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Abstract – Microgrippers (MGs) are Micro Electro-
Mechanical System (MEMS) devices able to 
manipulate cells and micrometric objects. In order to 
carry out their functional characterization, a 
comparison between two electrostatic rotary comb-
drives actuated prototypes with different geometries 
through an image analysis-based method is 
proposed. This study aims at evaluating and 
comparing the MGs displacement as a function of the 
supply voltage. The two investigated geometries are 
equipped with a single rotary comb-drive and a 
double rotary comb-drive actuation. MGs data have 
been collected through a trinocular optical 
microscope with a digital camera and processed by 
means of an algorithm implemented ad hoc in 
MATLAB. Based on the promising results obtained, 
further studies are going to be carried out by 
including other geometries and improving the 
experimental setup and implemented method. 

 I. INTRODUCTION 

Microgrippers (MGs) are devices that are part of the 

class of MEMS (Micro Electro-Mechanical System) 

devices. These devices require micro-actuators to move 

the gripper jaws, thus offering a wide range of possible 

applications, especially in the biomedical sector [1-3]. 

In literature, there are studies on different types of 

micro-actuators, based on different operating principles, 

i.e., electrostatic, electromagnetic, electrothermal, 

piezoelectric, and shape memory alloys [4-6]. The MG 

prototypes under examination are equipped with 

electrostatic rotary comb-drives and Conjugate Surface 

Flexure Hinges (CSFHs) and fabricated monolithically 

on a Silicon-on-Insulator (SOI) wafer with an aluminum 

hard mask, through a process of Deep Reactive Ion 

Etching (DRIE) [9-10]. Previous studies available in 

literature [11-12] have presented a theoretical 

formulation describing the electrostatic torque exerted 

by rotary comb-drives, which is a function of the 

geometric characteristics of the micro-actuator, whose 

nominal values have been reported in Table 1, and the 

square of the supply voltage and have evaluated the 

displacement as a function of the latter [13-15]. This 

preliminary study, based on image analysis method, 

aims to investigate the design of MG prototypes by 

analyzing the relationship between gripper tips 

displacement and the number of active micro-actuators, 

as a function of supply voltage and to verify if doubling 

the electrostatic torque applied by the comb-drives, the 

prototype displacements double, as assumed by the 

theoretical model [9-12]. In particular, the two Devices 

Under Test (DUTs) are two new-concept MG prototypes 

composed of a double four-bar linkage in a mirroring 

configuration actuated by electrostatic rotary comb-

drives. The main difference between the two 

investigated geometries is the comb-drive number: the 

first prototype (Fig. 1a) is actuated by a Single Rotary 

Comb-Drive (SRCD), while the second one (Fig. 1b) by 

a Double Rotary Comb-Drive (DRCD). 

  
(a) (b) 

Fig. 1. Geometry comparison between (a) single and 
(b) double rotary comb-drive actuated microgripper. 
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 II.  MATERIALS AND METHODS 

In order to evaluate the functional characteristics of the 

two DUTs, different videos have been acquired using a 

trinocular optical microscope equipped with a digital 

camera and the corresponding data have been processed 

by a measurement procedure implemented by the 

Authors in MATLAB. In particular, some videos of the 

MG jaws and the comb-drive that the two prototype 

geometries have in common (Fig. 2) have been acquired, 

for the purpose of evaluating the MG displacement. The 

two DUTs have been powered by an Arbitrary/Function 

Generator that supplied a trapezoidal ramp signal, in 

order to assess the displacement as the supply voltage 

increases.  

 A. Experimental setup 
The experimental setup is shown in Fig. 3, while its 

main components have been reported in Table 2, and can 

be schematized considering two main parts:  

� Power supply system, consisting of an Arbitrary 

/Function Generator and a power amplifier for the 

MG prototypes supply signal generation. 

� Image acquisition system, consisting of a trinocular 

optical microscope and a digital camera for 

acquiring videos of the DUTs.  

The MG prototypes have been placed under the 

microscope lens and have been powered through the 

contact of three tungsten needles, positioned by three 

micropositioners. The Arbitrary/Function Generator has 

been configured to generate a trapezoidal ramp signal 

with a 2 s period, thus obtaining for each period a phase 

with a duration of 0.5 s corresponding to the maximum 

supply voltage. The generated signal subsequently has 

been amplified, thus obtaining a supply voltage between 

0 e 20 V peak-to-peak and a digital oscilloscope (Fig. 

