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Preliminary: Coverage Control
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IEEE Transactions on Robotics and Automation, vol. 20, no. 2, pp. 243ǈ255, 2004
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Preliminary: Pesistent Coverage Control

N. Hubel, S. Hirche, A. Gusrialdi, T. Hatanaka, M. Fujita, and O. Sawodny."ǍEqxgtcig"Eqpvtqn"ykvj"Kphqtocvkqp"
Fgec{"kp"F{pcoke"Gpxktqpogpvu.ǎ"kp"Rtqeggfkpiu"qh"KHCE"YE."rr0"63:2ǈ4185, 2008.
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Robot Zoo Sky/Aqua
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and Applications, 2020
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T. Oshima, Y. Toyomoto, and T. Hatanaka, Proc. 8th IEEE 
Conference on Control Technology and Applications, 
2024 (Best Student Paper Award)
Y. Toyomoto, T. Oshima, K. Oishi, J.M. Maestre, and T. 
Hatanaka, IEEE Transactions on Control Systems 
Technology, vol. 33, no. 6, pp. 2037-2051,2025.



Agriculture 4.0
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DLG, Digitalisierung in der Landwirtschaft, DLG -Merkblatt 447 (2019) 
https://www.dlg.org/de/landwirtschaft/themen/technik/digi
talisierungarbeitswirtschaft-und-prozesstechnik/dlg-
merkblatt-447

2.4 Automation und Robotik (Automation and Robotics)
It is already becoming apparent that autonomous robots will 
mostly be small in size and electrically driven . This will lead to 
considerable reductions in investment costs and vehicle weights. 
The lower the acquisition and investment costs, the lower the 
area performance can be. This effect helps with the acceptance of 
autonomous agricultural robots, because many tasks that a robot 
has to perform can be carried out much more precisely at low 
driving speeds, but above all with less energy. Such devices are 
lightweight and therefore gentle on the soil. 

Scaling up to larger areas is NOTachieved by larger and 
faster machines, but via a swarm of similar and small 

robots cooperating with each other.



Coordinated Image Sampling
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Structure from Motion (SfM)



Persistent Coverage vs Image Sampling

7

sample from various angles (5D) capture within FOV (2D)

sampling just once is enoughrevisit many times 



Problem Formulation
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drone dynamics

sensing performance

observation points

density update

N. Hubel, S. Hirche, A. Gusrialdi, T. Hatanaka, M. Fujita, and O. Sawodny, 
ά/ƻǾŜǊŀƎŜ /ƻƴǘǊƻƭ ǿƛǘƘ LƴŦƻǊƳŀǘƛƻƴ 5ŜŎŀȅ ƛƴ 5ȅƴŀƳƛŎ 9ƴǾƛǊƻƴƳŜƴǘǎΣέ 

in Proceedings of IFAC WC, pp. 4180ς4185, 2008.

objective function

T. Shimizu, S. Yamashita, T. Hatanaka, K. Uto, M. Mammarella, and F. Dabbene, 
Angle-aware Coverage Control for 3D Map Reconstruction with Drone 
Networks, IEEE Control Systems Letters, vol. 6, pp. 1831-1836, 2022



Difficulties in Gradient -based Method
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well-observed
area

unobserved
area

Gradient-based method makes a drone
be stuck to the well-observed area

(opposite to the ideal motion)

sampling just once is enough



Angle-aware Coverage Control
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Constraint-based specification

T. Shimizu, S. Yamashita, T. Hatanaka, K. Uto, M. Mammarella, and F. Dabbene, 
Angle-aware Coverage Control for 3D Map Reconstruction with Drone 
Networks, IEEE Control Systems Letters, vol. 6, pp. 1831-1836, 2022

local constraint

control barrier-like function

https://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0Ap_1%2C%20%5Cdots%2C%20p_n%0A%5Cend%7Balign*%7D


Angle-aware Coverage Control
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Angle-aware Coverage Control

M. Suenaga, T. Shimizu, T. Hatanaka, K. Uto, M. Mammarella, and F. 
Dabbene, Proc. 2022 IEEE CCTA, pp. 327-333, 2022

Persistent Coverage Control Angle-aware Coverage Control

degradation in the
presence of an object



Full-3D Angle-aware Coverage Control
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rigid-body motion

T. Hatanaka, N. Chopra, M. Fujita and M. W. Spong, Passivity-
Based Control and Estimation in Networked Robotics, 
Communications and Control Engineering Series, Springer, 2015.



Field Experiment in Campus
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DJI Mavic 3E RTK module



Education Farm at Keisen University
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Agriculture 4.0
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2.4 Automation und Robotik (Automation and Robotics)
It is already becoming apparent that autonomous robots will 
mostly be small in size and electrically driven . This will lead to 
considerable reductions in investment costs and vehicle weights. 
The lower the acquisition and investment costs, the lower the 
area performance can be. This effect helps with the acceptance of 
autonomous agricultural robots, because many tasks that a robot 
has to perform can be carried out much more precisely at low 
driving speeds, but above all with less energy. Such devices are 
lightweight and therefore gentle on the soil. 

Scaling up to larger areas is NOTachieved by larger and 
faster machines, but via a swarm of similar and small 

robots cooperating with each other.
Université Libre de Bruxelles Belgium Science TokyoCNR, Italy



2. Real-time 3D Mapping Technology

Gaussian Splatting 
[Kerblet al. ACM TOG 2023]

NeuralRecon[J. Sun et al. CVPR 2021]

Photo-SLAM
[Huan et al. CVPR 2024]



Adaptation to Structural Complexity



Mesh Change Detection
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Impact of Map Feedback

22



Comparisons

23



MEC

Environment Drone

Velocity
input

Constraint-based 
Coverage Control

Mesh Change 
Detection 

Density 
UpdateNeuralRecon

Density

Mesh ChangeMesh

Image
stream

Cyber-Physical Human Systems

Heavy!

To Human
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MEC: Multi -access Edge Computing

ǅT0"Terunuma, Y. Nakamura, T. Abe, and T. Hatanaka,Stealthy Coverage Control for Human-
enabled Real-Time 3D Reconstruction, Proc. 2026 IFAC World Congress, submitted, 2026



Rigid-body Network and Human
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manual
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Chapter 14: T. Hatanaka, J. Yamauchi, M. Fujita, and H. Handa,
Contemporary Issues and Advances in Human-Robot 
Collaborations Cyber-Physical-Human Systems: Fundamentals 
and Applications, A. Annaswamy, P.P. Khargonekar, F. Lamnabhi-
Lagarrigue, and S.K. Spurgeon (eds.), Wiley, pp. 365-400, 2023

translational control

G. Li et al.(2023). The 
classification and new trends of 
sharedcontrol strategies in 
telerobotic systems: A survey. 
IEEETrans. Haptics, 16(2), 118ǈ133



Stealthy Coverage Control
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Stealthy Coverage Control
e.g.

ǅT0"Terunuma, Y. Nakamura, T. Abe, and T. Hatanaka,Stealthy 
Coverage Control for Human-enabled Real-Time 3D Reconstruction, 
Proc. 2026 IFAC World Congress, submitted, 2026
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