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Global Conference
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AAM information sharing
system

AAM traffic management and
operation controls

v

AAM surveillance information
verification

Required navigation capabilities for
AAM performance-based navigation

471 Infrastructure such as AAM communications/
DO navigation/surveillance, Vertiport, ete.

Creation of a sustainable global
AAM industry ecosystem

G3AMMISSION  J————

G3AM cooperates with a variety of stakeholders within the AAM ecosystem in
order to develop global AAM standards.

G3AM develops standards to ensure interoperability and compatibility for stakeholders
in the ecosystem, with the goal of safe operation of AAM.
G3AM verifies whether functiondlity, performance and other criteria meet the requirements set

by the G3AM standard so that AAM products and services can be used more efficiently.
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Founded in 2016
Offices in USA, UK, Europe, and India
- Software company
Digital Solutions
o Airspace Mgt: UTM, LAANC, USS, USSP, CISP, DSS
o UAM: PSU and Vertiport Automation
o Fleet Management
peration Centers
o Surveillance Integration: radar, ADS-B, RID, C-UAS

> Ongoing EASA U-space Service Supplier Provider
certification

ANRA Technologies Activities

+ o ———— SESAR: Very Large
FE (3 g NASALERC High Demo UAM (AMU-LED)
+National Campaign 1 (X4)
~National Campaign 2
'SESAR 3: Vertiports (EUREKA)
and one delivery (SAFIR-Ready)
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, Digital

Tower (BLUEPRINT)
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+ UK Remote monitoring
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COMMUNICATION GATEWAY DEVICE(S)
22l : Honeywell International Inc.
/BNHS : 22216698.5 / 04216193

EP 4 216 193 A3

(19)
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(71) Applicant: Honeywell International Inc.
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+ CHEN, Zhong
Charlotte, 26202 (US)

(74) Representative: Haseltine Lake Kempnear LLP
Cheapside House
138 Cheapside
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(54)
COMMUNICATION GATEWAY DEVICE(S)

(57) Disclosed are methods, systems, and compu-
ter-readable medium for facilitating remote user airspace
communication. For instance, the method may include:
connecting with a user device associated with and re-
mate from a first vehicle in a shared air traffic control
sector; receiving voice communication data from at least
one of the user device, a second vehicle in the shared
air traffic control sector, and an air traffic control station

SYSTEMS AND METHODS FOR REMOTE PILOT COMMUNICATION VIA GROUND-BASED

in the shared air traffic control sector; generating analog
dala or digital data based on the received voice commu-
nication data; determining a recipient for the generated
analog data or generated digital data in the shared air
traffic control sector; transmitting the generated analog
dalta or generated digital data to the recipient; and termi-
nating the connection with the user device as the first
vehicle leaves the shared air traffic control sector,
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- M= : Sky-ground three—dimensional elastic communication network combination computing
power index detection method and device
Z-32l : CHINA TELECOM DIGITAL INTELLIGENCE TECHNOLOGY CO., LTD.
E/HS/BINHSE  202311243237.8 / 117061321

B [=Z=] Sky—ground three—dimensional elastic communication network combination computing power index detection
method and device (Sky—A|H™ 3x(2I= B Ql= SM0F S5t M =8 X 2E w0 1))

m EHzE WHIME [

(13} 78 A T SHEHAC
{1 2T/ U}
(68) Sl & rux} 17061321 (2023, 11, 14) ' ol "i"""' SR "
_ | T RS ] B VR B -
(21) =5 /UL 202311243297,8 (2023.09.25) SHEE & I s
(R T AT W R BT MATREE l-l.'r" ]
(71) =AU CHINA TELECORM DIGITAL INTELLIGENCE nl"
TECHNOLOGY GO, LTD. e 1 e GO
(30) S S (Priority No.) R R TR RSP RRER] ~ n
{51) IPC{nt. CL) HO4L 41/0831 (20220101) HOAL 41/0577
(20220101} HO4L 43/12 (20220101} HO4L 43/50
(202201017 HO4W 84406 £20090101)
(=) CPC |
(=) =S8 ERIEE
(86) ZEI =M 3 (PCT No.) flE
(87 ZHSHHZ(PCT Pub he.)
{57) 22 Abstract) ¥ 2o St
The invention discloses & sky-ground three-dimensional = YO sky-ground FRFEE B Ol= EAOE ZEF HAN =
elastic communication network  combination  compuoting H 74 A LI EE|E 7|88, sky-ground IRFEE E
power index detection method and device, and belongs to g o= EMNTE| 2= 2ot 4513, sky-ground 3T B
the technical field of sky-ground three-dimensional elastic g Se EMY TEFEM S8 X5+ HE U0 O BHHE
communication  networks,  and  the  skw-around  three- FEokoHC s 20l =AM Z2e| s xedHe| H 1 =4
dimensional elastic communication network combination ST HEZIE ESTID 220 gzt xzgo) | FHE M
computing power index detection method comprises the ExLzlH 2 zHST HE=ZLH UE NEZL Fa|E H AHEE
steps: obtaining a first conditional entropy of each fault =22 EAWM e ddfe] ZEt ZEEe H 2 2HF HERL
probe in an offine enwironment, acquiring a second E =SS, Wi Bt z2=88 HEELH mekd HRE 2
conditional entropy of each fault probe in an online FlEtd, et ZEF TEEE HIE B U= EAT AEHH
environment, calculating an entropy difference according to NEZEHH HESZ 8% ZEEEM S50 WESZ S
the first conditional entropy and the second conditional Fotol A Bt TEHH o S0 S3HH et S| 2
entropy of each fault probe, determining a target fault probe LT A7 Sz A AEEEHE)