3c) has been placed in parallel with the supply circuit in 

order to monitor in real-time the supply voltage 

powering the DUT. Different videos of the DUTs have 

been acquired using the microscope-mounted digital 

camera at a frame rate of 60 fps, and with a duration to 

capture at least thirty periods of the supply signal and 

thirty frames for each period showing the MG at the 

maximum displacement. In particular, videos of the 

Table 1. Microgripper main specifications 

Component SRCD DRCD 
Number of comb-drives 2 4 

Fingers 

Number per comb-drive 64 

Width 4 �m 

Thickness 40��m 

Distance 10��m 

Initial overlapping angle 2° 

Rotor-stator distance 3��m 

CSFH 

Number 8 

Curved beam length 252 ��m 

Curved beam width 5 ��m 

Curved beam thickness 40��m 

Curvature radius 62.5 ��m 

SOI 

Wafer 

Device layer thickness 40��m 

Insulated layer thickness 5��m 

Handle layer thickness 400��m 

Table 2. Experimental Setup 

Device Characteristics 
Arbitrary/ 

Function 

Generator 

Amplitude: 0 to ± 10 V peak-to-peak,  

Frequency: 0.01 μHz to 5 MHz 

Power 

Amplifier 
Amplitude: 0 to ± 20 V 

Light 

Microscope 
Zoom Range: 16�, 20�, 40�, 60�, 80�, 100�  

Light source 
LED Ring Light 

Color temperature: 5600 °K 

Digital 

Camera 

23.3 MP, sensor size ½.3 in, maximum image 

size 5568�4176 pixel 

Image 

Processing 

Software 

In-house algorithm implemented in 

MATLAB (2021b, MathWorks) 

PC 
Intel core i7-4790, 32 GB RAM, Nvidia 

GeForce GTX 960 

 
Fig. 2.  Microgripper geometric characteristics. 

 
Fig. 3. Experimental setup: (a) Arbitrary/Function 

Generator, (b) Power Amplifier, (c) Oscilloscope, (d) 
Light Microscope, (e) Digital Camera, and (f) DUT. 
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comb-drive at 40� magnification and videos of the MG 

jaws at 80� magnification have been acquired for 

evaluating the angular displacement of the micro-

actuators and the gripper tips displacement respectively. 

 B. Video processing 
The collected data have been processed in a MATLAB 

environment. The comb-drive angular displacement and 

the gripper tip displacement have been evaluated 

through a measurement procedure that performs a 

tracking of virtual markers inserted frame by frame 

within predetermined Regions Of Interest (ROIs) as 

shown in Fig. 4 [15-18]. As regards the comb-drive 

videos, the Instantaneous Center of Rotation (ICR) of 

the comb-drive has been obtained on the first frame from 

the intersection of two lines drawn by the operator, and 

the angular displacement has been evaluated as follows: 

where ϑ describes the angular displacement made by the 

comb-drive, that it has been evaluated as the ratio 

between the markers trajectory which describes an arc 

of a circle s, and the radius r, calculated as the distance 

between the ICR and markers x- and y-coordinates. 

Finally, the comb-drive average angular displacement 

and the gripper tip displacement have been evaluated as 

the mean over all acquired periods. 

 III. UNCERTAINTY ANALYSIS 

In order to discuss the obtained results, an uncertainty 

analysis considering the main sources of uncertainty has 

been carried out. In according with the approach 

adopted in [13-15], Type A and Type B uncertainties 

have been combined [19], following: 

Type A uncertainties σA have been evaluated 

considering the standard deviation of the obtained 

results, while Type B uncertainties σB have been 

calculated by taking into consideration the following 

sources of uncertainty present in the measurement chain, 

listed in Table 3: 

� Arbitrary/Function Generator on signal amplitude 

and frequency, reported in the datasheet. 

� Power amplifier uncertainty on amplitude, reported 

in the datasheet. 

� Optical system uncertainty has been overall 

estimated as 1��m. This contribution considers the 

lateral resolution that depends on diffraction and the 

wavelength of the incident light, and the pixel 

resolution [20-22].  

� Video tracking algorithm uncertainty, which varies 

frame by frame and depends on the type of 

considered video, i.e., comb-drive or gripper tip. 

The video tracking algorithm uncertainty has been 

evaluated by the means of a Monte Carlo Simulation 

(MCS) with 104 iterations [23]. At each MCS iteration, 

the number of markers inserted in the ROI has been 

made to vary randomly, thus obtaining a variation of the 

Markers’ Centroid (MC) x- and y-coordinates. 

