
Visualisation: Comparison of 
methods
Luminance camera (LumCam) vs 
Goniometer (GON360)
• Recommended source angles:

10°, 20°, 30°, 40°, 50°, 60°, 70°, 80°
• Maximum reflection for each source angle.
• Display as a function of the source angle as 

luminance in [cd/m²].
• One may have to account for reflection 

maxima at non-specular angles.
• Limit for absolute glare: 100 000 cd/m².

Determination of reflection characteristics

State of the art
• The legal framework for glare assessment is inconsistent and lacks clarity.
• No standardized method exists for measuring glare properties of roof and 

façade materials.
• Special PV front glasses, like textured glass, show low glare risk.
• Many façade materials reflect more light than low-glare PV modules.
• Glare assessment involves a 2-step process:

1. Determination of reflection characteristics.
2. Simulating sun paths and resulting glare effects at observation sites.

Glare definitions
• Glare is a visual disturbance caused by excessive light.
• Absolute glare occurs when the eye's ability to adapt is overstrained.
• Absolute glare occurs at very high luminance values:

10,000 - 160,000 cd/m².
• Absolute glare can result in a direct risk to the eyes.
• Direct glare comes from a primary light source.
• Reflected glare comes from a reflective surface.

Introduction
The glare effect of PV-systems is an increasingly discussed topic:
• Relevant reflection data of PV-modules is often not provided.
• Valuable guidelines for glare assessment are missing.
• This work presents different measurement approaches to quantify and 

describe the glare effect.
• It  provides a guideline for reproducible evaluation of glare from PV-

modules, PV front materials and other materials.
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Physical principles
• Fresnel laws of reflection:

reflections increase with incidence angle
• Specular reflections:

incidence angle = reflection angle
• Diffuse reflections: scattered light
• Spectral eye sensitivity

Geometry of optical light reflections    Normalized eye sensitivity curves    Full solar spectrum,       Illustration of a Goniometer setup      Goniometer       sun protractor
Includes direct (specular) reflections    for day vision (red)       including UV, visible, 

Indoor measurements
• Measuring device:

Gonioreflectometer or imaging sphere
• Artificial light source
• Determination of angular dependent reflectance 

(BRDF)
• Conversion of radiometric units to

photometric units
• Correction for specular reflections*

Outdoor measurements
• Measurement under real sun light conditions
• Equipment: 

1) Rotating sample holder and solar protractor
2) Luminance camera and ND filter
3) Luxmeter with an aperture for direct sunlight

• Normalization to maximum sun light
• Correction for specular reflections*

Visualisation: Comparison tempered glass 
(window glass) vs PV front materials

Mathematical representation
Indoor goniometer based measurement

Emeas(λ, 𝜗in, 𝜗out)=Rmeas (λ, 𝜗in, 𝜗out)*AM1.5G(λ) [W/m²]

Emeas  … Irradiance normalized to AM1.5G 𝜗out … Measurement angle

λ … Wavelength Rmeas  … Measured reflectance values 

𝜗in … Illumination angle    AM1.5G … Global horizontal irradiance spectrum

Ephot(𝜗in, 𝜗out )= 𝐾 ∙ 380𝑛𝑚׬

780𝑛𝑚
𝐸𝑚𝑒𝑎𝑠 λ,𝜗in, 𝜗out

 . V(λ) dλ  [lm/m²]  

Lphot(𝜗in, 𝜗out) = 
Ephot(𝜗in, 𝜗out)

Ω
mess

 [cd/m²]  For diffuse reflecting surfaces

Lphot(𝜗in, 𝜗out) = 
Ephot(𝜗in, 𝜗out)

Ω
SUN

 [cd/m²]  For specular reflecting surfaces*

Ephot  … Illuminance, irradiance converted in photonic units with respect to the eyes sensitivity for day vision
V  … Normalized eye sensivity curve for day vision
K = 683 lm/W
Ωmeas  … Solid angle of the measuring device 
ΩSUN  … Solid angle of the sun

Outdoor luminance measurement

ρp = 
𝐿𝑅−𝐵

𝐿𝑆−𝐵
   

𝐿𝑆−𝐵 = 
𝐸𝐷𝑁𝐼

𝜔𝑆
  

𝐿𝑅 = ρp ∙ 𝐿𝑆−𝑀  
    For diffuse reflecting surfaces

𝑓𝑆 = 
𝜔𝑀𝐺

𝜔𝑆
   

𝐿𝑅 = ρp ∙ 𝐿𝑆−𝑀 ∙ 𝑓𝑆     For specular reflecting surfaces*

ρp … Reflection factor 𝜔s … solid angle of the sun
LR−B … Reflected luminance 𝐿𝑅 … luminance of the reflector in maximum sunlight
LS−B … Incident luminance LS−M … maximal solar luminance (1.600.000.000cd/m²)
EDNI … measured illuminance of the direct sunlight 𝜔MG … solid angle of the measurement device 
         fs … correction factor for specular reflecting probes

and scattered (diffuse) reflections. and night vision (blue). Source: Wikipedia   and infrared irradiance. Source: Wikipedia 

Conclusion and discussion
 Required:

• Standard for glare evaluation of surfaces.
• Consistent rules for tolerable glare effects.

Proposed:
• Definition of the absolute glare limit: 

100 000 cd/m².
• Legal framework for the glare effect of all façade and 

roof surfaces including PV-modules.
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