as a network fault probe based on elastic communication
network, state sensing according to the entropy difference,
and sending the target fault prabe, and pedorming network
fault diagnosis and positioning according to a result
returnied by the target fault probe.
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— XM= : System, method, and apparatus for generating a third—party resource usage map in a
group based communication system
Z &2l : Slack Technologies, LLC
EHS /B S 1 17953147 / 20230156096

= [0]=2] System, method, and apparatus for generating a third—party resource usage map in a group based
communication system (3.5 Z|8E2] Sa1 AlAS Li2] & 3X12] 2l4A 0|2 X E MM3E7| 2T A|A, uhHy) 2
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{11y =201 Slack Technologies, LLC £ [ e Fy
(30} SHHM T (Priorty No.) ; Seoup 2] Corvoens e S | h:‘.—
(51) IPC(int. C1.) HO4L 67,53 HOAL 5/40 HOAL 67/50 \ e o
(52) UPC{U.S. CL) . :T
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Communication Technologies for Aerial Networks SKtecom

- Communication area for UAM consists of 1) Voice Pilot 2) Operation 3) Remate Control 4) IFE In-Hight Entertainment.
SKT is developing the best aerial networles for UAM commercialization in 2025.

Communication Technologies for Aerial Networks

UAM Vehicle
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Responsible tor K-UAM GC Project Team
Huazhi Hu, Founder, Chairman and Chief Executive Officer

Mr. TTuazhi TTu has heen the founder, chicf exccutive officer and the chairman of the hoard of
directors since the inception of our company. Mr. ITu founded our predecessor company, Beijing
Yihang Chuangshi Technology Co., Itd. in 2005, a leader in providing large-scale
command-and-control systems. Mr. Hu also worked as the chief technology officer at Beijing 999
Emergency Rescue Center in charge of the development of the emergency command & control
center between 2008 and 2010, and worked at Beijing Jindian Group as a vice president oversceing
information management between 2006 and 2008. Mr. Hu is a recipient of the Technology
Innovation Award presented at the Living Legends of Aviation event in 2019. Mr. Hu attended
Tsinghua University majoring in computer science from 1992 to 1997.

Sejin Oh, K-UAM GC General Advisor

Mr. Oh is professional in UAV and Communications and information processing. tactical data,
aviation system-related software. Mr. Oh has joincd many domestics projects in governmental and
commercial business. And Mr. Oh has qualification in Restricted Wircless Carrier qualified by
Ministry of Science and ICT, and TTA UAM Forum (KORTA) Director chairman of the technical

standard and Qualification of Flight I for Uliralight Flight Equipment (Multicopter)
qualified by Korea Transportation Safety Authority (TS), and Unmanned Aerial Vehicle accident
investigation and security process qualified by Korean Aerospace University (KAU), and oblained a
bachelor’s degree in Material Si ion from G National University.

SKT K-UAME& 5G &=, FineVT Robotics
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eHang, Responsible for K-UAM GC  Project
Team
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' RMSE: 3.4286 mdB
Accuracy: 95.2 %
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3. 4% AL}

7t. =& Hlo|H

1) HE 7=

1§ =8 58 A

g (8E 229)

AL A= He 3% (m)
e 34 615736 127.208593 12
S 34 615674 127.208691 113
2 x| A 34 612686 127.229702 113
3 & 34 615766 127.208663 112
Ats 34 615680 127 208649 12

k

229)

