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Performance Test in Imaging

1. Introduction

The Performance Test in Imaging is designed to facilitate a determination of the quality of a
hydrographic survey. The hydrographic data could either be acquired by means of single-
beam or by means of multi-beam techniques.

2. Utilizing the Performance Test Tool

The basis of the test is a base model, that must be superior to the survey that is to be tested. In
the present context, this base model is termed the ‘Reference Model’. The model/survey, to
be tested is termed the ‘Test Model” or the ‘Test Survey’.

2.1. Creating a Reference Model

Bearing in mind that the ‘Performance Test’ is based on comparing a survey line against a
reference model, it is of the outmost importance to attain a good, superior reference model.
This can be achieved in different ways:

e By utilizing a superior survey configuration (method, instrumentation etc.)

e By surveying the area with multiple lines and in a variety of directions

e By thoroughly cleaning and editing the surveyed area

The ideal method would probably be to do a combination of the three. As a minimum,
however, it is recommended to perform the survey several times over the same area, in
multiple directions with a substantial overlap. Before the performance test is done the
complete survey system should however be completely calibrated. This would include
validation/calibration of attitude sensors as well as performing a patch test through which the
mount angles of the multibeam transducer are determined.

The acquisition of the data could be accomplished as depicted in figure 1, below. Once this
has been achieved, the data must be cleaned, preferably utilizing the NaviEdit PlaneCleaning
method, invoked from the PlanView Editor.

—)

)

Figure 1 Survey Example for Reference Model

The cleaned reference model must finally be imported into Imaging in the traditional way, by
dragging-and-dropping the files in question. An example of a series of files (NED-files from
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NaviEdit), together forming such a reference survey and imported into Imaging, is depicted
below in Figure 2.
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Figure 2 Reference Survey loaded into Imaging

2.2. Creating a Test Survey

The reference model has to be tested up against a test survey. It is recommended that this
survey is not parallel to any of the reference runlines. For example a survey like what is
visualised in Figure 3 below.

Figure 3 Survey Example for Test Survey

This survey data is exported in an ASCII file containing X,Y,Z, beam angle and beam quality.
The format is named ‘Ascii XYZ,Angle,Quality’ and is exported from NaviEdit as shown
below in Figure 4 in NaviEdit.

Alternatively, it is possible to execute the Performance Test against a single-beam
observation set. This information must be exported from NaviEdit as an ‘ASCII XYZ’ file.

EIVA Postprocessing Software March, 2010



Performance Test in Imaging

@ DSN=LocalSQLServer:UID=IdaDATABASE=Patch250210_CT - JobPlanner (=] E -]
File Import Edit [Export] View Tools Help
@ |@ §|s§r| 3 xvz » Ascii (XYZ) (*xy2)
3 Data 1 Navigation » Ascii (XYZ Angle Quality) ("xyz) Bath Doppler | Pioe
Cross Profile » Ascii (XYZ) (~.dgi) ~ 5
Other » Ascii (Time Ping No. XYZ Tide Motion) ("xyz)
Predefined formats (cross, leng..)... GBI Cirap)
Predefined (New) v LD Clpa}
Dataacq (NP: Time,X,Y,Kp,Fix 71,72, 73) (*.npxyz)
NORCOM (Date Time Line Fix X ¥ Kp Depth (*.dat)
Bathy Plot (XYZ) (~.bpl)
SZ (Singlebeam) ("sz)
Export X, ¥, Z, angle and quality [NUM | Y

IL:igure 4 Exporting the ASCII XYZ (Angle Quality) file from NaviEdit

Figure 5 below shows an example from such a file.

