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Abstract 

This contract report documents GeoSpectrum’s analysis of transmission loss (TL) data from the 
Glider Sensors and Payloads for Tactical Characterization of the Environment 2015 
(GLISTEN15) sea trial led by the NATO Centre for Maritime Research and Experimentation 
(CMRE). This work focused on analysis of acoustic vertical line array (VLA) recordings of 
continuous waveform (CW) and linear frequency modulated (LFM) pulses. Analysts compiled all 
known acoustic and non-acoustic information pertaining to the TL measurements and 
processed the CW and LFM data to generate calibrated receive levels. Based on their basic 
quality assurance analysis, GeoSpectrum analysts believe that the CW data are acceptable for 
future in-depth analysis, but that the LFM data have issues with unknown/changing source level. 
Analysts also noted that VLA sensors do not have the same acoustic sensitivity. Mean noise 
estimates were computed for the LFM-processed data and used to estimate corrections for 
suspect VLA sensors. 
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1 Introduction 

This contractor report documents work performed under contract W7707-4501495824 for 
Project Authority (PA) Cristina Tollefsen. The work was performed between November 2016 
and March 2017. 

DRDC – Atlantic Research Centre participated in the Glider Sensors and Payloads for Tactical 
Characterization of the Environment 2015 (GLISTEN15) sea trial led by the Science and 
Technology Organization Centre for Maritime Research and Experimentation (CMRE). The trial 
was conducted in the Capraia Basin of the Tyrrhenian Sea from 26 Aug – 9 Sep, 2015. Of the 
several experiments conducted during the trial, this report focuses on analysis of acoustic 
recordings of continuous waveform (CW) and linear frequency modulated (LFM) pulses made 
using a 32-element vertical line array (VLA), hereafter referred to as the SLIVA array. The CW 
and LFM pulses were transmitted from a series of fixed positions defined within the 
experimental area, and the SLIVA array was moored in a fixed position for the duration of the 
sea trial. 

The objectives of this contract were to process the acoustic data, measure the receive levels 
(RL) of the CW and LFM pulses, and generate estimates of transmission loss (TL) for each 
measurement based on the reported source level (SL). The experiments involved simple one-
way propagation, so that once properly calibrated RL = SL – TL. GLISTEN15 collaborators will 
use these measurements to explore the dependence of TL on various environmental 
parameters including sea state, sound speed profile, bathymetry, and bottom type. 

The contract objectives were achieved by performing the following: 

 Converting the SLIVA array acoustic recording to DREA-DAT format and reducing the data 
to times when the CW and LFM pulses were transmitted. 

 Performing spectral and correlation matched-filtered processing, accounting for hydrophone 
sensitivity and system gains, to generate calibrated RL. 

 Performing quality assurance (QA) on the measurements by generating and analyzing 
summary plots, and iterating the measurement process as required. 

 Writing measurements and estimated TL values to custom, human-readable .csv files for 
subsequent analysis by DRDC and other collaborators. 

This report provides a detailed description of the work performed for each of the tasks listed in 
the Statement of Requirements (SOR). The report is organized as follows: 

 Section 2 provides a brief summary of the trial setup and the acoustic and non-acoustic data 
that are relevant to the TL measurements, and provides details on how the various data 
types are incorporated into the measurements. 

 Section 3 describes the specific data processing and analysis procedures used to generate 
TL estimates for the CW and LFM pulses. 
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 Section 4 presents results of the QA analysis, provides sample plots to illustrate results, and 
highlights data trends and anomalous measurements that can be considered in future 
analysis. 

 Section 5 summarizes the results of the project with conclusions, and presents 
recommendations for future work. 

 Annex A provides a detailed description of the STAR-IDL software used to detect and 
measure CW receive levels. 

 The STAR-IDL analysis software used to detect and measure LFM receive levels is 
already described in [1]. 

 Annex B provides configuration management (CM) information to help users understand 
which version of the software was used for this work. 

 Annex C provides a brief description of the software used to support this project. 
 Annex D lists the acronyms used in this report. 
 Annex E lists the references used in this report. 
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2 Trial background and data summary 

This chapter provides a brief summary of the GLISTEN15 transmission loss experiment and 
provides information on relevant data required for the analysis discussed herein. Although 
GLISTEN15 comprised of many different experiments and incorporated a plethora of 
instrumentation, only those pertinent to the TL analysis are discussed. Section 2.1 provides a 
brief description of trial activities, instrumentation used, and other details relevant for this 
analysis. Section 2.2 describes in more detail the specific pieces of data used in this analysis, 
including data inventories and any restrictions or assumptions made during the analysis. 

All information from this contract is located in the trials12 SVN trial-folder repository with the 
name GLISTEN15/TL_experiment. All file and directory names in the remainder of the report 
are relative to the parent trial folder, unless specifically stated as originating from the hard drive. 

2.1 Trial summary 

The GLISTEN 15 TL experiment was conducted using a towed source and a fixed VLA receiver, 
called SLIVA. The source was deployed from NATO Research Vessel (NRV) Alliance at pre-
defined stations and held in a fixed position while a repeating set of CW pulses and an LFM 
pulse was transmitted. Figure 1 is a trial reconstruction image showing the location and names 
of each of the transmit stations and the position of the VLA. 

The transmission sequence consisted of six, one-second CW pulses transmitted 
simultaneously, and a single, one-second LFM. The CWs and LFM were interleaved into a six-
second sequence. The details of the transmitted waveforms and the structure of the six-second 
sequence are shown in Table 1.1 An example omni-passive display (OPD) sonogram showing 
the pulse sequence is shown in Figure 2.  

The duration of each transmission was typically five minutes, and the transmission sequence 
was performed twice at each station: once with the source deployed to a depth of 30 m, and 
again with the source deployed to 60 m. 

The SLIVA array consists of 32 omnidirectional hydrophones spaced by 1.5 m. The array was 
equipped with three depth sensors, so the depth of each hydrophone could be calculated at the 
time of each transmission (see Section 2.2.7 for further details). For the purposes of this study, 
each hydrophone is treated as an individual receiver (i.e. the array data are not beamformed).  

                                                
1 The source actually consisted of three physical transducers: Mod40 transmitted the three lowest-frequency CWs; Mod30, the 
three highest frequency CWs; and ITC2010, the LFM. For the purposes of this analysis, the transducers are not differentiated. 
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Figure 1: Trial reconstruction of the TL experiment showing the position of the SLIVA array and the 
source transmission stations. 

Panel (a) shows the entire experiment area, and does not show the transmit stations closest to the SLIVA 
array. Panel (b) shows the area closest to the SLIVA array and the transmission stations within that area.  
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Table 1: Structure of the 6-s transmission cycle. 
 

SECOND TRANSMITTED SIGNALS  
0-1 CWs (331, 419, 539, 843, 1159, and 1411 Hz)  

1-3 null  

3-4 LFM (975 – 5000 Hz, 10% total tukey shading)  

4-6 null  
 

 

Figure 2: Sample OPD sonogram showing three iterations of the 6-s CW/LFM pulse sequence. 
The y-axis denotes UTC time, increasing downward, and the x-axis denotes frequency in Hz. 

2.2 Data summary 

This section describes the various data that were collected during GLISTEN15 that are relevant 
to the TL analysis discussed in this report. These include both acoustic and non-acoustic data 
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(NAD). All data were provided by DRDC to GeoSpectrum on a hard drive at the beginning of the 
contract period. Where applicable, the directory path and file names of relevant input data are 
provided herein.  

The data required to estimate TL are: 

 SLIVA acoustic recordings 
 Source position and depth 
 Receiver position and depth 
 Calibration information, including source level, hydrophone sensitivity, and other receiver 

gains such as A/D gain. 

The following sections describe and provide an inventory of each of the data sets listed above, 
as well as any other ancillary data that analysts used to help estimate TL. Any issues or missing 
data that analysts discovered during the contract are also noted. 

2.2.1 Station positions and Transmission logs 

The transmit stations are assigned alphanumerical names based on their relative position to the 
SLIVA array, as shown in Figure 1. The four main groupings are referred to as north, east, 
south, and west line directions throughout this report. The nominal station positions are 
specified in the hard drive file UsefulDocuments/PlannedAcousticStations/GLISTEN-
Stations.pdf, which analysts converted to .csv format (now found in input_data/GLISTEN-
Stations.csv), so the positions could be parsed by software and used in the analysis.  

The times at which the source transmitted from each station and the corresponding nominal 
source depth are found in the transmission (TX) logs, located on the hard drive in 
TheSourceGeneratorLog/TX-log-stations. There is one log file for each day. Analysts converted 
these files to .csv format (all TX files are also in input_data), so the transmission times could be 
parsed and used in the analysis. Analysts assumed that the transmit start and stop times 
recorded in the TX logs were accurate, and therefore used these times to isolate and extract the 
acoustic data of interest. Analysts also assumed that the times noted in the TX logs and the 
time stamps in the acoustic data were synchronized. The contents of the transmission logs are 
summarized in Table 2. 

2.2.2 SLIVA array acoustic data 

The SLIVA array data are 32-channel recordings with a sample rate of 19531.25 Hz. There are 
approximately 249 hours of recordings from 28 Aug to 7 Sep, 2015, totalling over 2 Tb of raw 
acoustic data. However, when the data are pared down to only include times defined in the 
transmission logs, the data size is reduced to approximately 45 Gb. The data processing 
required to reduce the data is described in Section 3.1. 

Analysts performed a high-level visual analysis on the acoustic data using OPD to ensure that 
the expected pulse sequence is present in the data at the times noted in the transmission logs 
and to check for any other artefacts or issues that might affect the data. The results of this 
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check are noted in Table 2. While most of the transmission log times match up with the 
expected pulse sequence in the acoustic data, significant discrepancies were noted at stations 
E50 and E60, N05 and N10, and W30 and W40. The nature of these discrepancies and any 
action taken by analysts to resolve them are noted in Table 2. In total, there are data for 31 
stations, resulting in 62 individual files (since there are two transmissions at each station) for 
analysis. 

Table 2: Summary of fixed-station transmissions and corresponding SLIVA data. 
The station name, nominal source depth, date, and start and stop times are taken directly from the 

transmission logs. The “Range to Nominal Station Site (m)” column shows the range from Alliance to the 
nominal station site at the time of transmission noted in the transmission logs (see Section 2.2.3). 

Comments may refer to knowledge learned about the data after performing more detailed analysis, 
described in Section 4. 

STATION SOURCE 
DEPTH (M) 

DATE START 
(UTC) 

END 
(UTC) 

RANGE TO 
NOMINAL 
STATION 
SITE (M) 

COMMENT 

CH 60 03 sep 11:13 11:18  Station not included in planned station 
positions file, actual position places it in 
west line. 

 30 03 sep 11:37 11:42  9 seconds added to start time to avoid 
data prior to start of transmissions.  

E10 60 28 aug 11:06 11:11 2842 Alliance was not actually at E10 at this 
time. The transmission logs note that 
Alliance was drifting at this time, and 
Alliance track data show that it was 
located roughly 2.8 km northeast of 
E10. Still part of east line. 

