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1 Introduction

1.1 Background

Jotron was contacted by NTSB (National Transportation Safety Board) in June 2021 regarding the investigation of
the Seacor Power accident (capsizing April 13, 2021). Sean Payne from NTSB reported that in the accident a
survivor was holding a Tron SART20 (manufactured by Jotron), but that the SART was not detected by nearby
vessel’s radar.

The SART20 involved in the accident was produced by Jotron in September 2020 and the serial number is 58057.
The production test report for this unit is attached in Annex A.

NTSB requested Jotron to assist in verifying the state and operation of the SART20. The battery, self-test mode,
audio and visual indicators was then verified at the NTSB premises. This preliminary testing and inspection didn’t
reveal or indicate any faults for the unit, and it was agreed that NTSB should perform a live test with radar. From
the report and video from this test, Jotron could not detect any malfunction of the unit. The status LED indicator
on the unit flashed rapidly, which indicates that the radar SART is receiving the radar pulses and is transmitting
the sweeps. However, it was reported that the SART20 unit was not seen on the radar used in this test.

Jotron therefore offered to do a 100% test and verification of the unit at our headquarter in Norway. Because of
the covid situation it turned out to be difficult to travel from the USA to Norway, and instead it was agreed that
members from NSIA (Norwegian Safety Investigation Authority) should witness the testing on behalf of NTSB.

The test and verification of the SART20 unit was performed September 21, 2021, both at Jotrons headquarter in
Larvik (Ringdalskogen 8, 3270 Larvik, Norway) and at a location in Sandefjordsfjorden (live radar test). The
following visited Jotron to witness the testing:

e Elisabeth Juel — NSIA
e Anne @stdahl — NSIA
e Daniel Rafferty — Seacor Maritime

The SART20 unit (S/N 58057) was brought to Jotron by NSIA

From Jotron the following was participating in the testing:

e Per Kolbjgrn Soglo — R&D Director Maritime
e Jan Erik Saeter — Product Manager Maritime
e Arnt Lgke — Senior RF Engineer

e PerJgrgensen — Senior Test Developer

1.2 Radar SART - principle of operation

The Tron SART20 is a Radar SART (Search and Rescue Transponder), which responds to a X-band (3 cm) radar. The
SART operates in the 9.2 — 9.5 GHz frequency band and will not respond to for example a S-band radar (10 cm).

When the SART receives a radar pulse it responds with twelve frequency sweeps across the complete radar
frequency band (9.2 — 9.5 GHz). First it sweeps rapidly (0.4 us) through the band before beginning a relatively
slow sweep (forward sweep, 7.5 ps) through the band back to the starting frequency. This is repeated for a total
of twelve complete cycles.
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At some point in each sweep, the SART frequency will match that of the radar and be within the pass band of the
radar receiver. At long distance it will typically appear on the radar as a line of dots equally spaced by about 0.64

nautical miles (Figure 1), while at very short distance it will appear on the radar more as equally spaced circles
(Figure 2).

Figure 1: Far (typically >2 nm) Figure 2: Very near (typically < 0.2 nm)

If the SART is located close to radar but further away than in Figure 2, it can typically look like the radar image
shown in Figure 3.

Figure 3: Close (typically 1 nm)
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2 Verification by Jotron Test system

2.1 Test setup

Jotron is using a highly automated test system to test the SART20 in our production. In this test system we can
perform a complete test of a fully assembled unit (receiver sensitivity and transmitter characteristics), in addition
to test the electronic before it is assembled in the housing. A complete test is performed both in room
temperature, low temperature (-20 °C) and high temperature (+55 °C), and the test system verify that the SART
fulfils all Radar SART requirement described in the IEC product standard (IEC 61097-1).

In our headquarter in Norway we have a SART20 test system (see Figure 4) identical to the system we are using in
our factory in Lithuania. This system was used to test the SART20 brought back from Seacor Power, and a
complete test (receiver and transmitter) was performed without opening the unit.

