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HANDHELD SURGICAL INSTRUMENT, SURGICAL TOOL SYSTEM, METHODS 

OF FORMING AND OPERATING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] 	This application claims the benefit of priority of Singapore application No. 

10201602287P filed on March 23, 2016, the contents of it being hereby incorporated by 

reference in its entirety for all purposes. 

TECHNICAL FIELD 

[0002] 	Various aspects of this disclosure relate to handheld surgical instruments and/or 

surgical tool systems. Various aspects of this disclosure relate to methods of forming 

handheld surgical instruments and/or surgical tool systems. Various aspects of this disclosure 

relate to methods of operating handheld surgical instruments and/or surgical tool systems. 

BACKGROUND 

[0003] 	The hand motion of a person has involuntary movements such as physiological 

tremor, myoclonic jerk, drift, etc., which limits the ability of the person to perform accurate 

and precise manual micromanipulation tasks, especially when the magnitude of the intended 

motion and erroneous movements are of similar order. Tasks such as microsurgery or cell 

manipulation in the bio-tech industry may be significantly hampered, while tasks such as 

handling guns, military handheld tracking equipment or consumer video cameras may be 

slightly or moderately hampered. 

[0004] 	In microsurgery, the involuntary movements may complicate many delicate 

surgical procedures, and may also make certain types of intervention impossible (e.g. 

intraocular cannulation for the treatment of retinal 	vein occlusions 	by 	injection of 

anticoagulants without tearing the retinal vein apart). The high level of manual precision and 

accuracy demanded by microsurgery restrict the number of people which can be qualified as 

surgeons. The fact that human hand stability deteriorates with age further exacerbates the 

situation and limits the career lifespan of these surgeons. In addition, factors such as fatigue, 

alcohol and caffeine consumption, and other factors may affect the manual stability of hand 

movements of surgeons. 
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[0005] 	In general, there are currently 3 robotics based approaches to enhance human 

manual positioning precision and accuracy in microsurgery. 

[0006] 	The first approach involves the use of telerobotic technology, in which a robotic 

arm is used to replace the unstable human hand. Currently, there are no specialized robotic 

devices for microsurgery in the market and the closest commercially available system would 

be the Da Vinci Robotic Surgery System by Intuitive Surgical, Inc. (USA). This approach 

filters erroneous motion between master and slave manipulators via motion scaling. Though 

effective, this approach is costly and obtrusive for the surgeon, who may be accustomed to 

treating the patient with his own hands. A robotic arm with the requisite workspace also 

introduces 	significant 	safety 	and liability issues. 	The telerobotic 	solution may 	cause 

catastrophic damages when a malfunction happens. In addition, the Da Vinci surgical system 

is designed for general surgery and is not a specialized surgical instrument for microsurgery. 

[0007] 	The second approach involves a surgeon and a robot, such as the Steady-Hand Eye 

Robot from John Hopkins University, directly manipulating the same tool. 	The robot has 

high stiffness. When the surgeon applies a manual input force to the tool, the tool is moved 

along directions deemed desirable by the robot. While this system cannot scale input motion, 

it has advantages in terms of cost and likelihood of user acceptance. Moreover, it provides the 

surgeon a "third hand" to hold a tool in position while the surgeon performs other tasks with 

his own two hands. However, the "steady hand" solution can also cause catastrophic damages 

in the event of any malfunction. This robotic system has been last reported to be in the proof-

of-concept phase in June 2013. 

[0008] 	The last approach relates to assistive handheld instruments, such as "Micron" by 

Professor Cameron Riviere from Carnegie Mellon University. The "Micron" device depends 

on a custom-built position sensitive detector (PSD) based optical tracking system which has 

limited sensing volume (< 8 cm3: 2 x 2 x 2 cm). The line of sight between the infrared 

emitters mounted on the device and the PSD must not be interrupted. Such a setup would be 

impractical for real clinical deployment. 

SUMMARY 

[0009] 	Various embodiments may provide a handheld surgical instrument. The handheld 

surgical instrument may include a laser source configured to emit a laser beam for generating 

a laser marker on a surface, e.g. a human or an animal body. The handheld surgical 
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instrument may also include an inertial measurement unit configured to detect a motion of the 

handheld surgical instrument and generate a first signal including information on the motion 

of the handheld surgical instrument detected by the inertial measurement unit. The handheld 

surgical instrument may further include a movable platform for holding a controlled tool tip. 

The handheld surgical instrument may additionally include an actuator mechanically coupled 

to the movable platform. The handheld surgical instrument may also include a processing 

circuit configured to control the actuator to move the movable platform based on the first 

signal generated by the inertial measurement unit and a second signal generated by a vision 

unit based on a movement of the laser marker, so that the movement of the movable platform 

holding the controlled tool tip at least partially compensates a tremulous motion of the 

handheld surgical instrument. 

[0010] 	Various embodiments may provide a surgical tool system. The surgical tool system 

may include a handheld surgical instrument. The handheld surgical instrument may include a 

laser source configured to emit a laser beam for generating a laser marker on a surface. The 

handheld surgical instrument may also include an inertial measurement unit configured to 

detect a motion of the handheld surgical instrument and generate a first signal including 

information on the motion of the handheld surgical instrument detected by the inertial 

measurement unit. The handheld surgical instrument may additionally include a movable 

platform for holding a controlled tool tip. The handheld surgical instrument may further 

include an actuator mechanically coupled to the movable platform. The handheld surgical 

instrument may also include a processing circuit configured to control the actuator to move 

the movable platform based on the first signal generated by the inertial measurement unit and 

a second signal. The surgical tool system may further include a vision unit configured to 

detect a movement of the laser marker, and further configured to generate the second signal, 

the second signal include information on the movement of the laser marker detected by the 

vision unit. The processing circuit may be configured to control the actuator so that the 

movement of the movable platform holding the controlled tool tip at least partially 

compensates a tremulous motion of the handheld surgical instrument. 

[0011] 	Various embodiments may provide a method of operating a handheld surgical 

instrument. The method may include using a laser source to emit a laser beam to generate a 

laser marker on a 	surface. 	The method may 	also include detecting, 	using inertial 

measurement unit, a motion of the handheld surgical instrument. The method may include 
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generating, using the inertial measurement unit, a first signal including information on the 

motion of the handheld surgical instrument detected. The method may additionally include 

controlling, using a processing circuit, an actuator to move a movable platform, the movable 

platform holding a controlled tool tip, based on the first signal generated by the inertial 

measurement unit and a second signal generated by a vision unit based on a movement of the 

laser marker, so that the movement of the movable platform holding the controlled tool tip at 

least partially compensates a tremulous motion of the handheld surgical instrument. 

[0012] 	Various embodiments may provide a method of operating a surgical tool system. 

The method may include operating a handheld surgical instrument so that a laser beam is 

emitted from a laser source to generate a laser marker on a surface. The method may also 

include operating the handheld surgical instrument to detect a motion of the handheld 

surgical instrument using an inertial measurement unit, and generate a first signal comprising 

information on the motion of the handheld surgical instrument detected by the inertial 

measurement unit. The method may further include operating a vision unit to detect a 

movement of the laser marker, and to generate a second signal, the second signal comprising 

information on the movement of the laser marker detected by the vision unit. The handheld 

surgical instrument may include a processing circuit configured to control an actuator to 

move a movable platform, the movable platform mechanically coupled to the actuator and 

holding a controlled tool tip, based on the first signal generated by the inertial measurement 

unit and the second signal generated by the vision unit so that the movement of the movable 

platform holding the controlled tool tip at least partially compensates a tremulous motion of 

the handheld surgical instrument. 

[0013] 	Various embodiments may provide a method of forming a handheld surgical 

instrument. The method may include providing a laser source configured to emit a laser beam 

for generating a laser marker on a surface. The method may also include providing an inertial 

measurement unit configured to detect a motion of the handheld surgical instrument and 

generate a first signal including information on the motion of the handheld surgical 

instrument detected by the inertial measurement unit. The method may further include 

providing a movable platform for holding a controlled tool tip. The method may additionally 

include mechanically coupling an actuator to the movable platform. The method may further 

include electrically connecting a processing circuit to the actuator, the processing circuit 

configured to control the actuator to move the movable platform based on the first signal 
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generated by the inertial measurement unit and a second signal generated by a vision unit 

based on a movement of the laser marker, so that the movement of the movable platform 

holding the controlled tool tip at least partially compensates a tremulous motion of the 

handheld surgical instrument. 

[0014] 	Various embodiments may provide a method of forming a surgical tool system. 

The method may include providing a handheld surgical instrument. The handheld surgical 

instrument may include a laser source configured to emit a laser beam for generating a laser 

marker on a surface, an inertial measurement unit configured to detect a motion of the 

handheld surgical instrument and generate a first signal comprising information on the 

motion of the handheld surgical instrument detected by the inertial measurement unit, a 

movable platform for holding a controlled tool tip, an actuator mechanically coupled to the 

movable platform, and a processing circuit configured to control the actuator to move the 

movable platform based on the first signal generated by the inertial measurement unit and a 

second signal. The method may also include providing a vision unit configured to detect a 

movement of the laser marker, and further configured to generate the second signal, the 

second signal comprising information on the movement of the laser marker detected by the 

vision unit. The processing circuit may be configured to control the actuator so that the 

movement of the movable platform holding the controlled tool tip at least partially 

compensates a tremulous motion of the handheld surgical instrument. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 	The invention will be better understood with reference to the detailed description 

when considered in conjunction with the non-limiting examples and the accompanying 

drawings, in which: 

FIG. 1A shows a general illustration of a handheld surgical instrument according to various 

embodiments. 

FIG. 	1B 	shows a general illustration of a surgical tool system according to various 

embodiments. 

FIG. 2 is a schematic showing a method of operating a handheld surgical instrument 

according to various embodiments. 

FIG. 3 is a schematic showing a method of operating a surgical tool system according to 

various embodiments. 
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FIG. 4 shows a schematic of a method for forming a handheld surgical instrument according 

to various embodiments. 

FIG. 5 shows a schematic of a method for forming a surgical tool system according to various 

embodiments. 

FIG. 6A shows an external view of a handheld surgical instrument according to various 

embodiments. 

FIG. 6B shows a view of the handheld instrument according to various embodiments with the 

power source visible. 

FIG. 6C shows a view of the micromanipulator module according to various embodiments. 

FIG. 6D shows a view of the handheld surgical instrument with a disposable controlled tool 

tip according to various embodiments. 

FIG. 7A shows a general illustration of a surgical tool system according to various 

embodiments. 

FIG. 7B is an image showing the sensing system in operation according to various 

embodiments. 

FIG. 8A is an image showing an untrained user being asked to hold the instrument and point 

at a sharp target tip under a surgical microscope with 25x magnification according to various 

embodiments. 

FIG. 8B shows an image of the target tip, the laser marker and the controlled tool tip of the 

device according to various embodiments. 

FIG. 9A is a plot of displacement (micrometers or pm) as a function of time (seconds or s) 

showing the uncompensated movement or displacement of the laser marker and the 

compensated controlled tool tip displacement according to various embodiments. 