 30 28 aug 11:31 11:36 2765 

E10 60 28 aug 12:38 12:43 83  
 30 28 aug 13:02 13:07 122  
E20 60 29 aug 7:36 7:41 22  
 30 29 aug 8:02 8:07 18  
E30 60 29 aug 13:08 13:13 30  
 30 29 aug 13:30 13:35 24  
E40 60 29 aug 14:25 14:30 290  
 30 29 aug 14:47 14:52 302  
E50 60 01 sep 7:58 8:03 39 There are no acoustic data files that 

contain data for the times specified in 
the transmission logs. Therefore, these 
1 Sept stations are omitted from the 
analysis. 

 30 01 sep 8:21 8:26 34 
E60 60 01 sep 6:56 7:01 457 
 30 01 sep 7:26 7:31 38 
N05 60 30 aug 7:31 7:36 99 Pulses in acoustic data do not align with 
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STATION SOURCE 
DEPTH (M) 

DATE START 
(UTC) 

END 
(UTC) 

RANGE TO 
NOMINAL 
STATION 
SITE (M) 

COMMENT 

 30 30 aug 7:52 7:57 127 transmission log times. They have 
timestamps 7 minutes earlier; suspect 
recording time stamp issue, patched 
acoustic data header to align with TX 
log. N10, 60 m depth data segment 
truncated by 13 seconds to avoid data 
after transmissions stopped. N05, 60 m 
depth required custom detection script. 

N10 60 30 aug 14:21 14:26 30 
 30 30 aug 14:43 14:48 40 

N20 60 31 aug 10:31 10:36 53  
 30 31 aug 10:54 10:59 66  
N30 60 31 aug 9:44 9:49 57  
 30 31 aug 10:07 10:12 92  
N40 60 31 aug 8:46 8:51 55  
 30 31 aug 9:08 9:13 37  
N50 60 31 aug 7:46 7:51 53  
 30 31 aug 8:08 8:13 97  
N70 60 31 aug 6:49 6:54 66  
 30 31 aug 7:09 7:14 47  
S05 60 31 aug 11:32 11:37 19 Data segment truncated by 5 seconds 

to avoid data after transmissions 
stopped. 

 30 31 aug 11:53 11:59 14  
S10 60 31 aug 12:14 12:19 17  
 30 31 aug 12:35 12:40 110  
S2 60 28 aug 14:23 14:28  S2 not included in station positions file. 

Actual position is part of east line. 
 30 28 aug 14:47 14:52   
S20 60 31 aug 13:21 13:26 19 Data segment truncated by 4 seconds 

to avoid data after transmissions 
stopped. 

 30 31 aug 13:42 13:47 14  
S30 60 07 sep 7:24 7:29 41  
 30 07 sep 7:01 7:06 34  
S40 60 07 sep 7:53 7:58 55  
 30 07 sep 8:18 8:23 42  
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STATION SOURCE 
DEPTH (M) 

DATE START 
(UTC) 

END 
(UTC) 

RANGE TO 
NOMINAL 
STATION 
SITE (M) 

COMMENT 

S50 60 07 sep 8:51 8:56 34  
 30 07 sep 9:16 9:21 37  
S70 60 31 aug 14:52 14:57 255  
 30 31 aug 15:12 15:17 256  
ST0 60 07 sep 10:36 10:41 87  
 30 07 sep 11:00 11:05 55  
ST5 60 07 sep 12:02 12:07 26  
 30 07 sep 12:25 12:30 31 Irregular ping spacing part way through 

file. Required custom CW detection 
script and manual LFM echo vetting 
around glitch. 

W05 60 03 sep 8:06 8:11 220  
 30 03 sep 8:28 8:33 258  
W10 60 03 sep 8:48 8:53 67  
 30 03 sep 9:14 9:19 113  
W20 60 03 sep 9:53 9:58 151  
 30 03 sep 10:21 10:26 83  
W30 60 04 sep 9:15 9:21 93 Pulses in the acoustic data do not align 

with the transmission log times. They 
have timestamps 1h, 30s earlier than 
the TX log times, except for station 
W40, 30-m depth, which uses a 1h 
offset exactly. Again, suspect recording 
time stamp issue; patched acoustic data 
header to align with TX log for correct 
ship position. 

 30 04 sep 8:51 8:56 64 
W40 60 04 sep 9:45 9:51 58 

 30 04 sep 10:11 10:14 67 

W50 60 03 sep 17:37 17:42 53  
 30 03 sep 17:59 18:04 124 8 seconds added to start time to avoid 

data prior to start of transmissions.  
W60 60 03 sep 16:39 16:45 124  
 30 03 sep 17:04 17:09 137 9 seconds added to start time to avoid 

data prior to start of transmissions.  
W90 60 03 sep 15:24 15:29 173  
 30 03 sep 15:45 15:51 150 11 seconds added to start time to avoid 

data prior to start of transmissions.  
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2.2.3 Source position 

The source position was estimated using Alliance’s GPS position and heading. Analysts 
retrieved Alliance track files from the Environmental-Data/track hard drive directory, and the 
track is included in the trial folder within NAD/main_track. For all measurements it is assumed 
that: 

 The source was deployed from the aft rail of Alliance, which is 65 m aft of the GPS antenna. 
 The tow cable was suspended vertically such that there was no horizontal offset between 

Alliance’s aft rail and the source.  

The source positions contained in data files provided to DRDC (see Section 3.2.4) are averaged 
values encompassing the duration of each transmit period. 

In order to detect possible transcription errors in the transmission logs, analysts compared the 
recorded position of Alliance at the times noted in the transmission logs to the nominal station 
positions. These results are summarized in Table 2. The recorded positions typically matched 
the nominal stations to within 100 m, and the worst discrepancy occurs at station E60 where 
Alliance was approximately 457 m from the nominal station position. Measurements at station 
E10 were attempted twice, with the first attempt conducted at a position almost 3 km away from 
the actual E10 station, and the transmit logs indicate that Alliance was drifting during these 
measurements. 

2.2.4 Source depth 

The source depth was recorded using an RBR TDR-2050 temperature and pressure logger. The 
data provided to GeoSpectrum span the entire trial duration with the exception of the time 
period between 19:29 on 27 Aug to 06:00 on Aug 29. Therefore, there are no source depth 
measurements for acoustic recordings on 28 Aug. 

Analysts isolated and computed the statistics of the recorded source depths at the times of the 
transmissions. The statistics computed are: 

 The mean source depth computed over the duration of each recording period, and the 
associated standard deviation, resulting in a mean and variance for each station and depth. 
These results show: 

 There are discrepancies between the nominal and measured source depths 
 The variance of the source depth over the duration of the each recording period is 

typically on the order of 1 cm, indicating that the source depth was very stable during 
each transmit period. 

 The mean of the mean depths computed in the previous step, and the associated standard 
deviation. These results show: 

 Variability from deployment to deployment is on the order of 1 m, and is greater for the 
nominal 30 m depths.  
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The overall means and variances are shown in Table 3 and show that when deployed to a 
nominal depth of 30 m, the mean recorded depth was actually 31.1 m, and when deployed to a 
nominal 60 m depth, the mean recorded depth was actually 56.3 m. Since there are no source 
depth data for the 28 Aug measurements, the mean values shown in Table 3 are assumed for 
that date. GeoSpectrum did not investigate the discrepancy between the nominal and recorded 
source depths. Plots of source depth, where data are available, are found in 
/analysis_results/source_depth_qa. 

Table 3: Measured source depth statistics. 

NOMINAL DEPTH (M) MEAN DEPTH (M) VARIANCE (M) 
30 31.09 1.14 
60 56.38 0.29 

 

2.2.5 Source level 

Throughout this work, source level was assumed constant and equal to 185 dB RMS re Pa2 
from communication with PA.  

The PA provided a document outlining the transmit voltage response (TVR) and amplifier drive 
voltages (entitled Notes on REP14 ET April 2014.pdf) for the Mod30, Mod40, and ITC2010 
transducers that make up the GLISTEN15 source. However, the information is from a previous 
trial, REP14, where slightly different frequencies were used. GeoSpectrum did not have 
information about what drive voltages were actually used for the GLISTEN15 frequencies; so 
even with the TVR, SL cannot be better determined. For the CW data, the frequencies are 
similar to REP14, so their SL is probably within 2-3 dB.2 The GLISTEN15 LFM (975 – 5000 Hz) 
has a significantly larger bandwidth than the REP14 LFM (975 – 3850 Hz), and the TVR curve 
only goes to 4500 Hz, so it is more difficult to check SL for the LFM. 

2.2.6 Array position 

The SLIVA array was equipped with a Kongsberg High Precision Acoustic Positioning (HiPAP) 
system for accurate geolocation after deployment. The non-acoustic data provided to 
GeoSpectrum included 12 minutes of SLIVA position measurements from 27 Aug, beginning at 
approximately 1404 UTC. The measurements were averaged over the duration of the 
measurement, and the average position of 43.10818 N, 10.30117 E is assumed for all 
recordings. Analysts confirmed that over the course of the 12-min measurement period, the 
recorded HiPAP position drifted by approximately 5 m. A repeat HiPAP measurement at the 
time of recovery would be required to estimate array drift over the course of the sea trial. 
However, the PA indicated to GeoSpectrum that weather conditions and time constraints during 
recovery prevented such a measurement, so any drift that may have occurred is unknown. 

                                                
2 Depending on drive voltages actually used. It is unclear whether the same voltages were used as REP14 or whether the 
voltages were adjusted properly to get an actual SL of 185 dB re Pa2. 
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2.2.7 Array depth 

The SLIVA array was equipped with three RBR sensors positioned at the top, middle, and 
bottom of the array so the array depth could be accurately known at all points during the trial. 
Array depth measurements exist for the duration of the sea trial. 

Analysts plotted the depth measurements for all three sensors for the trial duration. The 
resulting plot is shown in Figure 3. The oscillation due to tidal cycles is clearly visible on all three 
sensors, and the amplitude of the oscillation is at most, approximately 40 cm peak-to-peak. The 
depth measurements become noisier near the end of the trial, which corresponds to times when 
the sea state was higher, as indicated by the PA. 
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Figure 3: Depths recorded by the SLIVA depth sensors. 
Panels (a), (b), and (c) show data from the top, middle and bottom depth sensors, respectively. 

The depth sensor data was used to estimate the depth of each hydrophone during each 
transmission period. GeoSpectrum was only provided the relative positions of the top and 
bottom sensors, and so only those were used in estimating hydrophone depth. The following 
array specifications were used in these calculations: 

 The top depth sensor is 3.2 m above the uppermost hydrophone 
 The bottom depth sensor is 3.15 m below the bottom hydrophone 
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 The hydrophones are evenly spaced by 1.5 m 

Therefore, the distance from the top and bottom depth sensors is 52.85 m. When the array is 
vertical, the difference between the top and bottom depth measurements matches the nominal 
distance. However, when the array is leaning, (due to currents pushing on the array for 
example) the vertical separation decreases. Therefore, in order to estimate the depth of each 
hydrophone at any point in time, analysts used the difference between the top and bottom depth 
measurements to estimate the slant angle of the array, and then used simple geometry to 
project the position of each hydrophone back to the vertical axis. The hydrophone depths are 
averaged over the duration of each transmit period. 
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3 Data processing 

This section describes the full sequence of data processing and analysis to retrieve calibrated 
receive levels, and subsequently TL estimates from the GLISTEN15 data set. This process is 
divided into two main components: processing with SPPACS and analysis with STAR-IDL. 
SPPACS processing, described in Section 3.1 is required for low-level data manipulation and 
matched-filtered processing to generate processed data on which measurements can be made. 
STAR-IDL is used for measuring the receive levels in the processed data, applying final 
correction factors to convert to calibrated units, generating quality assurance plots, and writing 
the measurements to human-readable text files. All processing with STAR-IDL is described in 
Section 3.2. A more general description and background of the STAR software tools can be 
found in Annex C. 

