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ABSTRACT: This work focuses on the implementation of a structured light projection technique for

the analysis of the 3D vibration modes of microsamples. The Talbot image of a Ronchi grating is

projected onto the sample surface passing through one of the objective tube of a stereomicroscope

thus realising a fringe projection system at a micrometric scale. An aluminium cantilever beam PZT-

driven into harmonic vibration served as test sample for investigating the possibility to get the full-

field vibration modes of micro-objects. An automated Fourier transform analysis of the fringe

patterns was performed to obtain the full-field time-resolved profile information of the sample at

each frame delivered by a high-speed camera with a micrometric resolution. A straightforward

procedure for retrieving resonance frequency for different modes and vibration amplitudes along the

whole sample surface was implemented. The great sensitivity and the full-field capacities of the

proposed experimental procedure allow to put in evidence differences between real and theoretical

behaviours hence could be extremely useful for designing and testing structural dynamic response of

microstructures and micro–electro–mechanical Systems.

KEY WORDS: contouring, optical metrology, profilometry, Talbot fringe projection, vibration

analysis

Introduction

Nowadays, micro–electro–mechanical system (MEMS)

is an emerging technology that introduces several

challenges for their design and testing [1, 2]. From a

structural dynamics point of view, characterisation of

MEMS needs the identification of the resonant

peaks in the vibration spectrum [3]. Experimental

testing of vibration modes of microstructures, in fact,

is demanded for determining the vibration response

level in operation and for validating theoretical and

numerical models. Moreover, experimental mea-

surements are essential to evaluate some dissipative

effects such as fluid/air damping that cannot be

neglected when dealing with micro-featured

structures.

Several optical techniques are already available for

measuring out-of-plane vibration of microcompo-

nents. Laser deflection [4] and laser Doppler

vibrometry [5, 6] are simple ad reliable point

measurement methods, while interferometry [7, 8],

electronic speckle pattern interferometry [9, 10],

photomicrography [11] provide a full-field map of

the out-of-plane displacement of vibrating structures.

As quality factors of the resonance describing differ-

ent forms of energy losses can be reliably assessed

only by considering the whole sample surface, full-

field methods are surely to be preferred to point

measurement when dealing with vibration of

microdevices.

In this paper, we explore the possibility to apply a

full-field non-contact optical method based on the

Talbot effect [12] for the measurement of the

vibration shapes of micro-objects. This method

belongs to the fringe projection techniques that

have already been extensively used in the micro-

scopic range for 3D surface contouring with high

lateral and vertical resolution [13–17]. In the pro-

posed set-up, the Talbot image of a Ronchi grating is

projected onto the sample surface passing through

one of the objective tube of a stereomicroscope thus

realising a fringe projection system at a micro-

metric scale. The deformed grating is acquired by a
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high-speed camera; the full-field phase map of the

specimen surface can be straightforwardly obtained

by performing a Fourier transform analysis [18].

System parameters such as grating period, illumi-

nation and observation angles, and calibration

factor then serve to get whole-field topographic

information from phase map hence realising the

vibration 3D profiling of the microobject under

investigation at the video acquisition rate.

Accuracy and resolution of the proposed Talbot

fringe projection system was previously evaluated

by contouring a calibrated sample [19]. Then,

an aluminium cantilever beam undergoing in

harmonic vibration through a piezoelectric transla-

tor (PZT) served as test sample for the dynamic

measurement. Out-of plane shape of the resonant

frequencies corresponding to the flexural vibration

modes can be retrieved by performing a sinusoidal

fitting of topography data for a series of control

points chosen along the specimen surface. It has

been demonstrated that, with the proposed meth-

odology, frequency and amplitude of vibration can

be obtained for all over the surface points with

micrometric resolution.