Test Survey.xyz - WordPad E@Q
File Edit View Inset Format Help
CEE SR # (=8 B
Easting Northing Depth  2Angle Quality i
394039.41 5682594.04 12.50 -66.177 3 |
394039.86 5682593.48 12.56 -65.667 3
394040.30 56825%2.84 12.62 -65.15% 3
394040.71 56825%92.43 12.69 -64.64% 3
394041.14 5682591.8% 12.72 -64.141 3
394041.55 5682591.38 12.77 -63.631 3
394041.94 5682590.80 12.82 -63.121 3
394042.32 5682590.43 12.87 -62.813 3
394042.70 5682589.86 12.91 -62.102 3
394043.0A SAA7589.51  17.95 -A1.597 3 S
For Help, press F1 MUM

Figure 5 Example frbm ASCII XYZ (Angle Quality)

2.3. Performing the Test

Once the reference model is loaded into Imaging and the test survey has been creates, the
Performance test can be performed. In Imaging, choose the menu-item “Tools - Performance
Test...” as shown below in Figure 6.

file \u"iew[Tools Help
u J Reader Geodesy...

-

—_— Save Geodesy..
244 Proj
E Q mje_ Save settings as default
-4 Fi
Performance Test...
¢ Fill
&
" Tile...
.. Plames

Fiaure 6 Invoking the Performance test in Imaging

When this has been done, the ‘Performance Test window will open as shown below in Figure
7. Note that initially the window is empty.
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Generate Repart

i:igure 7 Initial view of the Performance Test Window

As it is stated in the window in the upper left part, the user should now open an XYZ file,
representing the survey to be tested. This could either be in the form of an Ascii (XYZ) file,
in case of single-beam data, or it could be in the form of an Ascii XYZ (angle quality), in
case of multi-beam data.

Press the ‘Load XYZ File’ button, and select the Test Survey. Once this has been
accomplished, the Performance Test window will appear as shown below in Figure 8.
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Figure 8 Performance Test window showing results of the test

As it appears, the result of the performance test is given in an alphanumerical window (to the
left) that contains various, statistical information all associated with the performance test, as
well as in three diagrams (to the right):

e Confidence versus Beam Angle

e Histogram and Probability versus Error

e Histogram, probability vs. beams in reference cell

2.3.1. Confidence vs. Beam Angle
9524 Confidence [Grey]. mean error [m] vs. Angle [Deqg]

Angle Limit El|
_,1I 0 _2'“ [I 2'[' 4I|] Histogram Bins |30

Figure 9 Confidence versus Beam Angle (left), Angle limit and histogram bins (right)

This diagram in Figure 9 above shows the quality of beams as a function of the beam angle.
The X-axis is the beam angle (in degrees), whereas the Y-axis depicts the associated error.
The black line is the mean error (in meters). The grey area is the depth of 95% of all beams.
The *Angle Limit’ option shown to the right in the figure can be used to limit or to expand
the angle span (number of beams per scan) and thereby to include or exclude the outer beams
from being included in the comparison (performance test).
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In an ideal situation, all 95% values are even and close to 0. This is not the case in the above
histogram, however, the magnitude is acceptable, with an average magnitude between 5-10
cm and with maximum values around 20 cm.

2.3.2. Histogram, probability vs. error
Histogram, probability [26] vs. error [m]

1]
40
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]

15 1.0 05 0.0 05 1.0 15 2.0
Figure 10 Probability versus error
The histogram shows the error distribution of all beams below the selected limit selected

angle. The X-axis is error in meters, whereas the Y-axis and shows probability. The number
of bins can be changed by altering the “‘Histogram Bins’ as shown in Figure 9, right above.

The example dataset shows an error distribution that is close to the expected 0-value. This is
as expected, bearing in mind the conclusion from the Confidence versus Beam Angle
comparison above.

2.3.3. Histogram, probability vs. beams in reference cell

Probability [*¢] vs. beams in reference cell

- )t

CRICCCFICED

0 5 10 15 20 25 30 35 40
Figure 11 Probability versus Beams in the Reference model

This histogram shows the probability distribution of a given number of beams in the
reference model. The X-axis shows number of beams, whereas the Y-axis gives the
probability in percent of any given number.

