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[Abstract]

This paper introduces the time-misalignment error between multiple range measurements acquired by an onboard distance
measuring equipment (DME) interrogator and proposes an efficient position determination method that can mitigate the
negative effects of the time-misalignment error. The introduced time-misalignment error does not occur in conventional
utilization of DME combined with VHF omnidirectional range (VOR). The proposed position determination method projects all
the DME range measurements acquired irregularly during an interval to the same time instance where the aircraft position is
determined. By the simulation utilizing a representative aircraft trajectory, it is shown that it is possible to estimate the

horizontal position accurately without any changes of ground DME facilities.

Key word : Multiple distance measuring equipment, Time-misalignment, Distance measuring equipment, VHF omnidirectional
range, Time of arrival.
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Table 1. Settings of the aircraft trajectory and speed.
Latitude Longitude Altitude Speed
(degree) (degree) (meter) [m/s]
Departure 36.0 127.0 100.0 -
Cruise - - 10000.0 238.0
Landing 36.5 127.5 100.0 -

Position determination period : 5 [s]
Position update (coasting) period : 1 [s]
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Fig. 5. Locations of DME stations and aircraft trajectory.
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Table 2. DME 95% (20) range and position error [2].

Transpo- ProPagat- Avionics| Range | NSE#* |FTE#* TSE#+*
nder ion

Current 02

DME/M - - - (FAA Flt 0.56 0.25 | 0.64
flight (Calc)

. . Insp)

inspection

Current

DME/N | 0.041 | 0.097 [0.17**** 020 |0.565| 0.25 |0.618

standards

Improved

DME/N 0.0081 | 0.027 | 0.046 | 0.054 |0.153] 0.25 | 0.29
High 0.0054 | 0.013 | 0.008 | 0.016 |0.0454| -- -

Accuracy

* Position from 2 DMEs. Included angle 30-150 degrees
** 0.25 nm (Flight Director, per DO-208, DO-236B, DO 283A)

*#** TES(Total System Error) value is root sum squared(RSS) of
FTE(Flight Technical Error) and NSE(Navigation System Error). TSE is
numerically equal to RNAV or RNP value.

*#%% Range accuracy at 0.17 nm per DO-189 for post 1989 equipment
% unit : nautical mile
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North East Horizontal Vertical
method 1 311.86 257.54 404.46 75.87
method 2 21.83 19.62 29.35 73.27
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