Healthg%;é GLOSSARY

Global Certificate in Al for Veterinary Medicine (Part II)

Robotics and Automation in Veterinary Surgery

Actuator — Concept: device that converts electrical, hydraulic, or pneumatic energy into mechanical motion.
Related terms: servo motor, pneumatic cylinder, linear actuator. Explanation: Actuators drive robotic arms,
end-effectors, and positioning platforms in veterinary surgery. Example: a pneumatic actuator controls the
opening of a laparoscopic port. Practical application: precise manipulation of surgical instruments in
minimally invasive procedures. Challenge: ensuring smooth, repeatable motion without generating
excessive heat that could affect surrounding tissue.

Artificial Intelligence (Al) — Concept: computational techniques that enable machines to mimic human
reasoning and learning. Related terms: machine learning, deep learning, neural networks. Explanation: Al
algorithms process intra-operative imaging, sensor data, and surgeon inputs to guide robotic assistance.
Example: Al-based vision systems identify anatomical landmarks in a canine thorax. Practical application:
real-time decision support for instrument selection. Challenge: obtaining sufficient labeled veterinary data
to train robust models.

Autonomous Robot — Concept: a robot capable of performing tasks without continuous human control.
Related terms: semi-autonomous system, supervisory control, decision-making algorithm. Explanation: In
veterinary surgery, autonomous robots may execute pre-programmed suturing sequences. Example: an
autonomous robot places a series of interrupted sutures on a feline intestinal anastomosis. Practical
application: reducing surgeon fatigue during lengthy procedures. Challenge: guaranteeing safety when
unexpected tissue variability occurs.

Biomechanical Modeling — Concept: computational representation of animal musculoskeletal structures.
Related terms: finite element analysis, kinematic simulation, tissue elasticity. Explanation: Models predict
forces on instruments and tissues during robotic manipulation. Example: a 3-D finite-element model of a
horse’s stifle joint informs optimal force thresholds for a robotic drill. Practical application: customizing
robot parameters for different species. Challenge: acquiring accurate material properties for diverse
veterinary tissues.

Calibration — Concept: process of aligning robot sensors and actuators to known standards. Related terms:
zeroing, pose verification, tool tracking. Explanation: Calibration ensures that commanded movements
correspond to actual instrument tip locations. Example: laser-based calibration aligns a robotic arm's
coordinate system with the surgical table. Practical application: maintaining sub-millimeter accuracy across
multiple surgeries. Challenge: repeatable calibration in a busy clinic where environmental conditions
change.

Computer-Aided Design (CAD) — Concept: software tools for creating precise 3-D models. Related terms:
CAM, STL file, parametric modeling. Explanation: CAD models of surgical instruments and patient anatomy
guide robot path planning. Example: a CAD model of a canine femur is imported into the robot's planning
software. Practical application: rapid prototyping of custom end-effectors. Challenge: integrating
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veterinary-specific anatomical libraries into mainstream CAD platforms.

Computer-Vision — Concept: techniques that enable machines to interpret visual data. Related terms: image
segmentation, object detection, stereo vision. Explanation: In veterinary surgery, computer-vision algorithms
track instrument tips and tissue deformation. Example: a convolutional neural network distinguishes
between healthy and inflamed gastric tissue in a rabbit. Practical application: feedback for adaptive force
control. Challenge: coping with variable lighting, fur, and blood that obscure visual cues.

Control Loop — Concept: feedback system that continuously adjusts robot motion based on sensor input.
Related terms: PID controller, closed-loop control, sensor fusion. Explanation: The loop maintains desired
trajectory and force during instrument insertion. Example: a PID controller modulates a robotic scalpel’s
speed to prevent tearing of delicate skin. Practical application: achieving smooth cutting while preserving
tissue integrity. Challenge: tuning parameters for different animal sizes and tissue types.

Cyber-Physical System (CPS) — Concept: integration of computation, networking, and physical processes.
Related terms: Internet of Things, real-time monitoring, edge computing. Explanation: A veterinary surgical
robot is a CPS that synchronizes sensor data, control algorithms, and actuation. Example: real-time
telemetry from force sensors streams to a cloud-based analytics platform. Practical application: remote
monitoring of robot health and performance. Challenge: ensuring data security and low latency in a clinical
environment.

