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Reelektronika TMS 1.0 2.0 
From prototype to product

Versatile 
power supply

Additional I/O

Custom 
FPGA board

Simulator 
output

Firmware 
update
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Reelektronika TMS timing
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TMS timing
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Validation of TMS timing

NovAtel OEM4-G2 L1/L2 GPS receiver
Temex SR100 GPS disciplined Rb clock
TMS “timetag” repeatability and linearity
All delays through TMS system
TMS simulator output
H-field simulator injection
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NovAtel 1PPS output…

OEM4-G2 PowerPak

70 ns

OEM4-G2 ProPak

2 ns
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Temex SRO100 phase comparator…
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TMS timetag repeatability and linearity
Linearity test:

44 hour sweep through 121 μs

Repeatability test:

25 cold starts
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TMS Simulator output
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Simulator signal injection
Resistor injection

Loop injection

Delay of injection circuitry??

50 Ohm

2k8
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Calibration of simulator signal injection delay

“Tuning” capacitance compensates for inductance of 
injection loop
TP2-TP1 gives total “loop delay.” Effective delay 
half-way?

50 Ohm

2k7

10 Ohm

23 pF

TP2

TP1

L˜ 168 µH
Loop diameter = 60 cm square
8 turns
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Validation of calibration loop: 
Influence vertical orientation of calibration loop

42.1°-0.6 dB79.3 dB1.6 ns114,202.7Vertical (0°)

166.3°-26.7 dB53.2 dB-15.1 ns114,186.0Horizontal (90°) 

86.7°-11.1 dB68.8 dB-0.2 ns114,200.9≈60 degrees

44.0°+3.9 dB83.8 dB-1.6 ns114,199.5≈45 degrees

40.7°+4.8 dB84.7 dB-0.2 ns114,200.9≈30 degrees

40.0°0 dB79.9 dB0.0 ns114,201.1 Vertical (0°)

Beam 
orientation

δ Signal 
Strength

Signal 
Strength

δTOASim TOA
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Validation of calibration loop: 
Influence of distance to calibration loop
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“Factory” calibration of heading-dependent errors 
and simulator injection delay

Reelektronika H-field

Locus H-field Aviation

Locus H-field Maritime
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Results factory calibration H-field antennas

Reelektronika HReelektronika H--fieldfield

Locus HLocus H--field Aviationfield Aviation

Locus HLocus H--field Maritimefield Maritime
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Temperature effects Locus H-field antenna

Device Under Test 
(Locus H-field antenna) 

cooled to -10°C

Ambient temperature +35°C 

Reference antenna
(Reelektronika H-field)
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Temperature effects Locus H-field antenna
not calibrated with simulator signal
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Temperature effects Locus H-field antenna
after calibration with simulator signal
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Temperature effects H-field Locus antenna
Locus H-field: 3.1 ns/°C (= 1.7 ns/F)
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Estimate TMS timing error budget

55TMS delays

2675Total
(TOA measurement noise excluded)

10521005030Antenna temp-dependent 
errors

201051005015Antenna heading-dependent 
errors

1010Sim Injection

52.5052.50TMS TimeTag

20 ?20 ?GPS timing

MaxTypicalMinMaxTypicalMin

Calibrated /
compensated

Not calibrated / 
compensated

All units in [ns]
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TMS long term stability testing

Setup continuously running at 
Ohio University Airport
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Data collection setup
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Equipment shakedown flights

  Seneca

  Nantucket

  Malone  Grangeville

  Jupiter

  Carolina Beach

  Dana

  Malone

  Seneca

  Baudette

City

  Caribou

  Nantucket

  Carolina Beach

  Dana

  Caribou

  Grangeville

Piper Saratoga
Flights around Ohio University
October 2006: TMS prototype 
(see paper previous ILA)
February 2007: TMS 2.0 + data 
collection setup

King Air C90
April & September 2007
> 20 h flight time
≈ 7000 km
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Airborne H-field antenna calibration
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An interesting airport…
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Use Dana instead of 
Carolina Beach:

Geometry --
Pos performance ++



ILA 36, October 16-17 2007, Orlando, FL, USA

20 40 60 80 100 120 140 160

1

1.5

2

2.5

3

epochs

A
S

F 
[ μ

s]

Carolina - measured
carolina - BALOR -0.8

An interesting airport… what about BALOR?

Measurements ?
- SAM TOT, ED?
- Simulator injection not yet calibrated 

BALOR ?
- Effective earth radius
- Conductivity
- More accurate coastline database
-?

The current BALOR does predict that we have a problem at this airport!
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Conclusion

The Reelektronika TMS:
High performance Loran tracking
Absolute timing
Versatile, Robust, Plug & Play
- Demonstrated and validated -

+ calibration of H-field antennas

Let’s use it!
BALOR validation campaigns
HEA
Absolute timing
…
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