& £ 58 AAAdAE (89

TE =2 E3 XAMAYME 35 zigg
2o Halst S& weko 2 2] Zkm TS 150m |8
ag olg AE T E(m)
S 34.615723 127.208593 12
1 & A 34.615728 127.208597 152
PSS 34.612560 127.229965 152
3 XA 34.615802 127208631 152
ALE 34.615738 127.208603 12
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q5 HE A 2% (m)
ol & 34.615651 127.208570 12
1 X8 34.615685 127.208569 112
2 A8 34.633253 127.212137 112
3 A& 34.615808 127.208640 112
Arg 34.615721 127.208536 12

AIE (89 229)

1E SE E3} xAIAK

g = 58 XAHYME 35 o] EetAaolA ojits T
w22l Al B2 dako g He] Zkm ¥ & 150m |8y
AT A= 2 L A5 (m)
ol § 34.615695 127.208609 12
1 ®& 34.615684 127.208535 162
2 A8 34.633080 127.212527 162
3 A& 34.615922 127.208812 162
Abs 34.615699 127.208616 12
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o] 34 610965 127.2102589 23
1 XA 34.605951 127.2158624 149.9
2 x| 34.630911 127.2131420 149.9
3 %A 34.631027 1272281902 149.5
4 XA 34.598314 127 2267561 150.8
5 x| A 34 598805 127.2103374 149.6
6 A% 34.630866 127 2129959 148.8
7 XA 34630996 127.2283294 150.8
8 %A 34.598421 127 2268672 149.9
g A% 34.598884 127 2102532 150.0
10 x| & 34.630942 127.2130389 148.2
11 =]H 34631075 127 2281678 149.1
12 A]A 34598485 127.2269262 148.8
13 x| 34613308 127.2121504 149.6
zh3 34.610963 127 2102577 2.8
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ol% 34.615703 127.208567 12
1 x4 34.615701 127.208574 62
2 A4 34.612161 127.229934 62
3 A4 34.615758 127.208611 62
Als 34.615755 127.208538 12
1% SE S8t ANAYNE (89 26%)

T

§ 35 ofe| Hletac)x

|25 28

& £ S8 AN
2o} £A5 &x vhgfo 2 AE| 1.7km T = 50m B8]

4T = A= 11 &= (m)
o| & 34 615737 127.208530 12
1 X4 34 615733 127.208535 62
2 A 34630058 127.211969 62
3 XA 34 615725 127.208543 62
e 34.615740 127.208546 12
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T 2o} Halsh % datoz AHa) 2km TE 75m H|3Y
AT A= e 3 =(m)
ol 34.615701 127.208457 12
1 ~]A 34.615717 127.208450 a7
2 XA 34 612533 127.229932 87
3 A 34.615742 127.208478 87
Arg 34 615768 127.208478 12
MArAAE (8" 27Y)

=
ol
In
ru

N m
[
o
>

£8t A AAYAE 3% ote] HletioA ojatg el
Algt B% ko2 2] Zkm DT 125m 4] 8%

4T H= d aL=(m)
o] & 34.615703 127.208533 12
1 XX 34.615708 127.208535 137
2 73 34.633015 127.213532 137
3 A3 34.615810 127.208538 137
A 34.615755 127.208524 12
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AT 9= dE St ln)
o| & 34.610851 127.2102858 34
1 &4 34.615427 127.2184751 500.9
2 AH 34.628136 127.2111521 500.4
3 X3 34.629761 127.2297154 459.2
4 x4 34.595149 127 2287792 500.9
5 XA 34.594603 127.2121593 499.5
A& 34.610851 127.2102887 3.4
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5% 2.3km, 9% 2.3km. %

715 18 A gPoA olzy 1Y

Zkmo] T 5 300m H|58

A=

Ac

A ={m])

34.610871

127.2103141

0.3

34.618973

127.2184383

299.9

34.631265

127.2143521

208.5

34.630909

127.2329406

299.9

34.595038

127.2306201

298.3

34.594710

127.2114908

301.4

34.610820
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0.3
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oIR8 71E
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e 18 275 vl AeAdWdA olats 18

BZ 2.3km, GE 2.3km, =

Z Zkmo] 1% 600m. 500m. 400m B8]3Y

qe He AE %= (m)

0|2 34.610882 127.2103202 1.1
1 A 34617753 127 2118391 5999
2 &|A 34 631460 127.2138788 599 9
3 A& 34630945 127.2329778 599.5
4 ®|A 34 595020 127.2308011 599 5
5 AA 34 594596 127 2112283 £00.1
6 XA 34.631528 127.2140129 500.1
7 XA 34.630857 127.2330179 499 6
8 x| A 34 594972 127 2307095 499 6
9 & A 34 594547 127.2113332 500.0
NEE 34.631639 127.2141269 399.5
11 #|A 34.630888 127 2329560 398 5
12 X|A 34 594889 1272306533 398 3
13 #|A 34 594657 127.2110438 400.0
At 34.610871 127.2103271 1.1
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ABSTRACT