Although some level of software development is typically required for STAR Task 
Authorizations, the work conducted under this contract made use almost exclusively of existing 
STAR software (with the exception of custom plotting and analysis scripts). Therefore, the 
software investment made by DRDC in previous Task Authorizations resulted in higher 
efficiency and more analysis effort for this work. 

3.1 SPPACS processing 

Data processing for the GLISTEN15 data is comprised of three steps: 

 Low-level data manipulation to prepare the data for processing. 
  This step includes conversion of the raw data to DREA-DAT format, concatenation of 

smaller files to form long, contiguous files, and the extraction of the data corresponding 
to the transmission times. 

 Spectral processing to convert the time-series data to power spectra. 
 This resulting spectral data are used for measuring the CW pulses. 

 Correlation processing using a replica of the LFM pulse. 
 The resulting correlated time-series data are used for measuring the LFM pulses. 

The following sections describe each of these processing steps in more detail, and include the 
names of specific programs used in each step.  

3.1.1 Raw data conversion and reduction 

The raw acoustic data provided to GeoSpectrum consist of sequences of small files which are 
approximately 53.68 seconds in duration. The files are in a binary format that is not supported 
by STAR. However, DRDC provided GeoSpectrum a Matlab program that reads the binary data 
into an array and converts the digital levels to Volts. Analysts modified the program to write the 
array of voltages to a 32-channel WAV file, and then used sp_wav2dat to convert the WAV files 
to DREA-DAT format. The conversion to WAV format utilizes Octave’s wavwrite function, which 
scales input values of +/- 1.0 out to +/- 32768. However, the data loaded from the raw binary 
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files are converted to a voltage range +/- 5 V. Therefore, analysts added a check in the data 
conversion program to detect when the data exceed +/- 1 V, and to generate a file with a .clip 
extension to flag the affected input files. After all the data were converted, there were 26 files 
(approximately 23 minutes) of data that are clipped, compared to 249 hours of total recording 
time. Of those 23 minutes, none overlap with transmission times noted in Table 2. The 
reference level of each of the converted DREA-DAT files was set to 1/32768, such that 
SPPACS modules would scale the levels back to units of Volts during processing. 

All raw files have a name matching the pattern GLISTENYYYY-MM-DD__HH_MM_SS__XXXX, 
where: 

 YYYY is the calendar year, and is always 2015 for these data. 
 MM is the month, and is either 08 or 09 for these data. 
 DD is the calendar day, from 01 to 31. 
 HH is the hour of day, from 00 to 23. 
 MM is the minute, from 00 to 59. 
 SS is the second, from 00 to 59. 
 XXXX is an incremental file number starting at 0000. 

All files with the same GLISTENYYYY-MM-DD__HH_MM_SS__ base name are part of a 
contiguous recording, and the XXXX suffix represents the ordering of the files within the 
contiguous set. Therefore, all of the files with the same base name are concatenated into a 
single, continuous DREA-DAT file. 

Once the raw data are converted and concatenated, sp_extract is used to extract the data 
corresponding to times denoted in the transmission logs summarized in Table 2. sp_extract is 
called iteratively with the appropriate start time and duration, and creates a single DREA-DAT 
file for each transmission period. An additional 4 seconds are added to the beginning and end of 
each extracted file to enable measurements near the edges of the files. The resulting files are 
written to the raw_data/SLIVA_MAE/ folder, and have names matching the pattern 
GLISTEN2015_MM_DD__HH_MM_SS_TX_station_log.dat, where the time stamp in the file 
name matches the timestamp of the extracted data. 

The scripts to perform the data conversion, concatenation, and extraction are located in the 
scripts directory of the STAR trial folder. The program to do the conversion and concatenation is 
called convert_data_main.py, and the program to extract the transmission data is called 
extract_TX_station_data.py. Both are written in the Python programming language.  

3.1.2 CW processing 

The raw time-series data are converted to power spectral density using the SPPACS tool 
sp_spectra. Sp_spectra generates calibrated spectral density levels by first incorporating the 
reference level in the input time-series files to convert the time-series data to Volts, and then 
applying a frequency-dependent hydrophone sensitivity curve to convert the spectral data to 
μPa2/Hz. For the SLIVA array, a constant sensitivity of -164 dB re V/μPa (stored in 
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cal_files/SLIVA_MAE.cal) was assumed for all frequencies and all hydrophones.3 The program 
to perform the spectral processing is located in the scripts directory and is called 
spectral_processing.py. Since sp_spectra computes spectral density (broadband normalization), 
the processing output requires appropriate conversion for the narrowband CW signals, which 
was done within the STAR-IDL analysis, discussed in Section 3.2.3. 

For this analysis, GeoSpectrum considered the effects of various data FFT sizes to determine 
the optimal approach4 based on the objectives of the research. For a pulse with duration (T) the 
three options studied and their consequences are: 

 FFT size equals 0.5T, 75% overlap. 
 These settings result in getting only half of the pulse energy in the FFT window, which 

will be detrimental for detection when SNR is low. However, since the FFT window is 
guaranteed to be completely within the pulse, the variability from ping to ping is minimal. 

 FFT size equals 1.0T, 75% overlap. 
 These are typical settings GeoSpectrum uses for signal detection as it’s a reasonable 

trade off between maximizing signal level without onerous processing load. There is a 
maximum 12.5% signal loss due to the FFT window not aligning with the pulse in the 
time-series data. However, the same effect introduces an inherent variability of 
approximately 0.5 dB if the alignment of the FFT window and the pulse varies from ping 
to ping. 

 FFT size equals 1.5T, 75% overlap. 
 These settings guarantee that the full pulse duration will be encompassed in a single 

FFT, but there will also be contribution from reverberation after the pulse which may not 
be desirable. Also, since the FFT length is longer than the pulse, the effect of windowing 
the FFT will be reduced, resulting in higher side-lobes. This also affects the signal 
scaling within sp_spectra, as the amount of signal loss due to windowing is 
overestimated, resulting in a slightly higher signal level. 

Since one of the goals of this analysis is to assess the variability of TL in different propagation 
conditions, and since the SNRs in the received CW signals are very high, GeoSpectrum and the 
PA opted to minimize processing-induced variability by using a 0.5-s FFT. The FFT parameters 
used are summarized in Table 4. The 0.5-s FFT is equal to half of the CW pulse length. 

Table 4: Spectral processing parameters used for the CW pulses. 

SETTING VALUE 
FFT size5 32768 

                                                
3 Given that a single sensitivity value was used rather than a frequency-dependent curve, the hydrophone sensitivity could have 
been incorporated into the reference level of the input time-series data files, but this is not a standard approach, and was 
therefore not implemented. 
4 This was achieved by generating synthetic data with known parameters and processing it using the same processing used for 
the GLISTEN15 data, except additional processing streams with various FFT sizes were implemented.  
5 FFT size includes zero padding. The number of actual data points used in the difference between the FFT size and the amount 
of zero padding, which in this case is 9766 points, comprising approximately 0.5 seconds of data. Due to the non-integer sample 
rate of the data, an FFT size of exactly 0.5 s could not be achieved. 
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SETTING VALUE 
zero padding 23002 
window Hann 
overlap 75% 

3.1.3 LFM Processing 

Processing the LFM requires running correlation processing on the raw time-series data using a 
synthetic replica matching the parameters of the transmitted waveform. The synthetic replica is 
generated using SPPACS sp_build_chirp and the correlation processing is executed using 
sp_correlate. The program to carry out both of these processing steps is called 
perform_lfm_correlation_processing.pro, located in the scripts directory. The parameters used 
to make the synthetic replica are listed in Table 5. 

Table 5: Parameters used to construct a replica of the LFM pulse.  
Further details about each of these settings can be found in the help documentation for the SPPACS 

sp_build_chirp module.  

SETTING VALUE 
start frequency 975 Hz 
end frequency 5000 Hz 
pulse type LFM 
duration 1.0 s 
sample rate 19531.25 Hz 
number type complex-float 
window type tukey 
window shading 5% per side (10% total) 
rms normalization enabled 
output format energy 

 

The signal levels in the correlated data are equal to the RMS power of the input acoustic data. 
Sp_correlate does not incorporate the hydrophone sensitivity like sp_spectra does, although it 
does incorporate the reference level. To compute is calibrated RL, the hydrophone sensitivity 
applied to the output of sp_correlate in the STAR-IDL analysis, discussed in Section 3.2.3. 

3.2 STAR-IDL Analysis 

Analysts used automated signal measurement tools in STAR-IDL to measure both the CW and 
LFM signal levels. The automatic measurement tools are designed to step through time-series 
and spectral data and measure signals at pre-defined intervals, and to allow for jitter in the 
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signal arrival times. Therefore, these tools are ideal for measuring regularly spaced, periodic 
signals such as those in the GLISTEN15 data. Although the tools are similar for measuring both 
spectral and time-series data, the different nature of these two data types mean there are slight 
differences in the user-defined settings and in how the underlying measurements are 
performed. The following sections describe each of these processes in more detail and present 
the specific settings used in this analysis. Section 3.2.1 describes the CW measurement 
process and Section 3.2.2 describes the LFM measurement process.   

Once the CW and LFM measurements were completed, analysts developed custom IDL scripts 
to visualize the results in various plot formats and write the measurements out to custom .csv 
files for later analysis by DRDC. These scripts incorporate any final calibration factors required 
to convert the processed data output into physical units, which were not performed by the 
SPPACS processing. The final calibration steps are detailed in Section 3.2.3, while the .csv 
format is discussed in Section 3.2.4. 

3.2.1 Automatic CW detection and measurement 

Analysts used the star_auto_cw_pulse_analsyis tool to measure the CW pulses. The boot 
script, auto_cw_pulse_analysis.pro located in the idlprog directory, is configured to: 

 Loop over each of the input data files (one per station and depth), and for each input file: 
 Loop over each of the six CW pulse frequencies, and for each frequency: 
► Loop over each of the 32 hydrophones in the array and measure all the pulses for 

that channel, frequency, and input file. 

The result of the automated process is a STAR CW echo log file. Each echo log files contains 
measurements for one hydrophone, one CW frequency, and one station/source depth 
combination (time file). For each of the 62 time files, there are 192 log files  
(32 channels x 6 frequencies), producing 11904 CW log files in total. 

