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Abstract 

Reflection measurements can often be extremely complex, especially in the case of powder 
samples. Powder sample reflectance implies the use of some form of optical filter (glass, PVC, ..) 
which is placed directly on the sample. Given the type of measurements being performed 
(reflectance in the UV, visible or IR range), it is important to use a complementary filter that 
transmits electromagnetic radiation in the part of interest in order to obtain adequate results. 
Each filter has some level of response in different regions of the spectrum that ultimately must be 
taken into account when measuring the reflectance of the selected powder samples in order to 
minimize the impact of the experimental setup on the measurement results. The study examined 
the properties of three filters with different optical characteristics using three different sources 
of electromagnetic radiation (deuterium lamp, tungsten lamp and xenon lamp). Also, two 
geometries of measurement 45 ° / 0 ° and d / 8 ° were used. The obtained results will enable a 
more appropriate selection of a complementary pair, light source-measurement geometry, for 
individual optical filters. 
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Sažetak 

Mjerenja reflektancije često znaju biti izrazito kompleksna, naročito ako se radi o praškastim 
uzorcima. U tom slučaju nuženo je koristiti neki oblik optičkog filtera (staklo, PVC, ..) koji se položi 
direktno na uzorak. S obzirom na vrstu mjerenja koja se provode (reflektancija u UV, vidljivom ili 
IR području), važno je koristiti komplementarni filter koji propušta elektromagnetsko zračenje u 
dijelu od interesa kako bi se dobili adekvatni rezultati. Svaki filter ima neku razinu odziva u 
različitim područjima spektra koju u konačnici moramo uzeti u obzir pri mjerenju reflektancije 
odabranog praškastog uzorka kako bi mogli što više smanjiti utjecaj eksperimentalnog postava na 
rezultate mjerenja. U istraživanju su  ispitana svojstava triju filtera različitih optičkih 
karakteristika pri čemu su upotrijebljena tri različita izvora elektromagnetskog zračenja 
(deuterijska lampa, volframova lampa i ksenonska lampa). Također,  korištene su dvije geometrija 
mjerenja 45°/0° i d/8°.  Dobiveni rezultati će omogućiti prikladniji odabir komplementarnog para, 
izvor svjetlosti-geometrija mjerenja, za pojedini optički filter. 

Ključne riječi: optički filter, reflektancija, geometrija mjerenja. 
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1. INTRODUCTION  

Reflection measurements of different samples can often be quite demanding and 
challenging due to the characteristics of the test sample. If, for example, we consider 
powder samples, their reflectance is impossible to measure directly, and in that case 
optical filter must be used as a cover. 

Optical filter is a device that selectively transmits electromagnetic radiation of certain 
wavelengths [1]. When light interacts with a solid material, the oscillating electric field of 
the incident light couples with dipoles created by charged particles composing the solid. 
The scale of this interaction varies for every material and depends on its chemical 
composition and structural properties. Solid glass excludes rotational degree of freedom 
indicating no contribution from dipole orientation. At the same time there are vibrations 
in the IR and electronic oscillations in the UV and visible area. 

Different measuring conditions have a major influence on the final appearance. The 
measuring geometry is the link between the light source of the colourimeter and the 
sample on the one hand and between the sample and the sensor on the other [1]. A human 
observer may not always know he is permanently influenced by the measuring geometry: 
the light may be diffuse or direct, it will come from a particular direction, the eye will look 
at the measuring sample from a certain angle etc [2]. A 45° / 0 ° geometry is highly 
influenced by both, the diffuse and specular reflectance. Namely, when observating and 
measuring reflectance from a high gloss sample, only the diffuse color reflectance is 
measured. As the sample surface becomes more matte the overall reflectance is more 
influenced by specular and diffuse reflectance. This is why matte samples appear lighter 
compared to a glossy sample surfaces. Therefore, the spectral curve of the matte sample 
runs at a higher reflectance level.  