FIG. 9B is a plot of displacement (micrometers or pm) as a function of frequency (hertz or 

Hz) showing the uncompensated movement or displacement of the laser marker and the 

compensated controlled tool tip displacement according to various embodiments. 

FIG. 9C is a table showing the numerical uncompensated results and the compensated results 

according to various embodiments. 

FIG. 10A is a schematic showing a handheld surgical instrument according to various 

embodiments. 

FIG. 10B is a schematic showing the placement of accelerometers in the handheld section 

according to various embodiments. 
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FIG. 10C shows a table comparing the performance of ITrem2 according to various 

embodiments with Micronll. 

FIG. 11A is a schematic showing the acceleration queue from the inertial measurement unit 

according to various embodiments. 

FIG. 11B is a schematic showing the position queue from the vision unit according to various 

embodiments. 

FIG. 	11C is a schematic 	showing the updated acceleration queue from the inertial 

measurement unit according to various embodiments. 

FIG. 11D is a plot of displacement as a function of time showing merging of the acceleration 

information and vision information according to various embodiments. 

FIG. 12A is an image of a micro-needle holder according to various embodiments holding a 

suture wire. 

FIG. 12B is an image of the micro-needle holder according to various embodiments in a 

closed arrangement. 

FIG. 12C is an image of the micro-needle holder according to various embodiments in an 

open arrangement. 

FIG. 12D is an image of the micro-needle holder according to various embodiments holding 

the suture wire during operation. 

FIG. 12E is an image of a micro-scissors according to various embodiments in closed 

arrangement. 

FIG. 12F is an image of the micro-scissors according to various embodiments in closed 

arrangement. 

FIG. 13A is a schematic illustrating the definitions of the reference frames of the light 

reference frame and the reference frame of the instrument body according to various 

embodiments as well as the associated rotations angles. 

FIG. 13B is a schematic showing the centroid of the first laser marker Co and the centroid of 

the second laser marker Ci on the X-axis of the light reference frame { L}. 

FIG. 13C is a schematic showing the roll angle y at zero. 

FIG. 13D is a schematic showing the effect of the tilt angle and roll angle on the centroid of 

the second laser marker Ci. 

FIG. 14A is a table comparing various parameters of the instrument/ system according to 

various embodiments and the Da Vinci System (Tele-operated Surgical Robotics System). 
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FIG. 14B is a table comparing various parameters of the instrument/ system according to 

various embodiments and the Micron handheld instrument. 

DETAILED DESCRIPTION 

[0016] 	The following detailed description refers to the accompanying drawings that show, 

by way of illustration, specific details and embodiments in which the invention may be 

practiced. These embodiments are described in sufficient detail to enable those skilled in the 

art to practice the invention. Other embodiments may be utilized and structural, and logical 

changes may be made without departing from the scope of the invention. 	The various 

embodiments are not necessarily mutually exclusive, as some embodiments can be combined 

with one or more other embodiments to form new embodiments. 

[0017] 	Embodiments 	described 	in 	the 	context 	of 	one 	of 	the 	methods 	or 

instruments/systems are analogously valid for the other methods or instruments/systems. 

Similarly, embodiments described in the context of a method are analogously valid for a 

instrument/system, and vice versa. 

[0018] 	Features that are described in the context of an embodiment may correspondingly 

be applicable to the same or similar features in the other embodiments. Features that are 

described in the context of an embodiment may correspondingly be applicable to the other 

embodiments, even if not explicitly described in these other embodiments. Furthermore, 

additions and/or combinations and/or alternatives as described for a feature in the context of 

an embodiment may correspondingly be applicable to the same or similar feature in the other 

embodiments. 

[0019] 	The word "over" used with regards to a deposited material formed "over" a side or 

surface, may be used herein to mean that the deposited material may be formed "directly on", 

e.g. in direct contact with, the implied side or surface. The word "over" used with regards to 

a deposited material formed "over" a side or surface, may also be used herein to mean that 

the deposited material may be formed "indirectly on" the implied side or surface with one or 

more additional layers being arranged between the implied side or surface and the deposited 

material. In other words, a first layer "over" a second layer may refer to the first layer directly 

on the second layer, or that the first layer and the second layer are separated by one or more 

intervening layers. 
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[0020] 	The instrument/device as described herein may be operable in various orientations, 

and thus it should be understood that the terms "top", "bottom", etc., when used in the 

following description are used for convenience and to aid understanding of relative positions 

or directions, and not intended to limit the orientation of the instrument/system. 

[0021] 	In the context of various embodiments, the articles "a", "an" and "the" as used 

with regard to a feature or element include a reference to one or more of the features or 

elements. 

[0022] 	In the context of various embodiments, the term "about" or "approximately" as 

applied to a numeric value encompasses the exact value and a reasonable variance. 

[0023] 	As used herein, the term "and/or" includes any and all combinations of one or 

more of the associated listed items. 

[0024] 	Various embodiments may seek to provide a solution that addresses, mitigates or 

overcomes the abovementioned issues. 

[0025] 	The hand motion of a person, such as a surgeon, may include tremulous motion, 

such as physiological tremors, which are high frequency movements (e..g about 5 Hz to 12 

Hz), and non-tremulous motion such as drift motion and myoclonic jerk motion, which are 

low frequency movements (e.g. less than 8 Hz, e.g. about 0 to about 2 Hz or about 0 to about 

1 Hz). 

[0026] 	Various embodiments may provide a handheld surgical instrument. The handheld 

instrument may be configured to at least partially compensate for the tremulous motion of a 

hand of the surgeon holding the handheld surgical device. The handheld instrument may 

compensate for a motion by controlling the controlled tool tip to move in an opposing 

direction as the motion. By compensating for the tremulous motion of the hand, various 

embodiments may allow the surgeon to more accurately and precisely perform surgical 

operations. 

[0027] 	A surgeon as described herein may be a person performing a surgical operation on 

a subject, such as on a human or an animal. 

[0028] 	FIG. lA shows a general illustration of a handheld surgical instrument 100 

according to various embodiments. The handheld surgical instrument 100 may include a laser 

source 102, such as a laser diode, configured to emit a laser beam for generating a laser 

marker on a surface, e.g. a human or an animal body. The handheld surgical instrument 100 

may also include an inertial measurement unit 104 configured to detect a motion of the 
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handheld surgical instrument 100 and generate a first signal including information on the 

motion of the handheld surgical instrument 100 detected by the inertial measurement unit 

104. The handheld surgical instrument 100 may further include a movable platform 106 for 

holding a controlled tool tip. The handheld surgical instrument 100 may additionally include 

an actuator 108, such as a piezoelectric actuator, mechanically coupled to the movable 

platform 106. The handheld surgical instrument 100 may also include a processing circuit 

110, such as an embedded microcontroller, configured to control the actuator 108 to move the 

movable platform 106 based on the first signal generated by the inertial measurement unit 

104 and a second signal generated by a vision unit based on a movement of the laser marker, 

so that the movement of the movable platform 106 holding the controlled tool tip at least 

partially compensates a tremulous motion of the handheld surgical instrument 100. 

[0029] 	In other words, the handheld surgical instrument 100 may include two mechanisms 

to compensate for a tremulous motion of the handheld surgical instrument 100. The 

instrument 100 may include an inertial measurement unit 104 configured to detect motion of 

the handheld surgical instrument 100, and a laser source 102 which generates a laser marker, 

which may be tracked by a vision unit separate from the instrument 100 to detect the motion 

of the handheld surgical instrument 100. The instrument 100 may include an actuator 108 

configured to move a movable platform 106, which holds a controlled tool tip . The 

movement of the platform 106 may be based on inputs provided by the inertial measurement 

unit 104 and the vision unit to help compensate for a tremulous motion of the handheld 

surgical instrument 100 to a processing circuit coupled to the actuator 108. 

[0030] 	The instrument 100 may be an untethered handheld device with on-board power 

source or alternatively, tethered to an external power source. The instrument 100 may be 

referred to as an assistive handheld microsurgical instrument. The instrument 100 may be 

capable of sensing its own motion with on-board inertial sensors comprised in the inertial 

measurement unit 104. 

[0031] 	In various embodiments, the laser beam may include visible light. In various 

embodiments, the laser beam may include infrared light which may be detected by the vision 

unit but may not be seen directly by the surgeon, thereby reducing glare on the surgeon. 

[0032] 	In various embodiments, the instrument 100 may be configured to generate a single 

laser marker. 
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[0033] 	In various other embodiments, the instrument 100 may be configured to generate 

two laser markers. The handheld surgical instrument 100 may further include a beam splitter 

configured to separate the laser beam to form the laser marker and a further laser marker on 

the surface. The second signal may be generated by the vision unit based on the movement of 

the laser marker and a movement of the further laser marker. The use of two laser markers 

may help track a pan angle of the instrument 100. The inertial measurement unit 104 may be 

configured to determine the tilt angle of the instrument. The pan angle of the instrument may 

be determined based on the tilt angle, roll angle and/or orientations of the two laser markers. 

[0034] 	The laser beam may produce a laser marker of any suitable shape on the surface. 

For instance, the laser marker may be of any shape selected from a group consisting of a 

circular shape, a rectangular shape, a T-shape, and a cross shape. A non-circular laser marker 

may also help track the pan angle of the instrument 100. 

[0035] 	The inertial measurement unit 104 may include one or more accelerometers or 

inertia sensors for detecting the motion of the handheld surgical instrument 100, such as a 

movement of the controlled tool tip. The one or more accelerometers may be configured to 

measure an acceleration of the instrument 100 or the controlled tool tip. For instance, each 

accelerometer may include a proof mass which deflects from a neutral position when the 

accelerometer undergoes acceleration. The acceleration may be determined by detecting a 

capacitance between an electrode on the proof mass and a reference electrode. The 

accelerometer may be a microelectromechanical system (MEMs) device. 

[0036] 	In various embodiments, the first signal (generated by the inertial measurement 

unit 104) may include information on the motion of the handheld surgical instrument 100 

within a range of frequencies, e.g. about 0 Hz — about 400 Hz, including a frequency of 

intended motion of the 	surgical instrument, e.g. about 0 Hz — about 1 Hz. In various 

embodiments, the second signal (generated by the vision unit) may include information on 

the movement of the laser marker above a predetermined threshold, e.g. about 1 Hz or about 

2 Hz, the predetermined threshold set above the frequency of intended motion of the surgical 

instrument, e.g. about 0 Hz — about 1 Hz. 

