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Abstract. The aim of this paper is to define role and added value of force feed-

back in executing microassembly tasks, as well as to demonstrate microsystem 

technology based sensing devices which allow registering the relevant forces. 

In executing microassembly processes useful forces to sense are the grasping 

force, i.e. the force with which the object is gripped, and the interaction force, 

i.e. the force resulting from the interaction of the gripped object with the envi-

ronment. Based on a general assembly process analysis, the requirements for 

force sensing are defined. Next, devices are shown which allow the identifica-

tion of the contact forces and object positions. 
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1   Introduction 

In the assembly of microproducts the feedback of the status of the ongoing process is 

a key element for the successful completion of the tasks [1], [2], [3]. This feedback 

can be either visual information or force information. The grasping force monitoring 

(i.e. the force with which the object is gripped) prevents damaging delicate and fragile 

components (such as micro-lenses; micro-capillary-tubes). The interaction force sens-

ing (i.e. the force resulting from the interaction of the gripped object, or the gripper it-

self, with the environment) is useful for speeding up the process and sometimes nec-

essary for successfully completing the tasks (such as peg-in-hole with low clearance, 

engagement of micro-gears). Fig. 1 provides some significant examples. 
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Fig. 1. Operations in which the monitoring of the grasping and interaction forces is important: 

(a) grasping of a fragile micro-cylinder; (b) peg-in-hole task; (c) interaction between the gripper 

and a sub assembled product.  



2   Grasping and Interaction Force Sensing in Microhandling 

Many devices have been developed for detecting grasping and interaction forces in 

microassembly and microhandling.  

The grasping force is usually detected by two fingers mechanical micro-grippers 

equipped with sensors [4], [5], [6], [7], [8], [9], [10]. Some of these grippers are also 

able to sense interaction force, along one degree of freedom (DOF), perpendicular [4], 

[5] or parallel [6] to the grasping plane (i.e. the plane defined by the opening and clos-

ing of the fingers of the gripper).  

The performance of the micro-grippers in terms of stroke, force resolution and 

maximum force depends on the adopted actuators and sensors, the material of the me-

chanical structure of the gripper and the mechanical amplification. Usually, there is a 

trade-off between stroke and force resolution and between maximum force and force 

resolution. This trade off is evident in the two main types of micro-grippers: silicon-

based micro-grippers [5], [6], [9], [10] and hybrid micro-grippers [4], [7], [8]. The 

silicon micro-grippers usually offer the best resolution while the hybrid ones the best 

stroke and the maximum grasping force.  

Silicon micro-grippers are directly fabricated with integrated actuators (electro-

static [9] or thermal [6], [10]) and sensors (piezoresistors [5], [10] or capacitive sen-

sors [6], [9]). In hybrid micro-grippers the mechanical structure of the grippers, the 

actuators (piezo-elements [4], [8], electromagnets [7] or SMA actuators [8]) and sen-

sors (usually strain gauges [4], [8] glued or fixed to the mechanical structure) are pro-

duced separately and then assembled together.  

The selection of one of the two main types of microgrippers, their mechanical de-

sign, the adopted sensors and actuators depends on the microparts to grasp and the 

handling applications. 

The interaction forces sensing along many DOF (till 6) is normally obtained by de-

vices placed in the interface between the gripper and the manipulator supporting the 

gripper [11], [12], [13], [14].  

The performance of the interaction force sensing devices in terms of force/torque 

resolution and maximum force/torque depend both on the mechanical structure of the 

device and the type of sensor used for detect the forces. Usually, the bigger is the 

maximum detectable force and the worse is the sensing resolution. Silicon-based de-

vices with embedded sensors (piezoresistor [12], capacitive sensors [11], or piezo-

electric elements [13]) often present a much better resolution and a lower operational 

range than devices with external strain gauges glued or fixed on them [14].  

3   Force Feedback Requirement Definition  

In order to define the role of feedback in microassembly, and in particular the force 

feedback, Table 1 analyzes an abstract and general microassembly operation. The ta-

ble points out the feedback that can avoid the different failures in exploiting the sub-

tasks. The general microassembly operation is supposed to be composed by four main 

sub-tasks: grasping, moving, positioning and releasing of a micro-part. The available 

feedbacks are visual feedback, grasping force feedback and interaction force feed-



back. For every possible failure, the table reports what is the type of control and the 

required information to detect the failure. Then, it suggests a type of feedback which 

is possibly useful for the control system to take an appropriate action for solving the 

identified failure. For every feedback three different levels of reliability (low, me-

dium, high) are given. This reliability level quantifies the efficacy and the efficiency 

of any feedback in avoiding the particular failure.  

