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1 Purpose of this document

This document defines and describes a set of scenarios, to be used for the proof of concept in the final stage of the µDrones project, as required by D7.1. The definition of criteria (performance measurements) for the system functions and the complete system, as required by D7.2, is directly done within the definition of scenarios. The scenarios (deliverable D7.1) and criterions (deliverable D7.2) are described in sections 4, 5, 6. 
An ad hoc environment will be used due to the practical difficulties that the consortium faced to perform missions in a real urban or industrial environment. These difficulties include:

a) The possibility of damages near buildings, cars, industrial equipment etc., as well as of injuring people in the area, in case of unexpected failure of the system. Given that this system is a prototype without any guarantee it was not possible to get the required permission for flying it over urban or industrial environment. 

b) Some advanced functionalities such as pure vision navigation for example are subject to constraints inherent to the fact that these technologies are still research development. Nevertheless, it is worth to test them in this kind of adapted environment to evaluate performance and future usage.     

Due to this fact, the scenarios will take place at a specific field with natural and artificial landmarks. The mission will include characteristics actions such as trying to follow predefined paths, avoid obstacles, take-off / landing etc., simulating the situations which are faced by the potential customer often during a “real-world” case.

The aim of the scenarios is twofold: it must demonstrate the capability of the drone to meet as much as possible of the user requirements (as described in D2.1) and ensure that the system specifications (as described in D2.2) are met. Furthermore, more general issues, as the quality of integration, the ease of use etc. will be evaluated. 

Two different scenarios will be described:

a) Crisis management scenario (security & surveillance in urban environment)

b)  Inspection & monitoring of sensitive sites.
The definition of criteria (performance measurements) for the system functions and the complete system, as required by D7.2, is directly done within the definition of scenarios. After the description of each step, some performance criteria are listed.
In general, the criteria can divided in two main groups: 

a) Qualitative criteria: These criteria are based on the impression of the user, e.g. perfect / good / average / bad / unusable, and cannot be measured.

b) Quantitative criteria: These criteria are based on measurable quantities, e.g. position precision, or are just Boolean decision variables evaluating the success or total failure of a process, e.g. drone landed without damage: yes/no.
This document is public.
2 Reference documents

	Label
	Description
	Authors

	DoW
	Annex I - “Description of Work”
	µDrones Consortium

	D2.1 
	Users Requirements
	µDrones Consortium

	D2.2
	µDrone System Specifications
	µDrones Consortium


3 Acronyms, Abbreviations, and Definitions

	API
	Application Program Interface

	GPS
	Global Positioning System

	DGS
	Drone Ground Subsystem

	IMU
	Inertial Measurement Unit

	INS
	Inertial Navigation System

	LiPo
	Lithium Polymer

	MCS
	Mission Control System

	UAV
	Uninhabited Aerial Vehicle, Unmanned Aerial Vehicle 

	USB
	Universal Serial Bus

	VTOL
	Vertical take Off and Landing

	WSG84
	World Geodetic System (revision 1984)

	
	

	
	

	
	


4 Scenario 1: Inspection and monitoring of sensitive sites

In this scenario, the aim is to simulate the monitoring of sensitive infrastructures when suspecting damages of the installation or equipment that could lead to a critical and dangerous situation.

The drone must explore in an industrial building (a storage area for example), fly inside the building and let the user visually inspect the different unknown areas, inspect location for possible damages, and identify possibly dangerous or hazardous areas. The environmental conditions inside the building are of interest so continuous monitoring using video recording and sensor recording is performed. Furthermore, there are some standing obstacles in this area which must be avoided.

In this scenario, GPS coverage is going to be poor or impossible (indoor environment) and the topology of the site is supposed to be unknown. So, prior mission planning and GPS navigation are not possible. Inspection of the site will be performed using the localisation and navigation from vision. It will allow the user to operate and navigate the drone inside the building, building on-line a visual map of all the paths performed during exploration. The functionalities added by the localisation and navigation module are:

· Assistance during the flight to operate the drone with a control of its speed vector instead of the control of roll and pitch angles. This way of piloting the drone will be evaluated in term of easiness of piloting.

· The navigation system will also let the user to stay above or near a target and will maintain the drone in this position while the user is released from any control of the drone.

· All the paths performed by the drone during exploration are available on line and will be used to help the user to quickly go back automatically to a previously visited area without the effort of piloting the drone. 

