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Active Perception

"An agent is an active perceiver if it knows why is wishes to

sense, and then chooses what to perceive, and determines
how; when and where to achieve that perception."

R. Bajcsy, Y. Aloimonos, and J. K. Tsotsos, “Revisiting active perception,” Autonomous Robots, vol. 42, no. 2, pp.
177-196, Feb. 2018.

PDEEC - Sandro Magalhies S. A. Magalhéaes, A. P. Moreira, F. N. dos Santos, and J. Dias, “Active Perception Fruit Harvesting Robots — A

Systematic Review,” Journal of Intelligent & Robotic Systems, vol. 105, no. 14, May 2022
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177-196, Feb. 2018.
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S. A. Magalhéaes, A. P. Moreira, F. N. dos Santos, and J. Dias, “Active Perception Fruit Harvesting Robots — A

PDEEC - Sandro Magalhaes Systematic Review,” Journal of Intelligent & Robotic Systems, vol. 105, no. 14, May 2022
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S. A. Magalhéaes, A. P. Moreira, F. N. dos Santos, and J. Dias, “Active Perception Fruit Harvesting Robots — A
Systematic Review,” Journal of Intelligent & Robotic Systems, vol. 105, no. 14, May 2022
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. S. A. Magalhéaes, A. P. Moreira, F. N. dos Santos, and J. Dias, “Active Perception Fruit Harvesting Robots — A
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P(,)RTU !PE%SC trib Harvesting with active perception for open-field agricultural robotics

e
BV PIACUIDADED EENGEMEE lab  Introduction e|Literature Review(e Fruit Perception  Towards Active Perception e Conclusion e Contributions

Approachable solution

Restart searching for a new fruit

Motion replanning
Attention mma Sensors Alignment —P“ and control

Viewpoint False Enough Motion planning

; to
Selection harvest?

Fixation

Cutting point
selection
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3 = AgrobTomato and RPiTomato

,"-l- Datasets containing images of
j " tomatoes in the tomato trees.

Thedatasetshave 23021 images divided into 3 sets.
AgrobTomato has 1 class: tomato; and RpiTomato has VineSet
4 classes corresponding to the different maturity state.

Is a dataset of components from vineyards. It has three

LAEEE S m%ﬂ%ﬁ RG2C is a chunk dataset that classes:
gﬁi‘ﬁ‘ ‘ ﬂ' contains small images of 32 x 32 * Trunk
2 g% px of red grapes and background. * Bunch of corn-size grapes
SR &ﬁ It was designed for classification » Bunch of pea-size grapes
tasks and contains 10 782 i images' chunks divided into ~ The dataset has a total of 428 492 images divided
3 sets. between three sets for object detection.

PDEEC - Sandro Magalhaes 25
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Results in the test set for tomato detection
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Results in the test set for tomato detection

SSD Inception v2 SSD MobileNet v2 SSD ResNet 50 SSD ResNet 101 YOLO v4 Tiny
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Acceleration on Heterogeneous Platforms

RetinaNet
ResNet-50

Average F1 score of 65% and an mAP of 60% in the VineSet dataset

S. C. Magalhées, F. N. dos Santos, P. Machado, A. P. Moreira, and J. Dias, "Benchmarking edge computing devices for grape
PDEEC - Sandro Magalhaes bunches and trunks detection using accelerated object detection Single Shot MultiBox deep learning models,” Engineering 30
Applications of Artificial Intelligence, vol. 117, p. 105604, Jan. 2023
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Acceleration on Heterogeneous Platforms

S. C. Magalhées, F. N. dos Santos, P. Machado, A. P. Moreira, and J. Dias, "Benchmarking edge computing devices for grape
PDEEC - Sandro Magalhaes bunches and trunks detection using accelerated object detection Single Shot MultiBox deep learning models,” Engineering 31
Applications of Artificial Intelligence, vol. 117, p. 105604, Jan. 2023
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Maturity Assessment

Colour

Deep features &

Gaussian
classification

Learning

Best Paper Award 2022 Editor's Choice

PDEEC - Sandro Magalhaes G. Moreira, S. A. Magalhaes, T. Pinho, F. N. dos Santos, and M. Cunha, "Benchmark of Deep Leaming and a Proposed HSV
Colour Space Models for the Detection and Classification of Greenhouse Tomato,” Agronomy, vol. 12, no. 2, p. 356, Jan. 2022
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— - Histogram Filter inspired
- Bayesian algorithm

- Triangulation principle by
intersection

Visual perception in 2D

PDEEC - Sandro Magalhdes  S.C. Magalhdes, F. N. dos Santos, A. P. Moreira, and J. Dias, "“MonoVisual3DFilter. 3D tomatoes’ localisation with monocular 42
cameras using histogram filters,” Robotica, 2024.
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MonoVisual3DFilter

N
1
p(x;¢|viewpointy) = Nz p(xit|bbox;j, viewpointy)
J

p(xic) = p(xie|viewpointy) - p(xi-1)

PDEEC - Sandro Magalhdes  S.C. Magalhdes, F. N. dos Santos, A. P. Moreira, and J. Dias, "“MonoVisual3DFilter. 3D tomatoes’ localisation with monocular 43
cameras using histogram filters,” Robotica, 2024.
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Visual results with two kernels

Gaussian

PDEEC - Sandro Magalhdes  S.C.Magalhées, F. N. dos Santos, A. P. Moreira, and J. Dias, "MonoVisual3DFilter: 3D tomatoes’ localisation with monocular
cameras using histogram filters,” Robotica, 2024.
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Best Viewpoint Estimator (BVE)

- Orthogonality principle
- Minimisation of the intersection
of covariance

min N; (g, Z1) X -+ X Ny(u, Zy)
M subject to {--}

B
® z

S. A. Magalhdes, A. P. Moreira, F. N. do Santos, and J. Dias, "BVE + EKF: A viewpoint estimator for the estimation of the object’s
PDEEC - Sandro Magalhdes  position in the 3D task space using Extended Kalman Filters,” in Proceedings of the 21st Intemational Conference on Informatics 47
in Control, Automation and Robotics: ICINCO, Porto, Portugal: SciTePress, 2024. In press.
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in Control, Automation and Robotics: ICINCO, Porto, Portugal: SciTePress, 2024. In press.
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BVE + EKF estimated trajectories in MATLAB
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BVE + EKF recovery capacity
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