The Fringe Talbot Projection Profilometer

When a linear grating of period p is illuminated by a

collimated monochromatic beam, multiple identical

images of the original grating are observed along the

path of the light, as shown in Figure 1. These images

are formed without any lenses on integer multiples of

a distance called the Rayleigh distance (D). This

phenomenon is known as the Talbot effect (self-

imaging) and it is caused by the diffraction that suf-

fers the light when pass through the grating [20]. The

Talbot planes are located at distances given by:

Dn ¼ n
p2

k
; (1)

where n = 1, 2, 3,… (order of Talbot planes) and k is

the illumination light wavelength.

If a Talbot fringe image is projected on a surface

target, as shown in Figure 2, fringes are deformed

according to the surface profile [21]. If the object is a

parallel plane to the grating, the fringe pattern will be

identical to this one; but if the object has an irregular

topography, the observed fringe pattern will present

Figure 1: The Talbot effect produced when a grating is illuminated by a collimated wavefront
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Figure 2: Setup of the Talbot-projected fringe profilometry
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a deformed Talbot fringe image. This image is a

codified optical signal and is captured by a charge-

coupled device (CCD) camera for posterior digital

processing. CCD get a fringe pattern phase modu-

lated which is modelled by

Iðx; yÞ ¼ Aþ B cos
2p
px

x� zðx; yÞ tan b½ �; (2)

where A and B are constants related to the target

reflectivity with bias and modulation index, respec-

tively. px = p/cosb is the observed period. This phase

modulated fringe pattern should be digitally treated

by several methods like that of the reference [18] to

extract the optical phase map and afterwards the

target profile from the unwrapped phase. The height,

z(x, y), to optical phase, /(x, y), relationship for this

case is given by [18]:

zðx; yÞ ¼ D/ðx; yÞ
2pm0d þ /ðx; yÞ ; (3)

where D is the distances between a reference plane

and entrance pupils of the projection and viewing

optical systems, d is the distance of separation of

entrance pupils of the projection and viewing optical

systems, and mo is the observed grating frequency.

The Stereomicroscopic System

Figure 3A shows a scheme of the experimental ste-

reomicroscope used to recover static and dynamic

profiles of surface target. A 4 mW, 0.633 lm wave-

length He–Ne laser is employed as illuminating

source. The laser beam is expanded by a 40· micro-

scope objective and filtered by a 15-lm diameter

pinhole. A 5 cm diameter and 15 cm focal length

collimating lens is employed to illuminate a Ronchi

grating. To facilitate the illumination and observa-

tion of the surface object, a ZEISS stereomicroscope

(Carl Zeiss Microimaging GmbH, Jena, Germany),

Stemi 2000-C model (Carl Zeiss Microimaging

GmbH) (Figure 3B) is employed. Stereo angle can be

tuned from 11� to 16º and magnification of the

microscope’s objective runs from 0.65· to 5·, because

the microscope has a zoom assembly. Distance work

to the maximum amplification is 3 cm and mini-

mum vision area is 235 lm2.

One of the oculars (actually without it) is used for

illumination and the other one for observation.

Before capture the fringe pattern on the surface tar-

get, it is illuminated with white light to obtain the

best focus. After, the target is illuminated by the

Talbot fringe pattern moving the grating up to it is

observed clear. In this case observed target by the

microscope ocular imaging a reduced size Talbot

plane. This means that this part of the microscope is

used in inverse form. As a result, grating frequencies

up to 100 lines per mm can be seen. Image of the

fringe pattern produced by the observation ocular is

captured by a 640 · 480 pixels digital CCD camera.

Images are digitised in 512 · 480 and 8 bits.

