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Forceful Valve Manipulation by Articulated Aerial Robot DRAGON - from YouTube.mp4

GNCEEE - fiiE - 44T B H &

T VKL —=ZFAHDOSLAME A N> b5 X5 A OSLAMEAN

- 2l fEZl/—ﬁ\\c\: ||\/|U7&T#)EH(Radar Inertial Odometry, RIO) ARV NAX 7(DVS)+1%.% H A Z+IMUZF A
- 200mODOBENCHE W THIERZ0.6% K - B3R ijl( BEHAT)~SRE(A XY P HXT)THER

FMCW Radar

,-.;: — Standard Frame Event Frame Events
Doer, C. and Trommer, G F., An EKF Based Apprgach to Rad'ar Inertial Vidal, A. R., Rebecq, H., Horstschaefer, T. and Scaramuzza, D., Ultimate SLAM?
Odometry, IEEE International Conference on Multisensor Fusion and Combining Events, Images, and IMU for Robust Visual SLAM in HDR and High-Speed

Integration for Intelligent Systems (MFI) 2020, (2020), pp. 152-159. Scenarios, IEEE Robotics and Automation Letters, vol. 3, no. 2, (2018), pp. 994-1001.



GNC(EEE ﬂﬂ)/L '

- SNN(Spiking Neural Network)#l]
BE, MUk, ®lEZ T XTSNNTZHT,

- UER
- RHMOERNZX—47 v FEREXRITR (T 2L —23Y)

- YR AR AT-Bat-SLAM

=

) F AT D B HTE [A]
DVS-Radar SLAM

- AR kA XZ(DVS)+FMCWL — & —+SNN

CFT7IAVERT —RE

Komer, B., Jaworski, P., Harbour, S., Eliasmith, C. and DeWolf, T.,

BatSLAM: Neuromorphic Spatial Reasoning in 3D Environments
IEEE/AIAA 41st Digital Avionics Systems Conference, (2022), pp. 1-8

F REGIAREHZHORIETTHANX b

DVS+(t) M outputs per SNN- STDP A -
' veraging
SNN > (¢, ()] > | @)
STDP
SNN v
»|C_(t Std. Scaling
STDP ) (t) [ (9)

Splkmg radar image R(t) DVS-Ra d!l‘ Latent

(flattened) Code C(t), size 3M
SNN | | v o
= c1pp [ cr(t)‘ Sampled C;-
RatSLAM

Odometry = | Back-end

Safa, A. et al., Fusing Event-based Camera and Radar for SLAM Using
Spiking Neural Networks with Continual STDP Learning, IEEE International
Conference on Robotics and Automation 2023, (2023), pp. 2782-2788.



BREIRIEICBITA S - F

Super Odometry(IMU+VIO+LIO)

(a) Dense fog (b) Light fog (¢) Rain 30 mmvhr (d) Rain 80 mm/hr (e) Strong light

B EHRI DRI

b FE% (3D LiDARIC & » THUS & /- 2.

EEY—FS57 B ALICARAASEGRES v R—X !
(@)% (BHREITm) . (b)FBVWEGEERLIE2m), (c) BER(30 mm/h).
(d) BEFI(80 mm/h). (e) 8LV (200 kL7 R)

, W., & Zhang, F., Fast-lio: A fast, robust lidar-inertial
etry package by tightl /-coupled iterated kalman filter.
EEZE F)%obo’ucs and Automation Letters, 6?2 , 3317-3324

CALE R RE T
LOC U S(Lidar Odometry for Consistent Operation Setings)

- B OSEELDARE D v Y & iEE

!a) Long Corridor

(d) Dust Environments (e) Multi-sensor Setup

Palieri, M., Morrell, B., Thakur, A., Ebadi, K., Nash, J., Chatterjee, A,, ... & Agha-Mohammadi,
A. A. (2020). Locus: A multi-sensor lidar-centric solution for high-precision odometry and 3d
mapping in real-time. IEEE Robotics and Automation Letters, 6(2), 421-428.



BESIRIE (C 5 17 A GNCHEAN

MP K o—y LNN(Liquid Neural Network)
FPGA/\—XOD Fo—>72 v M7 A — L - @ IFRI O RNN(Recurrent Neural Network)
) ISR OERRICE Y P A BT
- FHEERARL
s ATID /A ZXRPANELITHE L
R 3%‘, Ll  CNETIEBLIEZ L OLUBINEREOT L LR

~

Controller | X ‘ DIRIBICHLBEICAIEBFHIBRERFIET - a v FiE%

=
: At e
GPS Receiver g -

}

Drone Airframe

Hasani, Ramin, et al. "Liquid time-constant networks." Proceedings of the AAAI
Kévari, B.B. and Ebeid, E., MPDrone: FPGA-based Platform for Intelligent Real-time ~ Conference on Artificial Intelligence. Vol. 35. No. 9. (2021)
Autonomous Drone Operations, IEEE International Symposium on Safety, Security,

and Rescue Robotics 2021, (2021), pp. 71-76.