“This paper presents a new Atrous Spatial Pyramid Pooling (ASPP)-enhanced RadioUNet for accurate
Received Signal Strength (RSS) prediction in the urban airspace, which is crucial for reliable
operation of Advanced Air Mobility (AAM) systems. The key idea is to integrate ASPP with
RadiolNet to capture multi-scale context, optimizing the dilation rates and tailoring the skip
connections to learn intricate spatial dependencies in complex urban airspace. The proposed method
enables predicting the RSS even with low-fidelity synthetic dataset. Numerical simulations show that
the proposed ASPP-enhanced RadioUNet reduces the prediction error up to 29.39% compared with
the original RadioUNet, demonstrating the model's applicability to accurately evaluate
communication quality for AAM aperations.
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mixed-precision training to accelerate the process and reduce memory consumption. Regularization techniques are

incorporated to prevent overfitting and improve the model’s ization ability. Specifically, L2 regularization with a
weight decay of 1x 107 is applied to all convolutional layers, and dropout with a probability of 0.5 is applied afer the
bottlencek layer. The training dataset is augmented with random horizontal and vertical flips. as well as random rotations
ofup to 15 degrees, to increase the diversity of the training data and enhance the model’s robustness to variations in input
data. The training process continues for 50 epochs, and the model’s performance is evaluated on a held-out validation set
after each epoch. Early stopping is employed based on the validation set performance, where training is terminated if the

validation loss does not improve for a predefined number of epochs. The effectiveness of this training procedure,

including the choice of | d ization techniques, will be thoroughly evaluated as detailed in Section
V.

IV. Data Preprocessing and Experimental Setup

A. Dataset Description

In this study, synthetic data were generated for training using Seo-gu, where the Cheongna flight testbed s located, and
regions in Incheon characterized by high-rise buildings or high building density (Yeonsu-gu, Namdong-gu, and
Michuhol-gu). 3D building models and terrain were constructed based on Geographic Information System (GIS) data
from the National Geographic Information Institute (NGI). Figs. 2a and 2b show sample 2D maps and 3D building

models used at various stages. For synthetic data generation, 1,037 scenes (256 m 256 m) with at least 10% building

coverage were selected.

Eiic
i > SN
(a) 2D Preprocessing Results (b) 3D Preprocessing Results

Fig. 2. GIS Data Visualization
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Abstract—This paper proposes a communication signal
strength prediction and validation framework for the use of
advanced air mobility. Advanced air mobility, including urban
air mobility and unmanned aerial i

safe, and seamless commu
conventional sveraf, This paper proposes 2 bybrid regres|
based prediction method that combines synthetic data generated
from o rayracing model and el Might test dta in he urban
airspace and uses k-fold c idation to evaluate the predicted
il strength. The results show that the proposed framework
provides reliable performance indices, effectively mitigating the
insufficiency of fight data. This research will enable evaluating
the communication

Index Terms—Advanced Air Mobility (AAM), Reccived Signal

Strength Indicator (RSS), hybrid regression, ray tracing
1. INTRODUCTION

Advanced Air Mobility (AAM), which includes urban air
mobility with electric Vertical Take-Off and Landing (€VTOL)
aircraft and Unmanned Aerial Systems (UAS), is emerging as
4 sustainable and efficient future transport. However, the po-
tential of AAM can only be fully realised if the underpinning
communication infrastructure is robust and reliable, ensuring
seamless interaction between the vehicles and ground systems.
Areas with insufficient quality of signals should be effectively
avoided to de-risk the operations while minimising the detour.
Substantial technological challenges lie in accurately predict-
ing the communication signal performance in urban canyons
with numerous sources of signal interference.

Prediction of the Reccived Signal Strength Indicator (RSSI)

which can be used for preliminary prediction of RSSI. These
communication models have been a_basis for many model-
based data fitting methods with data, including tomography
with low-rank structure [4], sparsity-based method [5], and
piecewise homogeneity approaches [6], [7]. However, these
works have been mostly focused on urban surface or indoor
environments. To the best of the authors’ knowledge, there
has been no previous work that has predicted and validated the
RSS1in the 3D urban airspace for the operation of UAS, where
the validity of the model-based approaches remains largely
unknown. Key reasons behind the lack of research in AAM-
specific communication evaluation are suggested as difficulties
in getting real flight data, as AAM is an emerging area, and
safety and security of the operation of UAS are key remaining
risks 1o overcome.