Figure 4: SART20 test system (Jotron headquarter, Larvik, Norway)

A signal generator emulates the radar pulse, and a spectrum analyser is used to fully characterize the transmitted
signal from the Radar SART. After the test has finished the test system presents an overview of the receiver and
transmitter parameters measured during the test (see Figure 5).
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Figure 5: Overview of receiver and transmitter parameters measured during the test

For a fully assembled unit the test system measures the following parameters:

Receiver:

e Sensitivity @ 9.20 GHz
e Sensitivity @ 9.35 GHz
e Sensitivity @ 9.50 GHz

Transmitter:

e Frequency (sweeps within 9.2 — 9.5 GHz, no dips in output power)

e Delay time (Time from the radar pulse is received till the transmission starts)
e Transmission time (Total time for all twelve sweeps)

e Forward sweep (Time for the forward frequency sweep)
e Radiated power (Output power for the sweeps)

e Recovery time (The time from a sweep is finished until the SART is ready to transmit again)

During production testing we also do some current measurements (standby current and transmitting current), but
that can only be done before the electronic is mounted in the housing.
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2.2 Test result Jotron Test System

The SART20 (S/N 58057) was activated by releasing the pull tab (switch goes then automatically to ON position).
The LED then started to flash slowly, and you could hear one audio beep. Then the SART20 was inserted in the
anechoic chamber as shown in Figure 6, and the automated test was started.

When the test was running and the SART20 received the radar pulses, the LED changed status and started to flash
rapidly in combination with audio beeps.

B

Figure 6: SART20 (S/N 58057) from Seacor Power under test

The results from the test is shown in Figure 7, and all results are within the specified limits. No malfunction was
detected, and the SART20 is working 100% according to specification (IEC 61097-1).
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Figure 7: Test result for S/N 58057 - TEST OK
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3 Live test with radar

3.1 Test setup radar test

In addition to the test and verification done by the Jotron Test System, NSIA and Jotron agreed to demonstrate
the reception of the SART20 on a radar. Jotron then organized a test using a radar on a vessel moored at pier in
Sandefjordsfjorden.

We tested the SART20 from Seacor Power from to different positions, marked A and B in the map in Figure 8.
From position A the distance to the radar (vessel) was 1.87 km (approx. 1.0 nm) and from position B the distance
was 0.69 km (approx. 0.4 nm).

The SART20 was located approximately 1 meter above sea level at position A, and approximately 3 meter above
sea level at position B. The radar antenna was approximately 4.5 meter above sea level.

687.3m #

..
.

Figure 8: Location of the radar (vessel) and the SART20 for the live test
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The radar used in the test was a Raymarine E120 4kW X-band radar (Se Figure 9).

MENU

SANDEFIORD
30

Figure 9: Radar used in test

On the vessel to witness radar reception was Anne @stdahl (NSIA) and Daniel Rafferty (Seacor Maritime), together
with Per Kolbjgrn Soglo from Jotron. On location A and B to witness the SART20 activation was Elisabeth Juel
(NSIA), together with Jan Erik Saeter and Arnt Lgke from Jotron.

When all testing was finished, we opened the SART20 and disconnected the battery connectors to prepare it for a

possible shipment back to the USA. Elisabeth Juel from NSIA brought with her the SART20 (S/N 58057) when she
left Jotron.
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3.2 Test result radar test

3.2.1 Location A (distance 1.0 nm)

At location A the SART20 was placed on the corner of a pier as shown in Figure 10 (1.0 nm from the radar and
approx. 1 meter above sea level).

Figure 10: Placement of SART20 at location A (1 nm from radar)

Figure 11 is showing the radar reception of the SART20 from location A (distance 1.0 nm). The radar gain was set
to 85 and the range was set to 12 nm. The same is also shown in Figure 12, and the only difference is that the
radar was set to a range of 6 nm in this case.

The SART20 was received correctly on the radar and was displayed as expected when the distance is
approximately 1 nm.
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Figure 12: SART20 reception on radar from location A (1.0 nm from radar) with range set to 6 nm
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3.2.2 Location B (distance 0.4 nm)

At location B the SART20 was held in the hand as shown in Figure 13 (0.4 nm from the radar and approx. 3 meter
above sea level).

Figure 13: SART20 held in hand during test at location B (0.4 nm from radar)

In Figure 14 we see the radar reception of the SART20 from location B (distance 0.4 nm). The radar gain was set to
84 and the range was set to 12 nm. Here the SART20 was displayed as almost complete circles, which is typical
when the radar SART is located so close to the radar.

The live test with radar was successful, and the SART20 was received correctly and as expected by the radar from
both locations.
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Figure 14: SART20 reception on radar from location B (0.4 nm from radar) with range set to 12 nm

Rev. A jotron.com Page 15 of 20



CONFIDENTIAL éJOTRON

Performance for Life

4 Radar detection issues

In the radar test described in chapter 3, we received the SART as expected and without any problems. However,
we would like to call attention to the fact that the radar settings are very critical to receive a Radar SART
satisfactory.

