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Abstract 

With a rapid growth in modern optical test and measurement in recent years, Optical 

interference technique has become very important for precise and hyper-precise measurement 

and nano-detection. As one of the most popular technologies, polarization measurement 

(phase measurement) is more and more widely used recently. 

Phase measurement records the intensity of the light under specific angles. It is widely used 

based on the accuracy. However, manual operation on the optical devices will cause large 

measurement error. It’s better to do the measurement by devices itself.  

In this thesis, we have developed a software system which can control the rotator rotating, the 

camera grabbing images and calculating to get the final phase image automatically, by using 

LabVIEW which is a platform and development environment for a visual programming 

language from National Instruments.  

It gains the detailed data which lays the foundation for further researches on image analysis, 

such as remove fringes and only hold the surface image.  
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CCD - Charge Coupled Device 

DC - Direct Current 

EM - Electromagnetic 

G-Language - Graphical-Language 

GigE - Gigabit Ethernet 

LabVIEW - Laboratory Virtual Instrumentation Engineering Workbench 
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1 Introduction 

Modern optical test and measurement is one of the key technologies of precise and 

hyper-precise measurement and nano-detection. Optical interference technique is a main 

branch of modern optical test and measurement. It is a non-contact method with high 

sensitivity and precision. As one of the most popular technologies, polarization measurement 

(phase measurement) is more and more widely used recently.  

In the mean time, the manufacturing industry is meeting increasing demands on higher 

accuracy specifications on surfaces.  

Under the circumstances, the Photonics group at Halmstad University has developed a new 

and robust interferometer which is using polarization of optical waves to measure surface 

accuracy for industrial applications. Our project has been to develop real-time control, data 

acquisition and on- line data reduction for this instrument.  

In this project we use the ready-made set-ups which composed of He-Ne Laser and some 

other equipment, such as polarizer, rotator and wire-grid. Programming in LabVIEW is 

accomplished to control the rotator rotating, the camera grabbing images and calculating to 

get the final phase image automatically.  

1.1 Goals 

In this project, we use graphical programming software - LabVIEW to compose a series of 

programs in order to acquire the image of light scattering on polished surfaces for analysing. 

According to the program, hardware such as CCD camera and rotator, are controlled to 

automatically rotate and save images. Afterwards, we analyse these bleary images on 

LabVIEW platform. The clear phase image under polarization can be obtained in the end. 
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2 Theory 

2.1 Scattering 

Scattering, the absorption and prompt re-emission of EM-radiation by electrons associated 

with atoms and molecules, is the microscopic manifestations of the processes of transmission, 

reflection, and refraction. Scattering changes polarization state, frequency and space 

distribution of light while propagating. Light scattering can be observed frequently in natural 

phenomenon, revealing to us why the sky is blue and blood is red, why your cornea is 

transparent and your hand opaque, why snow is white and rain is not. 

As we know, excited electrons emit light waves, and just so happens, the opposite is true: 

light waves can excite electrons. When electrons are excited by light waves, they jump to a 

higher energy level. When they fall back to their original energy level, the electrons reemit the 

light. This is how scattering happened in detail.  

However, when the light is reemitted by scattering, not all of the energy is given back to the 

light wave; but instead, some is lost to the particle. This will result in a light wave of lower 

frequency and wavelength as described by Compton's shift formula[21]: 

  )12(cos11043.2 3    nmif  

Mechanisms of diffuse reflection include surface scattering from roughness and subsurface 

scattering from internal irregularities such as grain boundaries in polycrystalline solids are 

given to better understand below. 