The automatic CW measurement tool works by stepping through spectral data at pre-defined 
time interval specified by the user and locates the peak signal level within defined time and 
frequency search ranges specified by the user. For this analysis, the time interval is 6 seconds 
since that is the pulse repetition interval (PRI). Once a peak is detected, the peak signal level 
and noise measurements in the vicinity of the peak are made and stored in a STAR echo log 
file. Accompanying tactical data are also stored. A complete list of settings used for the CW 
measurements is provided in Table 6. A complete description of CW measurement software is 
described in Annex A. 

Table 6: CW detection and analysis settings. 

SETTING VALUE COMMENT/JUSTIFICATION SPECIFIED IN FILE 
initial time 
tolerance pad 

3.0 s Additional time search padding added on the first 
measurement to lock onto a peak. Results in a 
larger search window until the detector locks onto 
the CW pulses. 

auto_cw_pulse_analysis.pro 
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SETTING VALUE COMMENT/JUSTIFICATION SPECIFIED IN FILE 
update 
threshold 

12 dB The minimum SNR required to assume lock has 
been obtained. Once this threshold SNR has been 
obtained, the initial time tolerance pad is no longer 
used. 

auto_cw_pulse_analysis.pro 

echo space 6.0 s The amount of time between successive pulses 
assumed by the detector. 

auto_cw_pulse_analysis.pro 

search window 
before 

1.5 s 3 second total window. This was chosen as an 
optimal value based on results of preliminary 
iterations. 

auto_cw_pulse_analysis.pro – 
specified using the 
time_tolerance variable as a total 
window (i.e. 3.0 s). Overrides 
default values in 
cw_echo_analysis_constants.pro 

search window 
after 

1.5 s 

doppler search 
width low 

4.0 kts Since both the source and receiver were 
stationary, minimal Doppler shift is expected. 
Specified in cw_echo_analysis_constants.pro. 

cw_echo_analysis_constants.pro 

doppler search 
width high 

4.0 kts cw_echo_analysis_constants.pro 

notch window 
before 

1.5 s Selected to avoid contamination of noise window  
given a 1 s CW duration and 0.5 s FFT window.  

auto_cw_pulse_analysis.pro. 
Specified as a full window (i.e. 
3.0 s using the notch_window 
variable. notch window 

after 
1.5 s 

noise window 
before 

1.0 s Noise window limited to 2-second period between 
end of LFM and start of CW, some of which will be 
consumed by the notch window. 

auto_cw_pulse_analysis.pro. 
Specified as noise_window 
parameter. 

noise window 
after  

0.0 s No noise measured after CW to avoid 
reverberation 

Feature hard-coded in 
underlying analysis code. 

doppler energy 
width low 

50 kts Value obtained from measurement of full pulse 
width, down to the noise floor, using OPD. Value 
can be converted to frequency using the equation 
fdoppler = (1 + v/c)fc, where v is the Doppler energy 
width converted to m/s. 

cw_echo_analysis_constants.pro 

doppler energy 
width high 

50 kts cw_echo_analysis_constants.pro 

select beam 
max 

N/A Not applicable since the data aren’t beamformed. N/A 

beam search 
half width 

N/A Not applicable since the data aren’t beamformed. N/A 

 

3.2.2 Automatic LFM detection and measurement 

The program auto_lfm_echo_analysis.pro, located in the idlprog folder, was used to measure 
the levels of the LFM pulses in the correlated data. It is configured to: 

 Loop over each of the input data files (one time file corresponding to one station/source 
depth combination), and for each input file: 
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 Loop over each of the 32 hydrophones in the array and measure all the LFM correlation 
peak and noise information. 

The result of the automated process is a STAR echo log file. Each echo log files contains 
measurements for one hydrophone and one station/depth. There are 1984 log files in total  
(62 time files * 32 channels). 

The automatic echo measurement tool works by stepping through time-series data at pre-
defined time interval specified by the user and locates the peak signal level within defined time 
search ranges specified by the user. For this analysis, the time interval is 6 seconds since that 
is the pulse repetition interval (PRI). Once a peak is detected, the peak signal level and noise 
measurements in the vicinity of the peak are made and stored in a STAR echo log file. 
Accompanying tactical data are also stored. A complete list of settings used for the LFM 
measurements is provided in Table 7. A complete description of STAR matched-filter signal 
measurement software is provided in [1]. 

Table 7: LFM detection and analysis settings. 

SETTING VALUE COMMENT/JUSTIFICATION SPECIFIED IN FILE 
initial time 
tolerance pad 

1.0 s Additional time search padding added on the first 
measurement to lock onto a peak. Results in a 
larger search window until the detector locks onto 
the peak of the pulses. 

auto_lfm_echo_analysis.pro 

update 
threshold 

12 dB The minimum SNR required to assume lock has 
been obtained. Once this threshold SNR has been 
obtained, the initial time tolerance pad is no longer 
used. 

auto_lfm_echo_analysis.pro 

echo space 6.0 s The amount of time between successive pulses 
assumed by the detector. 

auto_lfm_echo_analysis.pro 

search window 
before 

0.25 s 0.5 second total window. auto_lfm_echo_analysis.pro – 
specified using the 
time_tolerance variable as a total 
window (i.e. 0.5 s). Overrides 
default values in 
cw_echo_analysis_constants.pro 

search window 
after 

0.25 s 

notch window 
before 

0.25 s Selected after analysis of correlated time-series 
data. Window is sufficient to separate noise 
window from the signal structure.   

auto_lfm_echo_analysis.pro. 
Specified as a full window (i.e. 
0.5 s) using the notch_window 
variable. notch window 

after 
0.25 s 

noise window 
before 

1.5 s Noise window limited to 2-second period between 
end of CW block and start of LFM, some of which 
will be consumed by the notch window. 

auto_lfm_echo_analysis.pro. 
Specified as noise_window 
parameter. 

noise window 
after  

0.0 s No noise measured after LFM to avoid 
reverberation 

Feature hard-coded in 
underlying analysis code. 

select beam N/A Not applicable since the data aren’t beamformed. N/A 
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SETTING VALUE COMMENT/JUSTIFICATION SPECIFIED IN FILE 
max 
beam search 
half width 

N/A Not applicable since the data aren’t beamformed. N/A 

 

3.2.3 Final calibration and estimation of TL 

Final calibration factors are applied within IDL programs prior to the generation of QA plots and 
text files provided to DRDC. The corrections are performed as follows: 

 CW measurements are corrected to narrowband normalization. sp_spectra outputs spectral 
density (broadband normalization) resulting in units of μPa2/Hz, which require conversion to 
units of μPa2 for narrowband normalization. 

 LFM measurements are corrected for hydrophone sensitivity, as this is not accounted for by 
sp_correlate. 

 164 dB is added to the LFM measurements to correct for hydrophone sensitivity. 

3.2.4 Format of measurements delivered to DRDC 

Although the CW and LFM measurements are captured in STAR echo log files, there are 
limitations to these files that could present challenges to further analysis. These limitations 
include: 

 STAR echo logs are not ideal for widespread distribution and analysis. 
 Since the files are intended for use with STAR-IDL in most cases a log entry consists of 

a series of unannotated numbers as ASCII text, their interpretation is not intuitive without 
experience, which is generally limited to DRDC personnel. 

 They contain data fields that may not be relevant for later analyses of these data, which 
may obscure the more useful data. 

 There are aspects of the analysis that are not automatically captured in STAR echo logs. 
 The narrowband corrections are applied after the automated measurement process is 

completed and the echo log files are generated. 
 STAR-IDL doesn’t have the ability to associate different depths with different channels in 

the same recording device (e.g. an array). Therefore, the depth of each individual 
hydrophone is not captured in the echo log files. 

Given these limitations, GeoSpectrum generated custom .csv files tailored to encompass all 
relevant parameters in a simpler, human readable format. These files are included in as part of 
the contract deliverables. The files are self-documenting, and therefore the format will not be 
discussed here. The program to read the echo log files, perform required corrections, and write 
the output to the custom .csv files is in the idlprog folder, and is called 
export_cw_echoes_to_csv.pro and export_lfm_echoes_to_csv.pro 
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4 Quality assurance and results 

In-depth analysis was not the main objective of this contract. Analysts instead performed basic 
QA to ensure that processing was correct and that output levels were as expected. Analysts 
also assessed general trends in the data to help expose potentially erroneous data. 

For all transmission periods, GeoSpectrum generated three types of plots: 

 All level plots: These plots show peak signal, peak noise, and mean noise levels as a 
function of time over the duration of each transmission periods. 

 Violin plots: These plots show the distribution of measurements as a function of 
hydrophone (channel) number for each transmission period. These are box-whisker plots 
with the 75th, 50th (median), and 25th distribution percentiles indicated and a normalized 
probability density function shown on either side of the percentiles, which illustrate 
distributions and outliers. The statistics are computed over the duration of each transmission 
period. 

 Level-range plots: These plots show the averaged received level and standard deviation 
as a function of source-receiver range. Receive levels are averaged for each hydrophone 
over an entire transmission period. 

Each plot type is useful for highlighting specific facets of the data. For example, transmissions at 
stations that make up a line direction were not necessarily performed in chronological order (or 
even on the same day). Therefore, the all level plots, which depict the data as a function of time, 
do not easily illustrate range dependency of receive levels, whereas the receive level vs. range 
plots do convey this information. Also, violin plots are very useful for comparing the performance 
of each hydrophone, which is not easily inferred from the all level or range plots.  

Example plots and general trends noticed during the QA for the CW and LFM data are provided 
in Sections 4.1 and 4.2, respectively. During QA, analysts noted several channels had different 
apparent sensitivities from the majority over the entire trial. Using the LFM-processed noise 
data, possible correction factors were estimated for these channels, which is discussed in 
Section 4.2.1.  

All QA plots can be found in analysis_results, while all plotting programs are in the idlprog 
folder. 

4.1 CW Results 

Initial CW data analysis focused on the results of all level plots. The plots were generated two 
ways: one to all channels simultaneously for a single frequency, and the second to show all 
frequencies simultaneously for a single channel. Since there are 62 measurement periods, 6 
CW frequencies, and 32 channels, there are 372 all-channel plots (62x6) and 1984 all-
frequency plots (62*32).  Given the higher number of all-frequency plots, the channel all-level 
plots were used for the initial QA. Figure 4 provides a typical example of a QA all-level plot. 
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Figure 4: Example QA all-level plot for 331-Hz CW sounding from 30-m depth at station E10. 
The red symbols and lines show peak amplitude, the green symbols and lines show peak noise, and the 
blue symbols and lines show mean noise. Symbols are used to differentiate channel numbers. Channels 

25 through 32 use the same symbol. 

Figure 4 shows a 5-min measurement period starting at 13:02 on 28 Aug 2015, which 
corresponds to the 331 Hz CW sounding from 30 m depth at station E10. Peak amplitude is 
shown in red, while mean and peak noise are blue and green, respectively. Channels 1 to 24 
have unique symbols, but channels 25 through 32 are plotted with the same symbol since IDL 
does not have 32 individual symbols. Much of the data is characterized by very little level 
variation over the measurement period, but up to 20 dB RMS re Pa2 level variation over 
channel number. 