  

 

Fig. 1: Different measurement geometries  

 

A d / 8° geometry illuminates the sample diffusely using integrating sphere. The 
integrating sphere is widely used for measuring optical radiation thanks to it’s design to 
achieve a homogeneous distribution of the optical radiation by means of multiple 
Lambertian reflections at the sphere’s inner surface [3]. The interior of the sphere is 
coated with a highly reflecting white substance such as barium sulphate. Baffles prevent 
the light from directly illuminating the sample surface. The sample is positioned at an 
opening of the sphere and is illuminated from all directions with a close to perfect diffuse 
light. Differences in surface condition (texture and/or gloss level) cannot influence the 
measuring value. Measurement is conducted by using an 8° viewing angle.  
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Due to multiple reflections and scattering on different borders, it is expected that 
measurements with the integration sphere, under d / 8° geometry, will show significantly 
higher reflectance.  

2.  MATERIALS AND METHODS 

The study examined the properties of three filters with different optical characteristics 
(C1, C2, C3) using three different sources of electromagnetic radiation (deuterium lamp, 
tungsten lamp and xenon lamp). Each of these light sources is recommended by the 
manufacturer (Ocean Optics) for measuring certain wavelengths; in this regard the 
selected deuterium light source is optimal for measurements between 350 and 500 nm, 
halogen light source between 350 and 1100 nm and finally tungsten light source in the 
range from 360 until 1100nm.  

Also, two geometries of measurement 45° / 0° and d / 8° were used. 45° / 0 ° geometry 
included QE6500 Ocean Optics spectrometar, light source, reflection probe and probe 
holder, while the d / 8° used the same spectrometer and light sources, integrating sphere 
and two optical probes. The QE65000 features a Hamamatsu back-thinned detector with 
a 2-D arrangement of pixels (1044horizontal x 64 vertical) that is responsive from 200-
1100 nm. 

After the experimental setup was mounted and calibrated for 100% reflectance, optical 
filters were placed on top of the reflectance standard to measure the influence of the cover 
filter on the reflectance. Obtained spectra are then processed and analyzed. 

3. RESULTS AND DISCUSSION 

The reflection measurement results for 45° / 0° geometry are shown in Figures 1-3. For 
the tungsten light source (Fig. 1), a large scattering in the amount of reflectance light is 
observed. Optical filter C1 reduced the reflectance for nearly 50% in the UV and IR region, 
which approached 40% in some parts of visibale region.  

 

Fig. 1: Reflectance measurements of optical covers with tungsten light source and 45 ° / 0 ° 
geometry 
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Optical filters C2 and C3 showed a much lower reflectance decline (15% for C2 and 25% 
for C3) and followed similar regularity regarding the influence of the filter on the 
wavelength range with a clear drop in the border part betwwen UV and visible region.  

For the tungsten light source (Fig. 2) optical filter C3 proved to be nearly ideal with 
practically negligible variations in reflectance in the given wavelengths range, while the 
optical filters C2 and C3 resulted in 20% and 40% overall reflection drop with the largest 
differences in appearance in the UV part of the spectrum. 

 

Fig. 2: Reflectance measurements of optical covers with deuterium light source and 45 ° / 0 ° 

geometry 

Halogen light source (Fig. 3) proved to be inappropriate for this form of measurements 
since the reflection dropped for more than 90% for all the given combinations. 

 

 Fig. 3: Reflectance measurements of optical covers with halogen light source and 45 ° / 0 ° 

geometry 
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When measuring with the integrating sphere under d / 8 geometry optical filters gave 
significantly different results as it can be seen in Fig. 4-6. In case of tungsten light source 
optical filter C3 proved to be ideal since the obtained reflectance values were 
approximately 100% except in the range of 350-400nm where they were slightly 
elevated. Optical cover C2 also proved to be satisfactory with a uniform reflection of 90% 
with infinitesimal variations in the UV region. At the same time, optical filter c3 showed 
the least consistency as its reflection dropped to nearly 60% in the UV region after which 
it raised to 70% in the visible spectrum and than dropped below 60% in the IR part of the 
spectrum. 