[0037] 	The processing circuit 110 may be configured to control the actuator 108 to move 

the movable platform 106 based on the first signal and the second signal so that the intented 

motion of the surgical instrument (at e.g. about 0 — about 1 Hz) is uncompensated by the 

movement of the movable platform. 
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[0038] 	The inertial measurement unit 104 may have an acquisition frequency of up to 400 

Hz. The vision unit may have an image acquisition speed of up to 100 frames per second 

(fps), and may be able to detect movement of the laser marker up to about 100 Hz. The speed 

of the vision unit may be dependent on the shutter speed and/or the computing speed to 

process the image of the laser marker(s). Motion/movement at least up to about 100 Hz may 

thus be detected by both the inertial measurement unit 104 and the vision unit. A high pass 

filter may be used to separate different frequency components of the movement of the laser 

marker detected by the vision unit at a predetermined threshold or cutoff value, e.g. at about 1 

Hz. Accordingly, the second signal transmitted from the vision unit to the processing circuit 

110 may include information on the movement of the laser marker at frequencies above the 

predetermined threshold or cutoff value of about 1 Hz, i.e. in the range of about 1 Hz — about 

100 Hz. On the other hand, the inertial measurement unit 104 may be able to detect 

movement from 0 Hz up to at least up to 400 Hz. By integrating the information on the 

movement of the laser marker detected by the vision unit with information on the motion of 

the handheld surgical instrument 100 detected by the inertial measurement unit 104, intended 

motion of instrument by the surgeon (e.g. at about 0 Hz — about 1 Hz) may be determined or 

identified by the processing circuit 110, and subsequently not compensated by the actuator 

108. The processing circuit 110 may be configured to determine or identify information in the 

frequency range of about 5 Hz — about 12 Hz from information comprised in the first signal 

and the second signal to compensate for the tremulous motion in the range of about 5 Hz to 

about 12 Hz. While the inertial measurement unit 104 and the vision unit may be able to 

detect motion/movement at least up to about 100 Hz, only tremulous motion in the range of 

about 5 Hz to about 12 Hz may be compensated. Drift motion of the instrument 100 at for 

instance about 0 Hz to about 1 Hz may not be compensated. In various embodiments, the 

ranges recited herein may be inclusive of both end values. 

[0039] 	The inertial measurement unit 104 alone may not be able to accurately determine 

the low frequency motion (e.g. about 0 Hz — about 1 Hz) due to the intented motion of the 

instrument and the drift motion, as the accelerometer noise may be greater than the 

magnitude of acceleration of low frequency movements such as hand motion drift, thus 

distorting readings in the low frequency range (e.g. about 0 Hz to about 1 Hz). By using one 

or more laser markers to track the motion and subsequently using a high pass filter to filter 

away movements in the low frequency range (e.g. about 0 Hz to about 1 Hz), various 
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embodiments may improve accuracy in compensation of movements above the threshold e.g. 

about 5 Hz to about 12 Hz. The inclusion of the inertial measurement unit 104 may allow real 

time sensing as the inertial measurement unit 104 has a higher sensing/ sampling rate 

compared to the vision unit. The use of a laser beam instead of a physical marker may allow 

the instrument 100 to be non-obtrusive. 

[0040] 	In various embodiments, the handheld surgical instrument 100 may include the 

controlled tool tip. The controlled tool tip may be a disposable and/or replaceable tip. The 

controlled tool tip may be a micro-forceps, a micro-needle holder, a micro-scissor, or a 

micro-surgical needle/blade. The controlled tool tip may be reversibly attached to the 

movable platform 106. In other words, the controlled tool tip may be easily attached and 

detached from the movable platform 106. The movable platform 106 may include a 

mechanism, such as an adaptor, to attach or hold the controlled tool tip. The controlled tool 

tip may be snap onto the adaptor. 

[0041] 	In various embodiments, the instrument 100 may control the controlled tool tip to 

fully compensate a tremulous motion of the handheld surgical instrument 100 by controlling 

the controlled tool tip to move in an equal and opposite direction to the tremulous motion. 

[0042] 	The handheld surgical instrument 100 may include a power source or a holder for a 

power source. The power source may be configured to provide power to the laser source 102, 

the inertial measurement unit 104, the actuator 108, and/or the processing circuit 110. 

[0043] 	FIG. 1B shows a general illustration of a surgical tool system 100 according to 

various embodiments. The surgical tool system 112 may include a handheld surgical 

instrument 100 as shown in FIG. 1A. The handheld surgical instrument 100 may include a 

laser source 102 configured to emit a laser beam for generating a laser marker on a surface. 

The handheld surgical instrument 100 may also include an inertial measurement unit 104 

configured to detect a motion of the handheld surgical instrument 100 and generate a first 

signal including information on the motion of the handheld surgical instrument 100 detected 

by the inertial measurement unit 104. The handheld surgical instrument 100 may additionally 

include a movable platform 106 for holding a controlled tool tip. The handheld surgical 

instrument 100 may further include an actuator 108 mechanically coupled to the movable 

platform 106. The handheld surgical instrument 100 may also include a processing circuit 

110 configured to control the actuator 108 to move the movable platform 106 based on the 

first signal generated by the inertial measurement unit and a second signal. 
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[0044] 	The surgical tool system 112 may further include a vision unit 114 configured to 

detect a movement of the laser marker, and further configured to generate the second signal, 

the second signal include information on the movement of the laser marker detected by the 

vision unit 114. The processing circuit 110 may be configured to control the actuator 108 so 

that the movement of the movable platform 106 holding the controlled tool tip at least 

partially compensates a tremulous motion of the handheld surgical instrument 100. 

[0045] 	The vision unit 114 may include a camera configured to detect the movement of 

the laser marker by converting an optical signal generated by the laser marker into an 

electrical signal. 

[0046] 	The vision unit 114 may further include a surgical microscope configured to 

magnify laser marker. 

[0047] 	The vision unit 114 may additionally include a computer configured to receive the 

electrical signal from the camera. The computer may be further configured to determine a 

centroid of the laser marker. Information on the movement of the laser marker may be 

information on a movement of the centroid of the laser marker. 

[0048] 	The computer may be configured to generate and transmit the second signal to the 

processing circuit 110 of the handheld surgical instrument 100. The computer may be 

configured to transmit the second signal to the processing circuit 110, e.g. an embedded 

microcontroller, via wireless communications (e.g. Wi-Fi, Zig-bee, Bluetooth, infrared, etc.) 

or wired communications. 

[0049] 	The computer may be further configured to filter out the movement of the laser 

marker at or below a predetermined threshold (e.g. by using a high pass filter), so that the 

second signal includes information on a movement of the laser marker above the 

predetermined threshold. 

[0050] 	The predetermined threshold may be set above a frequency of intended motion of 

the surgical instrument. The predetermined threshold may be about 1 Hz or about 2 Hz. 

[0051] 	The first signal (generated by the inertial measurement unit 104) may include 

information on the motion of the handheld surgical instrument 100 within a range of 

frequencies (e.g. about 0 Hz up to at least about 400 Hz) including the frequency of intended 

motion of the surgical instrument 100 (about 0 Hz to about 1 Hz). 

[0052] 	The processing circuit 110 may be configured to control the actuator 108 to move 

the movable platform 106 based on the first signal and the second signal so that the intented 
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motion of the surgical instrument 100 is uncompensated by the movement of the movable 

platform. 

[0053] 

[0054] 	The processing circuit 110 may be configured to generate an output signal based 

on the first signal and the second signal, the output signal excluding frequencies at or below 

the predetermined threshold. The processing circuit 110 may be configured to control the 

actuator 108 to move the movable platform 106 based on the output signal.The information 

on the motion of the handheld surgical instrument detected by the inertial measurement unit 

may be or may include information of the acceleration of the controlled tool tip. The 

information on the movement of the laser marker detected by the vision unit may be or may 

include information on the position of the controlled tool tip. 

[0055] 	A position of the one or more laser markers as detected by the vision unit may 

have a corresponding time stamp. 

[0056] 	In various embodiments, the computer of the vision unit 114 or the processing 

circuit 110 may be configured to determine an acceleration of the controlled tool tip at a time 

corresponding to the time stamp, by interpolating acceleration values at neighbouring time 

stamps from information detected by the vision unit 114. The computer of the vision unit 114 

or the processing circuit 110 may also be configured to determine a velocity or/and a position 

of the controlled tool tip at the time based on the acceleration of the controlled tool tip at the 

time. 

[0057] 	The computer of the vision unit 114 or the processing circuit 110 may be further 

configured to predict a position of the controlled tool tip at a latter specified time based of the 

position, velocity and acceleration of the controlled tool tip at the time. By predicting the 

position of the controlled tool tip at the latter specified time, the actuator 108 may be 

controlled to move the movable platform so that the controlled tool tip is moved before the 

latter specified time, thereby offsetting a delay associated with the actuator 108. 

[0058] 	FIG. 2 is a schematic 200 showing a method of operating a handheld surgical 

instrument according to various embodiments. The method may include, in 202, using a laser 

source to emit a laser beam to generate a laser marker on a surface. The method may also 

include, in 204, detecting, using inertial measurement unit, a motion of the handheld surgical 

instrument. The method may include, in 206, generating, using the inertial measurement unit, 

a first signal including information on the motion of the handheld surgical instrument 
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detected. The method may additionally include, in 208, controlling, using a processing 

circuit, an actuator to move a movable platform, the movable platform holding a controlled 

tool tip, based on the first signal generated by the inertial measurement unit and a second 

signal generated by a vision unit based on a movement of the laser marker, so that the 

movement of the movable platform holding the controlled tool tip at least partially 

compensates a tremulous motion of the handheld surgical instrument. 

[0059] 	In other words, the method may include tracking a laser marker, detecting using an 

inertial measurement unit, and using the data from the laser marker and data from the inertial 

measurement to control a movable platform holding a tool top so as to help compensate a 

tremulous motion of the handheld surgical instrument. 

[0060] 	In various embodiments, the laser beam may include visible light or infrared light. 

[0061] 	The method may further include using a beam splitter to separate the laser beam to 

form the laser marker and a further laser marker on the surface. The second signal may be 

generated by the vision unit based on the movement of the laser marker and a movement of 

the further laser marker. 

[0062] 	The laser beam may produce a laser marker of any suitable shape on the surface. 

For instance, the laser marker may be of any shape selected from a group consisting of a 

circular shape, a rectangular shape, a T-shape, and a cross shape. 

[0063] 	The inertial measurement unit may include one or more accelerometers for 

detecting the motion of the handheld surgical instrument. 

[0064] 	The first signal (generated by the inertial measurement unit) may include 

information on the motion of the handheld surgical instrument within a range of frequencies 

including a frequency of intended motion of the surgical instrument. 

[0065] 	The second signal (generated by the vision unit) may include information on the 

movement of the laser marker above a predetermined threshold (e.g. about 1 Hz or about 2 

Hz), the predetermined threshold set above the frequency of intended motion of the surgical 

instrument (e.g. about 0 Hz — about 1 Hz). 

[0066] 	The processing circuit may be configured to control the actuator to move the 

movable platform based on the first signal and the second signal so that the intented motion 

of the surgical instrument is uncompensated by the movement of the movable platform. 