Polarization Measurement On Polished Surface 

 

3 

 

Figure 1 - Mechanisms of diffuse reflection include surface scattering and subsurface scattering[24] 

2.1.1 Several Types of Scattering 

Rayleigh Scattering 

When light is scattered on an object smaller than the wavelength of light, the process is called 

Rayleigh scattering. Rayleigh scattering intensity has a very strong dependence on the size of 

the particles (it is proportional to the sixth power of their diameter). It is inversely 

proportional to the fourth power of the wavelength of light, which means that the shorter 

wavelengths in visible white light (violet and blue) are scattered stronger than the longer 

wavelengths toward the red end of the visible spectrum. The color of the sky is the direct 

result of Rayleigh scattering of the sunlight. Lower frequency light waves, such as red, are 

able to pass through a network of air particles better than higher frequency light waves, such 

as blue. During the day, the particles in the atmosphere will scatter the sunlight and lower its 

frequency to somewhere in the blue range. At sunset, the light waves from the sun have to 

travel a greater distance to reach us. Because of that, all of the light waves have been scattered 

so much that it lowers the frequency to the other end of our visible range: red.  

Mie Scattering 

Mie scattering is a broad class of scattering of light by spherical particles of any diameter. The 

scattering intensity is generally not strongly dependent on the wavelength, but is sensitive to 
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the particle size. Mie scattering coincides with Rayleigh scattering in the special case where 

the diameter of the particles is much smaller than the wavelength of the light; in this limit, 

however, the shape of the particles no longer matters. Mie scattering intensity for large 

particles is proportional to the square of the particle diameter.  

Tyndall Scattering 

Tyndall scattering is similar to Mie scattering without the restriction to spherical geometry of 

the particles. It is particularly applicable to colloidal mixtures and suspensions.  

Brillouin Scattering 

Brillouin scattering is an effect caused by the χ(3) nonlinearity of a medium, specifically by 

that part of the nonlinearity which is related to acoustic phonons.  

Raman Scattering 

The nonlinear response of a transparent optical medium to the optical intensity of light 

propagating through the medium is very fast, but not instantaneous. In particular, a 

non- instantaneous response is caused by vibrations of the crystal (or glass) lattice. When these 

vibrations are associated with optical phonons, the effect is called Raman scattering.[24] 

2.2 Interference 

Interference is the phenomenon that two or more columns of waves overlap in space to form a 

new wave. For example, separate a light beam from monochromatic source into two beams by 

an optical beam splitter. After that, overlap them in some area. It will easily be found that in 

the overlap region light intensity is not in uniform distribution: The brightness level of light 

fluctuates with its position in space, which means the intensity of brightest area is much 

greater than the original sum of two beams, and the darkest area may be zero. The 

re-distribution of light intensity is called "Interference Fringes". 

When two columns of waves overlap in the same medium, the mass point of medium in the 

overlapping area is deeply affected by these two waves at the same time. The vibration 

displacement of the mass point in the overlapping area is equal to the sum of every wave 

vectors. This is the so-called principle of wave superposition: interference wave produces the 

maximum amplitude when the peaks (or valleys) of the two waves reach the same point which 

is called constructive interference; interference wave produces the minimum amplitude which 

is called destructive interference when the peak of one wave reaches the point where the 

valley of the other wave reaches.  
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In order to observe interference patterns, incoherent light source is used to produce a high 

coherence light waves. There are two ways to achieve this goal. The first is called wavefront 

splitting methods. It uses slits to increase the spatial coherence of light waves. The wavefront 

comes out from the slits roughly in the same phase. According to this method Young's double 

slit experiment obtains high coherence of light waves. The second method is called amplitude 

splitting methods. In this method, light wave is separated by beam splitter into two different 

light waves which are in the same phase. Michelson interferometer is made by using the 

second method. 

 

Figure 2 - Interference pattern (showing the optical intensity) from the superposition of two elliptical 

Gaussian beams under some angle.[23] 

2.2.1 Wavefront Splitting Interference 

Young's Double Slit 

 

Figure 3a - Wavefront Splitting Interference In Young's Double Slit Experiment[20] 

Young's double (Thomas•Young, 1801) slit experiment setup is shown above[20]. 

Monochromatic waves emitted from a point light source transfer to the screen with two slits 

on it. The distances from the point light source to two slits are the same, and the spacing 

between two slits is extremely small. As the distances of point light source to two slits are 

equal, the two slits change to be the secondary monochromatic light source in the same phase. 

