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5
Use Cases

5.x
Local UAV Collaboration 
5.x.1
Description
Unmanned aerial vehicles (UAVs) local vehicle collaboration can act as a mobile sensor network to autonomously execute sensing tasks in uncertain and dynamic environments while being controlled by a single user. Accuracy in sensing tasks is increased when deploying a team of UAVs versus just one as there are multiple vantage points using multiple sensors. Examples of uses for deploying a team of UAVs include: 

· Searching for an intruder or suspect
· Continual monitoring of natural disasters 

· Performing autonomous mapping
· Collaborative manipulation of an object (e.g. picking up corners of a net or picking up a log)
The 3 subsequent sections will describe a use case where a team of UAVs is deployed in order to search for a suspect.  

5.x.2
Pre-conditions

1. One UAV Controller has the ability to control 4 UAVs

2. UAVs have the ability to autonomously create flight formations

3. UAVs have direct links to each other and do not need to go back to a controller

4. One of the UAVs is deemed the ‘lead’ UAV the 3 other UAVs are considered ‘follower’ UAVs
5. One UAV is beyond line of sight and operating independently of 4 UAVs previously mentioned

6. Route for UAVs has been determined 

5.x.3
Service Flows

Communication to be node to node (includes mesh) unless beyond line of sight. If beyond line of sight the mobile network will be utilized for communication.
1. UAV Controller launches search UAVs

2. The lead UAV shares its current position with the follower UAVs 
3. Follower UAVs calculate control changes necessary to reach the desired position in order to create a flight formation

4. UAV Controller monitors health status of UAVs while UAVs are in route to search area 

5. One UAV spots a suspect and sends target alert to other 3 UAVs and UAV Controller
6. Other UAVs create a perimeter around suspect ensuring he/she can’t evade UAVs

7. Lead UAV notifies a UAV beyond line of sight, by sending communication through the mobile network (WAN), indicating there is an suspect being pursued 3 miles south of the UAV’s current location

8. As suspect moves UAVs collaboratively adjust to maintain appropriate perimeter 
9. UAV Controller notifies authorities 

Figure 1 depicts how communication will occur in UAV local vehicle collaboration. In this use case communication occurs node to node, when UAV is beyond line of sight communication occurs through the mobile network (WAN). Communication does not occur through a wireless controller (LAN) in this use case. 
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Figure 1: Communication Path

5.x.4
Post-conditions

1. Suspect is detained

2. UAV Controller instructs all 4 UAVs to return to the base

5.x.5
Potential Service Requirements

5.x.6
Potential Operational Requirements

The 3GPP system shall support:
· Latency of 10 ms as collaboration requires vehicle altitude and position control loops to synchronize. Latency is required on the order of the control loop bandwidths.
· Near 100% reliability as instability and crashing of UAV could result from loss of communications.  Control functions depend on this communication.  
· Security to be provided at the level for current aviation Air Traffic Control (ATC) for command and control of vehicles in controlled airspace.
· Priority, Precedence, Preemption (PPP) needed as failure to transmit communications in reliable and timely manner could result in loss of property or life. 

· Position accuracy within 10 cm due to multiple UAVs that may need to collaborate in close proximity to one another. 