[0067] 	FIG. 3 is a schematic 300 showing a method of operating a surgical tool system 

according to various embodiments. The method may include, in 302, operating a handheld 
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surgical instrument so that a laser beam is emitted from a laser source to generate a laser 

marker on a surface. The method may also include, in 304, operating the handheld surgical 

instrument to detect a motion of the handheld surgical instrument using an inertial 

measurement unit, and generate a first signal comprising information on the motion of the 

handheld surgical instrument detected by the inertial measurement unit. The method may 

further include, in 306, operating a vision unit to detect a movement of the laser marker, and 

to generate a second signal, the second signal comprising information on the movement of 

the laser marker detected by the vision unit. The handheld surgical instrument may include a 

processing circuit configured to control an actuator to move a movable platform, the movable 

platform mechanically coupled to the actuator and holding a controlled tool tip, based on the 

first signal generated by the inertial measurement unit and the second signal generated by the 

vision unit so that the movement of the movable platform holding the controlled tool tip at 

least partially compensates a tremulous motion of the handheld surgical instrument. 

[0068] 	The laser beam may include visible light or infrared light. 

[0069] 	The handheld surgical instrument further may include a beam splitter configured to 

separate the laser beam to form the laser marker and a further laser marker on the surface. 

The vision unit may be operated to detect the movement of the laser marker and a movement 

of the further laser marker. 

[0070] 	The laser beam may produce a laser marker of any suitable shape on the surface. 

For instance, the laser marker may be of any shape selected from a group consisting of a 

circular shape, a rectangular shape, a T-shape, and a cross shape. 

[0071] 	In various embodiments, the inertial measurement unit may include one or more 

accelerometers for detecting the motion of the handheld surgical instrument. 

[0072] 	The movement of the laser marker may be detected by using a camera comprised 

in the vision unit, the camera configured to convert an optical signal generated by the laser 

marker into an electrical signal. 

[0073] 	The laser marker may be magnified by a surgical microscope comprised in the 

vision unit. 

[0074] 	The vision unit may include a computer configured to receive the electrical signal 

from the camera. The computer may be further configured to determine a centroid of the laser 

marker. Information on the movement of the laser marker may be information on a 

movement of the centroid of the laser marker. 



WO 2017/164818 
	

PCT/SG2017/050147 

18 

[0075] 	The computer may be configured to generate and transmit the second signal to the 

processing circuit of the handheld surgical instrument. The computer may be further 

configured to filter out (e.g. using a high pass filter) the movement of the laser marker at or 

below a predetermined threshold (e.g. about 1 Hz or about 2 Hz)), so that the second signal 

includes information on a movement of the laser marker above the predetermined threshold. 

The predetermined threshold may be set above a frequency of intended motion of the surgical 

instrument (e.g. about 0 — 1 Hz). 

[0076] 	On the other hand, the first signal may include information on the motion of the 

handheld surgical instrument within a range of frequencies including the frequency of 

intended motion of the surgical instrument. 

[0077] 	The processing circuit may be configured to control the actuator to move the 

movable platform based on the first signal and the second signal so that the intented motion 

of the surgical instrument is uncompensated by the movement of the movable platform. 

[0078] 	The processing circuit may be configured to generate an output signal based on the 

first signal and the second signal, the output signal excluding frequencies at or below the 

predetermined threshold. The processing circuit may be configured to control the actuator to 

move the movable platform based on the output signal. 

[0079] 	FIG. 4 shows a schematic of a method for forming a handheld surgical instrument 

according to various embodiments. The method may include, in 402, providing a laser source 

configured to emit a laser beam for generating a laser marker on a surface. The method may 

also include, in 404, providing an inertial measurement unit configured to detect a motion of 

the handheld surgical instrument and generate a first signal comprising information on the 

motion of the handheld surgical instrument detected by the inertial measurement unit. The 

method may further include, in 406, providing a movable platform for holding a controlled 

tool tip. The method may additionally include, in 408, mechanically coupling an actuator to 

the movable platform. The method may further include, in 410, electrically connecting a 

processing circuit to the actuator, the processing circuit configured to control the actuator to 

move the movable platform based on the first signal generated by the inertial measurement 

unit and a second signal generated by a vision unit based on a movement of the laser marker, 

so that the movement of the movable platform holding the controlled tool tip at least partially 

compensates a tremulous motion of the handheld surgical instrument. 
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[0080] 	In other words, the method may provide a method of fabricating or assembling a 

handheld surgical instrument as described herein. 

[0081] 	FIG. 5 shows a schematic of a method for forming a surgical tool system according 

to various embodiments. The method may include, in 502, providing a handheld surgical 

instrument. The handheld surgical instrument may include a laser source configured to emit a 

laser beam for generating a laser marker on a surface, an inertial measurement unit 

configured to detect a motion of the handheld surgical instrument and generate a first signal 

comprising information on the motion of the handheld surgical instrument detected by the 

inertial measurement unit, a movable platform for holding a controlled tool tip, an actuator 

mechanically coupled to the movable platform, and a processing circuit configured to control 

the actuator to move the movable platform based on the first signal generated by the inertial 

measurement unit and a second signal. The method may also include, in 504, providing a 

vision unit configured to detect a movement of the laser marker, and further configured to 

generate the second signal, the second signal comprising information on the movement of the 

laser marker detected by the vision unit. The processing circuit may be configured to control 

the actuator so that the movement of the movable platform holding the controlled tool tip at 

least partially compensates a tremulous motion of the handheld surgical instrument. 

[0082] 	In other words, the method may include a method of forming or setting up a 

surgical tool system as described herein. The method may include providing a handheld 

surgical instrument and a vision unit as described herein. 

[0083] 	FIG. 6A shows an external view of a handheld surgical instrument 600 according 

to various embodiments. FIG. 6B shows a view of the handheld instrument 600 according to 

various embodiments with the power source 634b visible. The handheld surgical instrument 

600 may include a handheld section 632, which may alternatively be referred to as a handle 

section or a handgrip section. The handheld section 632 may include a power source cover 

634a covering a power source 634b such as a battery. The handheld surgical instrument 600 

may include a micromanipulator module 616, which may be alternatively referred to as a 

tremor/ motion cancellation / compensation platform. The micromanipulator module 616 may 

additionally include an adaptor 618 for holding or attaching a controlled tool tip, implement 

620 such as a needle. The controlled tool tip or implement 620 may also be referred to as a 

surgical tool attachment. 
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[0084] 	FIG. 6C shows a view of the micromanipulator module 616 according to various 

embodiments. The micromanipulator module 616 may include a fixed base platform 622 

attached or fixed to the handle section 632. The micromanipulator module 616 may also 

include a piezoelectric actuator 608 having a first surface mechanically coupled to the fixed 

based platform 622. A second surface opposite the first surface of the piezoelectric actuator 

608 may be coupled to a movable platform 606. The movable platform 606 may include pivot 

flexure joints 626, extensible articulated links 628, and movable upper platform 630. The 

controlled tool tip 620 may be fitted onto the adaptor 618. The micromanipulator module 616 

may provide a high precision 3 	degrees-of-freedom (DOF) mechanism. 	In various 

embodiments, the micromanipulator module 616 or movable platform 606 may include 3 

geometrically spaced extensible articulated links 628, which may be similar or identical to 

one another. Each extensible articulated link 628 may have a first end mechanically coupled 

to the movable upper platform 630 via 2 pivot joints. Each extensible articulated link 628 

may also have a second end opposing the first end mechanically coupled to one prismatic 

joint of the piezoelectric actuator 608. The actuator 608 may include a linear actuator to 

actuate the prismatic joint of each limb resulting in relative movements between the fixed 

base platform 622 and the movable upper platform 630. While FIGS. 6A-C show a device 

with 	piezoelectric 	actuators, 	any 	suitable 	linear 	actuator 	may 	be 	used, 	including 

electromagnetic actuator (e.g. motor, voice coil, solenoid etc.) , pneumatic actuator, smart 

materials actuator (SMA), magneto-restrictive actuator, electrostrictive actuator, dielectric 

elastomer actuator, or electro-active polymer actuator. A piezoelectric actuator may execute 

the desired movements with sufficient speed, power and precision (in the low micrometer 

range). By varying the lengths of the extensible articulated links 628, the movable upper 

platform 630 may be controlled and manipulated. 

[0085] 	In the configuration shown, the orientation and reach in the Z direction may be 

more important than the translation movement in the X direction or Y direction. The 

orientation may be adjusted up to ± 0.49°, while a stroke in the Z direction may have up to 

300 1.tm reach. 	In other words, there are 2 degrees-of-freedom of rotation about 2 

perpendicular axes intersecting at the center of the movable upper platform and forming a 

horizontal plane, and 1 degree-of-freedom of a vertical translated motion. The displacement 

along the Z-axis may be caused by actuating the 3 actuators simultaneously. For rotational 

movements about the X and/or Y axes, at least 2 actuators, if not 3 at a time, may be actuated. 
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The mechanism may provide accurate positioning for long stroke positioning at high 

operating rate (> 5Hz). 

[0086] 	In various embodiments, the masses in motion may be reduced to a minimum. In 

various embodiments, the movement of parts of the device/mechanism may be such that the 

total mass may be of the same order as the inertia of the moving parts of the 

mechanism/device, resulting in a high operating rate. The 3 moving portions of the 

mechanism/device may act in parallel to increase in the stiffness of the mechanism/device, 

enabling better repeatability of position even at high speed. The closed kinematic may have 

the benefits of more rigidity, speed and accuracy, high force capacity for the number of 

actuators as the actuators are arranged in parallel rather than in series, and/or relatively 

simpler inverse kinematics which is an advantage in real-time computer online control. 

[0087] 	The movable upper platform 630 may be connected to the extensible links by 

means of a flexure system including 3 pairs of 2 flexure-based revolute joints in series. The 

pairs may be equally spaced from one another, with an angle of 20° between neighbouring 

pairs. The pairs may be at a predetermined radius from the center of the movable upper 

platform 630. Each pair may include a first flexure member defining a first axis of rotation 

and a second flexure member defining a second axis of rotation. In this regard, the movable 

upper platform 630 may be coupled to the flexure system to move about a plurality of axes. 

These ends of the 3 extensible articulated links 628 may be connected to the fixed base 

platform 630 and may be equally spaced with an angle 120° between neighbouring links. The 

3 extensible articulated links 628 may be at a predetermined radius from the center of the 

fixed base platform 630. 

[0088] 	Using flexure-based technology may eliminate or reduce backlash and friction, 

thereby providing an accurate mechanical foundation for the micromanipulator module 616. 

Flexure-based technology may also help to overcome the problems of limited precision and 

repeatability faced by mechanisms that rely on rolling or friction bearings, which may have 

considerable backlash and friction. 

[0089] 	The adapter 618 may be used to attach controlled tool tips or implements 620 such 

as standard surgical instruments to the movable upper platform 630. The adapter 618 may 

include a section that can be attached to the movable upper platform 630 and another section 

that is coupled to the implement 620. Attachment of implements 620 may improve the 

operation and use of the tremor/motion cancellation/compensation platform. For instance, 
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using detachable implements 620 may facilitate overall sterilization. The implement 620 may 

be easily and quickly inserted onto the adapter 618, and may be securely held once attached 

to the movable upper platform 630. 