The acquisition of interference fringes is displayed on the remote viewing-screen from 

interference of coherent light.  
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Figure 3b - Schematic of Young's Double Slit Experiment[12] 

S0 is the point light source. S1 and S2 are the two slits. To explain easily, the source and slits 

are perpendicular to the paper plate. The origin of viewing screen and the light source S0 are 

on the perpendicular bisector of two slits, S1 and S2. The distance between P and O is x, and 

the distance between viewing screen to the first screen is d0. D is the length between two slits, 

and the length from S1 to P and S2 to P is d1 and d2, respectively. The optical path difference 

between S1P and S2P is  
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The distance between two adjacent bright fringes (or dark fringes) is called fringe separation 

Δx, calculated by formula: 

)52(0 
D

d
x


 

2.2.2 Amplitude Splitting Interference 

Michelson Interferometer 

Michelson interferometer is a typical amplitude splitting interferometer, which divides an 

incident light beam into two beams. That two coherent beams reflected respectively by the 

corresponding plane mirrors, occur the amplitude splitting interference. Adjusting the length 

of interferometer arm and changing refractive index of medium can change the optical path 

difference of two beams, which forms different interference patterns.  

The following figure shows the basic structure of Michelson interferometer. There are two 

light paths between source and detector: one of the beams is reflected to the plane mirror 

above, then back and through the beam splitter to the detector; the other beam go through the 

splitter to the plane mirror on the right side, then reflected twice back to the detector. It is 

possible to adjust the optical path of these two beams by tuning up the spatial position of one 

of the mirrors.  

 

Figure 4 - Schematic of Michelson Interferometer[24] 
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When the two plane mirrors are set strictly perpendicular, the monochromatic light source 

will form equal inclination interference fringes of concentric circles. When adjusting one of 

the mirrors to reduce the optical path difference gradually, the fringes will contract to the 

center until the optical path difference is zero which causes disappearance of the interference 

patterns. If two mirrors are not strictly perpendicular and the optical path difference is small, 

the source will form an interferential fringe of equal thickness, whose fringes is equivalent to 

straight equidistant wedge interference fringes.  

2.2.3 Coherence 

In physics, coherence describes the feature, which is related to wave phase variation, in 

different space and different time during wave propagation. Because of phase differences, the 

superposition of two waves will cause constructive interference or destructive interference. 

Hence, if assume the phase difference between two waves is a constant, the frequency of the 

two waves must be equal, which shows the two waves are coherent.  

Temporal Coherence 

Temporal coherence is a reflection of the monochromatic light wave. Monochromaticity of 

light is better if there is a better temporal coherence. That is, for a column of light wave, it 

produces interference with the delay version of itself, even if the delay is large. Then the 

column of wave or the corresponding wave source is said to have a good temporal coherence. 

For a strict infinite monochromatic wave, no matter how long time it delays the interference 

still happens with itself; however, the interference cannot exist for the wave with limited 

length after a specific period of time. This period of time is called coherence time, which is 

the duration of the light.  

 

Figure 5 - Temporal Coherence of two waves with coherence time τc[24] 

Spatial Coherence 

Spatial coherence[22] means a strong correlation (fixed phase relationship) between the 

electric magnetic fields at different locations across the beam profile. For example, within a 
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cross-section of a beam from a laser with diffraction-limited beam quality, the electric fields 

at different positions oscillate in a totally correlated way, even if the temporal structure is 

complicated by a superposition of different frequency components. Spatial coherence is the 

essential prerequisite of the strong directionality of laser beams.  

Given below are examples to better understand the types of coherence.  

 

Figure 6a - Electric field distribution around the focus of a Gaussian laser beam with perfect spatial and 

temporal coherence.[22] 

 

Figure 6b - A laser beam with high spatial coherence, but poor temporal coherence.[22] 

 

Figure 6c- A laser beam with poor spatial coherence, but high temporal coherence.[22] 
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2.3 Principle of Phase Measurement 

Phase measurement is an important method in modern optical test and measurement with 

which has high sensitivity and precision. In order to use this method, there are two problem 

need to be solved: one is how to achieve phase modulation and the other is how to measure 

and get the phase information. 