Basically this depicts the validity of the model. The more beams/observations, the more
significant the model is.
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2.3.4. Statistics

H aof beams: BE13675

Difference Mean:  0.0747 m

Difference Median: 0.0200 m

Difference std.dey: 0.0520 m

Differenice Min: 21000 m

Difference Mamw: 1.8900 m

hean + Zztdden: 01786 m 1SACE Standardz:

Median + 2°stdder: 01240 m b aw outlier: B.8338 ft
Data Mean 2 134568 m Mean difference: 0.0481 ft
Reference Mean 22 13,4715 m Depth confidence; 03343 ft
Reference Min: 9.8000 m

Reference baw: 15,7700 m Hard Difference: ACCEFTED

Hard Outlier: FAILED
IHO Standards: Hard Accuarcy: ACCERPTED
Special Limit; 0.2696 m Hard Bottorn Test: FAILED
Special Test: ACCEPTED
Crder 1 Limit; 05237 m Soft Difference; ACCERTED
Order 1 Test: ACCEPTED Soft Outlier: FAILED
Crder 2 Limit: 1.0468 m Soft Accuarcy: ACCERPTED
Order 2 Test: ACCEPTED Soft Bottorn Test:  FAILED

Figure 12 The Alphanumerical Statistical Information

The Alphanumerical, Statistical information, shown in the window to the left in the
Performance Test window as well as in Figure 12 above, refer in general terms to
requirements to survey as well as to performance testing as these are specified in IHO and in
USACE standard compliance.

The general statistics comprise the following information, in sequence:

e Number of beams: gives the number of depths/beams in the test survey with the
given selection of beams per scan

e Difference mean: gives the mean difference between test survey and reference model

e Difference median: gives the median difference between test survey and reference
model

e Difference standard deviation: gives the standard deviation of the difference
between the test survey and reference model

e Difference min: expresses the minimum difference between the test survey and
reference model

o Difference max: expresses the maximum difference between the test survey and
reference model

e Mean + 2* standard deviation: adds together the mean difference between test
survey and reference model and two times the standard deviation of the difference
between the test survey and reference model

e Median + 2* standard deviation: adds together the median difference between test
survey and reference model and two times the standard deviation of the difference
between the test survey and reference model

e Data mean Z: expresses the average depth value of the test data

e Reference mean Z: expresses the average depth value of the reference model

e Reference min: expresses the minimum depth value within the reference model
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Reference max: expresses the maximum depth value within the reference model

The IHO-related statistics are associated with the Special Publication No. 44, ‘IHO
STANDARDS FOR HYDROGRAPHIC SURVEYS’, 5th Edition, February 2008. It
comprise the following information, in sequence:

Special Limit: specified in the publication as TVU (Total Vertical Uncertainty) and
computed at the 95% confidence level as i .. For special order a is 0.25 m, b is

0.0075 and d is the depth. Consequently the 95% confidence limit for Special Order
can be calculated to 0.27 m in the example above in Figure 12

Special Test: the maximum allowable value of 0.27 m is compared to the achieved
value of *‘Mean + 2* standard deviation’ of 0.12 m (see above)

Order 1 Limit: uses the same formula as above, only with a being 0.5 m and b being
0.013. Consequently the 95% confidence limit can be calculated to 0.53 m for Orderl
in the example above in Figure 12

Order 1 Test: the maximum allowable value of 0.53 m for the order is compared to
the achieved value of *‘Mean + 2* standard deviation’ of 0.12 m (see above)

Order 2 Limit: uses the same formula as in connection with Special Order above,
only with a being 1 m and b being 0.023. Consequently the 95% confidence limit can
be calculated to 1.05 m for Order 2 in the example above

Order 2 Test: the maximum allowable value of 1.05 m for the order is compared to
the achieved value of ‘Mean + 2* standard deviation” of 0.12 m (see above)

The USACE-related statistics are associated with the °‘Engineering and Design, for
Hydrographic Surveying, dated April, 1, 2004 from US Army Corps of Engineers. The
standards state, that the resultant elevation depth 95% confidence accuracy (1.96 times the
standard deviation gives the 95% confidence level, which in turn means that 95 percent of the
difference population is less than this value) must meet the following limits for navigation
channels and dredging support surveys (note that all limits are given in US Survey feet (1 m
= 3.280833 US Survey feet)):