[0090] 	FIG. 6D shows a view of the handheld surgical instrument with a disposable 

controlled tool tip 620 according to various embodiments. The instrument 600 may have a 

sterilizable front end / implement 620, and a non-sterilizable active handle including handle 

section 612, and micromanipulator module 616. The instrument 600 may be a general 

surgical tool including a durable/ reusable active handle (containing electronics, power source 

and actuators) and a single-use sterilizable, disposable controlled tool tip or implement 620. 

The single-use sterilizable, disposable controlled tool tip or implement 620 may be a snap-fit 

tool to be snapped onto the adapter 618. 

[0091] 	The (underactuated) micromanipulator module 	616 may include a 3-DOF 

piezoelectric-driven parallel mechanism including a movable upper surgical tool attachment 

unit 630 connected to a lower fixed support 622 by 3 identical or similar limbs with 

symmetrical kinematic structure. The micromanipulator module 616 may control, move and 

position an end effector 620, such as a tool or element in space, and may enable the control of 

3 degrees of freedom using the limbs in parallel, with actuators 608 connected to a fixed 

support 622, while preserving the parallelism of the moving limbs with respect to the fixed 

support 622. Each limb may couple the fixed support 622 to the tool attachment 620 by a 

revolute joint, a prismatic joint (activated by a piezoelectric actuator), and a spherical joint. 

[0092] 	FIG. 7A shows a general illustration of a surgical tool system 750 according to 

various embodiments. The surgical tool system 750 may include a handheld surgical 

instrument 700. The handheld surgical instrument 700 may include a laser source 702, such 

as a laser diode, configured to emit a laser beam for generating a laser marker on a surface. 

The handheld surgical instrument 700 may also include an inertial measurement unit (IMU) 

704 configured to detect a motion of the handheld surgical instrument 700 and generate a first 

signal comprising information on the motion of the handheld surgical instrument 700 

detected by the inertial measurement unit 704. The handheld surgical instrument 700 may 

further include an actuator 708, such as a piezoelectric actuator 708, mechanically coupled to 

a movable platform holding a controlled tool tip. The handheld surgical instrument 700 may 

additionally include a processing circuit 710, 	such as 	an embedded microcontroller, 



WO 2017/164818 
	

PCT/SG2017/050147 

23 

configured to control the actuator 708 to move the movable platform based on the first signal 

generated by the inertial measurement unit 708 and a second signal. 

[0093] 	The surgical tool system 750 may also include a vision unit or sub-system 714, 

which may also be referred to as a vision module. The vision unit 750 may include a surgical 

microscope 736 configured to magnify laser marker, and a camera 738 configured to detect 

the movement of the laser marker by converting an optical signal generated by the laser 

marker into an electrical signal. The vision unit 750 may further include a computer 740 

configured to receive the electrical signal from the camera 738. The computer 740 may be 

configured to process information comprised in the electrical signal received. The computer 

740 may be configured to generate information on the high frequency movement (i.e. at or 

above a threshold frequency) of the laser marker detected by the vision unit, and the 

information may be transmitted by the computer 740 or a transmitter coupled to the computer 

740 to the processing circuit 710 via a second signal. 

[0094] 	As shown in FIG. 7A, the second signal may be transmitted via wireless means. 

The processing circuit 710 may be configured to control the actuator 708 based on the first 

signal and the second signal so that the movement of the movable platform holding the 

controlled tool tip at least partially compensates a tremulous motion of the handheld surgical 

instrument 700. 

[0095] 	The handheld surgical instrument 700 may additionally include a power amplifier 

742, which may amplify the output control signal generated by the processing circuit 710 to 

control the actuator 708. 

[0096] 	The surgical tool system 750 may be referred to as the ITrem2 sensing system, 

which may be used for microsurgery, while the instrument 700 may be referred to as the 

ITrem2. FIG. 7B is an image 770 showing the sensing system in operation according to 

various embodiments. The ITrem2 system may have micrometer scale accuracy, and may 

also be real-time. The inertial measurement unit (IMU) 704 may include one or more sensors 

or accelerometers to estimate the movement of the controlled tool tip, and may be non-

obtrusive since the sensors or accelerometers may be internally referenced and may be light 

in weight and mounted inside the instrument body 700. The performance for sensing the 

movement of the instrument 700 may be enhanced by integrating vision unit 714 with the 

inertial measurement unit 704. The hand movement of the surgeon including the involuntary 

components such as tremor and drift may be sensed by the inertial sensors or accelerometers 
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on-board ITrem2. The real-time computer 740 may receive visual inertial information and 

may estimate the 3 DOF (Degrees of Freedom) controlled tool tip position in real-time. The 

sensor fusion unit in the embedded microcontroller 710 may improve the position sensing of 

the controlled tool tip by utilizing accurate time stamps of the real-time computer 740. Time 

aware fusion of the inertial measurements may provide micrometer accuracy even with 

significant delay and jitter in the vision measurements. 

[0097] 	Microsurgery operations may be normally performed under an optical surgical 

microscope. Attaching a camera to the microscope may provide the controlled tool tip motion 

and target position information as seen by surgeon. The surgical microscope 736 may be 

equipped with a beam-splitter and a stereo attachment for a second observer. The system 750 

may allow simultaneous viewing of the workspace by the camera, the surgeon and an 

assistant. Furthermore, the position information obtained from vision system 714 may not 

have the problem of drift associated with accelerometers. The vision system 714 may include 

a high pass filter to filter low frequency drift motion e.g. at about 0 — about 1 Hz. 

[0098] 	In microsurgery operations, it is important to avoid disastrous movement to any 

nearby 	delicate 	tissue. 	Therefore, 	restricting 	the 	controlled 	tool 	tip 	from 	damaging 

movements is a useful and important automatic visual servoing task. Moreover, there is a 

need to obtain the absolute position of the controlled tool tip for some automatic visual 

servoing tasks such as snap-to a target. Sensing of the absolute controlled tool tip position in 

the world reference frame also opens the door to other improvements such as automatic 

motion scaling of the controlled tool tip. Because of the notorious drift associated with 

inertial sensors, there is a problem to detect the absolute world coordinates using the 

accelerometers only. Microsurgery operations are normally performed under an optical 

surgical microscope. Attaching a camera to the microscope provides the controlled tool tip 

motion and target position information as seen by surgeon. A surgical microscope can be 

equipped with a beamsplitter and a stereo attachment for a second observer. It allows 

simultaneous viewing of the workspace by the camera, a surgeon and an assistant. 

Furthermore, the position information obtained from vision system is not drifting. 

[0099] 	The vision module 714 may be made up of a table-top optical surgical microscope 

736 equipped with a high speed monovision industrial camera 738. A filter with a pass-band 

that matches to the wavelength of the light source or laser source 702 may be attached to the 

camera 738 to minimize the interference from ambient light. In order to acquire high quality 
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digital image covering 5 mm x 3.7 mm field of view with low noise level, the exposure time 

may be set to be 5 ms. The sampling rate of the vision unit 714 may be 100 Hz. Real-time 

image processing may be performed on the real-time embedded computer 740 connected to 

the camera 738. 

[00100] 	The vision unit 714 may acquire the movement information of the instrument body 

700 by tracking a reference light marker emitted from a low power (< 1 mW) infrared laser 

diode 702 attached to the instrument body. The movement of the instrument tip without 

actuation may be referred to as the movement of the neutral tip. The movement of the 

reference light spot may be considered as the movement of the neural tip as they are attached 

as one rigid body. 

[00101] 	The position of the laser marker may be determined or calculated from the centroid 

(C) of the laser marker, i.e.: 

C = [CxCy]T 	 (1) 

where Cx is the x-coordinate of the centroid and Cy is the y-coordinate of the centroid. 

[00102] 	The acquired image may be first converted to binary image by applying a 

threshold. The resulting image may then be used to mask the original image to calculate the 

center of energy through the following standard centroid equations: 

E (x 1(x ,y)) 
Cx = 	 (2) 

E i(x,y) 

E(Y 1(x,Y)) Cy = 	 (3) E i(x,y) 

where x is the x coordinate of a pixel, y coordinate is the y coordinate of a pixel, and i(x,y) is 

the intensity value of each pixel. 

[00103] 	The vision unit 714 may not only track the movement of the instrument body but 

may also tracks the ITrem2 controlled tool tip to perform automatic visual servoing tasks. 

Edge based geometric template matching may be used to track the ITrem2 controlled tool tip 

because it is capable of locating the template which may be rotated or partially occluded in 

the image. The template matching may give the position of the controlled tool tip in sub-pixel 

accuracy. 

[00104] 	The high frequency motion component of the laser marker may be used to integrate 

with the information acquired from the inertial measurement system to estimate the tremulous 

motion in real-time. 
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[00105] 	Handheld experiments may be conducted to evaluate the compensation capability 

of the assistive instrument. FIG. 8A is an image 800a showing an untrained user being asked 

to hold the instrument and point at a sharp target tip under a surgical microscope with 25x 

magnification according to various embodiments. 	FIG. 8B shows an image 800b of the 

target tip, the laser marker and the controlled tool tip of the device according to various 

embodiments. 

[00106] 	FIG. 9A is a plot 900a of displacement (micrometers or 1.tm) as a function of time 

(seconds or s) showing the uncompensated movement or displacement of the laser marker 

and the compensated controlled tool tip displacement according to various embodiments. 

FIG. 9B is a plot 900b of 	displacement (micrometers or 1.tm) as a function of frequency 

(hertz or Hz) showing the uncompensated movement or displacement of the laser marker and 

the compensated controlled tool tip displacement according to various embodiments. The 

power of physiological tremor with dominant frequency at 6 Hz and the lower frequency 

erroneous components (drift & myoclonic jerk) may be visibly attenuated after compensation. 

If the compensation is perfect, the solid line may be be reduced to random white noise with 

equal power across all frequencies. 

[00107] 	FIG. 9C is a table 900c showing the numerical uncompensated results and the 

compensated results according to various embodiments. 

[00108] 	FIG. 10A is a schematic showing a handheld surgical instrument 1000 according to 

various embodiments. The instrument 1000 may include one or more accelerometers 1004 

comprised in the inertial measurement unit. The instrument 1000 may also include a 

microcontroller 1010 as shown in FIG. 10A. The instrument 1000 may additionally include a 

handheld section 1032 and a micromanipulator module 1016, which may include an adaptor 

for holding controlled tool tip 1020. 

[00109] 	In various 	embodiments, 	there may be four dual-axis 	digital miniaturized 

microelectromechanical systems (MEMs) accelerometers 1004 arranged inside the instrument 

1000 (ITrem2). The accelerometers 1004 may be configured to sense 3 DOF motion of the 

controlled tool tip, and 2 DOF orientation of the instrument. The microcontroller 1010 may 

be configured to perform a moving average filtering and also use a sensor fusion algorithm in 

real-time to estimate the position of the tip 	1020. 	The real-time computer and the 

microcontroller 1010 may communicate via wireless communications, such as Zigbee. 
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Zigbee wireless communications may be conducted with a bandwidth of 250 kps for robust 

and real time communications. 