Projected Fringe Pattern and the Fourier
Method

When a Ronchi ruling is projected on a homogenous

cantilever which is subjected to harmonic vibration

(Figure 4), its behaviour can be considered as a time-
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Figure 3: The stereomicroscope used for Talbot-projected imaging and vibration analysis. (A) Experimental scheme, b is the stereo

angle. (B) Internal scheme, ZEISS stereomicroscope, Stemi 2000-C model
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varying interference pattern that contains a constant

carrier frequency in the horizontal direction, given as

[22]:

I x; y; tð Þ ¼ a x; yð Þ þ b x; yð Þ cos / x; y; tð Þ þ 2pl0x½ �; (4)

where a(x, y) and b(x, y) are not time-dependent and

are interpreted as the background and modulation

intensities, respectively, /(x, y, t) is the phase function

at instant t, interpreted as the deformed grating on

the cantilever surface. It should be pointed out that /

(x, y, t) also depends of the geometry of the experi-

mental setup (Figure 4). The angle b, is that made

between optical axes of projector and CCD camera. /

(x, y, t) depends on Ronchi ruling period P = 1/lo,

being lo the carrier frequency. For a point (x, y) on the

harmonically vibrating cantilever, the value of the

phase is changing with time from maximum to mini-

mum values as a result of the varying amplitude. Then,

the phase measurements will give directly the canti-

lever contour from a vibration resonant mode.

To avoid time averaging, it is necessary to consider

that the integration time of the CCD camera is

smaller than the temporal period of the vibration

cycle. Actually, this integration is 1/800 of a second

[22]. Then, under this condition, any captured CCD

frame of the fringe-projected pattern on the cantile-

ver can be modelled as an interference pattern just as

that expressed by Equation (4), that means,

Ik x; yð Þ ¼ a x; yð Þ þ b x; yð Þ cos /k x; yð Þ þ 2pl0x½ �; (5)

where the subscript k, is a positive integer that indi-

cated the k-th captured pattern Ik(x, y) = I(x, y, tk) at

time t = tk. The term 2plox should not be larger than

a(x, y), b(x, y) and /k(x, y) because the pattern of

Equation (5) does not have a monotonous comport-

ing, but it behaves according to the profile of the

natural resonant mode of the cantilever.

To use the Fourier method [18], Equation (2) can be

rewritten as

Ik x; yð Þ ¼ a x; yð Þ þ ck x; yð Þ exp i2pl0xð Þ
þ ck � x; yð Þ exp �i2pl0xð Þ; (6)

where i is the unit imaginary number given by �)1,

the symbol * denotes the complex conjugated of

ck(x, y), i.e.

ck x; yð Þ ¼ 1

2
b x; yð Þ exp i/k x; yð Þ½ �: (7)

The Fourier transform ~ikðl; yÞ of the recorded inten-

sity distribution Ik(x, y) is given by

~ik l; yð Þ ¼ ~Aðl; yÞ þ ~Ckðl� lo; yÞ þ ~Ck � ðlþ lo; yÞ: (8)

As cited above, a(x, y), b(x, y) and /k(x, y) vary

slowly compared with the carrier frequency lo, hence

the spectra are separated from each other by the

carrier frequency lo. One of the side lobes is weighted

by the Hanning window and translated by lo toward

the origin to obtain Ck(l, y). The central lobe and

either of the two spectral side lobes are filtered out by

translating one of the side lobes to zero frequency.

Taking the inverse Fourier transform of Ck(l, y) with

respect to x yields c(x, y). The phase distribution can

then be calculated point wise using the expression

/k x; yð Þ ¼ tan�1 Im ckðx; yÞ½ �
Re ckðx; yÞ½ �

� �
; (9)

where Im[ck(x, y)] and Re[ck(x, y)] denote the

imaginary and real parts of ck(x, y), respectively. As

the phase calculated results in values ranging from

)p to p, the phase distribution is wrapped in this

range and consequently, phase unwrapping has to be

carried out to remove any 2p phase discontinuities.

The local displacement of the object can be evalu-

ated analyzing the phase value distribution of

neighbouring points. For each k-th frame can be

calculated the phase value distribution and obtain

the contour or shape of the cantilever. In this case,

phase value distribution was compared with a refer-

ence phase at time t = 0, that means by the cantilever

in rest.