These functionalities will be evaluated in this scenario to check if this could help the user to perform the task of exploration and situation assessment.

The steps are denotes by “S.X” where X is the step number, e.g. S.1 for the 1st step.

4.1 Exploration using vision based localisation and navigation

S.1 The user deploys the drone, set up the equipments and set drone in start-up mode.

Criterion 1: Done / Not done

Criterion 2: Time to deploy < 10 minutes.

S.2 Both cameras are on. The first one is pointing forward and is used for the pilot and for surveillance and situation assessment. The second camera is pointing downward and is used for visual navigation. Video signal is received and displayed. All information available about the status of drone is displayed. Both videos are recorded for a post mission analysis.

Criterion 1: The video for the pilot is well received: yes/no.

Criterion 2: The video for the visual navigation is well received: yes/no.

Criterion 3: Videos are correctly recorded: yes/no.

S.3 The drone takes off and the visual navigation is started so that the trajectory is memorized and the topological map is built.

Criterion 1: The initial node is created in the memory map. As the drone is going forward, new nodes are automatically added to the visual map: yes/no
Criterion 2: Controlling the drone using the self speed mode is easy/average/difficult

S.4 The drone is operated by the user. It reaches a junction path and the left part of the path is explored. The camera is used for visual inspection and to check if there are people in this area.
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Criterion 1: The user is able to control the camera tilt angle and to zoom some part of the image: yes/no.

Criterion 2: The user can check the absence of people near staircase and elevator: yes/no.

S.5 The user wants now to explore a new area. He selects on the topological map the previously explored path to send automatically the drone back to this previous location.


Criterion 1: The drone automatically goes back to the location selected by the user: yes/no.

S.6 The user rotates the drone while the navigation module is keeping the drone at the same position.

Criterion 1: Visual position holding precision <1m, evaluated by recording the drift in position of the drone relative to X,Y,Z axis.

S.7 The user explores a new area with drone. It enters a corridor and tries to detect people in this place.


Criterion 1: Controlling the drone in the corridor using the self speed mode is easy/average/difficult.

Criterion 2: The user is able to detect visually the person in this area: yes/no
Criterion 3: Visual position precision <1.5m, evaluated by recording the drift in position of the drone relative to X,Y,Z axis.

S.8 The user wants to go back to the starting point of the mission and selects in the topological map the corresponding node. The drone automatically finds among all the explored paths the shortest one to reach the target. This will release the user from the tedious task of operating the drone through this unknown site to return to the starting point.


Criterion 1: The topological map allows the user to select the starting point of the mission: yes/no.

Criterion 2: The drone reaches automatically the desired target (starting point of the mission) : yes/no.

S.9 The drone reaches the defined goal. The user now operates the drone to explore a new area. This will create a new branch in the topological graph. The objective of this exploration is to check if this is a potential hazardous area.


Criterion 1: The path to the new area is correctly added to the visual memory map: yes/no.

Criterion 2: The “safe material” box is visible: yes/no.

S.10 As no hazardous material was found, the user selects in the map the point of the previous bifurcation to go back to this point. The drone must go automatically to this target.


Criterion 1: The drone reaches automatically the desired target: yes/no.

S.11  The user now operates the drone to explore the last area.  The objective of this exploration is to check if this is a potential hazardous area.


Criterion 1: The “hazardous material” box is visible: yes/no.

Criterion 2: The drone can stay autonomously at the same position, i.e. within a sphere of radius 1m.

S.12 The user wants to go back to the starting point of the mission and selects in the topological map the corresponding node. The drone automatically finds among all the explored paths the shortest one to reach the target.


Criterion 1: The drone reaches automatically the desired target (starting point of the mission): yes/no.

S.13 The drone is landed

Criterion 1: Landed without damage: yes / no

S.14 The topological map created during this exploration is saved.

Criterion 1: Data from the topological map is stored on the DGS: yes/no
The total flying time of this scenario is estimated to ~20 minutes.

5 Scenario 2: Crisis management scenario

The cases of crisis management, like urban outdoor demonstration monitoring, urban outdoor ambush prevention, urban riots etc. are sharing some common characteristics, as described in paragraph 8.2 of D2.1. The aim of this scenario is to demonstrate as much realistic as possible most of the important drone functionalities and capabilities that are essential during a real crisis management case.  