2.3.1 Polarization 

The asymmetry between the propagation direction and the vibration direction is called 

polarization, which is the most different property in transverse wave from longitudinal wave. 

In nature, only the transverse wave can produce polarization, so the polarization of light is 

another evidence of the light wave properties. The light, including all directions of transverse 

vibration and the same amplitudes on the plate which is perpendicular to the propagation 

direction, has the symmetry in its vibration called natural light (unpolarized light). Others 

without the symmetry inside are called polarized light. 

Polarization state 

 

Figure 7a – Linear polarization[24]  

In the figure above, the two perpendicular components are in phase. In this case the ratio of 

the strengths of the two components is constant, so the direction of the electric vector (the 

vector sum of these two components) is constant. Since the tip of the vector traces out a single 

line in the plane, this special case is called linear polarization. The direction of this line 

depends on the relative amplitudes of the two components.[24] 
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Figure 7b – Circular polarization[24] 

In this figure, the two orthogonal components have exactly the same amplitude and are 

exactly ninety degrees out of phase. In this case one component is zero when the other 

component is at maximum or minimum amplitude. There are two possible phase relationships 

that satisfy this requirement: the x component can be ninety degrees ahead of the y component 

or it can be ninety degrees behind the y component. In this special case the electric vector 

traces out a circle in the plane, so this special case is called circular polarization. The direction 

the field rotates in depends on which of the two phase relationships exists. These cases are 

called right-hand circular polarization and left-hand circular polarization, depending on which 

way the electric vector rotates and the chosen convention. [24] 

 

Figure 7c – Elliptical polarization[24] 

Another case is when the two components are not in phase and either does not have the same 

amplitude or are not ninety degrees out of phase, though their phase offset δ and their 

amplitude ratio are constant. This kind of polarization is called elliptical polarization because 

the electric vector traces out an ellipse in the plane.  

2.3.2 Phase Modulation Methods  

By using the interferometer, several methods are usually used to modulate the light phase: 

move plane mirror, move grating, use half-wave plate, use acousto-optic or electro-optic 

modulator, or use the Zeeman laser. These phase-shifting devices can produce continuous or 

discrete phase shift between the target beam and referenced beam. All of these methods are 
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effectively changing the frequency of one beam in the interferometer and thus leading the 

phase difference between the two beams into the optical system.  

In this article, the quarter-wave plate and linear polarizer are used for phase modulation. 

A quarter-wave plate consists of a carefully adjusted thickness of a birefringent material such 

that the light associated with the larger index of refraction is retarded by 90° in phase (a 

quarter of wavelength) with respect to that associated with the smaller index. 

 

Figure 8a - Circular polarizer creating left-handed circularly polarized light[24] 

This is done by adjusting the plane of the incident light so that it makes 45° angle with the 

optic axis. This gives equal amplitude o- and e-waves. When the o-wave is slower, as in 

calcite, the o-wave will fall behind by 90° in phase, producing circularly polarized light.  

 

Figure 8b –Circular polarizer passing left-handed, counter-clockwise circularly polarized light[24] 



Polarization Measurement On Polished Surface 

 

13 

On the other hand, when the circularly polarized light is passed through the quarter-wave 

plate, it makes the light into linearly polarized light.  

2.3.3 Algorithm of Phase Measurement 

There are many algorithms for phase extraction, such as synchronous detection, three-bucket 

method, four-bucket method, CARRÉ method and so on. Some of these adopt the phase 

which is known as stepping values in intensity measurement, and the others record the 

integration of intensity while phase shifting. They are all phase shift devices. The formers are 

called stepping phase shift device, while the latter ones are called integral phase shift device. 

