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With the emergence in the �eld of developing small-scale systems, microrobots are gaining enormous attention due to their
small size, wide number of application, and negligible e�ects on the surrounding. MEMS and microrobots both have
electrical and mechanical parts which are situated on a single device and chip. �is makes MEMS based microrobots and an
excellent device due to its ease of fabrication and small size. MEMS-based microrobots have a wide number of applications
in the �eld of bio-medical special drug delivery and invasive surgery. �ese tiny robots can be sent into the human body to
send any medicine inside the human body. Various types of MEMS based microrobot can be used in drug delivery ap-
plications including magnetic nanoparticles based microrobots, magnetized spirulina microrobot, and electro-magnetic
microrobots. However, the suitability of all these robots for drug delivery applications depends on the locomotion,
navigation controlling, shape transformation, actuation requirement, and amount of drug wasted before moving to the
destination. In this work, fuzzy rules based system is performed to con�rm the dependence of the parameters including the
locomotion, navigation controlling, shape transformation, actuation requirement, and amount of drug wasted on the
working of microrobots in drug delivery applications. Similarly, fuzzy TOPSIS based study is performed to compare and
analyze the most suitable microrobot for drug delivery application. Piezo-electric and electro-magnetic microrobots are
considered the most suitable option with relative closeness to the ideal solution of 0.71 and 0.66, respectively, owing to their
better shape transformation and movement.

1. Introduction

Automation in the industry is getting enormous attention
owing to its excellent use in increasing the productivity
and e�ciency of industrial units [1, 2]. To achieve au-
tomation, robotic systems are widely used in industry.
�ese robotic systems range from large size as well as
nano-sized robots with di�erent functionalities [3].
Among these types of robots, microrobots consist of
mechanical and electric parts which is similar to the
micro-electromechanical system (MEMS) [4].

Microrobots on a single chip with both electric and
mechanical parts are categorized as MEMS microrobots
[5, 6]. MEMS based system is designed on the basis of their
actuation, sensing, structural, and electronic circuit. On
microscale, microrobots also consist of these components
in which they sense the environment based on the mi-
crostructure properties, and the electronic circuit then
responds to the sensing data by actuating it.

Actuating can be moving from one place to another or to
carry out a work based on the sensing data. �e basic
components along with their few basic types for MEMS
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based systems are shown in Figure 1. MEMS technology is
expected to have an impact on microrobots in three ways.
*ese ways include providing sensing and actuation, in-
troducing a better and intelligent system, and providing
autonomous distributive systems. With its small size and
excellent applications, microrobots are considered an im-
portant constituent in the bio-medical industry. It has
several applications in disease diagnosis, health monitoring,
tissue engineering, invasive surgery, drug delivery, and cell
manipulation [7–10].

Reported small-scale bio-medical robot sizes use range
from tens of micrometers to several centimeters. Typically,
the dimensions of a single biomedical MEMSmicrorobot are
less than 1 mm and larger than 1 μm that can work on
microscale forces. *us, for microrobots, bulk forces such as
inertial forces and buoyancy are negligible in comparison
with its size. *ese parameters include surface tension,
adhesion, viscous forces, friction, and drag. Microsized
medical robots are used in surgical procedures which can be
static or moveable [11, 12]. *ere are two main ways of
designing, building, and controlling moveable biomedical
microrobots including the following:

(i) On-board approach: similar to a typical robot which
is self-contained and self-propelled, the miniature
robot with components on-board has the capability
to operate on its own.

(ii) Off-board approach: off-board microrobots have
their components attached externally. All the actu-
ation, sensing, and controlling parts are externally
connected to the sensor.

In the various fields of biomedical engineering, drug
delivery is considered as an importantmethod to send various
different types of drugs and medicines to various different
parts of the human body. Microrobots of various different
actuation principles have been used in the biomedical en-
gineering field. Figure 2 shows microrobots of different types
used in bio-medical applications. Various on-board as well as
off-board microrobots have been reported in the literature
which can be used in drug delivery using microrobots.
Microrobots have the potential which makes them usually for
application including real-time tissue controlling and com-
plex drug delivery to the human body [13, 14]. However, it
faces issues including its proper locomotion within the hu-
man body, navigation controlling, shape transformation,
drug wastage, ease of fabrication, difficulty in controlling, and
actuation principle as well as design.

VariousMEMS basedmagnetic and piezo-electric robots
are used which helps in providing an ease in drug delivery
throughout the human body. However, their work is highly
affected by the use of different types of actuation principles
as well as materials to fabricate the microrobots [20, 21].
Various different types of microrobots that can be used for
drug delivery include hydrogel microrobot, piezo-electric
microrobot, magnetic nanoparticles based microrobots,
magnetized spirulina microrobot, and electro-magnetic
microrobots [22–26]. *ese various robots show issues in

terms of drug wastage, slow motion and navigation, re-
quirement of high actuation, and shape transformation.
Koleoso et al identify various different types of microrobots
which can provide magnetic actuation for drug delivery as
well as for different other biomedical applications. In terms
of MEMS based microrobots, these different microrobots
can be defined in terms of a single lab of chip device (under
the on-board approach) and can be categorized as an ex-
cellent way to improve the use of microrobots in drug
delivery applications.