In general, there appears to be more variability over a measurement period for higher 
frequencies versus lower ones, as well as more variability for certain time periods on 30, 31 
Aug, and 3, 7 Sept. This variability is easier to visualize using violin plots. Similar to the all-level 
plots, there are 372 violin plots for the data when plotting receive level versus channel number. 
Figure 5 provides example violin plots that show an increase in variability with frequency for 
most channels.6 The same data shown in Figure 4 (331 Hz) is shown in Figure 5 (a), while 
Figure 5 (b) shows the corresponding 1411 Hz data. The larger vertical extent of the violin 
shapes for the 1411 Hz plot is indicative of higher variability.   

                                                
6 At 331 Hz, channel 3 is anomalous, and shows an important issue – if a single channel (or even a few channels) is more 
variable than the others, it could be due to mechanical rather than environmental issues. 
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Figure 5: Violin plots for (a) 331-Hz and (b) 1411-Hz CWs sounding from 30-m depth at E10. 

Furthermore, the results show that measurement variability is also dependent on source depth 
and the date/time of the measurements. Using only the 331 Hz violin plots, analysts 
documented measurements where receive levels have higher variability than normal,7 and a 
summary of this assessment is provided in Table 8. In total, there are 10 stations that have 
higher variability. Stations W05, W10, and W20 are the only measurements that resulted in 
higher variability for all channels, over a significant period of time, and at both source depths. 
These data were recorded on the morning of 3 Sept, whereas, the corresponding afternoon 
measurements, W50, W60, and W90, do not have as much variability. As all 3 Sept data are 

                                                
7 High variability is subjective and is determined here when most channels have large distributions (violins). There are times 
when only smaller subsets of channels have larger violins, but these are not included here. With more in-depth analysis, these 
data might correlate to interesting propagation characteristics; this level of analysis was not included in this basic QA. 
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from the same line direction, it is probable that the morning variability is due to 
environmental/oceanographic conditions. The other instances of high variability data listed in 
Table 8 are interesting since all of them have higher variability at one source depth and not at 
the other. For five stations it is higher at 30 m, and for two stations it is higher at 60 m. 

Table 8: Summary of SLIVA data with higher receive-level variability for most channels. 

STATION SOURCE 
DEPTH (M) 

DATE START 
(UTC) 

END 
(UTC) 

VARIABILITY COMMENTS 

S2 (east) 60 28 aug 14:23 14:28 Not as much variability as 30 m 
 30 28 aug 14:47 14:52 Most channels 
N05 60 30 aug 7:31 7:36 Little variability 
 30 30 aug 7:52 7:57 Most channels 
N20 60 31 aug 10:31 10:36 Not as much variability as 30 m 
 30 31 aug 10:54 10:59 Most channels 
N30 60 31 aug 9:44 9:49 Most channels 
 30 31 aug 10:07 10:12 Not as much variability as 60 m 
W05 60 03 sep 8:06 8:11 All channels 
 30 03 sep 8:28 8:33 All channels 
W10 60 03 sep 8:48 8:53 All channels  
 30 03 sep 9:14 9:19 All channels 
W20 60 03 sep 9:53 9:58 All channels 
 30 03 sep 10:21 10:26 All channels 
W30 60 04 sep 9:15 9:21 Not as much variability as 30 m 
 30 04 sep 8:51 8:56 Most channels 
W40 60 04 sep 9:45 9:51 Most channels 
 30 04 sep 10:11 10:14 Not as much variability as 60 m 
ST5 60 07 sep 12:02 12:07 Little variability  
 30 07 sep 12:25 12:30 All channels 

 

To complete the CW analysis, analysts generated level-range plots for each line direction. Each 
plot shows average receive level with standard deviation error bars as a function of range for 
groups of eight channels. There are 192 plots in total: 

(4 line directions * 4 groups of eight channels * 6 frequencies * 2 source depths) = 192 plots 

Figure 6 shows level-range plots for channels 9-16 for the 419 Hz CW sounding at 60 m source 
depth for the (a) east and (b) south lines. The grey vertical lines on the plots help denote when 



  Contract report 

 GeoSpectrum Technologies Inc. 27/61 

the data were recorded on different days, with the time labels on the top x-axis.8 The source 
level was assumed to be 185 dB RMS re Pa2, and was used to estimate theoretical receive 
levels based on range spreading transmission loss curves using an Nlog(r) assumption, where r 
is the range. Curves were generated for values of N of 10, 15, and 20 and are overlaid on the 
level-range plots. 

The CW level-range plots show some general trends: 

 East line: 
 Data only extend to a range of approximately 4 km since stations E50 and E60 were not 

completed. 
 Data are from 28 and 29 Aug. 
 RL is predominantly flat with range and does not follow the log r curve, for both source 

depths 
 South line: 

 Data extend to a range of approximately 15 km. 
 Data are from 31 Aug and 7 Sept. 
 RL generally follows the log(r) curve for both source depths. 

 North line: 
 Data extend to a range of approximately 7 km. 
 Data are from 30 and 31 Aug. 
 RL generally follows the log(r) curve for the 60 m source depth, but not for the  

30 m source depth. The 30 m source depth RL decrease appropriately for the 2 km 
nearest the array, but then levels increase with increasing range. An example showing 
data for channels 9-16, 539 Hz CW sounding at (a) 30-m and (b) 60-m depth is shown in 
Figure 7. 

 West line: 
 Data extend to a range of approximately 9 km. 
 Data are from 3 and 4 Sept. 
 RL trends are similar to the north line. They generally follow the log(r) curve for 60 m 

source depth, but the 30 m source depth levels decrease appropriately for the first 4 km 
and then start to increase with increased range. An example showing data for channels 
9-16, 1411 Hz CW sounding at (a) 30 m and (b) 60 m depth is shown in Figure 8. 

 Channel 12 typically has significantly lower levels than the other seven channels in the  
channel 9-16 group for all CW data; none of the other 31 channels were as obviously and 
consistently low for these frequencies. Further channel sensitivity discussion from the LFM 
analysis is found in Section 4.2.1. 

 

                                                
8 Times listed are averages of the measurement period. 
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Figure 6: Level-range plot for 419 Hz CW sounding at 60 m depth for the (a) east and (b) south lines. 
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Figure 7: Level-range plot for the north line with 539 Hz CW sounding at (a) 30 and (b) 60 m. 
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Figure 8: Level-range plot for the west line with 1411 Hz CW sounding at (a) 30 and (b) 60 m. 

4.1.1 Anomalous CW measurements  

All CW measurements have extremely high SNR of typically 40 dB or higher. However, analysts 
noted two measurement events that have anomalously low SNR values. They are: 
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 The measurement starting at 09:45 on 4 Sept (W40, 60 m) has a ship CPA at approximately 
09:46 so the noise is higher. CW receive levels are not affected. 

 The measurement starting at 12:25 on Sept 7 (ST5, 30 m) has an irregular ping sequence 
approximately 60 seconds into the data. As shown in Figure 9, the ping cycle for this 
measurement period does not follow the expected schedule from Table 1. Here, the spacing 
between two of the pings is not the expected 5 s, but rather, approximately 1 s. 

 

Figure 9: Sonogram showing irregular pings from the 7 Sept measurement period starting at 12:25. The 
irregularly spaced pings are visible at approximately t=21 to t=25 seconds in the figure. Only 60 seconds 

of data around the anomaly are shown. 

This irregular spacing affected the automated CW analysis, requiring a custom detection script 
for these data. An example all-level plot for this measurement period is provided in Figure 10. 
The CW receive level is accurate, but only measures the signal from one ping of the closely-
spaced couple. The noise estimate is higher for that point since the other ping is within the noise 
estimation window and contaminates the noise estimate. 
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Figure 10: 331 Hz CW all level plot for 12:25, 7 Sept time period with irregular ping spacing. 

4.2 LFM Results 

For the LFM data, the all level plots show the correlated peak amplitude level, as well as the 
noise peak and mean levels. The plots are organized similarly to those for CW data and show 
data for all channels. There are 62 plots; one for each the 62 transmission times. In general, the 
all level LFM plots show that the measurements are predominantly good quality.9 However, 
there are four all level plots which indicate issues with the data: three have RL that suddenly 
change within their measurement periods, and one corresponds to the time period with the 
irregular ping schedule previously discussed in Section 4.1.1 (see Figure 9). All four of these 
LFM issues occurred on the south line with the source at 30 m depth. 

Figure 11 shows the three plots where levels drop unexpectedly. For each case, the change in 
RL is thought to be from a mechanical change in SL, rather than environmental variation. Each 
measurement period (5 min = 50 data points) has some good data at the beginning of the file, 
listed in Table 9. These three stations are flagged in the .csv files as suspect measurements. 

 

                                                
9 Note: although the data look good for 58 of the 62 all-level QA plots, GeoSpectrum believes that the LFM data have additional 
SL issues, which are apparent from the level/range plots; see follow-on discussion of LFM level/range plot results. 
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Table 9: Good data for the files with suspected SL variations. 

DATE TIME STATION SOURCE DEPTH 
(M) 

NUMBER OF GOOD 
DATA POINTS 

31 Aug 11:53 S05 30 4 
31 Aug 13:42 S20 30 31 
7 Sept 09:16 S50 30 27 
 

Figure 12 shows the LFM all level plot for the irregular ping measurement period on 7 Sept at 
12:25 (ST5, 30 m). For these data, an analyst manually edited the automatically generated echo 
log around the irregular ping time.  

As previously discussed, examining the GLISTEN15 data with respect to only time does not 
intuitively show all possible issues, so the LFM QA included level-range plots also. Similar to the 
analogous plots for the CW measurements, each plot shows average RL with standard 
deviation error bars as a function of range for groups of eight channels; so there are 32 plots 
total (4 line directions * 4 groups of eight channels * 2 source depths). For the four south line 
plots with 30 m source depth, the three measurement periods with SL issues used only the 
good data listed in Table 9 in their average and standard deviation calculations.10 

                                                
10 The plots for 30 m source depth have a naming convention of *_south_cropped_line.png instead of *_south_line.png (as the 
60 m source depth plots are named) as a reminder that not all of the average peak values are calculated over the entire 5 min 
measurement period. 
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Figure 11: LFM all level plots showing suspected SL variations within three measurement periods. 
Measurements affected are (a) 31 Aug, 11:53 (S05, 30 m), (b) 31 Aug, 13:42 (S20, 30 m), and 

(c) 7 Sept, 09:16 (S50, 30 m) 



  Contract report 

 GeoSpectrum Technologies Inc. 35/61 

 

Figure 12: LFM all level plot for the time period starting at 12:25, 7 Sept, which contains the irregular ping 
spacing. 

Unlike the CW analysis results, the general trends for the LFM analysis are similar for both 
source depths. Thus, the LFM level-range plots for the four line directions, channels 9-16, 60 m 
source depth shown in Figure 13 and Figure 14 are representative of all LFM results. Figure 13 
shows the (a) east and (b) north lines. The east line RL are generally flat (as the range only 
extends to approximately 4 km), but the levels are in agreement with the theoretical curve for 
spherical spreading with a source level of 185 dB RMS re Pa2.  