Table 1.  Failures and successes related to feedback in the general microassembly operation. 

POSSIBLE FEEDBACK SUB TASK  TYPE OF CONTROL  FAILURE  INFORMATION 
REQUIRED  Type  Reliability  

ACTION REQUIRED 

visual   low check if the part is 
grasped 

part not grasped  area of contact 
part‐gripper  grasping force  high 

increase the closing 
or the force 

visual (sign on the parts; su‐
perimpose on the part the 
grasping area) 

low  check if the part is 
on the allowable 
grasping surface 

not be able to mount 
the part because it is 
grasped in the wrong 
position 

range of area 
where the part can 
be grasped 

grasping force (grasping po‐
sition/force distribution) 

high 

move in the right 
grasping place and 
re‐grasp it 

visual   low check if the part is 
grasped with the 
right orientation 

not be able to mount 
the part  

position of part on 
grasping surface  grasping force (grasping po‐

sition/force distribution) 
high 

re‐grasp the part 
with the right ori‐
entation 

check the gripping 
force  

damage of the part 
(deformation or 
breaking) 

force exerted   grasping force  high  substitute the part  

visual   high 1.loosing of the part  presence of the 
part  grasping force (grasping po‐

sition/force distribution) 
low (high) 

visual   low 
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check unwanted 
movement of the 
part (due to open‐
ing of the gripper 
or external force 
on the part) 

2. sliding of the part 
(can cause the im‐
possibility to mount 
the part) 

relative movement 
between part and 
gripper 

grasping force (grasping po‐
sition/force distribution) 

low (high) 

re‐grasp of the 
part/grasp another 
part 

  

1.loosing of the part   
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2.sliding of the part 
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check if there is 
contact of the 
part/gripper with 
other elements 
present in the en‐
vironment 

3.damage of the part 
or the gripper 

contact with other 
element in the en‐
vironment 

interaction force  high 

move far from the 
other elements 

  

check if the part is 
approaching cor‐
rectly to the as‐
sembly position 

damage of part (de‐
formation or break‐
ing) 

contact with other 
element in the en‐
vironment 

interaction force 
 

high 
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correctly posi‐
tioned in the as‐
sembly position 

the part is positioned 
in the wrong posi‐
tion: wrong assembly

position of the part

visual  medium 

move far from the 
other elements 

   visual   medium check if the gripper 
is not in contact 
with the object 

the part is not re‐
leased/it is released 
in wrong position: 
wrong assembly 

presence of the 
part 

grasping force  medium 

adopt some releas‐
ing strategies [15]  
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check if there are 
unwanted dis‐
placements or 
forces on the ob‐
ject 

the part is released in 
the wrong position  

position of the part  visual  medium  adopt some releas‐
ing strategies [15]   

From Table 1 is evident how the complete presence of feedback (vision, grasping 

force and interaction force) can be useful or even necessary to successfully carry out 

the assembly tasks.  



Despite visual feedback is potentially able to detect most of the common failures, it 

does not always ensure a high reliability in terms of efficacy (e.g. to check little 

movement of the object on the grasping surface) or efficiency (e.g. giving an immedi-

ate feedback when the part is not grasped because the gripper has to move far from 

the grasping position before the part is recognized as not grasped). Furthermore, vis-

ual control may no longer be obtainable (e.g. when an obstacle blocks the view or be-

cause of the limitation related to the trade off between depth of focus and magnifica-

tion). Often, the visual control is usually available during the first stages of an 

assembly operation (i.e. grasping of the parts and moving towards the final location) 

but not anymore in the final ones (i.e. the mounting and the releasing of the parts) for 

the narrow and inaccessible spaces in which some microassembly tasks take place.  

On the other hand, Table 1 points out that the grasping and the interaction force 

feedback remain active during the entire assembly process in any assembly locations.  

Furthermore, these force feedbacks are usually more reliable than the visual feedback 

because these are more effective and efficient in detecting the failures. 

4   Grasping and Interaction Force Challenges  

Different challenges in the grasping and interaction force sensing need research ef-

forts to assure the successful execution of many microassembly tasks. 

A first requirement is the capability of the gripper to detect the position and the 

orientation of the object on the grasping surface. This information highlights if the 

object is grasped in the correct place for carrying out the assembly task and if it is 

safely grasped (Fig. 2). Such capabilities would give the possibility to detect un-

wanted movements of the object on the grasping surface due to external force. 
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Fig. 2. Tasks in which the knowledge of the grasping position and orientation is important: a) 

the peg can not be inserted in the hole due its position on the grasping surface; b) the peg orien-

tation does not allow the insertion in the hole because the axis of the peg is not coaxial with the 

axis of the hole (the gripper must orientate the peg); c) the object is close to the grasping sur-

face edge and risk to be loosen.  