The user of the drone can be a potential end-user, e.g. a policeman or a fireman, which shall take a short course on the operation of the drone. 

5.1 Part I: Manual Flight

The first part of this scenario is based on manual flight. 

In a disaster event or when there is a crisis event, the responsible authorities are required to be on site in order to perform the necessary operations and coordinate the actions of the different entities involved in such situation. 

A mobile Command & Control unit will be quickly deployed on site together with one (or more) µDrones system(s). An operator steps out to pilot the MUAV.

For instance, the user must detect and follow a group of people while monitoring their behaviour. The user does not have the precise position of the group, which is out of his field of view. He has the information that the people are within a cyclic area with a known centre and radius. 

The steps that should be followed during this part are the following:

S.15 The user deploys the drone, sets up the equipments and sets the drone “on”.

Criterion 1: Done / Not done

Criterion 2: Time to deploy < 10 minutes.

S.16 Video signal is received and displayed on the hand-controller. Information about the localization of the drone is received and displayed. All information available about the status of drone (e.g. battery level) is displayed. 

Criterion 1: Perceived image quality:  perfect / good / average / bad / unusable

Criterion 2: Percentage of unreadable images < 10%
Criterion 3: All information displayed: yes / no

Criterion 4: Video frame rate > 15 Hz
Criterion 5: Video latency < 200 ms
S.17 Video tilt angle

Criterion 1: The user should be able to control the camera tilt angle: yes / no

Criterion 2: Tilt range in degrees should be about +10 above horizon to -95 below
S.18 Video zoom

Criterion 1: The user can change the camera zoom (with suitable payload): yes / no

Criterion 2: Continuous zoom (with suitable payload): yes / no

Criterion 3: Visual field width range for zoom

S.19 The mission starts and the user takes off the drone without GPS.

Criterion 1: Done / Not done

S.20 The user switches on the GPS.

Criterion 1: The user can leave the drone command and the drone stays in position: yes / no

S.21 The user pilots the drone in Manual flight mode using the camera to the known centre of the area where the group of people should be. (Estimated time: 5 minutes)

Criterion 1: Piloting easiness: very easy / easy / difficult / very difficult

S.22 The drone flies around this centre, and the user finds the group of people. (Est. time: 2 minutes)

Criterion 1: Group of people is visible in the video: yes / no

S.23 The drone stays above the group, at a certain position and high (~10m) transmitting video (bird’s-eye-view). (Est. time: 2 minutes)

Criterion 1: Time ratio of visibility of the group of people > 70%
Criterion 2: Perceived image stability:  perfect / good / average / bad / unusable
S.24 The drone flies on a circle of radius above the group of people – zoom in. Take some pictures (if compatible payload available). (Est. time: 2 minutes)

Criterion 1: Piloting easiness: very easy / easy / difficult / very difficult
Criterion 2: Time ratio of visibility of the group of people > 60%
Criterion 3: Perceived image stability: perfect / good / average / bad / unusable
S.25 The group start walking and the drone is following them while transmitting and taking some pictures (if compatible payload available). (Est. time: 3 minutes)

Criterion 1: Piloting easiness: very easy / easy / difficult / very difficult
Criterion 2: Time ratio of visibility of the group of people > 50%
Criterion 3: Perceived image stability:  perfect / good / average / bad / unusable
S.26 Artificial loss of connection with the DGS. Given that the drone is in “Standby” mode this should hold its position until the connection is recovered. (Est. time: 30 sec)

Criterion 1: Drone stands in position: yes / no

S.27 Artificial long loss of connection with the DGS. The drone automatically goes back to the “Home” point. (Est. time: 5 minutes).

Criterion 1:  Done/ Not Done
S.28 The user switches off the GPS.

S.29 The user lands the drone and the mission ends. 

Criterion 1: landed without damage: yes / no

S.30 The user switches the drone “off”.

S.31 End of mission

Criterion 1: The USB key or SD card contains readable complete flight video and pictures (if compatible payload available): yes / no

Estimated Total Flying time of this scenario: ~20 minutes

5.2 Part II: Mission Preparation

The second part of this scenario is similar to the first one but here we consider that we have time to prepare the mission. 

S.32 The user deploys the laptop, and launches the MCS application.

Criterion 1: MCS is running: yes / no

S.33 The user imports 3D geo-referenced geographical data from a GIS (or any other source) into the MCS in “Environment” mode. 