Deep Learning — Concept: subset of machine learning using multi-layer neural networks. Related terms:
convolutional neural network, backpropagation, training dataset. Explanation: Deep learning models classify
tissue types, predict instrument trajectories, and detect complications. Example: a CNN predicts the
likelihood of postoperative infection from intra-operative images. Practical application: automated alerts to
the surgeon. Challenge: avoiding over-fitting due to limited veterinary case numbers.

Denavit-Hartenberg (DH) Parameters — Concept: standardized method for describing robot geometry.
Related terms: kinematic chain, joint axis, transformation matrix. Explanation: DH parameters define the
relative positions of robot links and joints for path planning. Example: a 6-DOF veterinary robot’s link offsets
are expressed using DH conventions. Practical application: simplifying inverse kinematics calculations.
Challenge: adapting generic DH models to custom-built veterinary end-effectors.

Dexterity — Concept: ability of a robot to manipulate objects with precision and flexibility. Related terms:
degrees of freedom, articulation, end-effector design. Explanation: High dexterity enables delicate
dissection of soft tissues in small animal surgery. Example: a wristed instrument replicates a surgeon’s hand
motions during a feline ophthalmic procedure. Practical application: expanding the range of procedures
that can be robot-assisted. Challenge: balancing dexterity with instrument size to avoid excessive bulk.

End-Effector — Concept: device attached to the robot's arm that interacts with the surgical site. Related
terms: gripper, scalpel, ultrasonic probe. Explanation: End-effectors can be interchangeable tools such as
suturing devices or biopsy needles. Example: a micro-gripper designed for avian beak surgery. Practical
application: rapid tool changes between steps of a multi-phase operation. Challenge: sterilization and
material compatibility with diverse veterinary species.
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Force Feedback (Haptics) — Concept: system that conveys tactile information from the robot to the surgeon.
Related terms: tactile sensor, vibrotactile actuator, teleoperation. Explanation: Haptic feedback alerts the
surgeon to tissue resistance, preventing over-compression. Example: a haptic joystick vibrates when a
robotic trocar contacts the abdominal wall of a dog. Practical application: enhancing surgeon confidence in
remote or minimally invasive settings. Challenge: achieving high bandwidth feedback without latency.

Finite Element Analysis (FEA) — Concept: computational method for predicting how structures respond to
forces. Related terms: mesh generation, stress-strain analysis, material model. Explanation: FEA evaluates
bone stress during robotic drilling in large animal orthopedics. Example: an FEA model predicts cortical
thinning risk when a robotic burr engages a horse’s metacarpal. Practical application: informing safe cutting
parameters. Challenge: generating accurate meshes from heterogeneous veterinary imaging data.

Four-Bar Linkage — Concept: simple planar mechanism composed of four rigid bars connected by pivots.
Related terms: kinematic synthesis, transmission angle, mechanical advantage. Explanation: Used in compact
robotic manipulators for small animal surgeries. Example: a miniature four-bar mechanism drives a
micro-scissor for feline skin closure. Practical application: providing precise angular motion in a limited
space. Challenge: scaling the mechanism while preserving stiffness.

Gyroscope — Concept: sensor that measures angular velocity. Related terms: inertial measurement unit,
accelerometer, sensor fusion. Explanation: Gyroscopes help maintain orientation of a robot’s end-effector
during complex maneuvers. Example: a MEMS gyroscope detects subtle wrist rotations of a robotic arm
during a laparoscopic ovariectomy. Practical application: compensating for table movement. Challenge: drift
errors that accumulate over long procedures.

Hybrid Robot — Concept: system combining multiple actuation modalities (e.g., electric and pneumatic).
Related terms: dual-mode actuation, compliance control, modular architecture. Explanation: Hybrid robots
can switch between high-speed positioning and compliant force control. Example: an electric-driven arm for
rapid approach, then pneumatic compliance for delicate tissue retraction. Practical application: optimizing
speed and safety across surgical phases. Challenge: synchronizing control algorithms across actuation
domains.

Image-Guided Surgery (IGS) — Concept: use of real-time imaging to direct surgical tools. Related terms: CT
navigation, intra-operative ultrasound, fluoroscopy. Explanation: Robots integrate IGS to align instrument
trajectories with patient anatomy. Example: a robotic drill follows a pre-planned path based on a CT scan of
a canine skull. Practical application: improving accuracy of tumor resections. Challenge: managing radiation
exposure and registration errors.