In this work, various different microrobots used for drug
delivery including hydrogel microrobot, piezo-electric
microrobot, hydrogel microrobot, and electro-magnetic
microrobots are categorized in terms of MEMS based
microrobots. *e effect of the above-stated robots on the
basis of 3D locomotion, stationary controlling, navigation
controlling, shape transformation, drug wastage, ease of
fabrication, and magnetic field requirement is analyzed
using TOPSIS. *e proposed system has application in the
field of bio-medical including drug delivery, invasive sur-
gery, dental, and other applications.

2. Methodology

In this work, the selected microrobots are analyzed for their
dependent parameters using a fuzzy rule based system. After
analyzing the effect of the parameters on the microrobot, the
best microrobot for bio-medical application is analyzed
using the TOPSIS study. *e block diagram of the work is
shown in Figure 3.

2.1. Fuzzy Analysis. *e fuzzy analysis is carried out in the
MAMDANI model for the three different microrobots and
its effect on the output including 3D locomotion, navi-
gation controlling, ease to fabricate, shape transforma-
tion, and drug wastage. *e input hydrogel microrobot,
piezo-electric microrobot, and electro-magnetic micro-
robots and output parameters are shown in Figure 4.
*ree membership functions are defined for all the inputs
and outputs as shown in Figures 5 and 6. *e ranges for
the inputs and outputs are selected from 0 to 1. *e
membership function includes low, medium, and high.
*e low membership function has a range of 0–0.25, the
medium membership function has a range of 0.20–0.80,
and the high membership function has a range of 0.7–1.

Totally, 27 rules are then defined in terms of literature
and theories. On the basis of the theories, 3D graphs are
plotted which show the relationship between inputs and
outputs. *e graphs show that the robots significantly affect
the motion, movement, and working of the robot. *e rule
viewer based on the fuzzy analysis is shown in Figure 7.

Based on the simulated values, the output crisp values are
calculated based on the input crisp value from the rule
viewer and the MAMDANI formula. *e Minimum
membership function for the MAMDANI formula is cal-
culated using the input crisp values from the rule viewer.
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Table 1 shows the simulated values from the crisp values
and calculated values using the MAMDANI model. *e
error between the values is less than 1% which shows the
accuracy of the system. Similarly, the dependence of all the
three inputs microrobots also depends on the output 3D
locomotion, navigation controlling, ease of fabrication,
shape transformation, and drug wastage.

2.2. TOPSIS Study. TOPSIS is considered a way to do
multicriteria decision-making for the determination of an
ideal solution. To carry out the TOPSIS study, the following
steps are taken.

(1) Various different criteria and attributes are selected.
In this work, attributes include piezo-electric,
electro-magnetic, and hydrogel microrobots, and
the criteria on which the attributes are checked

include 3D locomotion, ease of fabrication, navi-
gation controlling, shape transformation, and drug
wastage.

(2) After finalizing the attributes and criteria, the rel-
ative behavior of each factor is analyzed.

(3) *e attributes are now checked based on the
feedback from the literature review and experts to
check the effect of attributes on the criteria. *e
marked attributes on the basis of criteria are in
terms of 0–10.

(4) With the rating, the average attributes are finalized
along with the decision matrix.

(5) *e entities in the decision matrix are calculated as
Xij.
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Figure 3: Block diagram for the proposed methodology.
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Figure 2: Microrobots used in bio-medical applications [15–19].
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(6) After the entities are calculated, they are multiplied
with each weight attributed.

(7) *e ideal and nonideal solutions are calculated. *e
ideal solution is calculated by using the formula
stated in the following equation:

S+
i � 

m

j�1
Vij − V+

J 
2

 
0.5

, (1)

where the positive ideal solution is represented by Vj+,
and the positive ideal solution is represented by Vj−.

