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			Mini Review

			Advancements in unmanned aircraft systems (UAS) for remote sensing continue in terms of aircraft platforms and sensors [1]. These advancements include increased flexibility in platform flight capabilities and sensors that are becoming more light weight and powerful in terms of resolution. UAS flights can now be relatively easily controlled by mission planning software that can ensure that the entirety of an area is captured by imagery. When multiple images are necessary, as is typical with still photography, photogrammetric software can mosaic multiple images together to create a composite image. 

			Agricultural remote sensing has typically relied upon optical, multispectral, and hyperspectral sensors. Multispectral sensors have perhaps proved the most impactful among this group due to their relatively low cost and ability to generate the normalized differential vegetation index (NDVI). NDVI has long been used to infer vegetation health and stress through a band combination that involves red and near-infrared wavelengths [2]. Vegetation tends to absorb red wavelengths and reflect near-infrared (near-IR). The result of the NDVI band combination is a value that ranges from -1 to 1, with higher values (nearer to 1) indicating a higher probability of vegetative health or greenness. NDVI values near 0 can indicate no greenness and possibly urban areas, and values near -1 likely indicating water.

			Three UAS are presented here that include the ability to host multispectral remote sensors and represent a range of costs and capabilities. Each UAS platform can automate flight, including take-off and landing.

			A popular and very light-weight multispectral camera is the Red Edge [3]. The latest version is the Red Edge M and weighs about 232g with a compact form factor (8.7 * 5.9 * 4.6cm). Five bandwidths are available and include blue (475nm, 20nm bandwidth), green (560nm, 20nm bandwidth), red (668nm, 10nm bandwidth), red edge (717nm, 10nm bandwidth), near-IR (840nm, 40nm bandwidth). Costs for the Red Edge M are about $5500 USD. Ground scale distance (GSD) is approximately 8 cm 

per pixel when flown at 120m above ground level (AGL). There are multiple aircraft platforms that can carry the Red Edge but one very affordable and reliable option is the Phantom 4 quadcopter series [4]. The latest version is the Phantom 4 Pro V2.0 which sells for about $1500. The Phantom 4 Pro has a manufacturer stated flight endurance of 30 minutes but maximum flight times are likely closer to 15 minutes when bearing the Red Edge sensor. While not suited to larger areas due to its relatively limited flight endurance, the Phantom 4 and Red Edge combination (Figure 1) provides a compact and economical solution to those wishing to measure NDVI.
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			The Altum multispectral camera was announced in 2018 and is larger in weight and size than the Red Edge. The Altum weighs about 357g and has dimensions of 8.2 * 6.7 * 6.5cm [5]. Five spectral bands include blue (475 nm, 20nm bandwidth), green (560nm, 20nm bandwidth), red (668nm, 10nm bandwidth), red edge (717nm, 10nm bandwidth), and near-IR (840nm, 40nm bandwidth). The resulting GSD is approximately 5.2cm when flown at 120m. The Altum sensor costs approximately $9950 USD. The Altum also includes a thermal sensor with a 160 * 120 thermal resolution that results in an 81cm GSD when flown at 120m.

			An efficient and reliable aircraft platform for carrying the Altum is the Matrice 200 series [6]. The Matrice weighs approximately 4.7kg when loaded with two batteries (Figure 2). The manufacturer stated maximum flight time is 38 minutes without a payload; the maximum takeoff weight is stated as 6.2kg and results in a reported 24-minute flight endurance. One could likely expect to achieve 25 minutes of total flight time from the Matrice when hosting the Altum. The Altum and Matrice combination is not as compact as the Red Edge and Phantom but does feature extended flight times. 
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			An option for imaging larger areas is the hybrid Quantix UAS [7]. The Quantix is a vertical take-off and lift (VTOL) platform. Four propellers support a vertical take-off and when airborne, the Quantix flies horizontally and gains an aerodynamic advantage through its fixed wings (Figure 3). The Quantix is large in comparison to the Phantom and Matrice with a wingspan of 1m. Vehicle weight is 2.3kg when loaded with a battery. The reported maximum flight time is 45 minutes, with potentially up to 162ha being imaged during a 45-minute flight at 110m AGL. The Quantix has dual 18MP cameras with one dedicated to optical and the other to multispectral. These cameras are integrated into the aircraft platform. The multispectral camera bands include green (569.5nm, 26nm bandwidth), red (626.5nm, 47nm bandwidth), and near-IR (844nm, 47nm bandwidth). The resulting GSD of imagery from the multispectral camera is 5cm when flow at 110m AGL. The price for a basic Quantix package is $5500 (USD) with an image processing subscription service being available. An advantage of the Quantix package is that a control tablet is included. One disadvantage is that direct manual control of a flight, in order to avoid obstacles or other unexpected features, does not appear to be possible. This may present some flight safety concerns. 

			Each of these three potential UAS platform and sensor combinations offers unique capabilities. For portability and affordability, the Phantom 4 and Red Edge camera combination is likely the best choice. The primary limiting factor of the Phantom 4 and Red Edge tandem would be difficulty in covering larger areas. While the Matrice and Altum combination has less portability, a larger area could be covered within a single flight and the resolution and capabilities (thermal) of the Altum camera are superior to that of the Red Edge camera. The Matrice and Altum are the most expensive of these three systems. The Quantix is a solid choice for those that need to cover larger land areas but it has some limitations in portability. The readily available image processing capabilities of the Quantix are an advantage for those that do not want to rectify and process their own data.
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