A very important radar parameter is the Gain, and if the Gain is set to low you can experience bad reception of
the SART or in worst case no reception at all. The test we performed was done in a harbour area with many
reflections, and when we switched to Auto Gain for the radar we used in the test, the radar reduced the gain so
much that we didn’t receive the SART20 at all from location A (1 nm from the radar). We also reduced the gain
manually from 84 to 70 when the SART was transmitting from location A (1 nm from radar), and then we didn’t
receive the radar SART at all. Se Figure 15.

Also, the anti-clutter sea control can influence on how you receive a radar SART, and it is normally recommended
to set this control to a minimum.

B  59°06", 195N 5098 9T
010°14" 4440 0.0 Fart 0.0 kn/f oybde .7 ml Lokal 1n10:33:22

00004 Baug Opp

Relative Motion

Figure 15: SART20 transmitting from location A (1 nm) and reduced gain setting on radar - NO RECEPTION

When searching for radar SART is it recommended to use a Range setting of 6 or 12 nm on the radar. If the range
for instance is set to short you will not see all the dots or circles from the SART on the screen, and it will be much
more difficult to identify it as a Radar SART signal.

Very often you use a chart overlay on the radar, and if you are in a coastal area with many objects and land
formation shown, it can be harder to separate and identify the characteristic Radar SART signal.

The SART20 will normally be mounted in a bracket or mounted on a telescopic pole when activated. It can also be
hung in a lifeboat/life raft by a mounting strap or placed in a “SART pocket”. However, if is held by a person when
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activated it is very important that it is not held in the antenna, which is the narrow part of the SART20. We also
did a quick test when holding the SART20 in the antenna, as shown in Figure 16. The SART20 was then located at
position B (0.4 nm from radar), and as we can see that the radar still received the sweeps from the SART.
However, if we compare with Figure 14 where radar gain and distance to the radar is the same, we see that the
signal reception is reduced. Earlier measurements done by Jotron indicates that the transmitted signal can be
reduced with as much as 20 dB if holding the SART20 in the antenna.

0.8 1 [k 61 2:45: 28

Figure 16: Reception when SART20 is held in the antenna in location B (0.4 nm from the radar)
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5 Conclusion

Jotron tested the SART20 (S/N 58057) involved in the Seacor Power accident using our fully automated Test
System (identical to the system we are using in our serial production). No malfunction was detected at all, and the
SART20 is working 100% according to specification (IEC 61097-1). See chapter 2 for details.

We also verified and demonstrated the reception of the SART20 on a X-band radar. We tested the SART20 from
two different positions, where the distance to the radar was respectively 1.0 nm and 0.4 nm. The live test with
radar was 100% successful, and the SART20 was received correctly and as expected by the radar from both
locations. See chapter 3 for details.

All testing was witnessed by representatives from the Norwegian Safety Investigation Authority (NSIA) and Seacor
Maritime.

We have verified that the SART20 (S/N 58057) is working fully according to specification, but strangely it was
reported that the SART20 was not seen on the radar when NTSB performed a live test with radar earlier. Jotron
therefore recommend that NTSB look further into this, and if it can be to some help, we have in chapter 4 mentioned
some issues that can affect the radar reception and how the radar SART signal is displayed on the radar.

/—7 "
[ /‘()/b/‘a/’f jafz,//

Per Kolbjgrn Soglo
R&D Director Maritime
Jotron AS
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Annex A Production Test Report

Test report for unit 58057 (testing performed during production in September 2020).

Test Re PO rt S‘.:"JOTRON

Product Type: 34591 Tron SART 20
Product SW Version: 1.08

Serial Number: 58057
Test System Version: x2

Date: 2020-09-28
Operator: DM

Receiver Sensitivi
Signal Frequency and Level
9.20GHz @ <= 50dBm
9.35GHz @ <= 50dBm OK OK UI{
9.50GHz @ <= 50dBm OK oK oK
Transmitter Characteristics
High Frequency [MHz] 0500-9560 MHz 9530.0 9539.0 9516.0
Low Frequency [MHz] 2140-9200 MHz 9167.0 9160.0 Q173.0
Delay Time [ns] < 500ns 300.0 351.0 352.0
Transmission Time [us] < 100us 97.0 97.0 97.0
Forward Sweep [us] 7.5us +/-1.0us 8.1 8.1 8.1
Radiated Power [dBm] = 26 dBm 30.2 30.3 30.0
Recovery Time [us] < 10 us 9.2 0.1 9.2
Transmitting Current [mA] <= 100 mA 75.1 - -
Standby Current fmA] <= 20 mAa 15.0 - -
Test at Test at
+55°C -20°C
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