Concerning the comb-drive angular displacement 

evaluation, since the implemented algorithm requires a 

manual step for the ICR assessment, its contribution in 

s
r

� �
 

(1) 

Table 3. Main uncertainty sources��
Source�� Value 
Arbitrary/Function Generator 

amplitude uncertainty 
±(1% of Vpeak-to-peak + 2 mV) 

Arbitrary/Function Generator 

frequency uncertainty 

±(3 ppm of setting + 2 pHz) 

Aging rate: ±1 ppm/year 

Power amplifier amplitude 

uncertainty  
2 mV 

Optical system uncertainty 1 �m 

Video tracking algorithm 

uncertainty 

It depends on the subject of 

the video and magnification 

level. It has been estimated 

as 0.01° for comb-drive 

videos and 0.1 μm for SRCD 

gripper tip videos and 0.3 μm 

for DRCD gripper tip videos 

respectively 

2 2

T A B� � �� �
 

(2) 

Table 4. Variable settings in MCS 

Data Parameter Distribution 

Comb-drive 

videos 

ICR x-coordinate Normal xICR ± 5 px 

ICR y-coordinate Normal yICR ± 1 px 

MC  x-coordinate Normal xMC ± 2 px 

MC  y-coordinate Normal yMC ± 2 px 
Gripper tip 

videos 

MC  x-coordinate Normal xMC ± 2 px 

MC  y-coordinate Normal yMC ± 2 px 
xICR, yICR, xMC and yMC indicate the ICR and MC average x- 

and y-coordinates which depend on the video of each 

investigated device due to a different frame during the 

acquisition. 

 
Fig. 4. Virtual marker (red) inserted in the ROI 

(yellow) for motion evaluation through video tracking. 
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the uncertainty analysis has been evaluated by varying 

the ICR coordinates according to the distribution 

obtained after performing the ICR evaluation process by 

six different operators, 30 times each. Finally, the 

evaluated uncertainties have been expressed as the 

overall calculated standard deviations and have been 

combined for reporting the measured results referring to 

a single average period. 

 IV.  RESULTS AND DISCUSSION 

In this section, the first obtained results correlated by the 

relative uncertainties are reported and commented. Fig. 

5 shows the comb-drive angular displacements and the 

gripper tip displacement together with their total 

uncertainties obtained applying to the two MGs a power 

supply in the range 0-20 V peak-to-peak. The obtained 

preliminary results reported in Table 5 show that the 

maximum angular displacement corresponds to 0.23° ± 

0.01° and 0.45° ± 0.02° for SRCD and DRCD 

respectively, while the gripping tip maximum 

displacement is 2.5 ± 1.1 μm for SRCD and 5.1 ± 1.1 

μm for DRCD. Therefore, considering the stationary 

part of the curves, due to the maximum supply voltage, 

the average ratio between DRCD and SRCD 

displacement is very close to 2, i.e., 1.93 ± 0.06 for the 

comb-drive angular displacement and 2.0 ± 0.4 for the 

gripper tip displacement. 

 V. CONCLUSIONS 

The present preliminary study focused on the functional 

characterization of two MG prototypes with different 

geometry actuated by electrostatic rotary comb-drives. 

The two investigated devices are made up of a double 

four-bar linkage in a symmetrical configuration and 

respectively equipped with SRCD and DRCD micro-

actuators. In order to evaluate the prototypes functional 

characteristics, videos of the two DUTs have been 

acquired using a trinocular optical microscope equipped 

with a digital camera. The acquired data have been 

processed through an in-house algorithm implemented 

in MATLAB by the authors and the uncertainty analysis 

has been carried out in order to estimate the quality of 

the measurements. For the two examined devices, the 

maximum angular displacement, i.e., at 20 V supply 

voltage, is 0.23° ± 0.01° for SRCD and 0.45° ± 0.02° for 

DRCD with a ratio of 1.93 ± 0.06. On the other hand, 

the maximum gripper tip displacement corresponds to 

2.5 ± 1.1 μm and 5.1 ± 1.1 μm for SRCD and DRCD 

respectively, with a ratio of 2.0 ± 0.4. These preliminary 

results show that, as a first attempt, duplicating the 

number of the active micro-actuators reflects in MG 

double displacements.  

In the near future, it will be important to improve the 

experimental setup and the video processing algorithm 

and to investigate other MG geometries with the aim to 

assess if the CSFHs behavior can be assumed linear as a 

function of the supply voltage, within the considered 

range of displacements, and moreover, to investigate if 

different microactuator geometries also correspond to 

different values of the pull-in voltage [24]. 
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