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Abstract

The objective of this work is to perform sky radiarangular distribution measurement using a fighemera. The
imaging system provides hemispherical high dynamige (HDR) sky radiance images at high spatialugisn and

radiometric sensibility, which can be used as cemgntary information for urban remote sensing apfittn such as
shaded surface reflectance retrieval. This comnatioic presents the instrument, the radiometric gadmetric

calibration in detail.

1 Introduction

Solar radiation imaging systems have been develdpednany years for various applications [1]-[6h€T system
developed in [1] focused the relative variatiorradiance and luminance distributions, the absalutéance value was
not used. Some others as [2], [3] were more intedeis total irradiance value, which is the sunpixels in the image,
so the radiometric accuracy at each pixel was dessanding. In this work, our goal was to developyastem for
measuring the hemispherical sky image in absolatkance value using a fish-eye camera to improeestimded
surface irradiance estimation. The imaging systequires a good performance on radiometric resporigaetting
correction and geometric calibration. The calilmatiprocess is similar to some previous works [4]-§6t with
different devices and methods. In this confererthe, instrument, the calibration methods, the perforce of the
system and the result obtained will be presented.

2 Instrument description

The imaging system use an ultra-light smart can@amLight [7], developed at the French Mapping Age(iGN),
which contains a 36 x 24 mm, 5120 x 3840 pixel CN®EVM2000 sensor and a Xilinx Zyng-7030. The CMOS
sensor is advantageous to avoid blooming and sneeaffect compared to CCD sensor. The CamLighoigrolled by
Zyng-7030, a system on chip (SoC) + FPGA based RMAortex A9 running Linux OS and can be connettethe
computer with Wi-Fi or Gigabit Ethernet interfadehe CamLight can perform the acquisition sequenite eifferent
exposure times for HDR capture. The minimum expodime is 100us with a step of s, which is important for
measuring the circumsolar region. The raw imagestared in 12 bits for providing a good dynamitge.

3 Calibration method and results
The calibration process of the camera consisteofrgetric calibration and radiometric calibration.

Geometric calibration includes intrinsic calibraticand in-situ calibration. The objective of intrinsic geometric
calibration is to correct the distortion effect dodens, to determine the direction of incideghti of each pixel related
to optical axis of camera. This calibration wasf@ened using georeferenced ground control pointSR€) (Figure 1)
and the open-source software MicMac [8] beforegkye image acquisitiorin-situ calibration process determines the
orientation of the optical axis related to the #erand calculates the azimuth angle of the pix€has calibration
requires the geographical position of the camedasame points as reference in the images.

The objective of the radiometric calibration is determine the relationship between the radiaho@V/n¥/sr) of
incident light measured by the sensor and its dutgsponse. The pixel value recorded by the seissaresponse of
measured light, modeled as:

Pi,j(li,j't) = r(ll',j . t) + dl,}(t) (1)
Where P, ; is the digital count at j pixel location.; ; is the incident irradiance (WAnon the pixelt is the exposure
time, r is the radiometric response function of sensgy, is the dark response functioniat pixel location.



Figure 1. (A) An image contents GCPs (red circkgdifor camera intrinsic geometric calibration, T8) angle related
to optical axis, from 0° (black) to 90° (red), obtd by intrinsic calibration.

The irradiance on the pixels the product of incident radiantecosine of incident anglé and the solid angl@ :
li,j = Li,j . COS(@,:J') . "Qi,j (2)

That means for given incident radiance, the irnackareceived on the pixel decreases from the dmerger of image
(6 = 0°) to the edge. This phenomenon is called vignettffigct. The vignetting effect is dependent oncdharacters
of objective, especially focal distance and apertliameter. For a given objective configuratior #gnetting can be
described as a 2D modgl;, the relationship between irradiance received tengixel and the incident radiance is
described as:

Lij =V Ly (3)

Dark response; ; is the digital count recorded by camera withowtident light. This response is provided by the
current noise of sensor and related to the cameenpdrature. As the camera temperature increashewgbsure time,
dark response can be described as a functidn e mean dark response values of CamLight's Witk images
vary linearly from 15 to 115 at exposure times magdgrom 1ms to 100ms. The dark corrected pixel valuefj can

be obtained:

Pi(Lij,t) = Pyj = dyj(2) (4)
The radiometric calibration determines the darkpoase function, vignetting model, and the radioinetesponse
function in order to obtain the incident radianami the camera measured digital count:

1
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Wheref = r~1, is a polynomial function.

In this work, the radiometric calibration was cadriout mainly with a Labsphere integrating sphem@ a Labsphere
Unisource 600 lamp. To determine the coefficientsthe polynomial, the camera was uniformly illunted by
Labsphere instruments with a constant radiancendurieasurements. The radiance of incident light mvaasured by
an OceanOptic spectrometer and converted to Carhhagid integral radiancg,.., (W/nélsr):

Loy = [ LA (6)

Where L(2) is the spectral radiance (Witsr/nm) of incident light measured by spectromegéd) is the quantum
efficiency curve of sensor.

Images were acquired with various exposure times 0.1 ms to 100ms. The result of this calibration is shown in
Figure 2 (A and B). We can notice that CamLightviles a very linear response. The dark correctechtcealues
given in Figure 2 were determined by a 5 x 5 eldna@erage taken from the center of the image. Teamabsolute
percentage error (MAPE%) is 0.78%.

The vignetting model was determined by "flat-fielsiages acquired with a spherical light diffuseden opaque
cloudy sky, illustrated in Figure 2 (C and D).

In Figure 3, 2 sky radiance images measured orufi@é 2018 are presented. These images provide thisgigerical
downward sky radiance distribution with good radétric and geometric accuracy.
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Figure 2. (A) Dark noise as a function of expostinge, (B) Linearity of radiometric response of tb@mera, (C)
Measurement of flat-field image using sphericahtidiffuser under opaque cloudy sky, (D) Obtaingghetting map.

Figure 3, Sky radiance images measured on 07 Jutfe 2ITC 10:34 (left) and 12:05 (right).
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