 

Fig. 4: Reflectance measurements of optical covers with tungsten light source and d / 8 ° geometry 

Regarding deuterium light source under d / 8 geometry (Fig. 5) it can be observed that 
optical cover C1 reduces the ratio of reflectance nearly 50% in the UV part of the spectrum 
after which the reflectance ration increases slightly to 60% at 500nm.  

 

Fig. 5: Reflectance measurements of optical covers with  
deuterium light source and d / 8 ° geometry 
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Cover C2 showes similar regularity in the reflectance curve with the reflectance amount 
being higher for approximately 20%.  Optical filter C3 proved to be ideal for this combination 

of light source and measurement geometry which is confirmed by the fact of almost 100% 

reflection in the whole area of the considered part of the spectrum. 

In case of halogen light source (Fig. 6), cover c1 higly reduced the reflectance particulary 
in the UV and IR region (around 40%). Contererey to this, covers C2 and C3 showed a 10% 
drop in reflectance with the cover C3 showing greater consistency throughout the spectrum, 

apart from fluctuations in the 350–400 nm range. 

 

 

Fig. 6: Reflectance measurements of optical covers with halogen light source and d / 8 ° geometry 

 

If we directly compare the reflection percentage of all light source - optical filter 
combinations for a specific wavelength, we can get a clearer insight in the differences 
between optical filters (Tab. 1). Wavelength of 587.6 nm is selected for tungsten and 
halogen light source since inflection point in the reflectance was observed to correspond 
to this wavelength. For a deuterium light source, 355 nm wavelength is chosen. 

 

Tab. 1: Reflection values at 587.6 nm for tungsten and halogen light sources and 355 nm for 

deuterium light source   

Optical 
filter 

R at 587.6nm/% 
(tungsten light 

source) 

R at 355nm /% 
(deuterium light 

source) 

R at 587.6nm /% 
(halogen light 

source) 
45 ° / 0 ° 

geometry 
 

d / 8 ° 
geometry 

45 ° / 0 ° 
geometry 

 

d / 8 ° 
geometry 

45 ° / 0 ° 
geometry 

 

d / 8 ° 
geometry 

C1 59.4 68.2 50.5 52.8 2.8 64.2 

C2 77.6 93 70.4 79 3.9 87.8 

C3 86.4 104.7 83.6 103 2.8 89 
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If we look the overall data, it is evident that optical filter C3 shows optimal properties 
regarding reflectance values for the d / 8° geometry for all three light sources. Also, there 
is the least variation in the reflectance curve along the entire observed region of the 
spectrum indicating the smallest influence on the reflectance of the sample. Considering 
the 45° / 0° geometry, optical cover C3 is somewhat satisfactory in combination with 
tungsten and deuterium light source but not applicable in case of a halogen light source 
due tu high level of light scattering. 

Optical filter C1 is the least suitable for use as a cover since it has the largest oscillations 
in reflectance curve as a consequence of its composition i.e. absorption of certain 
wavelengths. Likewise, this optical filter shows the largest drop in reflectance due to its 
thickness.  

For the remining filter, C2, it can be used in some applications almost with the same 
reliability (d / 8° geometry for halogen light source) as optical filter C1, while in others its 
influence on the measurement cannot be neglected.  

Both C1 and C2 optical filters, as well as already mentioned C3, proved to be inapplicable 
for the halogen light source under 45° / 0° geometry. 

 

4. CONCLUSION 

The use of complementary light source-optical filter setup in reflectance measurement is 
crucial if we want to get reliable measurements primarily when it comes to powder 
samples. Namely, every optical filter has its own optical characteristisc which are 
manifested as a decrease, and and less frequently increase in the reflection in the certain 
wavelength range.  
In the study, three optical filters were examined in combination with three different light 
sources under two mesurment geometries. In general, it can be confirmed that 
measurements with the integration sphere, under d / 8° geometry, proved to be more 
reliable, as expected. Optical filter C3 has proven to be the most universal, and can 
therefore be used in almost all combinations, except halogen light source under 45° / 0° 
geometry. When using the other two filters the complementarity of the filter and the part 
of the spectrum of interest must be considered.  
The obtained results will be used as a discriminatory factor to select the appropriate 
measurement setup in the characterization of the powder samples. 
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