(9) *e separation to the ideal solution is then deter-
mined using the formula in the following equation:
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Figure 5: Membership function for input. (a) Piezo-electric microrobot. (b) Electro-magnetic microrobot. (c) Hydro-gel microrobot.
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(10) Relative closeness to the ideal solution is analyzed
using the following formula:

Pi �
S−
i

S+
i + S−

i
. (3)

3. Fuzzy TOPSIS for Microrobots

In this work, microrobots including MEMS based piezo-
electric microrobots, electro-magnetic microrobot, and
hydro-gel microrobot are analyzed on the basis of 3D lo-
comotion, navigation controlling, ease of fabrication, shape
transformation, and drug wastage. Initially, the attributes
and criteria are defined. For all three attributes, the criteria
are defined based on a scientific research article.*e selected
information from the articles is analyzed to predict the

possible attribute and criteria. *e alternative which is the
microrobots is numbered as R1, R2, and R3: R1 for piezo-
electric microrobots, R2 for electro-magnetic microrobot,
and R3 for hydro-gel microrobot. Attributes include 3D
locomotion (A1), navigation controlling (A2), ease to fab-
ricate (A3), shape transformation (A4), and seat drug
wastage (A5). In terms of a fuzzy logic system, the attributes
are converted into linguistic terms using the basic fuzzy
triangular based system as shown in Figure 8. Linguistic
terms including VS, S, M, L, and VL are taken.

Fuzzy numbers associated with the linguistic terms are
shown in Table 2.

On the basis of the fuzzy ranges, the literature review is
carried out to analyze the effect of parameters alongside the
attributedweights designed. Table 3 shows the attribute weights
designed based on literature review and fuzzy TOPSIS system.
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Figure 6: Membership functions for output. (a) 3D locomotion. (b) Navigation controlling. (c) Ease to fabricate. (d) Shape transformation.
(e) Drug wastage.
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Positive and negative ideal solutions are calculated
which predict the best MEMS based microrobot for drug
delivery. *e negative ideal alternative shows the least
suitable MEMS based microrobot for drug delivery
application.

4. Results and Discussion

*e decision matrix and the weighted standardized decision
matrix (Vij) are calculated for this work which is shown in
Table 4.

Piezo-Electric-MR = 0.763 Electro-Magnetic-MR = 0.38 Hydro-Gel-MR = 0.647 3D-Locomotion = 0.869 Ease-to-Fabricate = 0.506 Shape-Transformation = 0.867 Drug-Wastage = 0.131Navigation-Controlling = 0.868
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Figure 7: Rule viewer for the fuzzy analysis.

Table 1: Error between simulated and MAMDANI model calculated values.

Simulated Calculated Error
3D locomotion 0.870 0.865 0.57
Navigation controlling 0.868 0.864 0.46
Ease of fabrication 0.506 0.51 0.78
Shape transformation 0.868 0.87 0.22
Drug wastage 0.131 0.135 0.5
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Figure 8: Linguistic terms for fuzzy logic number conversion.
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*e ideal solution and negative ideal solution are now
calculated by using the formula stated below, and the ideal
solution means the most suitable microrobot with the best
parameters. *e ideal solution is calculated using the fol-
lowing as shown in equation (1).

A negative ideal solution means the microrobots which is
most unsuitable for use in drug delivery application and is not
suitable for all the decision criteria. *e negative ideal solution
is calculated using the formula as shown in equation (2).

Relative closeness to the ideal solution is calculated using
the formula as given in equation (3).

Table 5 shows the ideal solution and its closeness to the
result. *e ideal solution in this work is considered the best
MEMS microrobot for drug delivery applications.

Piezo-electric and electro-magnetic microrobots show
better results in terms of different factors including lo-
comotion, navigation, shape transformation, and drug
wastage. However, a piezo-electrically driven microrobot
can be more beneficial in terms of other robots. *is is due
to the fact that the net flow in such microrobots is high
which results in more accurate delivery of drug towards
the sample. Similarly, thinner these types of microrobots
can easily move towards thinner veins like arteries and
capillaries due to their better navigation and travelling
speed. *is makes piezo-electric microrobots an excellent
choice for use in bio-medical applications. Similarly, it
provides better micropositioning and manipulation along
with higher resolution, low cost, ease to fabricate, and
small size suitable to be inserted in the human body for
various different bio-medical applications.

Table 6 shows the benchmark table with respect to the
literature review. It described the comparison between the
fuzzy TOPSIS method used in various different fields using
microrobots.*ese fields include its application in industrial
arc welding, military industry, and overall multiple appli-
cations. Methods used include fuzzy TOPSIS, fuzzy AHP,
and TOPSIS entropy method which are categorized as
different multicriteria decision-making techniques for
TOPSIS analysis.

As seen in all other applications of MEMS based
microrobots, the basic parameters including its cost,
availability, speed, accuracy, repeatability, ease of fabri-
cation, capacity, and consumption have been analyzed for
microrobots used in various different industries as shown
in Table 6. *is work however helps to provide multi-
criteria decision-making in predicting the best MEMs
based microrobot for bio-medical application (drug de-
livery) for the basic parameters. Piezo-electric and elec-
tro-magnetic microrobots are considered the most
suitable option for use as microrobot for drug delivery
applications owing to their better shape transformation
and movement.