Data-driven approaches have also been investigated to pre-
dict RSS! in unknown model environments. The most com-
monly used methods are regression, but these have also been
extended with combinations of support vector machine [8],
kriging [9] to estimate RSSI based on spatial correlation, and
tensor completion [10] to complete missing data in multi-
dimensional arrays by decomposing data into low-rank tensors.
While data-driven approaches are informative in unknown
models, a key challenge lies in the lack of real flight test data
in urban low-altitude airspace.

This research aims to provide high-fidelity 3D commu-
nication RSSI prediction and validation frameworks by ef-
m;wdy combining model-based and data-driven approaches.
prediction framework involves generating

in general has been a widely investigated arca.
model [1] is one of the most well-known communication mod-
els to simulate signal propagation paths, including reflections
and diffractions, to predict path loss. As the ray-tracing model

symhtuc data from the ray-tracing model and combining them
with the UAS flight data. The combination of synthetic data
mitigates the insufficiency of flight fest data and enables
1o areas where lests are not conducted. The

is y expensive, other alternatives have been sug-
gested as dominant path model [2] and empirical models [3],

“This work was conducted as part of “Advanced Air Mobility: Communica.
tion Evaluation for Safe and Seamless Operations”. supported by Innovate UK.
(grant number 10117151 and Korea Agency for Infrastructure Technology
Advancement (grant number RS-2024-00412531).

predicted RSST is validated with the measured test data with
respect to key performance indices of Root Mean Squared
Error (RMSE) and accuracy. The validation framework is
designed with k-fold cross-validation to also mitigate the lack
of test data. The results show that the proposed combination of

Here, the observation data ;¢ is an augmentation of syn-
thetic and real flight test data, such that

=" ©
where n and m are the number of observations of synthetic
data X" and real flight test data X' at time step (.
satisfying k = n + m. As the amount of flight test data
accumulates, less weight is imposed on the synthetic data,
making the predicted RSSI to be more dependent on the flight
test data.

111 VALIDATION FRAMEWORK
A. Key Performance Indices

Two key performance indices are suggested as RMSE and
aceuracy. RMSE s defined as:

where £ is the total time step. RMSE provides an inter-
pretable error value in the same units as the original data,
making it easier 0 understand the practical magnitude of
prediction errors.

To show how close the predicted RSST values are to the
measured values on average, the accuracy is calculates as:

VL L~ L
Lo

Aceuracy = [ 1 % 100 (%). ()
The accuracy provides a relative measure of error, indicating
how large the prediction error is relative to the variability in the
ground truth, This helps assess how well the model performs
independently of the signal strength variations, providing a
tandandised eror metre across ifferont maps or datasets.

B. k-Fold Cross-Validation

S-fold cross-validation as shown in Fig. 2 is implemented
1o improve the prediction and evaluation in regression with
limited test dataset. By averaging results across multiple
folds, it provides a more reliable estimate of the performance
compared (0 a single train-test spit. In each fold, synthetic and
real flight data of the training set are combined 10 predict the
RSSI of the testing set. Then, the mean RMSE and accuracy
are calculated with respect to the measured RSSI of the testing
set and averaged across the folds.

IV. RESULTS
A. Flight Test Results

Flight tests have been conducted in Milton Keynes city
centre, United Kingdom. Parrot Anafi Al has been selected for
drone capture flights, as it provides a simple SDK for RSST
measurement and flight data extraction. The drone used for
the test and the flight test area are shown in Fig. 3. Two areas
have been measured: Area 1 departing from South Second
Street Car Park (52.034 N, -0.767 E) and Area 2 departing
from an old food court (52.043 N, -0.752 E). 8 flight tests

Fig. 2:

-Fold Cross-Validation

were conducted in Area 1, and 4 tests in Area 2. The flight
trajectory is designed at fixed altitudes of 30, 40, and 50m
with the size of x-y grid 5 m. The data has been recorded
in 10Hz frequency. The flight tests have been conducted in
different cnvironmental factors with 2-11 degree Celsius and
60-98% humidity.

(b) Flight test arca

Fig. 3: Flight experiment setup

The measured RSST is visualised along the flight trajectory
in Fig. 4. The mean RSSI is -74.2 and -80.2 dB, and the
standard deviation is 4.9 and 7.6 dB for Area | and 2,
respectively. It is shown that the signal strength is in general
poor for the current AAM to operate without any additional

communication device, and has high standard deviation with
outliers and interference.

(a) Area |

(b) Area 2

. 4: Flight trajectory with measurcd RSSI

B. Synthetic Data Generation Results

The building structures of OpenStreetMap and MATLAB
communication toolbox has been used 1o generate the synthetic
data, based on the known locations of the towers (52.040 N,
-0.761 E) and (52.030 N, -0.766 E).

