Unmanned Aerial Vehicles (UAVs)

Autonomous flying devices providing services to targets on the ground Air-to-ground and air-to-air communications Light materials with low energy consumption machines

Signaux et images numéri robotique

Traitement du signal (audio, image, v pour des applications dans les doma la robotique, des télécommunication multimédia, du médical et des géosc 

Interesting techniques

Using Bloom fitler for complete information Pivotal (or Cube) Sampling for sliding windows 
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Guaranteed properties

Stable number of sample among a window Difficult to predict the selection in advance Fine stratification : balanced spreading according to time

Possible to generalize the pivotal sampling

Contest of r items instead of 2 at each round : increase the unpredictability 

TUTORIAL'S NEXT STEPS

Given a set of targets located on the ground field, the goal is to monitor the area with flying drones to cover as many targets as possible and ensure the connectivity with a base station to continuously report or broadcast information to and from the sink 

Vehicle Spreading using Self-organized Parallel Algorithm

Extend existing works in the following way :

Unknown target locations

The drones must fly over the field and detect the targets while flying over.

Distributed decentralized algorithm

Run by each drone using only information from their neighbors.

Connectivity guarantee between the discovered targets and the sink

Drones form a multi-hop aerial wireless path Once a target is detected, the drones self-organize to construct the path. 

Expansion iteration to use any available drones
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Round 1 -End of Expansion phase

All drones have spread around S

Connectivity is guaranteed 
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Key

Irremovable

Connectivity is still guaranteed

From any drone using the previous spanning tree Use of the right hand algorithm to find a path to the sink 
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Key

Irremovable

Connectivity is still guaranteed

By transitivity from the previous state Optimal cannot be depicted
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  ensemble des thématiques de l'informatique, allant de l'architecture des ordinateurs et des réseaux à l'intelligence en passant par le génie logiciel, les systèmes distribués et la réalité virtuelle.

•

  Probabilistic protocols (e.g. epidemic) based on periodic exchanges of information between participants Algorithms for wired networks based on high communication paradigms Large-scale systems design Overlay networks usually for one specific application Group nodes depending on computational power Algorithms based on centralized information gathering Centralized solutions not applicable • Low latency and battery consumption 1. Real time applications • Centralized information gathering and manual allocation of resources do not scale • Track the distribution of available resources 2. Large scale deployment • Important amount of data to process quickly and accurately • Diversity and dynamic nature of content 3Equivalent to anomaly detection Existing algorithms based on complete knowledge or high computational cost New approaches for real-time processing of massive (distributed) data flows Data streaming methods Sketch and sampling End-point computing optimization Analyze the data stream and retain only relevant information to reduce memory Process all the data in the stream on the fly, and to keep only summaries Extracts statistics on processed data streams, with bounded error probabilities Based on summaries that involve a significant loss of information, with sometimes drastic overestimation Interesting techniques Using Count-Min Sketch for complete information Histogram aggregates for sliding windows COMPUTE ⌈log 1/𝛿⌉ ESTIMATORS IN PARALLEL AND RETURN THE MINIMUM VALUE [CM05] G. Cormode and S. Muthukrishnan, An improved data stream summary: the count-min sketch and its applicaAons, in Journal of Algorithms, vol. 55, no. 1, pp. 58-75, 2005. G. Cormode and S. Muthukrishnan, An improved data stream summary: the count-min sketch and its applicaAons, in Journal of Algorithms, vol. 55, no. 1, pp. 58-75, 2005.Limit the amount of data stored in memory Computing exactly functions on these samples Depends strongly on the volume of data sampled, and their position on the stream

  Fig. 1: Triangular tessellation model.

  have moved to the border Autonomous movement away from the sink Well-balanced all around the borderConnectivity is guaranteedFrom any point of the border and thus from any drone in the fleet is self-defined by surrounding observation

  Use of the right hand algorithm when progression is not possible (due to a hole on the coverage -cf. t 6 )

  : 870 scenarios with < 10 tasks and 5 ≤ sensors ≤ 15 Total recharge time for all 2800 scenarios.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

OBJECTIVES 33 Surpass, either in latency or battery consumption, two main approaches

  

29/09/2016 DRONE FLEET COORDINATION | ECOLE D'ÉTÉ RESCOM | YANN BUSNEL | 28/06/22 SOLUTION strictly local computation delegation of data to the cloud services on the Internet Innovative real-time solutions with low complexity in terms of memory, processing time, communication, etc.

