. For histogram equalisation, this requires a look-up table which is formed by converting output values to input values using the curve shown in Error! Reference source not found.. Again this look-up table will be data dependant.

1.10 Entropy Equalisation

'Entropy Equalisation' is an empirical method designed to overcome one of the problems with histogram equalisation. If the curve shown in Error! Reference source not found. rises too sharply, then some of the possible output levels are skipped. This means that the full 256 grey levels available are not all being used. The objective of histogram equalisation is to reduce the number of grey levels from 4096 to 256. This involves a loss of information (entropy). Therefore it seems wasteful to allow less than 256 grey levels to be used. 

To overcome this problem, a threshold is imposed on the maximum gradient allowed in the cumulative probability distribution. However, the output value must still rise to 255 by the time the input has reached 4095. Therefore all gradients below the threshold have to be increased to compensate.
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