Calibration

The system shown in Figure 3 was mounted and then

characterised in terms of such performance charac-

teristics of longitudinal and transverse resolutions.

We have also carried out calibration tasks for both

y

x L

Ronchi
grating Projector CCD camera

Homogenous
cantileverb

z

Figure 4: Experimental schematic setup, a Ronchi grating is

projected on a homogenous fixed-end cantilever beam of

length L and the image is captured by a CCD camera. Optical

axes of the projector and CDD form an angle b. Projector

optical axe is placed along the z-axis
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transversal and longitudinal directions for a fixed

field of view of 2500 lm2.

Longitudinal and transverse resolution

The point spread function (PSF) is a measurement

characterising the microscope imaging resolution.

Theoretically, the transversal resolution is given by

[23]:

rx;y ¼
0:61 k

NA
; (10)

and the longitudinal by:

rz ¼
2 k

NA2
; (11)

where k is the wavelength of light and NA is the

numerical aperture of the objective lens, which is the

sine of half of the observation angle of the lens mul-

tiplied by the index of refraction, n, of the material that

is in between the lens and the sample. These limits,

known as the diffraction limit, form the starting point

for the struggle to improve the resolution; the nar-

rower the PSF of a system, the better the resolution that

can be achieved. Equations (10) and (11) are satisfied in

the theoretical limit, that is, when the global optical

system of the microscope is limited by diffraction.

These same limits, in particular the traverse one, has to

satisfy the Nyquist criterion to be able solve the pro-

jected fringes on the CCD array sensor matrix.

Transversal calibration

To determine the viewing area size observed for dif-

ferent magnification given by the microscope zoom

assembly, a resolution certificated card was used.

Images of the resolution card were digitised for three

different magnifications as shown in Figure 5. In

each case, was possible to determine the fringe pat-

tern frequency and the total field of view.

From this, the magnification factor, 1.25·, is main-

tained for running all the tests. In fact, as the control

of the objective magnification is continuous, to find

the exact value of the magnification factor, a digitised

image of the resolution card was processed by a simple

MathCad� routine based on a threshold operation, in

addition to the physical dimension of the digitised

image pixel, which is 2.72 lm. Under these consid-

erations, the pitch of the observed projected fringe

pattern was calculated to obtain P = 15, 06 pixels

which correspond to 40.96 lm. Based on these con-

siderations, a calibration factor (CF) of 2.72 lm per

pixel is taken. As the stereo angle of the microscope

cannot be known with a great precision (it can be

tuned from 11� to 16�), an inverse procedure was

implemented to find the exact value of the angle

involved for the measurement. This will be described

below. Table 1 gathers all the parameters involved in

the experiment for the traversal calibration.

Longitudinal calibration

As fringe projection is a geometric optical approach

for 3D measurements of surfaces and components,

the basic principle is the triangulation and it is well

described elsewhere [15, 16, 24]. A structured light

distribution is imaged onto the surface under a

certain angle of incidence. The pattern is observed

by a CCD camera from a different direction. In case

of testing microstructures and microdevices, it is

useful to take telecentric or at least nearly telecentric

objectives for the illumination as well as for the

detection. In this case, the relationship

zðx; yÞ ¼ /ðx; yÞpproj

2p tan b
; (12)

is accepted. Being b the global angle between pro-

jection an observation direction respect to the surface

target normal and pproj is the projected grating pitch.

As is mentioned above, the stereo angle of the

microscope cannot be known with a great precision.

(A) (B) (C)

Figure 5: (A) Resolution area 3338 mm2 and frequency 5 lines per mm; (B) 1,540 mm2 and 10 lines per mm; and (C) 235 mm2 and

18 lines per mm
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An inverse procedure was implemented to find the

exact value of the angle involved for the measurement.

