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1 Comparison of representative control strategies for independent magnetic microrobot control

Control ) ) Application (repre-
) Sub-strategies Magnetic source Pros and cons . Refs.
strategies sentative)
Uniform  Individuals have distinct mag- Helmbholtz coil/per- - Easy actuation Drug delivery, [28-29]
rotational  netic properties manent magnet - Difficult to fabricate individuals in various magnetic swarm collaboration
field composites
Individuals have novel physi- Helmbholtz coil/per- -Easy actuation Biopsy and spray, [35-36]
cal design manent magnet - Difficult to design novel structures on a small scale medical examination
Global Fully actuated system Maxwell coil/com-  -Individuals can have the same properties Biopsy and spray, [21,37-38]
gradient mercial MRI/per- - Specific kinematic model trajectory following,
field manent magnet - Precise position feedback is necessary medical examination
Underactuated system Maxwell coil/com-  -Individuals can have the same properties Biopsy and spray, [42,44]
mercial MRI/per- - Less magnetic source required trajectory following
manent magnet +Precise position feedback is necessary
-Require other external force to control
Local Moveable permanent magnet ~ Permanent magnet  -Individuals can be of the same properties Crawling robot, sur-  [74,77,79]
magnetic - Precise position control gical robot
field -Simple control system
- Difficult to control multiple objects simultaneously
Specialized substrate with Customized - Multi-object simultaneous actuation Patterns program- [4,54,62,64]
micro solenoid array micro solenoid + Actuation errors will not exceed the distance between  ming, assembly and
cells transfer, droplet ma-
-Limited in 2D space nipulation
Frequency Individuals with different ma- Helmholtz coil/cus- -Easy actuation Drug delivery, [83,86]
response terials tomized coil array - Require knowing the resonance frequency in advance  swarm collaboration
- Difficult to fabricate individuals with distinct properties
Individuals have a special de- Helmbholtz coil/cus- -Easy actuation Swarm collabora- [90-92]
signed structure or size tomized coil array - Difficult to fabricate novel structures in the small tion, medical exami-
structure nation
Customized circuit with dif-  Customized planar - Easy fabrication Multi-joint robot, [89]
ferent frequency responses coil -Require electricity or thermal transfer crawling robot, sur-
-Individuals are relatively bulky gical robot
Active ac- Individuals determine their own Permanent magnet -More individuals can be actuated simultaneously Multi-joint robot, [96,99]
tuation movement rather than being - Individuals are bulky crawling robot

controlled by an external field
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