Design a large-scale overlay network build and maintain application-level network link together participating processes communicate and inter-operate 29/09/2016 DRONE FLEET COORDINATION | ECOLE D'ÉTÉ RESCOM | YANN BUSNEL | 28/06/22 OPEN

QUESTIONS 34 Multi-topic openness involving cooperation between specialists from different fields Hot topic with various practical applications

  

	Security,
	Disaster management
	Energy
	Agriculture
	Traffic management
	etc.

During the Spanning phase Any drone that is not irremovable, nor on the new external border became Free Connectivity is still guaranteed
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End of Spanning phase Border and Free drones extended the spanning tree to the external border Connectivity is still guaranteed
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Require the implementation of sensor systems over long periods of time

Optimising the lifetime of each sensor is a key element Realistic assumption

Regular recharging is paramount

Energy harvesting model for both transmitters and receivers

Obtained from a RF-power harvesting module manufacturer Output: a set of UAV conflict-free trajectories fulfilling the positions computed by the MILP, while minimizing the overall duration for recharging the whole system.

ENERGY HARVESTING MODEL

Amount of power harvested by a sensor :

Received power at distance d :

-log-normal distribution with a shadowing coefficient σ -P 0 is the received power at reference distance Harvested energy of a sensor s for a given time period t :

Objective: Determine the optimal number of drones needed to recharge the sensors in the minimum amount of time. 

OPTIMAL POSITIONING : MILP APPROACH

Objective: Determine the optimal number of drones needed to recharge the sensors in the minimum amount of time.

Define 2 continuous variables modeling the worst time λ 1 -the worst number of positions λ 2 

We can combine the bi-objective into only one function

where a is an input parameter to balance the impact of the two objective functions

Take into account the following constraints

Number of used drones do not exceed the budget B Harvested energy of each sensor s must be fulfilled Total length of UAVs flying time cannot exceed the imposed time limit Not any drone can be placed above or under another one simultaneously Limit physical collisions between the drones as well as interference

Limit the total time spent on the set of charging positions P s of sensor s to the longest flying time of a drone [35,9,18,34,26,17,12,19] 1 = [5, 13, 23. 1, 25, 28, 39, 22, 37, 27. 29, 321 2 = [13, 23, 3, 25, 28, 8, 19, 36, 14] 3 = [35, 0, 18, 34, 26, 17, 15, 12] 4 = [10, 0, 38, 15, 4] 5 = [35, 9, 18, 21, 26, 17, 2] 6 = [5, 11, 13, 23, 1, 3, 25, 28, 27. 8, 19, 36, 32, 14] 7 = [10, 0, 38, 34, 15, 12] 8 = [35, 9, 18, 21, 26, 17, 2] 9 = [11, 31, 16, 30, 7, 6, 33, 24, 14] 10 = [5, 13, 23, 1, 25, 28, 39, 22, 27, 29, 36, 32] 11 = [20, 16, 30] Tasks by drone d [35,9,18,34,26,17,12,19] 1 = [5, 13, 23. 1, 25, 28, 39, 22, 37, 27. 29, 321 2 = [13, 23, 3, 25, 28, 8, 19, 36, 14] 3 = [35, 0, 18, 34, 26, 17, 15, 12] 4 = [10, 0, 38, 15, 4] 5 = [35, 9, 18, 21, 26, 17, 2] 6 = [5, 11, 13, 23, 1, 3, 25, 28, 27. 8, 19, 36, 32, 14] 7 = [10, 0, 38, 34, 15, 12] 8 = [35, 9, 18, 21, 26, 17, 2] 9

= [11,31,16,30,7,6,33,24, 14] 10 = [5, 13, 23, 1, 25, 28, 39, 22, 27, 29, 36, 32] 11 = [20, 16, 30] Tasks by drone