A perfectly flat plane was mounted on a micrometric

translational stage and progressively moved in the

z-direction of five 10-lm steps. The micrometric stage

possesses a 1-lm resolution (10 lm division on the

main micrometer plus a decimal nonio, hence ±1 lm

precision). The phase maps obtained were elaborated

by the Fourier transform method [18] and the z(x, y)

map of the surface was obtained. While converting

phase values in coordinates, an optimisation proce-

dure was utilised to find the value of the projecting

angle that minimise the error between calculated and

target values. In particular, data points were first fitted

with a plane and the relative distance between steps

was calculated in function of the b angle. Then, itera-

tively, b was changed until the measured distance

showed the minimum error with the expected 10 lm

value. The optimisation problem has been formulated

and solved with a Sequential Quadratic Programming

(SQP) [25] routine, available in Matlab� (The Math-

Works, Inc., Natick, MA, USA). SQP is a powerful

optimisation technique, which employs quadratic

approximations of cost function and linear approxi-

mations of constraints.

The problem is hence formulated as

Min WplaneðbÞ ¼
1

N

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiXN
j¼1

axj þ byj þ czj þ d
� �2

vuut
2
4

3
5 (13)

where N is the number of control points, are the

coefficients of the ideal plane equation and xj , yj , zj

are the optically measured coordinates of the j-th

control point. The goal is to find b angle value that

ensure the best fit between theoretical and measured

geometry of the calibration target.

Optimisation brought to obtain an angle bopt =

10.86� that has been used to plot experimental data

(Figure 6). As it can be noticed by looking at the

measured x–z profiles plotted in Figure 7, planes

result slightly inclined. This is probably to ascribe to a

not perfect alignment of the micrometric stage with

the z-direction. However, the mean distance between

parallel planes calculated over more than 3000 con-

trol points results to be 10 lm with a standard devi-

ation of 0.6 lm. Figure 6 shows stepwise planes

obtained by moving the micrometric translational

stage which progressively is moved in the z-direction

of five 10-lm steps. Profiles of the corresponding

planes of Figure 6 are shown in Figure 7. As it is

noticed, Figure 7 shows inclined planes, this is

probably to human error. The plate was mechanically

fixed by necked aye. However, this is a systematic

error, which can be investigated to have a correction

factor. And even this way, the inclination is quite

small, of the order of 0.25�, which gives filling that at

a big distance a bothersome amplification. Under

these circumstances, it is possible to have accuracies

of 1% laterally and 1–2% axially relative to the

volume of the work space.

Vibration Analysis

To investigate the possibility to apply the pro-

posed procedure for the dynamic profiling of

vibrating structures at microscales, an aluminum
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Figure 6: Stepwise planes obtained by moving a micrometric

translational stage

Figure 7: Profiles of the stepwise planes of Figure 6

Table 1: Calibration parameters

Magnification factor 1.25

Pixel size 2.72 lm

Projected pitch 15.06 pixels

Projected pitch 40.96 lm

Calibration factor 2.72 lm per pixel

Projection optimised angle b* 10.86�

*Optimisation process is described in Longitudinal calibration section.
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beam (3960 lm long, 700 lm wide and 7 lm thick)

cut from a very thin aluminium foil was glued on the

top of a piezoelectric translator to realise the well

theoretically known conditions of a vibrating

clamped-free cantilever beam (Figure 8).

The best choice of optical and video-acquisition

set-up parameters to get the desired sensitivity have

been evaluated by performing a previous modal

analysis with the commercial general purpose FEM

code ANSYS� to evaluate the expected natural fre-

quencies and vibration amplitudes of the structure

(Figure 9). The numerical model included 1276

nodes and 570 SOLID45 elements; aluminium

material properties have been assigned to the model

(Young’s modulus E = 70d + 9 N m)2, Poisson’s ratio

m = 0.35, mass density q = 2700 kg m)2); kinematics

constraints reproduced experimental testing condi-

tions. Modal analysis brought to find the first natural

frequency at f num
n = 373.46 Hz. A very close result has

been obtained by using the well-known equation for

calculating the natural frequencies of a beam:

xn ¼ a2
n

ffiffiffiffiffiffiffi
E J

q A

s
; (14)

where, in the case of a cantilever beam, the boundary

constants an are solutions of the equation:

cosh anLð Þ cos anLð Þ ¼ �1; (15)

where E is the Young’s modulus, J the momentum of

inertia, q the mass density, A the beam cross section

and L its length. Equation (14) leads to find the first

natural frequency at f th
n = 367.34 Hz. This pre-

liminary analysis provided information to be used in

defining testing parameters such as excitation

amplitude ad frequency range.

