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GapEOD & BlacTusk Expand 
AGC Sensor Rental Fleet  
 

    
 
Following the successful validation of the 3-
transmitter UltraTEM Portable Classifier, GapEOD & 
BTG have focused efforts towards expanding the 
rental fleet of portable systems throughout 2023. 
The UltraTEM systems have achieved high project 
utilization throughout the year. The 2-transmitter 
variant of the UltraTEM Portable Classifier (Figure 
attached) has recently been validated for one-pass 
and screening surveys. When configured as a 
carried-array the 2-Transmitter variant is 18 lb 
lighter than the 3-transmitter system, enhancing 
system mobility while still delivering comparable 
performance even in complex multi object scenarios. 
Notably, reduction in the number of transmitters 
does not result in a reduced system swath width, 
allowing clients to maintain high production rates 
even in challenging terrain. The 2-transmitter system 
can also be deployed at a faster survey speed for 
surveys where only ISS rather than one pass 
classification is required which allows for higher 
production rates when the project objective is to 
determine source densities. 
  
In the upcoming year, there will be a shift in focus 
towards completing validation of the UltraTEM XC 
Classifier. This system is specifically designed as a 
narrow swath, single-person portable system, 
intended for efficient one-pass classification. The 
UltraTEM-XC system will be optimised to work 
seamlessly with the new UltraTEM-V receiver and 
transmitter electronics. BTField will also be validated 
to allow users to self process one pass classification 
data in the new year. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
Figure 7: The data collection with the new 2Tx 
Portable Classifier  
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the observed responses and yields a significant anomaly 
pattern in a residual map (not shown here). On the other 
hand, both the IMLI and JETSP fit the observed data 
fairly well. Perhaps the most striking difference between 
the standard method and the other two methods is seen 
on the recovered polarizabilities. As shown in the bottom 
panel of Figure 4, from left to right, the first set of 
polarizabilities recovered by the standard method may 
predict a target of interest with unequal minor 

polarizabilities. The second set of recovered 
polarizabilities likely predicts non-UXO, with the 
matching misfit of 0.864 against the 81mm reference 
item. On the other hand, the IMLI and the JETSP predict 
that the two sources have almost identical recovered 
polarizabilities, which match well with the 81mm 
reference polarizabilities. Matching misfits are 0.137 
(IMLI-1), 0.222 (JETSP-1), 0.234 (IMLI-2), and 0.057 
(JETSP-2).  

 

Figure 4. Example of inversions. Top: The four gridded data images show the observed and three sets of the predicted 
data by the standard inversion, IMLI and JETSP methods. Bottom: Recovered polarizabilities by standard inversion (left); 
IMLI (middle); JETSP (right).  Note that the inverted source location is shown on the bottom left of each polarizability plot.  

Demonstration at Sequim Bay Test Site 

Site preparation and data acquisition 
The UltraTEM has performed three shakedown tests. 
Billings et al., 2023 provided a detailed description of 
these tests, including experimental design, site 
preparation, item seeding, and the system deployment, 
etc. Briefly, the first two tests were conducted in Ostrich 
Bay and Sequim Bay, Washington in October 2021. The 
two tests were concerned about: 1) examining the 
capability of the TEMA system to deploy the UltraTEM 
system with acceptable stability, altitude control, and line 
following, and 2) evaluating performance metrics that 
were about location accuracy, noise and reproducibility 
of polarization tensor parameters. At the Sequim Bay 
shakedown test in 2021, UltraTEM data were collected 
over 0.54 Hectares, or 60% of the full Blind-Grid area. 
BTG processed the UltraTEM data and turned over a 

ranked dig-list to the ESTCP Program Office, with all 17 
TOIs correctly detected and classified.                                                                               

The third shakedown test was conducted in September 
2022 at Sequim Bay. Two areas at Sequim Bay were 
undertaken by PNNL for assessing the performance of 
the UltraTEM system (Error! Reference source not 
found.a). A calibration area was designed with known 
targets (40mm to 155mm) emplaced at known positions. 
The calibration data were used to examine the 
performance metrics, and to test the processing 
workflows and establish site-specific polarizability 
libraries. A 0.79-Hectare circular blind-test area was set 
up with several MEC simulants and clutter items 
emplaced at positions blind to the demonstration team. 
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Figure 8. Positions derived from the UltraTEMA-4 platform relative to the PNNL supplied ground-truth. (a) Offsets of 4F 
and 4D. (b) Location difference between 4F and 4D. 

As a summary of the classification performance, Figure 
9 shows the receiver operating characteristic curves 
(ROC) for both the slow and fast-transmitter base 
frequency data. For the fast frequency 4F data, there are 
five false positives at demonstrator threshold and only 
two false positives at best threshold. For the slow 

frequency 4D data, there are six false positives at 
demonstrator threshold and only three false positives at 
best threshold. All TOIs were correctly classified for both 
data sets. The classification objective has been achieved 
for both low-altitude datasets: the probability of 
classification of both dig-lists is one.  

 
Figure 9. Receiver operating curves of low altitude data: (a) Fast transmitter mode. (b) Slow transmitter mode. 

Conclusions  
This paper presents the works performed under SERDP 
MR19-126 and ESTCP MR19-5073 that aim to address 
the challenges arising from underwater munitions 
detection and characterization. These challenges are 
technical and operational, including the effects of 
conductive seawater on the measured target response 
and the suitable signal model for processing, the 
maintenance of sensor positional accuracy for achieving 
a full surveying coverage, and a stable control of 
surveying altitude for obtaining sufficient SNR.  

In the technical aspects, we have developed a full 
integral equation technique to model and characterize 
EMI responses in a multi-layered medium. To mitigate 

the influence of inaccurate sensor positioning on a 
recovery of the polarizabilities of a target, we have 
proposed the modified inversion methods that implicitly 
and explicitly account for sensor positioning errors. To 
increase detectability at large standoffs, a synthetic 
aperture method has been attempted to boost target 
signals.  

In the operational and instrument development aspects, 
the UltraTEM has had several modifications and 
improvements in hardware and software. At present, the 
system is equipped with unique features, including: (1) 
large transmitter coils and high transmitter dipole 
moment (e.g., 300 Amp turns for the marine UltraTEM); 
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background and target scenarios. 

 
Figure 3 - Examples of raw (top) and processed/stacked (bottom) signals. 

 

ULEMA systems  
ULEMA-Handheld  
The Electromagnetic Sensing Group (EMSG) lab has built 
and evaluated ULEMA systems in three configurations: 
handheld (ULEMA-H) [15], robot-based (ULEMA-R) [16], 
and UAS mountable (ULEMA-A) [17]. These systems 

utilize the same electronic components but differ slightly 
in Tx coil geometry, sizes, and Rx coil placements. Figure 
4 illustrates the ULEMA handheld configuration, 
comprising three circular coils and one large loop 
transmitter and four tri-axial receivers. The arrangement 
of Rx coils is designed to yield data spaced at ~10 cm 
intervals along the cross-track. 
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Figure 9 shows inverted polarizabilities corresponding to 
different depths, with the right side illustrating the inverted 
depth relative to the target's diameter. These findings 
indicate that the ULEMA systems adeptly determine the 
positions of targets up to depths 20x their diameter, while 
successfully extracting effective polarizabilities. 
