A second requirement is the detection of the grasping force distribution on the ob-

ject surface. If the object is not correctly grasped or it has different stiffness and fra-

gility on different locations (Fig. 3), the simple control of the global grasping force 

can be not enough to avoid breaking or damaging the micro-parts.  
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Fig. 3. Examples of situation in which the knowledge of the distribution of the grasping force is 

important to avoid damaging the micro-parts: a) the grasping force is not exerted uniformly on 

the micro-parts; b) the micro-parts have difference in stiffness in various location. 

A third requirement is to provide the same handling tool with the capability of 

monitoring both the grasping and interaction force. This capability would drastically 

improve tasks such as peg-in-hole insertion of fragile parts with low clearance and 

engagement of micro-gears. Actually, till now these two forces are usually detected 

by separate devices as pointed out in Section 2. This means that the gripper with 

grasping sensing and the device for the interaction force sensing are produced sepa-

rately. Then the gripper has to be mounted (e.g. by mechanical connection or gluing) 

on the interaction force sensing device and the interaction sensing device fixed on the 

manipulator. Since these mounting operations are not simple due to the fragility and 

the (often) submillimeter dimension of the devices, inaccuracies and offsets affecting 

the grasping and interaction force sensing performance can arise.  

5   New Devices for Position Detection on the Grasping Surface  

In order to provide the gripper with the capability of detecting the object grasping po-

sition some new sensors have been developed by the authors [16], [17]. The sensors 

are fabricated with well known silicon based technologies and can be integrated in 

microgrippers with IC-compatible process without any post processing assembly 

tasks.  

The devices reported in [16], [17] and shown in Fig. 4 can give microgrippers the 

capability of detecting simultaneously the contact position and the perpendicular force 

acting on the contact plate by means of two piezoresistor sensors. The structure of the 

device is composed of an L-shape beam and a deep vertical contact plate (grasping 

surface). Piezoresistors pairs for local force sensor (RL1, RL2) and global force sensor 

(RG1, RG2), are positioned on the beam. The global force sensor detects the contact 

force F in the z direction acting on the vertical contact plate while the local force sen-

sor the contact position of the object on the contact plate. Both the two sensors consist 

of four piezoresistors in a Wheatstone bridge configuration. The position sensor of the 

device shown in Fig. 4a monitors the contact position along both x and y axis while 

the one of Fig. 4b detects the position along the y axis only.  



 
Fig. 4. Schematic drawing of the developed devices for detecting the contact position and the 

force acting on the contact plate. 

Both devices were characterized with tests in which either a needle or a micro-

sphere was used to exert a force perpendicular to the contact plate in the points shown 

in the drafts of Fig. 4 (1-6 in Fig. 4a and 1-9 in Fig. 4b). In the characterization tests 

the two sensors were supplied with an input voltage of 1V. The stress induced in the 

two sensors by the force was detected by monitoring the variation of resistance of the 

piezoresitors; then, the contact position and the global force can be computed. 

The results about the relation between the real and the detected contact position are 

reported in Fig. 5. For the two devices different levels of force (corresponding to dif-

ferent levels of displacement) have been applied in each tested point. The maximum 

error between real and measured position is 20 µm for the first device (Fig. 5a) and 10 

µm for the second one (Fig. 5b). These errors are supposed to be due to: i) the friction 

force between the object and the contact plate that induces extra stress on the sensor; 

ii) noise in the signal; iii) resolution of the lock-in amplifiers used to detect the sig-

nals.  
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Fig. 5. Comparison between actual and measured contact positions on the contact plate of the 

devices shown in Fig.4a (a) and Fig.4b (b). Different forces corresponding to different dis-

placements have been applied in each investigated point. 



With regard to the force, the devices can detect a maximum force of 4mN (the 

first) and 3mN (the second). The maximum error for the force estimation is evaluated 

in 15% for the first one and in 10% for the second one.  

6   Conclusions and Future Developments 

In this paper the advantages of a complete force feedback (grasping and interaction 

force) in microassembly tasks have been described and discussed. Some grasping and 

interaction force challenges have been highlighted and devices developed by the au-

thors that tackle some of these challenges shown as well. 

Future development aims at implementing the force feedback improvement de-

scribed in the paper. The developed sensors for the detection of the position of the 

grasped micro-object will be integrated and tested in microgrippers. Gripper solutions 

with both grasping force sensing and interaction force detection along many DOF will 

be studied and developed as well. 
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