To perform a sufficient sampling of the first reso-

nance vibration wave f1, a minimum frame acquisi-

tion rate (FAR) of 2f1 is required. The measurement

data reported in this paper have been acquired at a

FAR of 1135 fps. To obtain this camera FAR value, it

was necessary to restrict the captured area to a central

portion of the sample (5 · 1280 pixels) to get a sat-

isfactory fringe visibility. However, pilot measure-

ment carried out at lower FAR showed that captured

data are sufficient to describe the flexural behaviour

of the whole beam because deformation is fairly

uniform along the beam width.

Based on fringe projection using the stereo-micro-

scope described in The stereomicroscopic system

section, an unmagnified Talbot self-image of a Ron-

chi ruling is imaged on the cantilever surface through

one of the microscope oculars. The deformed fringe

pattern is observed through the other microscope

ocular on which the high-speed CCD camera is

mounted to digitise the deformed fringe pattern.

Digital fringe processing based on the Fourier meth-

od is carried out to have wrapped and unwrapped

phase images for mapping to the measured profile

(Figure 10).

The whole sample surface was previously focused

under white light and its dimension and integrity

was carefully checked before testing. Then, illumi-

nation was switched to laser light and the Al micro-

cantilever was excited through the PZT actuator by

applying a sinusoidal voltage generated by an EZ

Digital (model FG-8002; EZ Digital Inc., Torrance,

CA, USA) waveform generator. The displacement

induced by the PZT translation (5 lm peak to peak)

Figure 8: The aluminium micro-cantilever beam glued on the

end of a PZT, used as sample for vibration analysis

Displacement
Step = 1
Sub = 1
Freq = 374.463

x

Figure 9: FEM simulated contour shape at the first resonance

frequency

� 2009 The Authors. Journal compilation � 2009 Blackwell Publishing Ltd j Strain (2009) 45, 249–258 255

R. Rodriguez-Vera et al. : Vibration Analysis at Microscale



was set to lie below the sensitivity of the system. In

this way, only when the first resonance frequency

was encountered a large shift of the projected fringe

pattern was easily distinguished close to the beam

free end. As the chosen magnification factor allowed

framing the whole specimen surface, no phase

ambiguities because of 2p jumps arose being the

deformation continuous from the fixed constrained

edge. For each acquired image, the phase map was

extracted (as the example in Figure 10) by performing

a Fourier Transform analysis because it is a robust

method that requires only one image [18]. In fact,

even if phase-stepping methods could have the

advantage to eliminate aberration errors, they require

N > 3 images for each deformed state thus cannot be

implemented when real-time measurements are

entailed. In addition, the efficient filtering capabili-

ties of the FT method allow removing laser speckle

noise. A straightforward and fast unwrapping algo-

rithm ‘by lines’ was sufficient to recover the /k(x, y)

map because of the straight nature of the fringe pat-

tern. The entire procedure for processing the fringe

patterns was coded in the Labview� (National

Instruments, Austin, TX, USA) environment.

From phase values, the desired time-resolved beam

profile was obtained (Figure 11) and amplitude versus

time raw data related to five control points along the

longitudinal beam section as indicated in Figure 11

were plotted into a graph. As expected, edge effects

resulted in high errors close to the borders, thus dis-

placement has been evaluated for a set of control

points located at a proper distance d from the edges

(d = 800, 1300, 1800, 2300, 2800 lm from the con-

strained end; points G, J, K, L, M, respectively).