For the north line, there is a significant decrease in RL between 2 and 3 km range. By itself, the 
cause of this level reduction could be interpreted as environmental. However, GeoSpectrum 
believes that the SL of the LFM source changed part way through the TL experiments.11 
Analysts observed that after the N40, 30 m transmission, which ended at 09:13 on 31 Aug, the 
receive levels suddenly drop by approximately 20 dB, and remain low for the remainder of the 
experiment. This affects part of the north line, and the entire south and west lines as these 
measurements were all conducted after the apparent SL drop. Furthermore, the sudden SL 
drops observed in Figure 11 result in additional SL decrease for these stations, since all of 
these events occur after the initial apparent SL drop. It is unclear if the change in SL is due to a 
mechanical failure or (possibly inadvertent) human interference with the transmitted waveforms. 

                                                
11 For reference, the LFM level-range plots have two additional spherical spreading curves in grey: a dotted line, assuming  
SL = 175 dB RMS re Pa2 and a dash-dot line, assuming SL = 165 dB RMS re Pa2. These SL choices are illustrative; no 
indication of a SL change was found in the trial log/notes. 
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Figure 13: LFM level-range plots at 60-m source depth for (a) east and (b) north lines. 
Note the lower RL for measurements at 2 and 3 km range for subfigure (b). Analysts believe this is due to 

a change in SL. 
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Figure 14: LFM level-range plots at 60-m source depth for (a) south and (b) west lines. 
All of these measurements were taken after the assumed change in SL, which is reinforced by their better 

agreement with canonical TL curves for a lower SL. 

Apparent source level issues notwithstanding, the LFM violin plots show trends that may reveal 
interesting propagation effects as a function of receiver depth, and may be a good starting point 
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for further analysis. An example plot is shown in Figure 15, which shows smooth signal level 
fluctuations as a function of channel, or depth. 

 

Figure 15: LFM violin plots for the (a) E10 and (b) W05, 60 m source depth transmissions. 
Channels highlighted in red have sensitivity corrections applied as discussed in Section 4.2.1. 

4.2.1 Hydrophone sensitivity analysis 

The LFM violin plots show that several sensors have consistently lower receive levels than 
others for the majority of the trial, which GeoSpectrum hypothesizes is due to different 
sensitivities on these hydrophones. Although evident on the violin plots of LFM receive levels, 
these anomalous sensors are best illustrated with violin plots showing the distribution of the 
mean noise corresponding to each LFM measurement (example shown in Figure 16 (a)), since 
there is likely little variability in ambient noise levels over the length of the array, and so any 
differences in measured ambient noise levels can be attributed to different hydrophone 
sensitivities. 

Hydrophones that are believed to have different sensitivities are summarized in Table 10. Six 
hydrophones recorded consistently low levels for the duration of the experiment, while the 
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sensitivity of the channel-1 hydrophone changed sometime between 14:48 on 30 Aug  
(N10, 30 m depth) and 06:49 on 31 Aug (N70, 60 m depth), as shown in Figure 17. 

 

 

Figure 16: LFM mean noise violin plots for S2 (east line), 60-m source depth. 
Channels 2, 4, 11, 12, 19, and 24 (highlighted in red) have lower mean noise estimates than the other 

channels. Panel (a) shows the uncorrected levels, and Panel (b) shows the levels with corrections 
provided in Table 10 applied to the channels in red. 

 

Table 10: Correction factors for the anomalous sensors. 

CHANNEL CORRECTION 
FACTOR (DB) 

APPLICATION 
TIMEFRAME 

1 4.81 start 31 Aug, 
onwards 

2 6.04 all 
4 5.11 all 
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CHANNEL CORRECTION 
FACTOR (DB) 

APPLICATION 
TIMEFRAME 

11 4.47 all 
12 8.04 all 
19 6.23 all 
24 6.64 all 

 

 

Figure 17: LFM mean noise violin plots for (a) N10, 30 m and (b) N70, 60 m source depth. 
Channels highlighted in red indicate outliers. The sensitivity of hydrophone 1 changes between these two 

measurements. 

GeoSpectrum developed an algorithm for estimating a correction factor for each of the affected 
hydrophones. The estimated correction factors are presented in Table 10, and Figure 16 (b) 
shows the ambient noise levels with the corrections applied. 

To compute correction factors, GeoSpectrum: 
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 Computed the mean noise level for all of the unaffected channels across all 
measurements.12 

 Computed the mean noise for each of the affected channels across all measurements. 
 Computed the difference between the mean noise of each of the affected channel and the 

unaffected channels. 

The algorithm and correction factors are provided as a potential option for salvaging data from 
these sensors in the absence of accurate sensitivity information. However, the .csv files 
provided to DRDC do not have the corrections applied, and it is therefore at the discretion of 
future analysts of these data to decide whether or not to apply the correction factors. The 
affected channels have been flagged as suspect measurements in the .csv files 

                                                
12 For all of these calculations, mean values were computed using the mean noise estimate corresponding to each LFM 
measurement. This results in a mean of mean noise estimates. 
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5 Summary and recommendations 

GeoSpectrum compiled, organized, and analyzed GLISTEN15 TL data during this work. Based 
on the basic quality assurance analysis, GeoSpectrum believes that the CW data are ready for 
in-depth TL analysis, but that the LFM data have issues with unknown source level. 

From the CW analysis, particularly interesting results include TL trend differences between the 
two source depth soundings for the north and west lines, and environmental TL variability for the 
data from the morning of 3 Sept 2015. 

To be able to effectively use the GLISTEN15 data for future in-depth TL analysis, the source 
level needs to be better determined. This is especially true for the LFM data, which seemingly 
suffer from a distinct SL drop partway through the TL experiments. Unfortunately, there are no 
reference hydrophone data recorded during the trial to measure SL in situ. However, as many 
assets and instruments were employed during GLISTEN15 that were not directly related to the 
TL experiments, there may be some recordings that could fortuitously provide better SL 
estimates. The main recommendation from this work is to try to get better SL estimates for the 
various CW and LFM pings. 

Mean noise estimates from the LFM correlated data were used to calculate corrections for some 
VLA channels that had anomalous sensitivities. These corrections could be used during future 
analysis, or conversely, analysis could be focussed on channels that do not have anomalous 
sensitivities. 
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Annex A CW echo analyzer 

This section describes the process used to measure CW pulses in spectral (frequency-time) 
data using the STAR-IDL CW analysis software. Typically this process involves two steps: 

 Identifying a sub-set of spectral data, hereafter referred to as the hooked data, for analysis. 
 Analyzing the hooked data to generate a measurement of a CW pulse. 

The first step of identifying the data to be analyzed can be performed using various interfaces 
within STAR-IDL, including, but not limited to, the CW analysis application and the automatic 
CW echo detector boot script13, and will not be discussed in this report. Regardless of the 
method used to identify the data of interest, however, the software used to make the 
measurement is the same in all cases. This section describes the measurement process in 
detail by presenting the list of configurable parameters available to the user and how they are 
used. 

The CW pulse analysis is broken into two steps: 

 Searching in the vicinity of the hooked data to locate the peak signal level across time, 
frequency, and beams, if applicable. 

 Once the peak is located, compute statistics such as bearing, peak amplitude, and local 
background noise. 

Section A.1 describes the peak search algorithm and related input parameters, while section 
A.2 describes the measurement process. 

A.1 Search for signal peak 

The hooked data consists of a STAR power data header which defines single point time, 
frequency, and beam about which a measurement is to be conducted. Once the hook is defined 
and passed into the CW echo analyzer, the spectral data in the vicinity of the hook are retrieved 
and searched for a peak. A sample sonogram is shown in Figure 18 with the relevant 
parameters. The parameters used to find a peak are: 

time_search_window_width_before: The duration, in seconds, to search before the hook point 
for a signal peak. 

time_search_window_width_after: The duration, in seconds, to search after the hook point for a 
signal peak. 

center_freq: The centre frequency used in all Doppler calculations, as shown in Equation (1).  
This parameter is intended to capture the frequency of the transmitted signal, and is not 
necessarily equal to the frequency of hooked data. (The latter is captured in the start_bin_value 
of the hooked data header passed into the CW echo analyzer). 
                                                
13 For legacy reasons, the word echo is used in much of the software and in this document. However, the CW analysis software 
can be used to measure any transient signal in spectral data, and not solely target echoes.  
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doppler_search_width_low: The amount of Doppler, in knots, to search at frequencies lower the 
hook point. This value is specified in knots so that it can be easily related to the tactical data. 
The Doppler is converted to frequency using Equation (1), 

c
vff 210  

(1) 

Where f0 is the centre frequency, v is the net relative speed between the source, receiver, and 
target if applicable, and c is the speed of sound. 

doppler_search_width_high: The amount of Doppler, in knots, to search frequencies higher than 
the hook point. This value is specified in knots so that it can be easily related to the relative 
motion of a source, receiver, and target if applicable. The Doppler is converted to frequency 
using Equation (1). 

search_beams: This is a Boolean flag that, if set to 1 (true), tells the analyser to search over all 
beams to find a peak for the signal. If true, select_max_beam and search_half_width_beams 
are ignored. 

select_max_beam: This is a Boolean flag that, if set to 1 (true) tells the analyzer to search 
across a subset of beams to find the peak of the echo. If set to 0 (false) the analyser will not 
search across beams for a peak. However, it will still try to interpolate across three beams to 
compute a bearing and peak amplitude. 

search_half_width_beams: If select_max_beam is true, this parameter tells the analyser how 
many beams to search over to find the peak of the echo. This value is specified as a half-width, 
so the total number of beams searched is 2*search_half_width_beams + 1. 
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Figure 18: CW echo analyzer search window parameters overlaid on a sonogram containing a CW pulse. 
The red dot represents the time and frequency of the hooked data, and is the search start point. The 

green lines represent the search parameters: dl=doppler search width low, dh=doppler search width high, 
tb=search window before, ta=search window after. The blue box represents the extent of the search area 
defined by the search parameters. The search across beams is not depicted. In the image shown, a peak 

would be found on the CW pulse (white vertical stripe) in the lower centre portion of the image. 

A.2 CW pulse measurement 

Once a local peak has been located, the data are analyzed resulting in signal, noise, and 
energy measurements. The measurement processing is conducted as follows: 

 Compute the peak signal level. A three-point interpolation across frequency space is used to 
estimate the true peak level. This accounts for the peak signal not falling exactly in one of 
the spectral bins. If a three-point interpolation is not possible (this might occur, for example, 
if the peak level is in the first or last frequency bin), the maximum value in the data is 
assumed assigned the peak level. 

 Estimate the Doppler shift between the centre frequency and the frequency of the peak 
signal. 

 Use three-point interpolation across beams to estimate the bearing of the signal. This step is 
only applicable if there are data for multiple beams. If a three-point interpolation is not 
possible (the centre point is not the maximum due to limitations in the number of search 
beams allowed), the bearing of the beam with the highest signal level is used. If a three-
point interpolation across beams is possible, the peak level that was previously computed by 
interpolating across frequency is discarded, and the interpolated peak across beams 
becomes the peak signal. 