Criterion 1: A model of the mission area is obtained including relief and texture: yes / no

Criterion 2: Easy to use: very easy / easy / difficult / very difficult
Criterion 3: Mission preparation time < 20 minutes.

S.34 The user defines a way path using the MCS software in “Mission” mode. As a matter of fact, in the case of outdoor demonstration (inside Paris in particular) for example, its route is already predefined (start/end points) and well known in advance by the security operators. 

Criterion 1: A way path is defined: yes / no

Criterion 2: Easy to use: very easy / easy / difficult / very difficult
S.35 The user launches the drone simulator (VirtualDrone) and then connects the MCS to it.

Criterion 1: The drone appears at the right position in the MCS, drone status is displayed: yes/ no

Criterion 2: The simulated video is displayed and is correct: yes/ no

S.36 The user can use the MCS to pilot the simulated drone in Speed and FollowWayPath modes.

Criterion 1: Manual piloting works: yes / no

Criterion 2: FollowWayPath piloting works: yes / no

S.37 The user saves the mission using the MCS software in “Mission” mode.

Criterion 1: The user can save / close / load the mission with no loss: yes / no

Estimated Total time of this scenario: ~5 minutes

5.3 Part III: Autonomous Flight with Mission monitoring

The Third part of this scenario is to make the real flight and to monitor the mission. We will use the capability to perform an autonomous flight using way-points navigation. 

S.38 The user deploys the drone, sets up the equipments and sets the drone “on”, within 10 minutes maximum.

Criterion 1: Done / Not done

Criterion 2: Time to deploy < 10 minutes.

S.39 Video signal is received and displayed on the hand-controller. Accurate information about the localization of the drone is received and displayed. All information available about the status of drone (e.g. battery level) is displayed.

Criterion 1: Perceived image quality ( perfect / good / average / bad / unusable )

Criterion 2: Percentage of unreadable images < 10%
Criterion 3: Information is displayed: yes / no

Criterion 4: Video frame rate > 15 Hz
Criterion 5: Video latency < 200 ms
S.40 The user deploys the laptop and launches the MCS application

Criterion 1: MCS is running: yes / no

S.41  The user loads a pre-defined mission (from Part II).

Criterion 1: Mission is loaded without error: yes / no

S.42 The user connects the laptop to the drone's ground box (USB connection). Then the MCS is switched to Pilot mode ( after having tuned the connection setting for AR drone )

Criterion 1: Pilot mode is entered: yes / no

Criterion 2: Drone video is displayed in MCS: yes / no

Criterion 3:  Actual drone position is displayed in the 3D map: yes / no

Criterion 4:  Drone status is displayed (battery, compass … ): yes / no

S.43 Mission start: the user takes off the drone without GPS.

Criterion 1: Done / Not done

S.44 The user switches on the GPS from the MCS.

Criterion 1: GPS status changed on hand controller: yes / no

S.45 The user switches the MCS to FollowWayPath mode.

Criterion 1: The drone flies from one way point to another without any operator inference: yes / no

Criterion 2: Precision (compare recorded trajectory with way path, describe wind influence) 

S.46 End of way path.

Criterion 1: The MCS switched to Standby mode: yes / no

Criterion 2: The drone stays in position, without user interaction: yes / no

S.47 During the autonomous flight, the user tries to take control of the drone.

Criterion 1: User can to take control: yes / no

S.48 The user switches off the GPS.

Criterion 1: GPS status changed on hand controller: yes / no

S.49 The drone is landing and the mission ends. 

Criterion 1: Landed without damage: yes / no

S.50 The user switches the drone “off”.

Criterion 1: none

S.51 End of mission

Criterion 1: The USB key or SD card contains readable complete flight video and pictures (if compatible payload available): yes / no

Estimated Total Flying time of this scenario: ~10 minutes
6 Other Criteria
1. Energetic autonomy: the system must be able to complete the scenario without the need of external power

Criterion 1: The scenario must be completed before end of all batteries (drone / DGS / MCS): yes / no

Criterion 2: Ratio mission duration / Battery duration for each battery < 90%.

2. Flight range: the transmission system should be able to keep a correct level of communication between the drone and the user (control of the drone, video).

Criterion 1: Theoretical flight range > 800m
Criterion 2: Number of communication losses during the mission < 3
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