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Abstract

Besides observing the pilot passively and providing contex-
tual assistance in light of carrying out various flight tasks
more efficiently, engaging the pilot in a dialogue creates an
opportunity to go beyond passive monitoring of pilot’s activi-
ties and flight status, by actively requesting for input informa-
tion from the pilot, enriching therefore the knowledge of the
pilot assistance system on the context. Such a dialogue has
to be dynamic, concise and goal-directed, as it can be safety
critical. In this paper, we demonstrate how FOND-planning-
based dialogue agents can be applied to the use case, while
also leveraging recent advances in natural language under-
standing and text-to-speech synthesis, in order to generate in-
stances for the computation of plans as guidance to the pilot
in an automated manner problem.
Video: youtu.be/1nOUfo2ENQk

Introduction
Pilot error is a probable cause in 85 % of general aviation
crashes (Li et al. 2001). The laxer regulatory hurdles for ob-
taining pilot licenses (Council of European Union 2012)
coupled with the missing assistance system (BFU 2022)
have been identified as accountable factors. Previously, we
demonstrated FRICO: An AI-Enabled Friendly Cockpit As-
sistance System (Jamakatel, Morchedi, and Kiam 2023), an
assistance system capable of providing contextual guidance
to pilots using Plan and Goal Recognition (PGR) as hierar-
chical planning (Höller et al. 2018) and probabilistic state
estimation (Jamakatel et al. 2023). The guidance, either in
the form of strategic plans (i.e. high-level tasks) or tactical
plans (i.e. flight path), is contextual, as FRICO derived flight
state and pilot’s intents using passive in-cockpit sensing to
obtain measurement data such as flight data, pilot’s gaze, pi-
lot’s interactions with the instrument panel, etc.

To better integrate the pilot into the decision-making loop,
we extend the ability of FRICO so that it can actively en-
gage the pilot in a conversation to supplement the pas-
sively inferred context. This dialogue aids in making the
passively inferred context richer while increasing the in-
volvement of the pilot decision-making process. The goal-
directedness of the dialogue and a guarantee that a ratio-
nal interlocutor will reach the dialogue goal is essential in
this safety-critical domain. LLMs-powered dialogue agent,
because of their tendency to hallucinate, are ill-suited in

such domains. Recently, Plan4Dial (De Venezia and Muise
2023), an open-source FOND-planning-based goal-directed
dialogue-agent framework, was introduced. We use this
Plan4dial framework to provide FRICO with dialouge and
introduce FRICODILE in this paper based on the works pub-
lished in (Jamakatel et al. 2024). Based on information ob-
tained from the pilot through the dialogue and the passively
inferred context, FRICODILE infers the context used to gen-
erate the problem instance to be solved with a hierarchical
planner.

Dialogue Planning
In the dialogue planning framework, a dialogue tree is syn-
thesized using automated planning. This forgoes the unpre-
dictable results that might occur in end-to-end neural net-
works and is better maintainable than hand-coding complex
dialogue trees (Muise et al. 2019). In this framework, the di-
alogue is abstracted using a PDDL model, which contains
information only on how to drive the conversation based
only on what the dialogue agent knows (Muise et al. 2019).
Using Fully Observable Non-Deterministic (FOND) plan-
ning, the specification that an outcome should be selected
from multiple possible outcomes in a dialogue turn can be
modelled (De Venezia and Muise 2023). Once the dialogue
is specified using a PDDL model, it can be solved using a
FOND planner to obtain the corresponding dialogue tree as
contingent plans.

System Overview
Figure 1 demonstrates our system-level approach for gener-
ating strategic plans based on dialogue. The modules marked
in blue are taken over from FRICO (Jamakatel, Morchedi,
and Kiam 2023). This includes the action recognition mod-
ule, which infers the pilot’s actions by combining various
sensor data and the plan recognition module, which infers
the pilot’s current goal. This is referred to as the passive con-
text.

The dialogue in FRICODILE is carried out primarily us-
ing speech channels. The audio signals received from the
pilot are transcribed into text and then fed as input to the
dialogue executor. The dialogue executor evaluates the ut-
terances of the audio signal using a natural language un-
derstanding (NLU) system to extract what the pilot wants



to achieve with the utterance (intent) and which parts of
the utterances are important in the context (entities). The
response is then determined using a pre-defined dialogue
model. This response is then transformed into audio signals
using a Text-To-Speech (TTS) system and then communi-
cated to the pilot. Once the local goal of the conversation has
been reached, the problem instance for strategic plan gen-
eration is set. Then strategic plans for various flight tasks
based on the extended version of the previously published
ultralight domain (Kiam and Jamakatel 2023) using a hier-
archical planner is generated.

Figure 1: System Architecture of FRICODILE (Modules
taken over from FRICO in blue)

Technical Implementation
We refer to (Jamakatel et al. 2023) for details on the tech-
nical implementation of the passive context recogniser. We
describe our dialogue agent using declarative syntax (Fig-
ure 2) and generate a contingent plan for the dialogue us-
ing a FOND planner similar to (De Venezia and Muise
2023). This plan can be executed by the Hovor dialogue
executor (De Venezia and Muise 2023). The audio sig-
nals from the pilots are first split into utterances using si-
lence thresholds and subsequently forwarded to the Auto-
mated Speech Recogniser (ASR) module powered by Distil-
Whisper1 via a FastAPI-endpoint2. For NLU, a BERT-based
system using the Huggingface Transformers library3 is im-
plemented. The response from the dialogue executor is
transformed into speech using the coqui-TTS package using
ljspeech/vits model4. For the generation of strategic
plans, once the context (i.e. problem instance) is set, we use
the ARIES planner5 interface exposed by the Unified Plan-
ning library6. The generated strategic plan is then visualized
and communicated to the pilot through a GUI.

1https://github.com/huggingface/
distil-whisper

2https://fastapi.tiangolo.com/
3https://huggingface.co/docs/transformers
4https://github.com/coqui-ai/TTS
5https://github.com/plaans/aries
6https://github.com/aiplan4eu/

unified-planning

get-location_for_smoke_driven:
type: custom
subtype: slot_fill
condition:

emergency_type:
value: smoke_known_location_required

parameters:
action_name: get-location_for_smoke_driven
overall_intent: share-location
entities:

- location
message_variants:

- Whats your best guess where the smoke is coming from?
fallback_message_variants:

- Can you please repeat it?
config_entities:

location:
clarify_message_variants:

- Did you mean $location?
additional_updates:

- outcome:
location:

known: true
response_variants:

- noted the location

Figure 2: Declarative syntax based on (De Venezia and
Muise 2023) used to describe the dialogue agent
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- Analyse von Unfällen und Störungen mit Luftsportgeräten
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