 Estimate the total energy in the pulse by integrating across a defined bandwidth in the same 
time bin as the peak signal. This accounts for energy spreading into adjacent frequency bins 
due to Doppler spreading. 
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 Compute mean and peak noise estimates using a gap and noise window. The gap and 
noise windows are defined in the time domain only, and the noise measurements are made 
in the same frequency bin as the peak signal. 

 Compute the noise energy by integrating the noise windows across a defined bandwidth.  

The echo analyzer records the peak amplitude, peak noise, mean noise, bearing, Doppler, and 
total signal and noise energy. The behaviour of the analyzer is configured by the user specifying 
the following settings, which are depicted in Figure 19: 

noise_window_width_before: The duration of the noise window, in seconds, before the signal, 
over which to compute the mean and peak noise estimates, and total noise energy. The noise 
from the before and after noise windows are combined into a single peak and mean noise 
estimate. 

noise_window_width_after: The duration of the noise window, in seconds, after the signal, over 
which to compute the mean and peak noise estimates and total noise energy. The noise from 
the before and after noise windows are combined into a single peak and mean noise estimate.  

time_notch_width_before: The duration of the gap window, in seconds, separating the peak 
signal from the noise window, prior to the time of the signal. The notch width should be large 
enough to avoid contaminating the noise window with the signal. 

time_notch_width_after: The duration of the gap window, in seconds, separating the peak signal 
from the noise window, after to the time of the signal. The notch width should be large enough 
to avoid contaminating the noise window with the signal. 

doppler_energy_width_low: The low-frequency bound of energy integration measurement. This 
value is specified as Doppler, in knots, to easily relate to tactical data. It is converted to 
frequency using the active Doppler assumption shown in Equation (1). 

doppler_energy_width_high: The high-frequency bound of energy integration measurement. 
This value is specified as Doppler, in knots, to easily relate to tactical data. It is converted to 
frequency using the active Doppler assumption shown in Equation (1). 
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Figure 19: CW echo analyzer measurement windows overlaid on a sonogram containing a CW pulse. 
The red dot represents the location of the peak signal level within the CW, and the green and red lines 

represent the various measurement windows: ntb=notch window before, nta=notch window after, 
nsb=noise window before, nsa=noise window after, del=doppler energy width low, deh=doppler energy 

width high. 

A.3 Echo Logs 

Once an echo has been detected and processed, the echo’s properties are stored in a STAR 
CW echo log. The echo log can be broken down into 6 sub-categories: 

Log Header 

The log header describes information describing how the echo was detected. 

Serial Number (LONG) – Every echo detection is issued a serial number used to identify each 
individual echo. 

Type (STRING) – Describes the method used to detect the echo. 

Data Header 

The data header gives detailed information on when and where the echo was detected, as well 
as information on how the receiver was configured. 

Version (STRING) – A string descriptor of the log version used. 

Log Time (STAR TIME) – A time structure designating the time the echo was detected. 

Channel (INT) – The channel of the data file the echo was detected on. 

RF (STRING) – A string indicator with the name of the radio frequency ID the data was 
transmitted on. 

Beam (DOUBLE) – The beam the echo was detected on. 
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Recorder (STRING) – A string descriptor of the recorder used. 

Ping (STRING) – A string descriptor of the ping waveform used for processing. 

Target (STRING) – A string descriptor of the designated target. This target is used for tactical 
data computations. 

Processed File (STRING) – The name of the power file containing the echo. 

Frequency (DOUBLE) – The frequency of the hooked data point. 

Active Display Type – 

Time Standard Deviation – 

Echo Data 

The echo data gives detailed information on the echo statistics. 

Version (STRING) – A string descriptor of the log version used. 

Peak Amplitude (DOUBLE) – The largest value within the detection signal window in dB. 

Mean Noise (DOUBLE) – The mean average value of both noise windows in dB. 

Peak Noise (DOUBLE) – The highest value within both noise windows in dB. 

Bearing (DOUBLE) – The estimated echo bearing in degrees True. The recorder’s beam model, 
if present, is used to account for heading bias. 

Doppler (DOUBLE) – The amount of Doppler shift between the centre frequency and the signal 
frequency. 

Not Like Target (INT) – Designated during manual echo detection. A value between 1 and 10 
describing the confidence of the echo corresponding to a target. A value of -1 indicates an 
automatic echo detection. 

Signal Start Offset (DOUBLE) – Not implemented. 

Signal Duration (DOUBLE) – Not implemented. 

Signal Threshold Duration (DOUBLE) – Not implemented. 

Bearing Error (DOUBLE) – Value describing the error of the bearing estimate in degrees. 

Bearing Interpolated (INT) – Boolean value denoting whether or not the bearing estimation was 
interpolated. 0 = No, 1 = Yes 
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Tactical Data 

The tactical data gives non-acoustic data calculations based on the target, receiver, and source 
positional information. This data is useful for comparing estimations from the echo detections 
with expected values. All of this information is calculated at the time of echo detection. 

Version (STRING) – A string descriptor of the log version used. 

Bistatic Alpha (DOUBLE) – Value describing the Bistatic Aspect Angle in degrees. 

Bistatic Beta (DOUBLE) – Value describing the Bistatic Angle in degrees. 

Time Delay to Target (DOUBLE) – Value describing the expected time delay of the target to the 
main blast in seconds. 

Bearing to Target (DOUBLE) – Value describing the true bearing from the receiver to the target 
in degrees. 

Tactical Doppler (DOUBLE) – The expected total relative Doppler, in knots, between the source, 
receiver, and target if applicable, inferred from the tactical data. 

Range Source to Target (DOUBLE) – Value describing the distance between the source and the 
target in meters. 

Range Target to Receiver (DOUBLE) – Value describing the distance between the target and 
the receiver in meters. 

Target Depth (FLOAT) – Value describing the depth of the target in meters. 

Source Position (MAP POSITION) – A map position structure describing the source location. 

Receiver Position (MAP POSITION) – A map position structure describing the receiver location. 

Echo Energy Spectra Data 

Version (FLOAT) – A string descriptor of the log version used. 

Signal Energy (FLOAT) – The total signal energy, in dB, integrated across a defined bandwidth. 

Noise Energy Estimate (FLOAT) – The total noise energy estimate, in dB, integrated across a 
defined time and bandwidth window. 

Signal Frequency Limits (STRUCT) – The low and high frequency bounds, in Hz, of the signal 
and noise energy estimates. 

Miscellaneous 

Source Filename (STRING) – The name of the file containing the echo log. 

Database Index (LONG) – A number used by the software to keep track of the echo in the 
internal data structure.  
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Database Index Set (BOOL) – A flag indicating whether or not the database index has been set. 
This value is used by the software to keep track of the echo in the internal data structure. 
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Annex B Configuration management 

The final software deliverable for this contract was provided on the STAR release DVD, which 
was generated and delivered to DRDC on 31 March 2017. The release coincides with delivery 
for several STAR Task Authorizations. This section of the document describes the content of 
that DVD. 

B.1 STAR branch and release information 

Each logical grouping of software modules has been independently versioned on the DVD that 
is also versioned. The current STAR release version is 6.9.0 and contains the following: 

 OPD 2.9.10 
 ACDC 2.2.0 
 SPPACS 1.6.5 
 Analysis Tools 7.0.5 (STAR-IDL) 

The 6.9.0 release CD was generated in conjunction with other Task Authorizations. Installation 
instructions are located in the root directory on the release DVD. 

B.1.1 STAR software documentation 

Some manuals, API documentation, and other design documents are provided with the 6.9.0 
software release DVD. In a standard STAR distribution they can be found by opening the 
/usr/local/atools/star-6.9.0/documentation.html file in a standard web browser. This page 
contains links to several sets of documentation including:  

 Software revision history 
 Software API documentation including IDLDoc for the analysis tools (STAR-IDL) and 

DOxygen generated documents for OPD, ACDC, and SPPACs 
 The STAR user manual14   
 STAR quick reference guides 
 STAR-IDL application user manuals 
 STAR application user manuals 
 Useful third-party documentation 

B.2 Issue summary 

The issue summary in Table 11 shows the current state of known defects for all of the software 
release candidates listed in Section B.1 as of 31 March 2017. 

The distribution of issues is indicative of the maturity of the software. Though maturing, much of 
this software is composed of various evolutions of an iterative design, especially command-line 

                                                
14 This manual has not been updated for some time and is in the process of being superseded by newer documentation included 
on this CD. 
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SPPACS applications and STAR-IDL components. This software would benefit from general 
design improvements and refactoring. There are no active blocker issues but there are several 
critical issues. These are obscure or infrequent bugs that were discovered during current or 
previous work, but budget or schedule has been insufficient to address them yet. Critical issues 
are issues that still allow the operator to perform their function but could cause erroneous 
results or loss of data in specific instances. These bugs should be fixed in the near future. Only 
Blocker issues do not have a work-around and need to be addressed before a contact can be 
completed successfully. 

Table 11: Issue summary (severity vs. status) for all software on STAR release 6.9.0. 

 OPEN REOPENED RESOLVED CLOSED 
Blocker 0 0 0 43 
Critical 5 0 0 86 
Major 151 3 18 241 
Minor 52 1 1 30 
Trivial 7 0 0 3 
Undecided 0 0 0 5 

 

Table 12 summarizes the critical issues that remain open, but only for software relevant to this 
contract. None of the critical issues had any effect on the success of this contract. Resolution of 
these issues may increase efficiency during the execution of future call-ups or contracts. 

Table 12: Known critical issues for OPD, SPPACS, and STAR-IDL. 

MODULE ISSUE ID SUMMARY DESCRIPTION 
SPPACS AKSP-72 sp_median_nrmf is referencing 

a null pointer occasionally in 
win32 

sp_median_nrmf causes a crash (in OPD) 
by dereferencing a null pointer. This seems 
to only happen on win32, but may just be 
hidden in Unix environments (Windows has 
a history of being more strict, especially in 
debug mode). 
 
Before the crash (during construction of the 
module) warnings are printed to stderr, 
"Can't find remove point" 
 
An examination of the code revealed that 
there is a comment saying "if we got here, 
there is a bug". 

STAR-IDL AKOT-107 Ownership of overlays and 
contained data 

There is a general problem with ownership 
of overlays and contained data by the 
tactical plot. The tactical plot can be closed 
and reopened several times during an 
application's lifetime, so if it destroys all 
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MODULE ISSUE ID SUMMARY DESCRIPTION 
data that it contains it will be lost to the 
application and cannot be used on 
subsequent instantiation of the tactical plot, 
or usage by other modules (i.e. tracker). 
 
It may be reasonable just to own the 
overlay itself and not the contained data, 
but then ownership needs to be assigned 
to something. Another option may be to 
notify the tactical plot when it owns an 
overlay.  
 
Currently image overlays are owned by the 
tactical database, because it would be 
more effort to create a data container in the 
database and then force the creation of an 
overlay after the fact. This may need to 
change depending on how this issue is 
resolved. If two objects are created (image 
container and image overlay) then caution 
must be exercised when data is passed 
between them to avoid expensive data 
copies for large images. 