[00110] 	The location and orientation of the inertial sensors 1004 may be important in order 

to achieve high sensing resolution. The accelerometers 1004 may be placed in a long 

cylindrical space in the instrument body as shown in FIG. 10A but the point of interest to 

sense the motion is at the needle tip 1020 where it may not be possible to place the 

accelerometers 1004. FIG. 10B is a schematic showing the placement of accelerometers in 

the handheld section 1032 according to various embodiments. 

[00111] 	The X component and the Y component of accelerometer reading and noise may 

be magnified more compared to the Z component when converting into the controlled tool tip 

accelerations. Hence, it may be more beneficial to improve acceleration sensing along X-axis 

and Y-axis of the body reference frame. On the other hand, the costs of digital MEMS 

accelerometers may become very low and affordable, whilst their sizes have become very 

small. 

[00112] 	The use of redundant sensors may provide better inertial sensing resolution. 

However, there may be some difficulties to overcome in order to use redundant sensors. More 

accelerometers may require more connections or wires to connect to the receiving signal 

processor. The resultant design of the handheld instrument may become so bulky that the 

design is no longer ergonomic. More analog-to-digital converters may be required to 

interface with analogue accelerometers. 

[00113] 	In various embodiments, the instrument may be able to attain the advantage of 

redundancy by deploying or including the embedded microcontroller 1010 with digital 

interface inside the instrument 1000 as the microcontroller 1010 may allow multiplexing of 

the data into a single pair of wire. The instrument 1000 with the embedded microcontroller 

1010 with digital interface may be more robust to noise because the data are transmitted 

digitally between the microcontroller 1010 and the real time computer. In addition, pre-

filtering tasks may be done on the embedded microcontroller 1010 before transmitting the 

data to the receiving end. 

[00114] 	In 	various 	embodiments, 	the 	instrument 	1000 	may 	include 	redundant 

accelerometers. The instrument 1000 may further include two dual-axis sensors instead of 

one at the controlled tool tip side. The sensors marked 3A and 3B may form a differential 

pair, and the acceleration reading at location {3} may become better in quality, with 
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undesirable noise such as temperature drift, and other common mode noise effectively 

removed. 

[00115] 	FIG. 10C shows a table 1050 comparing the performance of ITrem2 according to 

various embodiments with MicronII. The simulation results in FIG. 10C shows that the 

performance of ITrem2 is better than its predecessor MicronII by 3 times. 

[00116] 	The sensor fusion unit may improve the position sensing of the controlled tool tip 

by utilizing accurate time stamps of the real-time computer. Time aware fusion of the inertial 

measurements may provide micrometer accuracy even with significant delay and jitter in the 

vision measurements. The sensor fusion unit may employ or include first in, first out (FIFO) 

queues that store the latest acceleration measurements from the IMU and position 

measurements 	from vision unit with their respective time 	stamps. 	At each inertial 

measurement cycle, the controlled tool tip acceleration and the corresponding time stamps 

may be stored in the acceleration queue. 

[00117] 	FIG. 11A is a schematic 1100a showing the acceleration queue from the inertial 

measurement unit according to various embodiments. The acceleration queue shown in FIG. 

11A has 32 elements. During each inertial measurement cycle, the newest acceleration value 

may be inserted at A. and the oldest value at An_31 may be discarded. 

[00118] 	During each time an image is acquired, the vision unit may store the time stamp of 

the image with an accuracy of ±1 vs. When the image processing and pose estimation are 

finished, the estimated position of the neutral tool tip (i.e. the laser marker) in the microscope 

reference frame, P, and the associated time stamp may be sent to the fusion unit. Since the 

sampling rate of the vision unit is much slower than that of the inertial measurement, without 

assuming periodicity, the fusion unit may check the availability of the vision information at 

each inertial measurement cycle. If new position information from the vision unit is available, 

the fusion unit may perform the following steps to estimate the current position. 

[00119] 	1. 	Updating the position queue 

[00120] 	Sampling rate of the inertial measurement unit may be at 333 Hz and that of the 

vision unit may be at only 100 Hz. At each inertial measurement cycle, the availability of the 

position information from the vision unit may be checked and FIFO position queue may be 

updated if the new position measurement is available. FIG. 11B is a schematic 1100b 

showing the position queue from the vision unit according to various embodiments. FIG. 11B 

shows the position queue with 4 elements and employing FIFO. 
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[00121] 	2. 	Associating the visual information and inertial information 

[00122] 	The position measurements of the neutral tool tip from the vision unit may be 

associated with the corresponding acceleration measurements in the acceleration queue by 

checking the time stamps of the images. Due to the considerable jitter in sampling period of 

the vision unit, delay time of an image may not be constant and the more exact value of the 

acceleration at a particular time may calculated from the time stamp associated with the 

image in the position queue. 

[00123] 	For a position time stamp, tm  in the position queue, a corresponding new entry may 

be inserted in the acceleration queue just after the latest time stamp which is earlier than or 

equal to tm. The time stamp for the corresponding new entry may be denoted as tn_K  whose 

value is about the same as tm  and which satisfies the following relation. 

tn_K_i < tn_K < tn_K+1 	 (4) 

[00124] 	The acceleration value for the entry, An-K may be estimated using linear 

interpolation. 

— 
	

tn-K-Fi-tn-K 	A 	_L 	tn-K-to-K-1 	A An -K 	,_ 	 I-1n-K-1 m ,_ 	 I-1n-K+1 	 (5) 
,n-K-F1-tn-K-1 	 ,n-K-F1-tn-K-1 

[00125] 	Similarly, for the position time stamp, tm_, in the position queue, another 

corresponding entry with time stamp, t,,L, and acceleration, An-L may be inserted in the 

acceleration queue. 

[00126] 	FIG. 11C is a schematic 1100c showing the updated acceleration queue from the 

inertial measurement unit according to various embodiments. The time stamp, to-K, may be 

equal to tm. Similarly, tn_L may be equal to tm-i. 

[00127] 	3. 	Calculating the tool tip velocity 
[00128] 	The tool tip velocity of the instrument may be calculated using the two positions 

obtained from vision measurements and the acceleration measurements. FIG. 11D is a plot 

1000d of displacement as a function of time showing merging of the acceleration information 

and vision information according to various embodiments. 

[00129] 	Velocity change at tia_L  (AVn—L) may be initialized as 0 and the velocity change 

AV, at each successive sample point is represented by 

A •-EA•_, 
AVi 	 ' 	- 	i 	— L +1,...,n — K. = Eii =n-L+1 	2 j 	(ti 	tj_i) , 	= n 	 (6) 

[00130] 	Thereafter, the tool tip position and the velocity estimation at tn_K  may be obtained 

from the following equations. 
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Pn-K = Pm 	 (7) 

pn-K_pn-L_zrit 
 
n
ic 

L+1
414i+4

2
Vi_ i  

(t, 	ti_1) 
Vn-K 	 AVn_ K  — 	 + 	 (8) 

tn-K-tn-L 
Where P . n-L = Pm-1. 
[00131] 	4. 	Calculating the tool tip position 

The tool tip position at time to  may be estimated from calculated velocity- Vn-K, position 

information from vision system - Pn-K, and acceleration measurements as shown in the 

following equations. 

A •+A•_i  
j V( 	Vn-K 	 i 	K = 	 = n — 	+1,...,n. 	 (9) +Eji  =n-K+1 	2' 	

(ti — ti_i), 

[00132] 	The estimated tool tip position at time to  is denoted by P. 

vi-E 	i 
 
_l  ti_ 

Pn 	Pn-K = + Erit=n-K+1 	2 
	
(ti — ti-1) 	 (10) 

[00133] 	If there is no new vision information, the fusion unit may simply update the pose 

estimation for the current acceleration sample value using the above two equations. 

[00134] 	After estimating the position for the current sample, the fusion unit may predict the 

tool tip position in advance to offset the inherent delay associated with the actuation unit. For 

the prediction time, Atp, the predicted tool tip position, Pp, is calculated as follows. 

An  
PP  =Pn  +V xAtP — —

2
X At 2 	 (11) 

[00135] 	In various embodiments, the instrument may be designed to have a universal 

adapter compatible with current surgical tools. Various controlled tool tips may be fitted with 

the adapter. In various embodiments, four types of controlled tool tips may be engineered to 

incorporate the most common surgical tools used during a microsurgery. 

[00136] 	The tip of the assisted handheld instrument may be designed to be replaceable and 

disposable. Currently, four types of tips are under development, including micro-forceps, 

micro-needle holder, micro-scissors and micro-surgical needle/blade. The replaceable feature 

(Snap-On style) may allow surgeons to switch the surgical tips easily for various applications. 

The disposable feature may simplify the sterilization procedure. 

[00137] 	FIG. 12A is an image 1200a of a micro-needle holder according to various 

embodiments holding a suture wire. FIG. 12B is an image 1200b of the micro-needle holder 

according to various embodiments in a closed arrangement. FIG. 12C is an image 1200c of 

the micro-needle holder according to various embodiments in an open arrangement. FIG. 12D 

is an image 1200d of the micro-needle holder according to various embodiments holding the 

suture wire during operation. 
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[00138] 	FIG. 12E is an image 1200e of a micro-scissors according to various embodiments 

in closed arrangement. FIG. 12F is an image 1200f of the micro-scissors according to various 

embodiments in closed arrangement. 

[00139] 	The controlled tool tip may be driven by electromagnets. The instrument may 

include one or more electromagnets, which are able to generate 1.5 N grabbing/cutting force 

to hold the suture needle and to cut the blood vessel or tissue. The maximum opening width 

of the needle holder may be about 1.5 mm, which allows easy pick-ups of various suture 

needles, from size 6/0 to 12/0. The maximum opening width of the scissors may be designed 

to be about 1.2 mm, which is sufficient for cutting different types of tissues. 

[00140] 	The controlled tool tips may include radio-frequency identification (RFID) chip for 

authentication purpose. The RFID may contain information such as the authentication detail, 

the usage record, the regional information, the type of the controlled tool tip, etc. 

[00141] 	To increase the ease of use of the hand-held instrument, a separate installation 

device may be designed to authenticate and install the controlled tool tip onto the hand-held 

device. The installation device may be further configured to perform calibration of the 

system. 

[00142] 	The installation device may be able to read the RFID chip embedded in the 

controlled tool tip. The installation device may be configured so that the installation device 

only performs the installation of the controlled tool tip according to its type only if the device 

confirms the controlled tool tip is genuine, is used for the first time, and is planned to be sold 

in this specific region. Once the controlled tool tip is secured on the hand-held instrument, the 

device may perform calibration automatically. The entire process may take less than 30 

seconds. 

[00143] 	There is a clear need for technology assisted solutions in applications which 

require manual micromanipulation that pushes human sensory-motor limits, especially in the 

surgical space. Not only does the instrument/ system hold the promise of better clinical 

outcome for many existing microsurgical interventions, various embodiments may also make 

possible certain procedures which are currently deemed impossible to perform. 