‘The synthetic data gencrated for Area 1 and 2 arc compared
with the real test data regressed for the heatmap visualisation
in Figs. 5 and 6. The mean RSSI of the synthetic data is -
71.3 and -75.7 dB, and the standard deviation is 1.9 and 1.7
dB for Area | and 2, respectively. Directly comparing with the
real test data, RMSE is calculated as 6.0665 and 9.4527 dB for
cach area. with the accuracy of 91.8 and 88.2 %. These values
may be acceptable for outdoor that

AAM usage, hence requiring the combination with real test
data.

Pea st Hostman,

(a) Real test data

Syrthdc Dta Hostmap

(b) Synthetic data

Fig. 5: Synthetic data comparison in Area 1

C. Synthetic and Flight Data Combination Results

The result of 5-fold cross-validation for Area I is shown in
Fig. 7. The coloured lines represent the flight trajectory with
measured RSS! of the test set, and the 3D heatmap is the
regression of synthetic data and real flight data of the training
set of each fold. Each subfigure shows different trajectories
and heatmaps as the training and test sets iterate through the
folds. The mean RMSE is caleulated as 5.1518 dB with the
mean accuracy of 92.9%, which provides higher accuracy than
the synthetic data only. Also, the combination with synthetic
data provides RSS! in the arca that the flight tests have not
been conducted, indicating higher accuracy than linear or cubic

indoor communication modelling offers 95% accuracy [14]
and outdoor cnvironment contains much greater uncertainties
in humidity, interference, and sensor noise. However, from
the perspectives of AAM, 90% of accuracy imposes risk in
communication loss or degradation and operation inefficiency
in conservatively avoiding the risky arcas. The ray-tracing
model alone cannot provide sufficient safety or efficiency for

of the flight test data.
V. CONCLUSION
This paper proposes communication signal strength pre-
diction and validation frameworks for the use of advanced
air mobility. The paper presents a hybrid regression-based
prediction method that combines synthetic data generated from
a ray-tracing model and real flight test data in urban airspace,

[ — “

(@) Real test data

Symthai Dsa Hestmap, "

[P Longiuse -

(b) Synthetic data

Fig. 6: Synthetic data comparison in Area 2

effectively mitigating the insufficiency of flight test data. The
validation framework was designed such that standardised
error metrics can be provided across different maps or datasets,
using k-fold cross-validation to caleulate robust metrics. The
results showed that the proposed framework provides reliable
performance indices with higher accuracy than the ray-tracing
model. This rescarch will enable evaluating the communication
infrastructure and identifying high-risk areas for advanced air
mobility stakeholders.

Future work will involve more comprehensive flight tests
to enhance the reliability of the proposed frameworks. The
flight tests will involve not only a wider area but also different
vain rates, humidity, and temperature. Additionally, different
prediction methods, including data-driven and learning-based
approaches, will be explored to improve the accuracy of the
prediction.
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Introduction

* Aim:

* to develop an advanced 3D connectivity
mapping tool, designed to enhance the
integration and operational efficiency of
AAM within urban environments

* Objectives:
» Connectivity data collection using drones

* Online visualisation platform development
to be accessible to AAM stakeholders
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Synthetic Data Generation

« Grid Size: 1,820 x 2,000 x 50 m (10 m resolution)

* Close-In Model: Propagation of signals in urban macro
cell scenarios. Can be combined with fog and rain.

+ Ray Tracing: Effect of building reflections. Can be
combined with fog and rain.

* Fog: 10GHz to 1000GHz (outside 4G frequency)
* Rain: 1GHz to 1000GHz

-

m

52
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< Mean RSSI (real test): -72.1 mdB (-81.4 ~ -58.8 mdB) Mean RSSI (real test): -88.2 mdB (~188.9 ~ -16.8 mdB)
Mean RSSI (synthetic data): -71.2 mdB (-74.9 ~ -65.2 md8) Mean RSSI (synthetic deta): -75.7 mdB (-80.@ ~ -71.1 mdB)
g MSE: 11.7555 mdB*2 MSE: §9.3531 mdB*2
2 2765 a7 arss 0 RMSE: 3.4286 mdB RMSE: 9.4527 mdd
Flight test areas togtude Accuracy: 95.2 % Accuracy: BE.Z %

Accuracy Validation

= Cross Validation
* One subset is used to validate the heatmap from training/regression
« The process is repeated k times such that each subset is used exactly once for validation
« Mitigates lack of flight data

