First Responder Use Cases
First responders, generally speaking, use consumer grade camera systems. Thus, their needs for no reference (NR) metrics are specialized versions of three general use cases: 
· Camera capture
· Network optimization and storage optimization
· Artificial intelligence systems 
First responder and entertainment applications differ due to the task performed, the subjects depicted, and the way content is viewed. Typically, the use cases are very similar but the datasets, algorithms, models, and verification methods may differ subtly. For example, “good composition” when a first responder photographs a piece of evidence (e.g., a bicycle) means the entire bicycle is in focus and the entire bicycle appears within the photograph’s frame. An artist photographing that same bicycle might intentionally blur part of the bicycle or have the bicycle partially out of frame. 
First responder use cases should consider the efforts underway in some countries to provide public safety broadband networks, such as FirstNet in the US. 
Camera Capture Use Case
The goal is to predict the quality of photographs or videos from consumer grade cameras, including phones and tablets. Camera capture is an important factor for all first responder image and video applications, but especially for evidence photographs. We expect this NR metric to be deployed inside the camera’s software or hardware. 
The metric must understand:
· Quality impact of the entire camera pipeline (i.e., sensor, image processing, encode, decode, and display)
· Human factors (e.g., aesthetics, composition, how the image or video will be used)
· Limitations of the image or video file format (e.g., color space, resolution, frame rate) 
Applications for this metric:
· Optimize picture quality using a manual feedback loop  
· Maximize picture quality for the user's task
· Optimize the recording bandwidth for the user's task
· Enable another NR metric use case
Examples include a camera that provides feedback to the user so they can re-take the picture with better quality; a covert surveillance camera that minimizes video recording bandwidth while ensuring that suspects can be recognized; a remote camera for search and rescue operations with high quality optics that helps rescuers identify victims from difficult backgrounds, like a building collapse; and a camera that understands the unique image and video needs of specialized tasks (e.g., distinguish bruises on dark skin, fingerprinting via macro photography, live drone footage viewed during search and rescue in a forest). We expect more complex NR metrics to use the camera capture NR metric as a parameter. 
Network Optimization and Storage Optimization Use Case
Generally speaking, encoding bandwidth is not the limiting factor for the camera capture use case. Network bandwidth to send the content is also often available. First responder examples include evidence photographs; mid- or high-end, contemporary surveillance systems; and unmanned aerial vehicles (UAV) or unmanned ground vehicles (UGV) for search and rescue operations with adequate wireless bandwidth. First responders usually choose lower bit-rates when they must decide what they want more (e.g., better video quality, longer battery life, small file size, low system cost, or a better user experience). Basically, storage optimization has more in common with network optimization than camera capture.
The first goal is to allow different types of networks to understand the quality of video streams. We expect this NR metric to be deployed inside the network (i.e., without access to or knowledge of the camera). The second goal is to understand the overall quality impact of camera recording settings as the bitrate drops. We expect this NR metric to be deployed by a system administrator, who will choose settings for a managed network of cameras. 
The metric must understand:
· The “camera capture” use case 
· The extrapolated impact of a wide range of encoding bitrates (higher or lower)
· Network impairments (optionally, depending on the application and network)
· Tradeoffs between conflicting priorities 
Example applications for this metric:
· Optimally apportion bandwidth among live video streams 
· Enable priority access 
· Understand the quality impact of low bandwidth video recording settings
Examples include a managed network of first responder cameras providing real-time video feeds to assist the incident management and decision making; a priority access network that understands the consequence of limiting video stream bandwidths on visual quality and on the end-user’s ability to perform likely tasks; and a department choosing settings for body cameras, in-car cameras, or the department’s video surveillance system (e.g., to understand tradeoffs between video quality, storage space, and the department’s video retention policy). 
Notice that the goal of this NR metric is to make decisions that will not be applied to the analyzed video. Instead, the decision will be applied to videos that have not yet entered the network or storage system. 
Artificial Intelligence Systems Use Case
[bookmark: _GoBack]The goal is to predict the quality of video not intended for human viewing (e.g., autonomous vehicle systems or video analytics). The metric assesses the ability of an artificial intelligence (AI) system to recognize people, objects, or events in the video. This NR metric may be deployed anywhere (e.g., in the camera, in the cloud, on recorded video).  
The metric must:
· Understand the “camera capture” use case 
· Understand the AI task to be performed 
· Accept input from the AI
Example applications for this metric:
· Detect whether the quality is high enough for the AI algorithm to succeed
· Optimize the camera pipeline in real time, to help an AI algorithm succeed 
Examples include zooming a surveillance camera on a person or object so that a video analytic that previously failed may succeed; marking segments of a video that are too low quality for a video analytic to operate; adjusting the camera pipeline to ensure optimal operation of autonomous vehicle systems; adjusting the camera pipeline for the minimum bitrate needed by a video analytic operating remotely in the cloud; and a body camera automatically increasing the resolution and bitrate when a firearm is visible. 
For the AI system scenario, the key factor will be to understand the relationship between human perception, the NR metric, and the AI. Because no such NR metric currently exists, interactions between the AI and the AI NR metric are not clearly understood. The video analytic may select video segments for a person to view, so there will not always be a clear delineation between the needs of the AI system and the needs of human viewers. 