Next figure shows the difference between two types of devices: 

 

Figure 9 – A Comparison Of Integral Phase Shift Device and Stepping Phase Shift Device[17] 

(a)Set mirror position in integral phase shift device (b)Detected signals in integral phase shift device 

(c)Set mirror position in stepping phase shift device (d)Detected signals in stepping phase shift device 
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Four-bucket Methods 

According to different devices, the number of required intensity images varies a lot, but at 

least three are necessary. That is because the interference equation has three unknown 

parameters: DC value I0, modulation index of interference fringe γ0, and wavefront phase Φ. 

   )62(),(cos1),(),( 00  ii yxyxIyxI 
 

Phase measurement algorithm used in this article is based on the four-bucket method. For the 

four-bucket, according to the equation (2 - 6), the intensity measurement equation can be 

written as: 
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Where αi = 0, π / 2, π, 3π / 2. Here the traditional four-bucket phase measurement equation is 

given[17]: 
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Stokes Parameters 

To characterize the polarization ellipse three independent quantities are necessary, e.g. the 

amplitude a1 and a2 and the phase difference δ, and the angle χ which specifies the orientation 

of the ellipse. For practical purposes it is convenient to characterize the state of polarization 

by certain parameters which are all of the same physical dimensions, and which were 

introduced by G.G.Stokes in 1852, in his investigations relating to partially polarized light.  
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The Stokes parameters of a plane monochromatic wave are the four quantities[15]: 

𝑆0 = 𝑎1
2 + 𝑎2

2 , 

𝑆1 = 𝑎1
2 − 𝑎2

2 , 

𝑆2 = 2𝑎1𝑎2𝑐𝑜𝑠𝛿, 

𝑆2 = 2𝑎1𝑎2𝑠𝑖𝑛𝛿. 

Only three of them are independent since they are related by the identity： 

𝑆0
2 = 𝑆1

2 + 𝑆2
2 + 𝑆3

2 

The parameter S0 is evidently proportional to the intensity of the wave. The parameters S1, S2 

and S3 are related in a simple way to the angle ψ (0 ≤ ψ ≤ π) which specifies the orientation of 

the ellipse and the angle χ (-π/4 ≤ χ ≤ π/4) which characterizes the ellipticity and the sense in 

which the ellipse is being described. 

Stokes parameters may be also determined in another way.  

If I(θ/ε) denotes the intensity of the light vibrations in the direction making an angle θ with 

OX, when the y-component is subjected to a retardation ε with respect to the x-component, the 

relations are[15]: 

𝑆0 = 𝐼 0°, 0 + 𝐼 90°,0 , 

𝑆1 = 𝐼 0°,0 − 𝐼 90°,0 , 

𝑆2 = 𝐼 45°, 0 − 𝐼 135°,0 = 2 𝐼 0°,0 ∙ 𝐼 90°, 0 ∙ 𝑐𝑜𝑠𝛿 , 

𝑆3 = 𝐼  45°,
𝜋

2
 − 𝐼  135°,

𝜋

2
 = 2 𝐼 0°,0 ∙ 𝐼 90°,0 ∙ 𝑠𝑖𝑛𝛿 . 

Where δ is the phase difference. 

The parameter S0 evidently represents the total intensity. The parameter S1 equal to the excess 

in intensity of light transmitted by a polarizer which accepts linear polarization in the azimuth 

θ = 0°, over the light transmitted by a polarizer which accepts linear polarization in the 

azimuth θ = 90°. The parameter S2 has a similar interpretation with respect to the azimuths θ 

= 45° and θ = 135°. Finally, the parameter S3 is equal to the excess in intensity of light 

transmitted by a device which accepts right-handed circular polarization, over that transmitted 

by a device which accepts left-handed circular polarization. 