STAR-IDL AKOT-150 Crash / Hang in STAR++ A hang was experienced using STAR++ on 
OSX (for the Q320 tracking3 data set, 
while a crash resulted for TMAST02 data 
on Linux. The user was executing a Monte-
Carlo simulation for the OSX runs and had 
this feature both off and on for Linux. The 
settings were generally: 
- 2 detections, 10% threshold 
- 2 Clusters, 3km radius 
- El-El, El-Brg, El-Hy crossings 
- Monte-Carlo simulation with all error types 
and cluster results 
- Search time adjustment of 0.5 seconds 
 
On TMAST02 data the user had 
designated data on channels 2,3,4,5. For 
the Q320 tracking3 data set a threshold of 
550 was used. 

STAR-IDL AKOT-153 Animation with selected tracks - 
bad behaviour 

When a user selects tracks in ITAC then 
starts animation, strange tracks were 
observed.  If the user turns off selections, 
the animation behaves normally again. 

STAR-IDL AKOT-163 Failure with Ping to Source 
Mapping - Tracking Feature 

A failure was experienced when attempting 
to map a specific ping to a source when 
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MODULE ISSUE ID SUMMARY DESCRIPTION 
Extraction running the tracking feature-extraction 

application. The following error message 
appeared: "Could not find active source for 
blast. Ignoring blast." 
 
Workaround (verified): 
Remove all but the desired ping from the 
NAD ping file.  
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Annex C Software tools 

This section provides background information necessary to understand the role that DRDC 
software played in this contract. These flexible reusable software modules enabled the project 
to make better use of the available budget, advancing the research more than would be 
otherwise possible. The software’s relationship to the project is described below while a high-
level description of the tools themselves is provided in the subsections below: 

 SPPACS was used to much of the data manipulation such as conversion to DREA-DAT and 
concatenation, and data processing such as spectral and correlation processing. 

 STAR-IDL was used to perform much of the data analysis including all plot generation and 
writing formatted .csv files. Also, STAR-IDL applications such as ETI Analysis and Power 
Spectral Analysis were employed in interpretation of the data. 

 OPD was used for more high-level data QA and the confirmation of the CW and LFM pulses 
in the raw data, and was used to cross-check the transmission log times with the acoustic 
data. 

C.1 Signal Processing Packages (SPPACS) 

SPPACS is a group of software programs that are written in the C/C++ programming languages, 
with each application providing a specific processing or utility function. They are designed to run 
on Linux and OSX based PCs and typically work with Defence Research Establishment Atlantic 
(DREA) formatted data files (DAT), though format converters are also contained in the suite. 
SPPACS has slowly evolved to its present day state. 

The SPPACS software suite consists of two types of software. One type is runtime executables. 
These applications have proven to be very useful in simplifying data management and sonar 
processing tasks by providing a set of tools from which to build the necessary, often much 
customized, processing streams. These streams can be run from the command line or 
assembled into scripts to perform batch-processing tasks allowing large amounts of data to be 
automatically and incrementally processed. 

The second form of the software is a group of library functions that can be used by other 
programs to efficiently perform standard tasks. These library functions are extensively used by 
the runtime software, but can also used for other applications, such as OPD. There are several 
types of libraries of which three are most commonly used in SPPACS: 

 Utility (e.g. math, geo, filesystem, …) libraries that consist of utility routines for performing 
tasks, such as header manipulation, geospatial data representation, and command line 
parsing. 

 Signal Processing (e.g. splib) libraries that contain modules for low-level signal-processing. 
A new SPPACS module typically consists of one or more SPLIB modules linked together 
with an SPPACS user interface. 
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 Sonar Processing (e.g. sonlib) libraries that contain modules consisting of several SPLIB 
modules linked internally to create a complex sonar module, such as passive processing. 

C.1.1 Background and design information 

More generic and reusable software was created by separating the library code above from 
SPPACS. These modules are independent of the data header format, time-stamping method, 
etc., and are suitable for integration in real-time processing systems. The libraries can be built to 
run on a number of UNIX, OSX or Microsoft Windows platforms and on less common 
processors such as the ARM core and Texas Instruments (TI) DSP. Once successfully ported, 
the CMAKE build environment supports subsequent builds with a command line option. 

The C and C++ elements of the libraries are intentionally separated to ensure that the core 
capability, found primarily in the C modules, can be readily ported to systems that don’t support 
the more complex language features employed in the C++ version of the libraries. For the most 
part, the C++ layer consists of a wrapper on the C layer that provides a more generic method of 
instantiating, connecting and running modules. This is provided by inheritance that is, in part, 
the adoption of a common interface from a base class allowing parts of the system to interact 
with a module without knowing the details of the module. Connection of SPPACS applications 
using UNIX pipes provides similar functionality at the application layer. 

SPPACS is also supported by a number of libraries, such as the Fastest Fourier Transform in 
the West (FFTW), helping to ensure that the SPPACS software runs as efficiently as possible, 
while providing a significant reduction in coding effort. These dependencies, and the associated 
licenses, are tracked for those projects that require knowledge of intellectual property (IP). 

C.2 STAR-IDL 

The STAR-IDL15 tools were developed to support general research and analysis objectives at 
DRDC Atlantic. The actual software goes hand-in-hand with an analysis process that is intended 
to help formalize a reliable and consistent research and analysis methodology [2]. The primary 
objectives of the STAR-IDL tools are: 

 Provide scientific grade analysis tools that allow for efficient, detailed quantitative and 
qualitative analysis of a data set. 

 Provide scientific grade algorithm prototyping and refinement tools that can be used to 
quickly realize a variety of algorithm options, validate the basis of the algorithm, and 
determine the best approach to use for system prototypes. 

 Support synergy between DRDC groups and the Department of National Defence (DND) by 
providing a common software base for analysis. This synergy encourages inter-group 
communication and simplifies user training, analysis process development, documentation 
and data portability. 

                                                
15 The STAR-IDL tools were formerly referred to as the Software Tools for Analysis and Research (STAR). The STAR Software 
Suite has now come to mean the greater tool set, including OPD, ACDC, SPPACS, etc. 
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 Support cost and analysis efficiency by providing software reuse and common tools and 
data formats. Examples of efficiency would be using the output of analysis from one group 
to feed the inputs of another, or using common software components to lower development 
cost of several custom analysis tools. 

Most STAR-IDL components are currently implemented using Interactive Data Language (IDL), 
though the design is not restricted to IDL. For example, localization algorithms contained in C++ 
libraries are accessed from IDL. 

Applications in the STAR-IDL tools are built using a combination of reusable and custom 
components that meet the requirements of each application. The layered design and common 
components allow for rapid and logical development of new capabilities. Though currently 
focused on two main areas - sonar data processing and analysis, and target localization, 
tracking, and multi-sensor data fusion - the tools are capable of expanding to meet other 
analysis and research requirements. 

C.3 Omni-Passive Display (OPD) 

OPD is a standalone signal processing application designed to run on UNIX, OSX, and 
Microsoft Windows platforms. It can be used to quickly produce sonogram, energy-time 
integration (ETI), amplitude-line integration (ALI), and time series output from DREA digital 
acoustic tape (.DAT/.DAT32) files, wave files, sound card, EADAQ, Rapidly Deployable System 
(RDS), Northern Watch, and the Reach ADR via a multicast network (UDP) interface. The 
following functions summarize its capability (detailed information can be found in the OPD User 
Manual [3]): 

 A user can quickly set up the desired signal processing by loading in a preset configuration 
from storage, or by simply defining the desired frequency and time resolution. A more 
sophisticated user can define a wide range of parameters, including Fast Fourier Transform 
(FFT) size, zero padding, overlap, quantization range, decimation, sonogram compression 
and much more. 

 OPD provides an optional beamformer and is capable of processing complex heterodyned 
time series data. 

 Annotations can be added to the data. 
 The user can assign a category (or classification) to the annotation from a list of presets 

as well as provide free-form text to associate with the annotation.  
 Previously generated annotations are displayed on screen when processing data 

associated with the annotation. 
 The annotation format is compatible with STAR-IDL and ACDC. 

 Each processing result is stored in memory and can be selected for viewing and analysis. 
Analysis tools include a crosshair cursor for time-frequency measurements.  

 The entire sonogram can be saved to an image file to capture the output for reports, etc. 
 A WAV extraction tool allows the operator to define a region within a sonogram and clip the 

raw data associated with the selected bounds into a wave file. 
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 Operational measurement tools such as harmonic, banding, periodic-event and Doppler 
cursors can be used to analyze advanced features in data and learn tactical information 
about potential targets. 
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Annex D Acronyms 

 
ACDC Acoustic Cetacean Detection Capability 
ALI Amplitude Line Indicator 
API Application Programming Interface 
ARM An incorporated technology company 
CD Compact Disk 
CM Configuration Management 
CMRE Centre for Maritime Research and Experimentation 
CPA Closest Point of Approach 
CW Continuous Wave 
DAT DREA Data Format 
DB Database 
DISO Departmental Individual Standing Offer 
DND Department of National Defence 
DOxygen An inline documentation generator 
DRDC Defence Research and Development Canada 
DREA Defence Research Establishment Atlantic 
DSP Digital Signal Processing/Processor 
EADAQ Environmental Acoustic Data Acquisition 
El-Brg Ellipse/Bearing Crossing (EB) 
El-El Ellipse/Ellipse Crossing (EE) 
El-Hy Ellipse/Hyperbola Crossing (EH) 
ETI Energy Time Indicator 
FFT Fast Fourier Transform 
FFTW Fastest Fourier Transform in the West 
GLISTEN15 Glider Sensors and payloads for Tactical Characterization of the 

Environment 2015 
GPS Global Positioning System 
HiPAP High Precision Acoustic Positioning 
ID Identification 
IDL Interactive Data Language 
IDLDoc IDL Documentation (similar to Doxygen) 
IP Intellectual Property 
ITAC Integrated Tracking and Aural Classifier 
JIRA A ticket tracking system by Atlassian 
LFM Linear Frequency Modulated 
NAD Non-Acoustic Data 
NATO North Atlantic Treaty Organization 
NRV NATO Research Vessel 
OPD Omni-Passive Display 
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OSX Operating System X (Ten) - Apple OS 
PA Project Authority 
PC Personal Computer 
PRI Pulse Repetition Interval 
QA Quality Assurance 
R&D Research and Development 
RDS Rapidly Deployable Systems 
RF Radio Frequency 
RL Reverberation Level 
RMS Root Mean Squared 
SL Source Level 
SNR Signal to Noise Ratio 
SOR Statement of Requirement 
SOW Statement of Work 
SPLIB Signal Processing Libraries 
SPPACS Signal Processing Packages 
STAR Software Tools for Analysis and Research 
STAR-IDL IDL specific applications of STAR 
SVN Subversion 
TBD To Be Determined 
TI Texas Instruments 
TL Transmission Loss 
TVR Transmit Voltage Response 
TX Transmission 
UNIX A computer operating system 
UTC Universal Time Coordinated 
VLA Vertical Line Array 
WAV Wave file format (i.e. .wav) 
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