[00144] 	The assistive handheld microsurgical instrument may be intended to be introduced 

as a general surgical tool comprising a durable/reusable active handle (containing electronics, 

power, and actuators) with a single-use sterilizable, disposable surgical tool attachment. 
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[00145] 	Various embodiments may provide a system and/or a method that adopts a less 

obtrusive, lowers cost, maximizes ease of use, user acceptance, and/or is compatible with 

current surgical practice with respect to accuracy enhancement. Various embodiments may 

provide a completely portable hand-held tool, with the instrument size and weight as close as 

possible to that of existing passive instruments. The assistive handheld microsurgical 

instrument may be a self-contained untethered instrument with a detachable and sterilizable 

single-use surgical tool attachment. The instrument may be configured to sense its own 

motion via non-contact sensing by using on-board inertial sensors, distinguish between 

erroneous motion and intended motion of the hand with real-time filtering and sensor fusion 

algorithms, and compensate the erroneous component by deflecting the controlled tool tip in 

an equal but opposite motion in real-time with a robotic micromanipulator. 

[00146] 	Computer vision techniques may further enhance the positioning accuracy of the 

instrument and may extend its capability to execute vision-guided surgical intervention by 

making use of images from a microscope mounted camera. 

[00147] 	Various 	embodiments 	may 	relate 	to 	the 	untethered 	handheld 	instrument 

mechanism design, design of the disposable tip, sensing system using light marker, placement 

configuration of inertial sensors, and/or clamping tip design. 

[00148] 	In various embodiments, the instrument may include a laser source such as an 

infrared (IR) light emitting diode (LED) to generate two parallel IR laser beams. Two laser 

markers may be formed on the surface, which may be captured by an IR camera. Tilt angles 

with respect to the X-axis and Z-axis of the instrument may be generated from the inertial 

measurement unit (IMU). A pan angle rotation of the instrument may be determined or 

calculated by using the tilt angle and orientation of the two laser markers. 

[00149] 	The two markers formed by the two parallel infrared (IR) laser beams produced by 

the IR LED may be captured by the monocular IR camera fastened or attached to a 

microscope. The centroids of the two laser markers may be denoted by Co and Ci. The light 

reference plane {L} may be the coordinate frame whose X- and Y-axis are on the focal plane. 

The origin of {L} may be at Co. The coordinate frame of the instrument body may be defined 

as the body reference frame {B}. 

[00150] 	FIG. 13A is a schematic 1300a illustrating the definitions of the reference frames 

of the light reference frame and the reference frame of the instrument body according to 

various embodiments as well as the associated rotations angles. The distance between the 
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centroids of the two laser markers may be denoted as d. The pan angle rotation of the 

instrument body with respect to the Z-axis of the light reference frame {L} may be denoted 

as a. The tilt angle denoted as 0 may be defined as the angle between the Z-axis of the light 

reference frame { L} and the Z-axis of the body reference frame {B }. The roll able of the 

instrument body with respect to the Z-axis of the body reference frame {B } may be defined 

as y. 

[00151] 	FIG. 13B is a schematic 1300b showing the centroid of the first laser marker Co 

and the centroid of the second laser marker Ci on the X-axis of the light reference frame {L}. 

The pan angle a and roll angle y may be defined as zero when Co and Ci are on the X-axis of 

the light reference frame {L}. In this condition, the variation in 0 may not affect the positions 

of the laser markers in {L}. 

[00152] 	FIG. 13C is a schematic 1300c showing the roll angle y at zero. When the roll 

angle y is zero, the pan angle a may be the same as the angular movements of Ci. If the 

coordinates of Ci are {xi, yi }, the pan angle a may be provided by: 

a = tan-1 	 (12) xl  

[00153] 	When y = 0, the tilt angle may not affect the value of the pan angle. 

[00154] 	FIG. 13D is a schematic 1300d showing the effect of the tilt angle and roll angle on 

the centroid of the second laser marker Ci. When the pan angle a is zero, the coordinates of 

Ci may depend on the roll angle y, and the tilt angle R. The length of the line segment which 

connects to the point (xi, 0) from Ci normally may be provided as d.sin y. It follows that 

x1  = d. cos y 	 (13) 

and 

d.sin y 
Y1 = 	 (14) 

sin(fl-90°) 

[00155] 	The angle 0 due to tilt and roll may be provided as: 

tan 0 = 	 (15) xl  
d.sin y 

sin(fi.-90°) 0 tan 	= 	 (16) 
d.cos y 

[00156] 	Therefore, 

0 	-I- 	
y 

sin

tan 
= tan (17) 

(fl—90°) 
 

[00157] 	When a, (3, and y are not zero, the orientation of the laser markers (I) may be 

provided by: 
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.1) = tan-1 	 (18) xl  

Further, 

.1) = a + 0 	 (19) 

[00158] 	Therefore, the value of the pan angle may be provided by: 

-1 	-1 	
tan  y

90°) 
a = tan— tan (20) x1 	Sin (3— 

[00159] 	For two laser markers with centroids at (xo, yo) and (xi, yi), the pan angle a may be 

calculated by using the tilt angle f3 and the roll angle y as provided: 

Y1 	1 —Yo 	-1 
y

90° sin

tan  
a = tan- 	tan (21) x1-x0 	 )  (fl— 

[00160] 	When (I) is greater than 45°, 	exchanging the numerator and denominator to 

compute 90°- (I) should provide a more accurate result for the first term. 

[00161] 	For the second term, when 0 is near 90°, the resolution may be lower. In other 

words, then the instrument is almost horizontal, a small change in tilt may result in a large 

movement of the laser markers on the surface. 

[00162] 	Regarding the roll angle y in the second term, the closer the roll angle to 90°, the 

lesser the effect of 0 on the results. When the roll angle is 90°, the tilt angle 0 may have 

noeffect on the orientation of the laser markers. A conditional test may be provided on the 

computer for the roll angle to be about or near 90° to avoid overflow errors. 

[00163] 	FIG. 14A is a table 1400a comparing various parameters of the instrument/ system 

according to various embodiments and the Da Vinci System (Tele-operated Surgical Robotics 

System). The Da Vinci System is from Intuitive Surgical, Inc. 	Despite successes in other 

surgical procedures, the adoption rate of the da Vinci surgical system in microsurgery is 

negligible. The Da Vinci surgical robot in its current form is not ideally suited to 

microsurgical procedures, in terms of positioning accuracy and tool-tip manipulation 

dexterity. The approximate fiducial localization error (FLE) of Da Vinci surgery system is 1 

mm, whereas the typical maximum error at the controlled tool tip of a microsurgeon is only 

0.3 mm. 

[00164] 	In the human arm, the surgeon is already in possession of a dexterous manipulator 

with high bandwidth, and an unbeatable natural user interface. Rather than developing a 

robotic system that must duplicate many of the human hands' features and introduces 

disadvantages in terms of naturalness of feel, the philosophy underlying the approach as 
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described herein is to retain the advantages possessed by the human surgeon, and to augment 

only those aspects that require augmentation — tip positioning accuracy. 

[00165] 	Compared to tele-operation, the approach as described herein reduces hardware 

cost by dispensing with the master interface and the robotic arm, requiring only a 

micromanipulator for the instrument tip. 

[00166] 	The range of the micromanipulator at the instrument tip is designed to be only as 

much as is needed for compensation of tremor and similar erroneous movements. Safety and 

liability issues are thus minimized, because even in case of failure the system is not capable 

of displacing its tip more than a few hundred microns. If the system is shut down, it simply 

becomes a passive handheld instrument such as the surgeon has worked with for years. 

[00167] 	In terms of cost and likelihood of user acceptance, the steady-hand robot from John 

Hopkins University (JHU) sits between the Da Vinci system and the approach as described 

herein. The hardware cost of the system according to various embodiments would be less 

than half of the JHU system. The dexterity of the human hand is also lost in the steady-hand 

robot, as the tool's movement is constrained by the limited degrees-of-freedom of the robot. 

The robotic system from JHU has been last reported to be in proof-of-concept phase in June 

2013. 

[00168] 	FIG. 14B is a table 1400b comparing various parameters of the instrument/ system 

according to various embodiments and the Micron handheld instrument. The Micron 

handheld instrument is from Carnegie Mellon University (CMU). The CMU device depends 

on a custom-built PSD (position sensitive detector) based optical tracking system with limited 

sensing volume (< 8 cm3: 2 x 2 x 2 cm). The line of sight between the infrared emitters 

mounted on the CMU device and the PSD must not be interrupted. Such a setup would be 

impractical for real clinical deployment. 

[00169] 	On the other hand, various embodiments may include a combination of on-board 

accelerometers and a camera attached to the microscope (a standard surgical microscope 

configuration), which is unobtrusive to the surgeon. The primary function of the device is to 

dampen the natural hand tremors of the surgeon in 3D space and not to perform the 

intricacies of microsurgery. To compensate for the small involuntary movements at the tool-

tip, only 3 DOF is needed. The tool-tip may not have pitch and yaw movement during 

microsurgery, any pitch and yaw movement produced by the surgeon's hand may be almost 

equivalent to pure translation at the tool-tip. There may be almost no detectable tremulous 
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error in the roll DOF. Hence, in term of tremor compensation at the tool-tip, a 6 DOF device 

may not have any advantage at all. 

[00170] 	There is no commercialization plan for the Micron handheld instrument. 

[00171] 	While the invention has been particularly shown and described with reference to 

specific embodiments, it should be understood by those skilled in the art that various changes 

in form and detail may be made therein without departing from the spirit and scope of the 

invention as defined by the appended claims. The scope of the invention is thus indicated by 

the appended claims and all changes which come within the meaning and range of 

equivalency of the claims are therefore intended to be embraced. 
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CLAIMS 

1. A handheld surgical instrument comprising: 

a laser source configured to emit a laser beam for generating a laser marker on 

a surface; 

an inertial measurement unit configured to detect a motion of the handheld 

surgical instrument and generate a first signal comprising information on the 

motion of the handheld surgical instrument detected by the inertial 

measurement unit; 

a movable platform for holding a controlled tool tip; 

an actuator mechanically coupled to the movable platform; and 

a processing circuit configured to control the actuator to move the movable 

platform based on the first signal generated by the inertial measurement unit 

and a second signal generated by a vision unit based on a movement of the 

laser marker, so that the movement of the movable platform holding the 

controlled tool tip at least partially compensates a tremulous motion of the 

handheld surgical instrument. 

2. The handheld surgical instrument according to claim 1, 

wherein the laser beam comprises visible light or infrared light. 

3. The handheld surgical instrument according to claim 1 or claim 2, 

wherein the handheld surgical instrument further comprises a beam splitter 

configured to separate the laser beam to form the laser marker and a further 

laser marker on the surface; and 

wherein the second signal is generated by the vision unit based on the 

movement of the laser marker and a movement of the further laser marker. 

4. The handheld surgical instrument according to any one of claims 1 to 3, 

wherein the laser marker is of any shape selected from a group consisting of a 

circular shape, a rectangular shape, a T-shape, and a cross shape. 
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5.  The handheld surgical instrument according to any one of claims 1 to 4, 

wherein the inertial measurement unit comprises one or more accelerometers 

for detecting the motion of the handheld surgical instrument. 

