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Drone polariscopy - towards remote sensing applications
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Abstract: Remote sensing is critical for a wide range of applications, including ocean and wave1

monitoring, planetary exploration, agriculture, and astronomy. We demonstrated a polariscopy2

concept which is able to determine orientation of patterns below the optical resolution limit of a3

system. This technique relies on measuring at least 4 different polarisation angles and calculating4

the orientation from the set of intensity information. It was initially demonstrated on the infrared5

microspectroscopy beamline at the Australian Synchrotron using IR light in transmission. Using a6

monochrome polarising camera, it was shown that it also worked in optical transmission. This7

camera was mounted onto a drone as a remote sensing platform and orientation information was8

extracted from reflection images taken at an altitude where conventional imaging could not resolve9

the test patterns. In the interest of moving towards high-speed data acquisition and processing,10

two methods for processing the image are compared – an analytical and curve fitting method.11
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1. Introduction13

The ability to detect periodic features below the resolution limit of a system is valu-14

able to all forms of imaging. This is especially important in areas such as remote sensing15

where the cost of launching a satellite is dependent on its mass. Polarisation information16

adds an additional dimension to image data and has shown value in machine vision17

where it is utilised for analysis of reflections [1]. However in such a context, it has18

not been used for diffraction limited imaging of anisotropy. A method using Fourier19

Transform infrared spectroscopy was developed and transferred to the Infrared Mi-20

crospectroscopy beamline at the Australian Synchrotron which demonstrated anisotropy21

recognition and mapping below the spatial resolution limit for the first time [2,3]. The22

method described – the 4-pol method – involves measuring the sample at 4 polarisation23

angles (0◦, 45◦, 90◦, and 135◦ (-45◦)). In addition to molecular anisotropy, the orientation24

of a circular grating with a 200 nm pitch and 100 nm line width was detectable with a25

system resolution of 5 µm, a 25× difference [4]. To demonstrate the ability of the 4-pol26

method to move beyond the IR wavelengths and microscopy scale, a 4-pol visible light27

camera was used to show orientation detection in the visible wavelength range [5]. Here28

we extend the method even further and mount the camera on a drone which functions29

as a remote sensing platform analogue and operates in reflection mode.30
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Figure 1. (a) Photograph of the polarisation camera in it’s mounting rig along with a remote
control. (b) Preflight photo of the octocopter with camera module attached underneath. Inset
shows the drone and camera just after takeoff.

2. Materials and Methods31

2.1. Drone Flight with Polarisation Camera32

The CS505MUP monochrome polarisation camera (Thorlabs Inc.) has a 2448×204833

pixel sensor with micro-polarisers directly over each pixel. Each 2×2 group of pixels34

provides 0◦, 45◦, 90◦, and 135◦ intensity information for a total of 1224×1024 for each35

polarisation angle. The camera was attached to a custom mounting rig which provided36

vibration damping, battery, LattePanda computer with receiver, and a GoPro video37

camera (Figure 1a). This rig was then bolted under a Kraken 130V2 octocopter drone38

platform (Figure 1b). After takeoff, the acquisition was remotely triggered to conserve39

power as well as storage space. To account for different lighting conditions, the camera40

was programmed to record a bursts of 10 images at varying exposure times, every 30 s.41

The drone was flown up in steps of 20 m and hovered for 1 min to ensure a full set of42

images were acquired at each altitude. 3D printed targets (Figure 2) consisting of 0.5 mm43

lines with a 1 mm pitch (one circular with an Archimedean spiral and one rectangular44

with different orientations in each quadrant) were set up on the ground as points of45

known orientation. The diameter of the circle was 20 cm and the dimensions of the46

rectangle were 24×20 cm47

2.2. Data Processing48

The data was subsequently converted to intensity and orientation information using
two methods – analytical and curve fitting [2,6]. For the analytical solution, the intensity
is given by

I =
I0◦ + I45◦ + I90◦ + I135◦

2
, (1)

where I is the image intensity and Iθ◦ is the intensity at a specific polarisation angle. The
orientation (azimuth) is given by