MSE: 27.6014 mdB~2
RMSE: 5.1518 mdB
Accuracy: 92.9 &
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Korea-UK Joint Meeting - 08/10/2024

Previous Action plans Action plan for Joint Meeting

1. KAIST: share CA with Cranfield review -> KAIST/FineVT/Herotech8 sign (ASAP)
2. FineVT/Herotech8: share sample, not real, flight data for types/frequency agreements
(after collaboration agreement and export control) - > delay

Future plan
1. See if we can present something in GURS - » risk-aware engines, currently fully booked
but see if there is any ad-hoc chance, or use FineVT's exhibition booth

ress
1. KAIST: reviewing/converting the flight data (format/type of information/frequency)
2. Cranfield: academic meeting, initial Cranfield experiment visualisation
3. Herotech8: initial Cranfield experiment, Milton Keynes (11/10/2024), prepared mission
plans, 3 different altitudes and speeds. customisable grid sizes. 1-2 weeks for the whole
Milton Keynes flight.
4. FineVT: shared the data

Agenda
1. Flight plan: clear from Herotech8
2. Preparing of KPI validation: accuracy should be submitted for Korea by 5 months

1. KAIST: review the CA -> send to FineVT -> Herotech8 -> Cranfield (ASAP)

2. FineVT/Herotech8: share sample, not real, flight data for types/frequency agreements
(after collaboration agreement and export control)

3.KAIST: update presentation slot preparation (24/10/2024)

4_FineVT: update exhibition plan for K-UAM confex (24/10/2024)

5. FineVT: confirm flight plan (05/11/2024)

6. All: come up with dissemination plan (05/11/2024)

Action plan for Academic Meeting

1. Cranfield: suggest milestones for prediction model (12/10/2024)
- Communication/synthetic models

- Al approaches/training

- Validation with experimental data

2 KAIST: fill/add in literature review (14/10/2024)

- Categorise, identify algorithms and their performance

Next meeting

- Joint Meeting: 05/11/2024 8:00GMT 17:00KST

- UK Meeting: 11/10/2024 10:00BST, 15/10/2024 QRM
- Academic Meeting: 14/10/2024
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Python Data Plotting

Wrong grid data:
latlim = [52.0410 52.0728]; latlim [52.03230 52.04861];
lonlim = [-0.7579 -0.6974]; lonlim [-0.77376 -0.74471];

Communication Model
ce

KAIST
Communication Model

® Ray tracing experiment
> Processing speed limitation (approximately 40s for 10° point)
- Parallel processing with multi-threads or GPU is not supported
- Parallel processing with virtual machines is possible but still tends to be slow.
® Issue: When buildings are composed of sub-parts, some rays pass through sections.
> Solution 1: Standardize heights across sub-parts
> Solution 2: Convert each building into a separate 3-D graphical object

[#[S]_lo} &

Data Structure

Ref Thput Output Dataset RPT
Timestamp, Rx position, RSST,

] SSID, BSSID, Channel frequency, 3D map RSSI map Measured MAE

RSST, Temperature, Relative humidiy, MAE, MAPE,
2 Barometric pressure, Rain RSS! Measured RMSE, Correlation
T3] | T position, Normalized pathloss map, 20 map | _Pathloss map Synthetic NMSE, RMSE
1] RSSI, Spreading factor, R position Rx position Measured MAE

RSSI, Tx position, Tx-Rx distance,

Tx-Wall distance, Rx-Wall distance,

5] Tx-Rx triangle distance, RSS! Measured MSE, MAE
Pseudo Tx-Rx triangle distance,
log(Tx-Rx triangle distance)
T6] Normalized RSST map, 2D map, Tx position Pathloss map Synthetic MSE, NMSE
[l Time-serfes RSSI RSST Measured NMSE
Measured (Training)
o) Time-series RSSI RSSI atheti (To) MSE
T6] | R position, Tx position, RSST, 3D map (optional) | _Pathloss map Synthetic MAE
KL-divergence,
[10] RSSI PDF Measured diveranes
2D map, Tx position, -

(1 Tx transmit power, Tx transmit frequency RSS| map Synthetic Eroriraio
2] | RSSL. path loss exponent, standard deviation | TxRx distance Measured MAE

Flight Data
0000

KAIST
e ——
Model Performance Analysis
® The results presented are based solely on training with the Low-Fidelity Map.

® Pathloss shows significant path loss variation near the antenna
® This is due to training on the dB scale (training should be done on the linear scale)

10/14
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KAIST

Matlab-based data generation

® To verify if this was related to the development environment

> Reviewed other examples using Cartesian coord. (both sequential and parallel processing)
® Verified that the examples functioned correctly, then conducted tests on cartesian coord.