TOPSIS provides the solution as a single ideal solution
based on the decision-maker’s proposed criteria and alter-
natives. Other multicriteria decision-making techniques
including VIKOR, AHP, and BWM can be used in order to
analyze and simulate the selection of microrobot. However,
TOPSIS and VIKOR are considered the most suitable type of
MCDM due to their work in the selection of alternatives in
the existence of contradictions, number of alternative

Table 3: Attributed weights for microrobots.

Criteria
Attributed weights (Wj)

Piezo-electric microrobots Electro-magnetic microrobot Hydro-gel microrobot
3D locomotion 9 8 7
Navigation controlling 7 7 8
Ease to fabrication 9 9 6
Shape transformation 7 6 6
No drug wastage 7 7 6

Table 4: Weighted standardized decision matrix (Vij) for all microrobots.

Criteria
Weighted standardized decision matrix (Vij)

Piezo-electric microrobots Electro-magnetic microrobot Hydro-gel microrobot
3D locomotion 0.13 0.114 0.1
Navigation controlling 0.055 0.055 0.063
Folding and unfolding based on temperature 0.147 0.22 0.147
Shape transformation 0.256 0.23 0.22
No drug wastage 0.272 0.25 0.23

Table 2: Linguistic terms and their ranges.

Linguistic Term Range Average
VS 0,0,0.3 0.1
S 0,0.3,0.5 0.26
M 0.3,0.5,0.7 0.5
L 0.5,0.7,1 0.7
VL 0.7,0.7,1 0.8
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processes and criteria, agility through the process of deci-
sion-making, computational complexity, adequacy in sup-
porting a group decision, and addition or removal of a
criterion [30].

*e main contribution of this work includes providing a
multicriteria decision-making method to predict the most
suitable and sustainable type of microrobot from bio-
medical applications mainly drug delivery. *is will help to
improve the quality of drug delivery with better efficiency by
using the proposed microrobot.

5. Conclusion

Microrobots are becoming an essential part of use in bio-
medical and other applications. Microrobots are becoming
more popular and useful for invasive surgery, drug delivery,
and pumping fluid. However, the suitability of the robot to
be used is an important issue while using microrobot for bio-
medical application. *is work shows the application of
various different micropumps for use in drug delivery ap-
plication by analyzing the output parameters of microrobots.
Piezo-electric microrobots, electro-magnetic microrobots,
and hydrogel microrobots are analyzed in this work, and
fuzzy rule based system significantly shows the effect of these
microrobots on the 3D locomotion, navigation controlling,
shape transformation, ease of fabrication, and drug wastage.
*e rule-based fuzzy system provided authentic structure for
fuzzy set and uncertainty handling susceptibility generated
by the formally used fuzzy system. Fuzzy TOPSIS study is
carried out which shows that the piezo-electric microrobots
have the best closeness to the ideal solution of 0.71 as
compared to other microrobots for use in drug delivery. For
the electro-magnetic micropump and hydrogel micropump,
the closeness to the ideal solution is 0.66 and 0.329,

respectively. *e scientific reason includes better and en-
hanced movement of the drug in the narrow medium as well
as excellent micropositioning. *e implementation of these
sensors on the basis of their parameters in other applications
including electronics, optics, material science, and me-
chanical systems can be carried out in the future. In the
future, the interval-type fuzzy type 3 can be implemented in
order upper and lower bounds of the membership function
ranges are not constant, but they are fuzzy sets.*is will help
reduce the uncertainty and noise in the resulting fuzzy rule
based system because the dependence on linguistic values
decreases. *ese simulation results may be useful for fab-
rication of microrobots for biomedical applications.
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Table 6: Benchmark table.

Application Parameters Method Remarks

Chu [27] Multiple
applications

Cost, load capacity, man–machine interface, availability
of diagnostic software

Fuzzy TOPSIS
method

Analysis of objective and
subjective attribute

Chodha
[28]

Industrial arc
welding

Mechanical weight, repeatability, payload capacity,
maximum reach, average power consumption

TOPSIS-
entropy
technique

Entropy weights method used
for assigning attributes

Simion
[29] Military industry

High speed,
accuracy, large arm reach, reduced dimensions

of the robot’s body, and arm, high flexibility, and reduced
cost

MCDM (AHP
method)

Industrial robots with
different technical
specifications

*is work Bio-medical
applications

3D locomotion, stationary controlling, navigation
controlling, shape transformation, drug wastage, ease of

fabrication

Fuzzy TOPSIS
method

Predicting the best robot for
drug delivery application

Table 5: Closeness to the ideal solution for the microrobot.

Parameters Piezo-electric microrobot Electro-magnetic microrobot Hydro-gel microrobot
Si+ 0.035 0.05 0.078
Si- 0.088 0.10 0.034
Si+ + Si- 0.123 0.15 0.112
Si-/ Si+ + Si- 0.71 0.66 0.329
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