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ABSTRACT

The Distance Measuring Equipment (DME) is a ground-based aircraft navigation system and is considered as an infrastructure
that ensures resilient aircraft navigation capability during the event of a Global Navigation Satellite System (GNSS) outage.

The main problem of DME as a GNSS back up is a poor positioning accuracy that often reaches over 100 m. In this paper, a
novel approach of applying deep reinforcement learning to a DME pulse design is introduced to improve the DME distance
measuring accuracy. This method is designed to develop multipath-resistant DME pulses that comply with current DME

specifications. In the research, a Markov Decision Process (MDP) for DME pulse design is set using pulse shape requirements

and a timing error. Based on the designed MDP, we created an Environment called PulseEnv, which allows the agent

representing a DME pulse shape to explore continuous space using the Soft Actor Critical (SAC) reinforcement learning

algorithm.

Keywords: distance measuring equipment (DME), alternative position, navigation and timing (APNT), reinforcement

learning, deep learning
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Fig. 1. Deep reinforcement learning.

Table 1. Table 1. Markov decision process table

Notation Description
S A set of states
A Aset of actions
P A state transition probability matrix
PE =P[Spp1 =5 | S, =5,4, =al
2 Areward function
R¢ =E[Re41 1 S; = 5,4, = a]
y A discount factor
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2.1 DME Pulse Design MDP
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Fig. 2. Example of state space.

A

Fig. 3. Comparison of smoothing factors (smoothing factor value of green
is closer to 1 than that of orange).
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Fig. 5. The process of calculating timing error.

Table 2. DME ground transponder pulse shape requirements.

Pulse shape parameters Range

2.5 (+0.5,-1.0) s

No instantaneous fall below a value which is 95%
ofthe maximum voltage amplitude of the pulse.
Pulse duration (width) 3.5 (+0.5) ps

Rise time
Pulse top

Fall time 2.5(20.5) ps
r = —(timing error) x ePenaltyx0s (D
o]& 7|9to. 2 Agente AJZF toﬂ isiA FRIES et =
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ol gslitt Wk A 93X AE § VHE WESHA] Z3TiH
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PE= AR statee} AEHSE actiono 2 2 E] T}E- state} F41
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Table 3. MDP for DME pulse design.

Gym space / Data type Description
Box (low=0, high=1, N_SEED_POINTS =61
S shape=( N_SEED_POINTS), Amplitude values for time domain (-6 ~ 6 pis)

dtype = np.float16)

Box (low=0, high=1,
A shape = ( 1+ N_SELECT_POINTS, ),
dtype = np.float16)

N_SELECT_POINTS =3
Select the start point and make 3 points group.
Each point has different degree of change of amplitude.

P 1(Deterministic environment)

P(Se41 | S ar)

Measure timing error and add penalty term for

R _ (tim in gerr OT) x ePenaltyxo.s pulse requirements. Make negative value to use
gradient descent optimization method.
y 099 Closeto 1

Done True/False

‘When max timestep 300 is reached.

—- —4 -2 o 2 4 & 8

Fig. 6. In phase multipath effect (blue: original pulse, purple: multipath
pulse).

= B 5 ) 2 1 & g

Fig. 7. Out phase multipath effect (blue: original pulse, purple: multipath
pulse).
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Fig. 9. DME pulse design system structure.
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Fig. 10. Structure of SAC algorithm.
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Fig. 11. Gaussian initialization and smooth factor 0.95 (red ), SFOL initialization and smooth factor 0.95 (blue).
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Fig. 13. In phase results, original pulse (blue), multipath pulse (purple), and join pulse (green).
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