The optically measured data were fit to the equa-

tion of a sinusoid by a Least Square Error (LSE)

approach coded in the Matlab� environment (Figure

12). The fitting process served to find frequency,

amplitude and mean value of the oscillation for each

control point considered for the analysis. More pre-

(A)

(B)

(C)

Figure 10: Optical experimental results for the first vibration mode of the micro-cantilever beam. (A) Projected fringe pattern;

(B) wrapped phase map; and (C) unwrapped phase map

Figure 11: Time-resolved profiles of the vibrating micro-can-

tilever beam (continue lines, no smoothed) and control sec-

tions (dashed lines) for the analysis of vibration frequency and

amplitude

Figure 12: Measured oscillation of the microbeam at five

control points fitted with sinusoidal waves (FAR = 1135 fps)
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cisely, the parameters defining the sinusoidal wave

(i.e. frequency f1, amplitude Ia, mean value Im and

initial phase /) have been included as variables in the

LSE problem aimed to minimise the difference

between the j-th measured oscillation zex
j and the

theoretical counterpart zth
j at time tj. A number of at

least 20 cycles were considered for the fitting. Once

the optically measured oscillation has been fitted to

the theoretical wave, mean value and deviation of f1
from the theory have been calculated for each mea-

surement point. Fitting error w reported in Table 2

has been calculated as:

w ¼ 1

N

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiXN
j¼1

zex
j � zth

j

� �2

vuut : (16)

From the whole set of measurement, the evaluated

first resonance frequency is f1 = 338.53 Hz (standard

deviation is as small as 0.2). Remarkably, frequencies

of waves profiles obtained from different longitudinal

section of the sample were perfectly overlapping.

Hence, even a low sampling rate is demonstrated to

be sufficient to catch the beam oscillation (frame rate

was almost three times the unknown frequency f1
thus only slightly greater than the minimum fre-

quency imposed by the Nyquist criterion).

Even if geometrical details of the sample were

carefully taken from optical microscope images and

beam thickness was checked with great precision

with a Mitutoyo digital micrometre (Mitutoyo,

Maplewood, NJ, USA) (with a resolution of ±1 lm)

along the specimen length, there is a slight discrep-

ancy between numerical and theoretical results and

the experimental counterpart. This likely arises from a

series of factors such as: mismatch between geomet-

rical and material parameters of the models and real

properties of the sample, existence of residual stresses

because of sample preparation, air and internal dissi-

pation effects, not perfectly constrained edge, etc.

Because of limitation on the FAR of the camera

used for the test reported in this paper, it was not

possible to profile the second deformed flexural mode

(f2 ffi 2000 Hz). However, the proposed procedure

can be theoretically applied to capture any vibrating

deformed shape if a careful choice of optical param-

eters is done on the basis of the sample dimension

and the required measurement resolution.

Conclusions

In this paper, we presented the application of a

micro-contouring fringe-projection technique based

on the Talbot effect for the dynamic measurement of

the deformed shape of vibrating samples. Once the

system was set-up, a micro aluminium cantilever

beam excited with a PZT actuator was contoured at

the first resonance flexural frequency. Experimental

data were elaborated to find frequency and amplitude

of the oscillation along the beam with lateral and

longitudinal resolutions in the micrometre range.

The strength of this approach consists in the no

contact and full-field features that are particularly

needed when dealing with microstructures. The sur-

face profiles within the whole illuminated area can be

measured simultaneously and no scanning process is

needed thus avoiding errors in estimating relative

phase differences. This feature makes the technique

suitable for studying air damping, residual stresses or

manufacturing faults effect on the quality factors of

vibration. Furthermore, if coupled with suited

numerical or theoretical evaluations, the proposed

procedure could be used to implement inverse char-

acterisation of mechanical properties of thin films or

membranes.
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