The phase difference can be calculated as[15]: 
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𝛿 = 𝑎𝑡𝑎𝑛
𝑆3

𝑆2
= 𝑎𝑡𝑎𝑛

 
 
 
 
 

𝐼𝐿𝐶𝑃 −𝐼𝑅𝐶𝑃

𝐼 0°,0 +𝐼 90°,0 
𝐼𝐿45°−𝐼𝐿135 °

𝐼 0°,0 +𝐼 90°,0 

 

 
 
 
 
 

= 𝑎𝑡𝑎𝑛  
𝐼𝐿𝐶𝑃 −𝐼𝑅𝐶𝑃

𝐼𝐿45°−𝐼𝐿135°
  (2-12) 

It’s the same equation as (2-11). 
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3 Set-ups & Experimental Process 

This experimental system adopts LabVIEW programming software and the platform build 

with optical devices. LabVIEW provides the entire system basic control methods by 

G-language. Optical devices with high-accuracy compose an extremely strict optic platform. 

The set-ups accord with the precise demand by science.  

3.1 Hardware Set-ups 

To build the optical system, precision instruments such as He-Ne laser source, filter, wire-grid, 

beam splitter and rotator are used on the optical table top. The schematic of this system is 

displayed: 

 

Figure 10 -Schematic of Experimental Equipments 
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Figure 10 shows how the laser beam goes through the entire system. Only the peak of Gauss' 

beam from He-Ne laser source is selected for imaging.  

Due to the hardware set-up is ready-made, in this report, only two devices which are 

controlled by LabVIEW are discussed in detail.  

3.1.1 Rotator (PRM1Z8E motorized rotation stage/mount and controller) 

With a depth of only 23 mm (0.9"), the PRM1Z8 is a small, compact, motorized rotation stage 

and mount that accepts Ø1" optics and is based on PRM1 Rotation Mount. Rotation is driven 

via a DC servo motor that is equipped with a 67:1 gearbox and a rotary encoder for accurate 

closed- loop position control. The user can measure the angular displacement by using the 

Vernier dial in conjunction with the graduation marks that are marked on the rotating plate in 

1° increments. The precision DC motor actuator provides 1 arcsecond of resolution over the 

entire 360° of rotation. This rotation stage/mount is also equipped with a precision home limit 

switch to facilitate automated rotation to the zero datum position, thus ensuring absolute 

angular positioning thereafter. The limit switch is designed to allow continuous rotation of the 

stage over multiple 360° cycles. 

The TDC001 DC Servo Controller is the ideal companion for achieving smooth, continuous 

motion that can be automated via the software interface.  

 

Figure 11- PRM1Z8E Motorized Rotation Stage Bundled with T-Cube Servo Controller[18] 
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Specification Value 

Bidirectional Repeatability ±0.1° 

Backlash ±0.3° 

Max Rotation Velocity 25 deg/sec 

Horizontal On-Axis Load Capacity  1.5 kg 

Vertical On-Axis Load Capacity 0.5 kg 

Min Achievable Incremental Motion 25 arcsecond 

Min Repeatable Incremental Motion 0.03° 

Absolute On-Axis Accuracy 0.1% 

Max Percentage Accuracy 0.08% 

Home Location Accuracy ±0.2° 

Range Continuous 

Table 1 - Basic Parameter of PRM1Z8 Motorized Rotation Stage[18] 

3.1.2 CCD Camera (Prosilica GC2450/GC2450C GigE Camera) 

The 5-megapixel GC2450 is a very high-resolution CCD camera with Gigabit Ethernet output. 

The GC2450 has a frame rate of 15 fps at 2448×2050 resolution. The sensor used in the 

GC2450 is the high-quality Sony ICX-625 CCD image sensor that provides superior image 

quality, excellent sensitivity, and low noise.  

 

Figure 12 - Prosilica GC2450/GC2450C GigE Camera[19] 

Specification Value 

Resolution 2448 ×2050 

Sensor Type  
2/3” CCD Super HAD progressive scan Sony 

ICX625 

Pixel Size (µm)  3.45 x 3.45 

Maximum Frame Rate  15 fps at 2448 ×2050 

Lens Mount  C-mount with adjustable back focus  

Digital Interface*  
GigE Vision 1.0 

 

Interface Type  IEEE 802.3 1000baseT 

Exposure Range 25µs to 60s 

Region of Interest (ROI) Independent x and y control; 1 pixel resolution 
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Binning  Independent H and V control 