6.  The handheld surgical instrument according to any one of claims 1 to 5, 

wherein the first signal comprises information on the motion of the handheld 

surgical instrument within a range of frequencies including a frequency of 

intended motion of the surgical instrument; and 

wherein the second signal comprises information on the movement of the laser 

marker above a predetermined threshold, the predetermined threshold set 

above the frequency of intended motion of the surgical instrument. 

7.  The handheld surgical instrument according to claim 6, 

wherein the processing circuit is configured to control the actuator to move the 

movable platform based on the first signal and the second signal so that the 

intented motion of the surgical instrument is uncompensated by the movement 

of the movable platform. 

8.  A surgical tool system comprising: 

a handheld surgical instrument comprising: 

a laser source configured to emit a laser beam for generating a laser 

marker on a surface; 

an inertial measurement unit configured to detect a motion of the 

handheld surgical instrument and generate a first signal comprising 

information on the motion of the handheld surgical instrument detected 

by the inertial measurement unit; 

a movable platform for holding a controlled tool tip; 

an actuator mechanically coupled to the movable platform; 

a processing circuit configured to control the actuator to move the 

movable platform based on the first signal generated by the inertial 

measurement unit and a second signal; and 
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a vision unit configured to detect a movement of the laser marker, and further 

configured to generate the second signal, the second signal comprising 

information on the movement of the laser marker detected by the vision unit; 

wherein the processing circuit is configured to control the actuator so that the 

movement of the movable platform holding the controlled tool tip at least 

partially compensates a tremulous motion of the handheld surgical instrument. 

9. The surgical tool system according to claim 8, 

wherein the laser beam comprises visible light or infrared light. 

10. The surgical tool system according to claim 8 or claim 9, 

wherein the handheld surgical instrument further comprises a beam splitter 

configured to separate the laser beam to form the laser marker and a further 

laser marker on the surface; and 

wherein the vision unit is configured to detect the movement of the laser 

marker and a movement of the further laser marker. 

11. The surgical tool system according to any one of claims 8 to 10, 

wherein the laser marker is of any shape selected from a group consisting of a 

circular shape, a rectangular shape, a T-shape, and a cross shape. 

12. The surgical tool system according to any one of claims 8 to 11, 

wherein the inertial measurement unit comprises one or more accelerometers 

for detecting the motion of the handheld surgical instrument. 

13. The surgical tool system according to any one of claims 8 to 12, 

where the vision unit comprises: 

a camera configured to detect the movement of the laser marker by 

converting an optical signal generated by the laser marker into an 

electrical signal. 

14. The surgical tool system according to claim 13, 
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wherein the vision unit further comprises: 

a surgical microscope configured to magnify laser marker. 

15.  The surgical tool system according to claim 13 or claim 14, 

wherein the vision unit further comprises: 

a computer configured to receive the electrical signal from the camera; 

wherein the computer is further configured to determine a centroid of 

the laser marker; and 

wherein information on the movement of the laser marker is 

information on a movement of the centroid of the laser marker. 

16.  The surgical tool system according to claim 15, 

wherein the computer is configured to generate and transmit the second signal 

to the processing circuit of the handheld surgical instrument; 

wherein the computer is further configured to filter out the movement of the 

laser marker at or below a predetermined threshold, so that the second signal 

comprises information on a movement of the laser marker above the 

predetermined threshold; and 

wherein the predetermined threshold is set above a frequency of intended 

motion of the surgical instrument. 

17.  The surgical tool system according to claim 16, 

wherein the first signal comprises information on the motion of the handheld 

surgical instrument within a range of frequencies including the frequency of 

intended motion of the surgical instrument. 

18.  The surgical tool system according to claim 17, 

wherein the processing circuit is configured to control the actuator to move the 

movable platform based on the first signal and the second signal so that the 

intented motion of the surgical instrument is uncompensated by the movement 

of the movable platform. 
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19. The surgical tool system according to claim 18, 

wherein the processing circuit is configured to generate an output signal based 

on the first signal and the second signal, the output signal excluding 

frequencies at or below the predetermined threshold; and 

wherein the processing circuit is configured to control the actuator to move the 

movable platform based on the output signal. 

20. A method of operating a handheld surgical instrument, the method comprising: 

using a laser source to emit a laser beam to generate a laser marker on a 

surface; 

detecting, using an inertial measurement unit, a motion of the handheld 

surgical instrument; 

generating, using the inertial measurement unit, a first signal comprising 

information on the motion of the handheld surgical instrument detected; 

controlling, using a processing circuit, an actuator to move a movable 

platform, the movable platform holding a controlled tool tip, based on the first 

signal generated by the inertial measurement unit and a second signal 

generated by a vision unit based on a movement of the laser marker, so that 

the movement of the movable platform holding the controlled tool tip at least 

partially compensates a tremulous motion of the handheld surgical instrument. 

21. The method according to claim 20, 

wherein the laser beam comprises visible light or infrared light. 

22. The method according to claim 20 or claim 21, the method further comprising: 

using a beam splitter to separate the laser beam to form the laser marker and a 

further laser marker on the surface; and 

wherein the second signal is generated by the vision unit based on the 

movement of the laser marker and a movement of the further laser marker. 
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23.  The method according to any one of claims 20 to 22, 

wherein the laser marker is of any shape selected from a group consisting of a 

circular shape, a rectangular shape, a T-shape, and a cross shape. 

24.  The method according to any one of claims 20 to 23, 

wherein the inertial measurement unit comprises one or more accelerometers 

for detecting the motion of the handheld surgical instrument. 

25.  The method according to any one of claims 20 to 24, 

wherein the first signal comprises information on the motion of the handheld 

surgical instrument within a range of frequencies including a frequency of 

intended motion of the surgical instrument; and 

wherein the second signal comprises information on the movement of the laser 

marker above a predetermined threshold, the predetermined threshold set 

above the frequency of intended motion of the surgical instrument. 

26.  The method according to claim 25, 

wherein the processing circuit is configured to control the actuator to move the 

movable platform based on the first signal and the second signal so that the 

intented motion of the surgical instrument is uncompensated by the movement 

of the movable platform. 

27.  A method of operating a surgical tool system, the method comprising: 

operating a handheld surgical instrument so that a laser beam is emitted from a 

laser source to generate a laser marker on a surface; 

operating the handheld surgical instrument to detect a motion of the handheld 

surgical instrument using an inertial measurement unit, and to generate a first 

signal comprising information on the motion of the handheld surgical 

instrument detected by the inertial measurement unit; and 

operating a vision unit to detect a movement of the laser marker, and to 

generate a second signal, the second signal comprising information on the 

movement of the laser marker detected by the vision unit; 
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wherein the handheld surgical instrument comprises a processing circuit 

configured to control an actuator to move a movable platform, the movable 

platform mechanically coupled to the actuator and holding a controlled tool 

tip, based on the first signal generated by the inertial measurement unit and the 

second signal generated by the vision unit so that the movement of the 

movable platform holding the controlled tool tip at least partially compensates 

a tremulous motion of the handheld surgical instrument. 

28. The method according to claim 27, 

wherein the laser beam comprises visible light or infrared light. 

29. The method according to claim 27 or claim 28, 

wherein the handheld surgical instrument further comprises a beam splitter 

configured to separate the laser beam to form the laser marker and a further 

laser marker on the surface; and 

wherein the vision unit is operated to detect the movement of the laser marker 

and a movement of the further laser marker. 

30. The method according to any one of claims 27 to 29, 

wherein the laser marker is of any shape selected from a group consisting of a 

circular shape, a rectangular shape, a T-shape, and a cross shape. 

31. The method according to any one of claims 27 to 30, 

wherein the motion of the handheld surgical instrument is detected using one 

or more accelerometers comprised in the inertial measurement unit. 

32. The method according to any one of claims 27 to 31, 

where the movement of the laser marker is detected by using a camera 

comprised in the vision unit, the camera configured to convert an optical 

signal generated by the laser marker into an electrical signal. 

33. The method according to claim 32, 
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wherein the laser marker is magnified by a surgical microscope comprised in 

the vision unit. 

34.  The method according to claim 32 or claim 33, 

wherein the vision unit further comprises: 

a computer configured to receive the electrical signal from the camera; 

wherein the computer is further configured to determine a centroid of 

the laser marker; and 

wherein information on the movement of the laser marker is 

information on a movement of the centroid of the laser marker. 

35.  The method according to claim 34, 

wherein the computer is configured to generate and transmit the second signal 

to the processing circuit of the handheld surgical instrument; 

wherein the computer is further configured to filter out the movement of the 

laser marker at or below a predetermined threshold, so that the second signal 

comprises information on a movement of the laser marker above the 

predetermined threshold; and 

wherein the predetermined threshold is set above a frequency of intended 

motion of the surgical instrument. 

36.  The method according to claim 35, 

wherein the first signal comprises information on the motion of the handheld 

surgical instrument within a range of frequencies including the frequency of 

intended motion of the surgical instrument. 

37.  The method according to claim 36, 

wherein the processing circuit is configured to control the actuator to move the 

movable platform based on the first signal and the second signal so that the 

intented motion of the surgical instrument is uncompensated by the movement 

of the movable platform. 
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38. The method according to claim 37, 

wherein the processing circuit is configured to generate an output signal based 

on the first signal and the second signal, the output signal excluding 

frequencies at or below the predetermined threshold; and 

wherein the processing circuit is configured to control the actuator to move the 

movable platform based on the output signal. 

39. A method of forming a handheld surgical instrument, the method comprising: 

providing a laser source configured to emit a laser beam for generating a laser 

marker on a surface; 

providing an inertial measurement unit configured to detect a motion of the 

handheld surgical instrument and generate a first signal comprising 

information on the motion of the handheld surgical instrument detected by the 

inertial measurement unit; 

providing a movable platform for holding a controlled tool tip; 

mechanically coupling an actuator to the movable platform; and 

electrically connecting a processing circuit to the actuator, the processing 

circuit configured to control the actuator to move the movable platform based 

on the first signal generated by the inertial measurement unit and a second 

signal generated by a vision unit based on a movement of the laser marker, so 

that the movement of the movable platform holding the controlled tool tip at 

least partially compensates a tremulous motion of the handheld surgical 

instrument. 

40. A method of forming a surgical tool system, the method comprising: 

providing a handheld surgical instrument comprising: 

a laser source configured to emit a laser beam for generating a laser 

marker on a surface; 

an inertial measurement unit configured to detect a motion of the 

handheld surgical instrument and generate a first signal comprising 

information on the motion of the handheld surgical instrument detected 

by the inertial measurement unit; 
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a movable platform for holding a controlled tool tip; 

an actuator mechanically coupled to the movable platform; 

a processing circuit configured to control the actuator to move the 

movable platform based on the first signal generated by the inertial 

measurement unit and a second signal; and 

providing a vision unit configured to detect a movement of the laser marker, 

and further configured to generate the second signal, the second signal 

comprising information on the movement of the laser marker detected by the 

vision unit; 

wherein the processing circuit is configured to control the actuator so that the 

movement of the movable platform holding the controlled tool tip at least 

partially compensates a tremulous motion of the handheld surgical instrument. 