EREEDCGNCGEEE - finE - &) BT

w0 D Swarm-LI0 (LiDAR- EEIEDBIRIC L 2B RE

I - E&H 5 CNN(Convolution Neural Network)(Z & )
Inertial Odometry) - B8 5CNN(Cony
- 3ADLIDAR&EIMUIC & 5SLAM

REHES X T L

right camera back camera

_ ) . . . Schilling, F., Schiano, F. and Floreano, D., Vision-Based Drone
Zbu, F. etal,, Swarm-LI0O: Decentralized Swarm LIDAR Flocking in Outdoor Environments, |[EEE Robotics and

inertial Odometry, IEEE International Conf Roboti
nertial bdometry, nrernational LOnIerence on RObOtes Automation Letters, vol. 6, no. 2, (2021), pp. 2954-2961.

and Automation 2023, (2023), pp. 3254-3260.



GNC(EEE - ik - S F it D =5 e

- BFiNEEzsmsRv-BERE

- EFMEEFO 7O XA T (A _RYTILAL YD)

https://www.imperial.ac.uk/news/245114/quantum-sensor-future-
navigation-system-tested/

fii)

5 [A]

N R S S N ~ N
BEFET— 3 v ADILH
QUANTUM TECHNOLOGIES COMMUNICATIONS AND NETWORKS Quantum
FOR NAVIGATION positioning % %

Quantum key distribution (@

INERTIAL

GEOPHYSICAL NAVIGATION

Quantum acoustics ®

Quantum imaging

Quantum clocks (5)

Quantum clock synchronisation 8@ %
NAVIGATION

Quantum

computation

Quantum gyroscopes &>
Quantum accelerometers C?)

i

Quantum gravimeters °37¢

Quantum magnetometers J

Sambataro, O., Current Trends and Advances in Quantum Navigation for
Maritime Applications: A Comprehensive Review, arXiv, (2023),
doi:10.48550/arXiv.2310.04729.




N\ TN

BAE T

C

BIELF 21U T 1 OFFIM

- 70y U F o — FEHlT

- Software Defined Network(SDN)
- BWMFEEICLS XY T 4581

- JFx A a—T 4T

Hassija, V. et al., Fast, Reliable, and Secure Drone Communication: A
Comprehensive Survey, in IEEE Communications Surveys & Tutorials,
vol. 23, no. 4, (2021), pp. 2802-2832.



e dh HeVTOL

-

« Wingcopter « Amazon Prime Air MK30
- BMEEMPOHRDHEVT 4L FO— X~ R =T LT
. BATHEM
« N4 0O— R:4.7kg
o ffeEEEE:90km

o iR 2BFELLE

- FEEYRA - [B)E

https://wingcopter.com/wingcopter-198 https://www.aboutamazon.com/news/transportation/amazon-prime-air-
drone-delivery-mk30-photos



T ALy X —

V-bat(MQ-35A) Flexrotor

- 2 E =:56kg - BF:Aeroveltt, Airbush EUN(2024)
- PLE=:11kg - IR KBEEE =:25kg
- i Rs A 10hrs - PLE=:8kg

- AlIC X 35GNC - fiie A > 30hrs

(Hivemind) - FATH O R IR £ o B EhEtEE e
- JEGPSIRIZEA]
- BT

- BRIk & iR 1
!!4-

https://shield.ai/v-bat/ https://aerovel.com/flexrotor/



e YILF AT XK
« B~ IILTF A/ XITMEINGTDHDH )
« VTOL

e AlIGFE
e MIZYIENTWS
o« BESIRIE XTI
o |F|TEFHE

s EEEB+TILTFOEBEDL DAL, B

YA

RDOIULBREEE DD

5§ ARELH D (I




BNIEREF IR T 2L DR ATE A
DRAGON Cyclotech CCY-01

L HHEEDOZREE A AR - BEEEEBENT AT ZFALFT L LeVTOL
T aATINA—=ZTLFY T 7 L—FADEEICLY, ¥EHARZRR
C HENHIE & 2 2L & AR I H ), FRATSERE VYR —LT 4 TR ERRFRER

Zhao, M., Anzai, T., Shi, F., Chen, X., Okada, K. and Inaba, M., Design, Modeling,
and Control of an Aerial Robot DRAGON: A Dual-Rotor-Embedded Multilink Robot
With the Ability of Multi-Degree-of-Freedom Aerial Transformation, IEEE Robotics
and Automation Letters, vol. 3, no. 2, (2018), pp. 1176-1183.

Cyclotech GmbH , https://www.cyclotech.at/


Forceful Valve Manipulation by Articulated Aerial Robot DRAGON - from YouTube.mp4
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