System Depth Hard Bottom Soft Bottom
Mechanical <15ft. +0.25 ft. +0.25 ft.
Acoustic <15ft. +0.51t. + 0.50 ft.
Acoustic 15 ft < 40 ft. + 1.0 ft. +1.0ft.
Acoustic > 40 ft. + 1.0 ft. + 2.0 ft.
Max Outlier 1.0 ft. 1.0ft.
Mean Difference (Reference — Test) +0.1ft. +0.2 ft.

Associated with these limits, the USACE test comprises the following

sequence:

information, in

e Max Outlier: gives the maximum observed difference between the test survey and

the reference model

EIVA Postprocessing Software
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e Mean Difference: gives the mean observed difference between the test survey and
the reference model (in US Survey feet)

e Depth Confidence: Expresses the 95% confidence level for the test survey

e Hard Difference: comparing the value to the limit of + 0.1 ft. The test is
ACCEPTED in the example above in Figure 12

e Hard Outlier: comparing the value to the limit of 1.0 ft. The test is FAILED in the
example above in Figure 12

e Hard Accuracy: this compares the 95% depth confidence value of the test survey
with the limit for hard bottom of 1 ft (depth > 40 ft.). The test is ACCEPTED in the
example

e Hard Bottom Test: Compiles the tests in the above for hard bottom. Is passed only if
all tests are passed. This is not the case in the example above, since the test is
FAILED

e Soft Difference: comparing the value to the limit of £ 0.2 ft. . The test is ACCEPTED
in the example above

e Soft Outlier: comparing the value to the limit of 1.0 ft for soft bottom. The test is
FAILED in the example above

e Soft Accuracy: this compares the 95% depth confidence value of the test survey with
the limit for soft bottom of 2 ft. (depth > 40 ft.). The test is ACCEPTED in the
example above

e Soft Bottom Test: Compiles the tests in the above for hard bottom. Is passed only if
all tests are passed. This is not the case in the example above, since the test is
FAILED

3. Generating The Report

By clicking on the *Generate Report’ button in the ‘Performance Test” window, Imaging will
generate a report in PDF-format with the results. As can be seen in Figure 13, these are
identical to what is described in the above.
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Multibeam Performance Test

Referance model: TerrainModeal

Angle limit
# of beams:

Difference Mean:
Difference Median:
Difference std.dev:
Difference Min;
Difference Max;
Mean + 2*stddev:
Median + 2*stddev;

Data Mean Z:

Reference Mean Z:
Reference Min:
Reference Max:

IHO Standards:

Special Limit;
Special Test:
Order 1 Limit:
Order 1 Test:
Order 2 Limit:
Order 2 Test:

USACE Standards:

Max outlier:

Mean difference:
Depth confidence:

Hard Difference:

Hard Cutlier:

Hard Accuarcy’
Hard Bottom Test:

Soft Difference:

Soft Outlier:

Soft Accuarcy:
Soft Bottom Test:

45
613675
0.0147m
0.0200m
0.0520m
-2.1000 m
1.8900m
01186 m
0.1240 m
13.4568 m
13.4715m
9.8000m
15. 7700 m

0.2696 m
ACCEFTED
0.5297 m
ACCEFTED
1.0468 m
ACCEPTED

6.8898 ft
0.0481 1t
03343 1t

ACCEPTED
FAILED
ACCEFTED
FAILED

ACCEPTED
FAILED
ACCEPTED
FAILED

/.

/]

Survey name: Performance Test
From: 394034 23E 354034.28N
To: 394266.02E 394266,02N

95% Confidence Level (Grey), mean error [m] (y) / Angle (x)

Histogram, probability [%] vs. error [m] (After beam limit)

T ] B3 L3 ™ ™

Histogram, probability [%] vs. beams in reference cell

Figure 13 Example of a Performance Test Report
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