» Converted OSM to STL format for input base map

» Confirmed that the ray-tracing parallel processing bug was resolved
® |ssue 3: Identified antenna and map-related bugs during parallel processing

» Abnormal coverage observed for each Tx

(additional rays appeared in the results for geographic coord)

Python-based data generation

® Due to difficulties in using Matlab's ray-tracing, alternatives are being explored.
® Testing conducted with Sionna, developed by NVIDIA
» Unlike Matlab, supports GPU parallel processing
» Converted OSM data to Mitsuba 3 Scene XML (processed with Blender)
» Pathloss can be calculated i) at each point or ii) by sampling within a given area
» 256 by 256 (1m resolution): up to 30s
> 1,536 by 1,536 by 14 (H: 1m, V: 5m resolution): 3h 30m
® |ssue 5: Assumes horizontal environment

loss (4B)

Pain i

200 400 600 800 1000 1200 1400

10/13

KAIST

Comparison of results (Matlab & Python)

® Result 1: Generated in Matlab (w/o diffraction)
® Result 2: Generated in Matlab (w/ diffraction)
® Result 3: Generated in Python (w/ diffraction)

Path kuss (8)

11/13
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How to Collaborate on Advanced Air Mobility?

Hyo-Sang Shin

Autonomous and Intelligent Systems Lab
Cho Chun Shik Graduate School of Mobility

KAIST

15 Jan 2025

0000

Challenges and Gaps
o] le}

Challenges and Gaps

® Key Challenges
» Technology
- Limited power margin in all-electric vehicles
especially in urban environment
- Highly automated flight control required for
scalability and cost effectiveness
» Information & Communication Network
- Effectively and securely communicating critical
information
- e.g. command/control links, ground-based detect
and avoid services, ATC
P Detect and Avoid
- Detecting and avoiding both cooperative and
non-cooperative traffic (manned traffic, other
UAMs, UASs, obstacles)
- Scalability and reliability required

000!

jects
000000000000

) Advanced collision

-~ \
17 detection and avoidance ) E:r:’rlrfunimion

Y situational
awareness
systems

) Noise control
~/ acoustics fit for
urban/suburban
commute

}) Robust ar traffic management

4
“http://deloitte.com/
11/34
Chall \d Key Enabling Technologies ample Project
[e]e]e) 0e00 0000000000000 00000
Key Enabling Technologies
Traffic Management Flight Automation
*Scheduling, separation, *Increasing level of automation on the
interoperability, flight deck and ATC
disruption management *Robust control against stable/unstable
*Position, Navigation, and Timing conditions
(PNT)
E-Propulsion Telecommunications
« Hybrid Propulsion *Smart-phone or web-based
«Hydrogen Propulsion app|ICatIOnkS
«Electric Propulsion 5G network, loT
14/34
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XN AJMIN SUIIE - UK-Korea Complimentary

Capability Matrix

* Lightweight platforms for * Connectivitydata in wider
urban environmentdata coverage: low/high altitude,
capture urban/openair

*  Public APl development + Standardised/user-customised

solutions, provided through
onlinevisualization platform,
public APl and GCS integration

* GCSdevelopment

*  Synthetic/real test *  Accuracy comparison of
combination framework regression/machine learning
based approachesfor
communication prediction,
combining synthetic/real data

* Regression based
communication prediction
University method

Cranfield

* Validation with larger amount of
flight test data

*  Onlinevisualisation platform

* High-altitudelong-range * Connectivity data in wider
platforms for AAM-specific coverage: low/high altitude,
data capture urban/openair

* Communicationevaluation * Standardised/user-customised

= FINEVT dedicated payloads solutions, provided through
- onlinevisualisation platform,

* Standardisation of public APl and GCS integration
communication evaluation
process/measure

*  Ray-tracing model *  Accuracy comparison of

) ) regression/machine learning

: Machlne_learjnlng bas_eq based approachesfor
communication prediction communication prediction,
method combining synthetic/real data

Kkaist/V|

* Validation with larger amount of
flight test data
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AN HPMIl SWIIE - UK-Korea Complimentary

Capability Matrix

a3&81-15

Heatmap Generation Solution Architecture
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Data (20%)
Telemetry+weather Measured RSS|
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For grid (regression/ML) For flight plan RSS!

Mean RSS! (real test): -72.1 dBm (-81.4 ~-58.8 dBm)
Mean RSSI [synthetic data): -71.2 dBm (-74.3 ™~ -65.2 dBm)
MSE: 11.7555 dB?

RMSE: 3.4286 dB

Accuracy: 95.2%
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