Imaging Modes External Trigger, Fixed frame rate, Software trigger 

External Trigger Modes 
Rising edge, Falling edge, Any edge, Level high, 

Level low 

External Sync Modes  
Trigger ready, Trigger input, Exposing, Readout, 

Imaging, Strobe, GPO 

External Trigger/Sync Connection 12-pin Hirose 

Monochrome Modes Mono8, Mono16** 

Color Modes  Bayer8, Bayer16 

GPIO  

1 isolated TTL input, 1 isolated TTL output, 1 

non-isolated TTL input, 1 non-isolated TTL output, 

RS232 I/O 

Power Consumption  less than 3.8 W (12V) 

Housing Size  33×46×43 mm 

Weight  106 g 

Conformity  CE, FCC, RoHS 

SDK  Free - includes sample code and driver 

Table 2 - Basic Parameter of Prosilica GC2450C GigE Camera[19] 

3.2 Software Set-ups--LabVIEW Software 

LabVIEW (Laboratory Virtual Instrumentation Engineering Workbench) is a platform and 

development environment for a visual programming language from National Instruments. The 

purpose of such programming is automating the usage of processing and measuring 

equipment in any laboratory setup.[23] 

The graphical language is named "G" . Originally released for the Apple Macintosh in 1986, 

LabVIEW is commonly used for data acquisition, instrument control, and industrial 

automation on a variety of platforms including Microsoft Windows, various versions of UNIX, 

Linux, and Mac OS. 

In this project, LabVIEW software is used for programming to control the rotator rotating, the 

camera grabbing images and calculating to get the final phase image automatically.  
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3.2.1 Process of VI Program 

The process that VI program runs is shown below. After all files are obtained, it should be 

stopped manually by user itself.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 - The Process of LabVIEW Program 
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3.2.2 Introduction of Panels 

Every VI program can be described as two panels - front panel and block panel.  

Front Panel 

The schematic of front panel is shown below: 

 

Figure 14 - Schematic of Front Panel 
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There are three parts mainly in the front panel: 

Part 1: Image Screen. After running the program, the images you get will be displayed on the 

Image Screen one by one. In the rectangle below the screen, some parameters of the image,  

such as resolution and image rate, will be displayed.  

Part 2: User Input Part. This part is divided into several sections. Serial Number is used to 

input the corresponding serial number to switch on the device; Select Camera is used to select 

the right camera you need; Angle #1-#4 is used to input the specific angles which are required; 

Current Angle shows the value of angle while the motor is rotating; To press the Stop button, 

the program will be stopped immediately.  

Part 3: ActiveX Motor Block. This is the display of rotating motor. States like Home/Zero, 

Move and Stop are shown in the ActiveX block.  
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Block Panel: 

The schematic of block panel is shown below: 

 

Figure 15 - Schematic of Block Panel 
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The same with front panel, the schematic of block panel is divided into three sections as well 

and each section has its own important function: 

Part 1: Rotator motor controller. 

 

Figure 16a - Motor Controller Block Panel 

The function of this part is, to switch on the device with right serial number by LabVIEW 

software, and then rotate the angle to zero (home position). After that the program acquires 

the specific angles which user requires and rotator runs to these angles. When any angle is 

reached by rotator, the case loop for grabbing the image starts running. At last program sets 

the rotator to home again after every angle is reached.  
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Part 2: Image Capture 

 
Figure 16b - Save Four Images in Different Specific Angles  

Via the specific logic loop, this part controls the rotator to rotate to the angles which user 

needs respectively. The values of these angles are regarded as the names of final images. 

When rotate to the right angle, the rotator stops, and then the program creates the names of 

images. After that program runs in the case loop and estimates whether there are the same 

image in the folder. If not, it saves the pictures. If so, it jumps to next picture. Save location is 

folder C:\test\, format is 16-bit TIFF image. 