ψ =
1
2

arctan2
(

I45◦ − I135◦

I0◦ − I90◦

)
, (2)

where arctan2 is the four quadrant inverse tangent. The equation used for fitting was

I(θ) = A cos(2θ − 2ψ) + c, (3)

where I(θ) is the intensity at a specific polariser angle, A is a factor proportional to the49

degree of polarisation, θ the polariser angle, ψ the azimuth, and c as a factor proportional50

to I. The bounds of the fit were 0 < A < 5, −π
2 < ψ < π

2 , and −5 < c < 5 with an initial51

guess of A = 1, ψ = 0, and c = 1. In all cases, these were the values used for all pixels.52
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Figure 2. (a) Intensity image of 3D printed targets on a grass field at an altitude of ∼4 m. Inset
shows a photo of the centre of the rectangular target showing the orientation in each quadrant. (b)
Corresponding azimuth map with the colours indicating azimuth angle. (c) Enlarged intensity
image of the targets. (d) Enlarged azimuth image of the targets with black arrows indicating
approximate calculated azimuth orientation.

3. Results and Discussion53

3.1. Orientation Determination54

Figure 2a shows an intensity image, calculated with Equation 1, at an altitude of55

approximately 4 m and the inset shows a photo of 3D printed lines on the rectangular56

target. This height is equivalent to 3 pixels/cm in the image or 6 pixels/cm over57

the full sensor (calculated using the 20 cm diameter circle as reference). Since the58

spacing between the lines are 0.5 mm, the lines are not resolved in the image. Applying59

Equation 2 results in Figure 2b which shows colours representing the azimuth angle60

with 0◦ defined as shown in the bottom left. It’s evident that each quadrant of the61

rectangular target shows a different orientation while the circular target shows radial62

changes. Figures 2c and 2d show enlarged versions of the region of interest with arrows63

in Figure 2d showing approximate azimuth orientation. The azimuth is orthogonal64

to the orientation of the printed lines for both rectangular and circular targets. This65

is in contrast to transmission mode where the calculated azimuth is parallel to the66

alignment [4]. However, the fact that the azimuth is consistent still indicates that the67

4-pol method detects orientation that cannot be resolved by the optics in reflection. It68

also shows that it works in cases where either the detected features are much smaller69

or much larger than the wavelength of the probing light. The difference is azimuth70

alignment might be due to the illumination from the sky since polarisation varies with71

angle from the sun [7].72

3.2. Data Processing Method73

There are cases where there is low signal to noise, the angle of a polariser cannot be74

set precisely, or where the polarisation combinations are not 45◦ apart. The analytical75

method cannot accommodate these and so curve fitting can be used to determine the76

azimuth and intensity. This comes at a time cost however. While Equations 1 and 277

can be vectorised so the calculation can be performed on an entire image at once, curve78

fitting needs to be done for each pixel. As a single thread process, the analytical method79

takes < 1 s to process 1 frame. The same frame using curve fitting takes over 3 hours.80

While the fitting method is slow, it ultimately returns the very similar results to the81

analytical method, when the bounds are set correctly. Figure 3a shows an enlarged crop82

from Figure 2b and Figure 3b shows the same area but calculated by fitting each pixel.83

At a glance, they are indistinguishable however Figure 3c shows that there are several84

pixels which are different. These differences are not very significant as the proportion of85

pixels that don’t agree are few. The time disparity demonstrates that the fitting method86

should only be used when a greater number of polarisation measurements are needed –87

the case where signal to noise is low.88
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Figure 3. (a) Azimuth image calculated using Equation 2 (b) Azimuth image calculated by fitting
Equation 3. (c) Images a and b overlaid with the difference image blend mode showing pixels that
are different as a colour and pixels which are the same as black. Arrows are eye guides to one
pixel which is different.

4. Conclusions89

The 4-pol method was successfully transferred from the infrared microspectroscopy90

beamline to a drone platform. It was shown that orientation could be determined even91

when the aligned features could not be spatially resolved. The calculated azimuth was92

orthogonal to the alignment direction and the reason for this requires further study. This93

is stepping stone towards satellite-based remote sensing using the technique and opens94

up possibilities for ocean monitoring, planetary observation, and astronomy where95

orientation information is important.96
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