Part 3: Phase Image Analysis 

 

Figure 16c - Phase Image Analysis  
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In this part, program reads the saved four images into memory. It converts these images to 

matrixes and calculates the matrixes by following the formula (2-11): 

















),(),(

),(),(
arctan),(

31

24

yxIyxI

yxIyxI
yx  

After the calculation, program saves the matrix data as a text format file in C:\test\ folder. The 

operation result is converted to image again, which is the phase image. In the end, the image 

is displayed in the screen in front panel and saves as 16-bit TIFF format image automatically 

in C:\test\ folder. 

3.2.3 Procedure of Using Program 

After talking about the functions in panels and the entire process in program, now the 

procedure to use the program is present: 

• Make sure the folder C:\test\ is empty, if not, delete all images. 

• Turn on the laser, camera, and TDC001 motor, and wait seconds for the devices warm up. 

• Open the VI named "controller" , select the specific camera. 

• PS: if it cannot select the right camera, restart the VI and try again. Type the angles which 

are needed into the blanks. 

• Close all lamps in the laboratory, and make sure it's totally dark. Keep away from the 

optical table tops, make sure it's on steady state.  

• Run this VI, the motor will start to work. Then wait until the motor stops automatically.  

• Find the images and matrix data files from the folder C:\test\. 

• Click stop button and stop VI. 

 

 

 

 

 

 

 

 

  



Polarization Measurement On Polished Surface 

 

28 

4 Results 

4.1 Acquire Images in Different Phase Angles 

By running first and second part in block panel of the program, four images with different 

light intensities are saved under the folder C:\test\. They are acquired respectively when the 

angle of rotator is 0, 45, 90 and 135 degree. Figure (part figure) is shown below: 

 

0           45 

 

90           135 

Figure 17 – Intensity Images in Different Phase Angle 

As it shows in the figure, in this experiment, in order to detect the beam quality and to 

observe clear image result, the polished surface in use is scratched artificially. Due to the high 

quality and high resolution (2448×2050) of Prosilica GC2450C GigE Camera, clear fringes 

and surface scratches can be easily observed. 
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4.2 Acquire Phase Image 

After acquiring four images in different phase angles, the program from third part of block 

panel run to analyse these images. They are converted from pixels to matrix values. 

According to formula (2-11), calculation works out and obtains the phase image.  

When the calculation is done, the matrix out from the "atan2" function block should be the 

matrix full of phase angles whose values are around -π to π. These values are extremely small 

comparing with the maximum value in unsigned 16-bit image. Hence, the acquired phase 

image is all dark if this matrix is converted. In order to display a clear phase image on the 

screen at front panel, the matrix should do some other calculations: 

• The matrix values out from "atan2" block are in range [-π，π]. 

• Divide the values by π, then the values are in range [-1, 1]. 

• Multiply the values by 32768 which is 215, so that range changes to [-32768, 32768]. 

• Plus 32768 to values, final range [0, 65536] is obtained which are the entire values for 

unsigned 16-bit image. 

• After reading this matrix, program automatically produces a clear phase image.  

 

Figure 18 - Phase Image with Unsigned 16 bits (Pixel Values from 0 to 65536) 
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4.3 Save Matrix 

In order to check-up the error pixels and provide basic data for the follow-up developments 

and studies, program in use saves the output matrix from "atan2" function block as a text file. 

As shown in figure 16c, this text file is saved in C:\test\ folder as float data which is accurate 

to 5 decimal places. According to formula (2-11), the values in matrix should be in range [-π, 

π].  
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5 Conclusion 

In this article, LabVIEW software has been used to program for the ready-made optical 

system to control it for save the required phase image and matrix automatically. 

This design of LabVIEW program has strict logistic loops and logical control methods. By 

using the prosilica camera, we have captured images with high resolution and good quality. 

Meanwhile, the phase image analyzed by program displays clear fringes and surface scratches. 

Matrix data is saved with high accuracy which is accurate to 5 decimal places.  

These all we have made provide an entire program to measure the light scattering on such 

optical system. In the meantime, it gains the detailed data which lays the foundation for 

further researches on image analysis, such as remove fringes and only hold the surface image.   
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