Inertial Measurement Unit (IMU) — Concept: sensor suite combining accelerometers, gyroscopes, and
sometimes magnetometers. Related terms: sensor fusion, orientation tracking, drift compensation.
Explanation: IMUs provide pose data for robotic arms, especially when optical tracking is obstructed by fur.
Example: an IMU attached to a robotic instrument monitors its orientation during a cat's spinal surgery.
Practical application: maintaining spatial awareness in cluttered operative fields. Challenge: calibrating
against external references to reduce cumulative error.
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Joint Space — Concept: representation of robot configuration using joint variables (angles, displacements).
Related terms: task space, inverse kinematics, configuration manifold. Explanation: Planning in joint space
simplifies collision avoidance for multi-DOF veterinary robots. Example: a joint-space trajectory avoids the
robot’'s own arm colliding with the animal’s limb. Practical application: generating smooth motion profiles.
Challenge: handling singularities that arise in certain configurations.

Kinematics — Concept: study of motion without regard to forces. Related terms: forward kinematics, inverse
kinematics, Jacobian matrix. Explanation: Kinematic models predict end-effector position from joint angles
and vice versa. Example: solving inverse kinematics to position a robotic needle tip at a specific depth in a
rabbit’s liver. Practical application: precise targeting of lesions. Challenge: computational load for real-time
adjustments in dynamic surgical environments.

Laser Ablation — Concept: removal of tissue using focused laser energy. Related terms: photothermal effect,
fiber optic delivery, laser safety. Explanation: Robotic platforms can precisely steer laser fibers for selective
tissue removal. Example: a robot-guided CO; laser excises a pigmented skin lesion on a horse’s flank.
Practical application: minimizing blood loss and collateral damage. Challenge: controlling heat diffusion in
highly vascular tissues.

Learning Curve — Concept: rate at which proficiency improves with practice. Related terms: skill acquisition,
competency assessment, proficiency plateau. Explanation: Adoption of robotic surgery in veterinary practice
requires training to overcome initial performance deficits. Example: a surgeon’s operative time halves after
ten robot-assisted spays. Practical application: designing curricula that accelerate skill mastery. Challenge:
variability in prior experience among veterinary surgeons.

Linear Actuator — Concept: device that produces straight-line motion. Related terms: lead screw, ball screw,
rack-and-pinion. Explanation: Linear actuators control insertion depth of tools such as biopsy needles.
Example: a motor-driven leadscrew advances a trocar into a canine abdomen with millimeter precision.
Practical application: repeatable depth control across cases. Challenge: maintaining force feedback while
moving rapidly.

Machine Vision Calibration — Concept: process of aligning camera coordinates with robot coordinates.
Related terms: extrinsic calibration, intrinsic parameters, checkerboard pattern. Explanation: Accurate
calibration ensures that visual detections correspond to real-world locations. Example: a checkerboard
mounted on the surgical table calibrates a robot’s stereo cameras before a feline laparoscopy. Practical
application: reliable instrument tracking. Challenge: re-calibrating after any change in camera pose or
lighting.

Manipulator — Concept: robot arm that positions and orients tools. Related terms: kinematic chain, degrees
of freedom, payload capacity. Explanation: Veterinary manipulators may be designed for specific species
size ranges. Example: a 7-DOF manipulator accommodates both small-animal (rabbit) and large-animal
(dog) procedures. Practical application: flexible platform for a mixed practice. Challenge: balancing reach,
stiffness, and compactness.

Medical Imaging Modality — Concept: technique for visualizing internal anatomy. Related terms: CT, MR,
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ultrasound, fluoroscopy. Explanation: Imaging informs robot path planning and intra-operative navigation.
Example: an ultrasound-guided robot places a catheter in a horse’s jugular vein. Practical application:
reducing blind insertions. Challenge: integrating heterogeneous data streams in real time.

Micro-Robot — Concept: miniature robot designed for extremely small operative fields. Related terms:
nanorobotics, MEMS, micro-actuator. Explanation: Enables procedures on tiny patients such as rodents or
exotic birds. Example: a micro-robotic arm performs microsutures on a finch’'s wing tendon. Practical
application: advancing research models and rare-species care. Challenge: fabricating reliable components at
sub-millimeter scales.

Motion Planning — Concept: algorithmic determination of a collision-free path for the robot. Related terms:
RRT, A* algorithm, trajectory optimization. Explanation: Motion planners compute safe routes around animal
anatomy and surgical tools. Example: an RRT planner generates a path for a robotic drill to avoid the
femoral artery in a dog. Practical application: automated path generation reduces surgeon workload.
Challenge: accounting for tissue deformation that occurs during surgery.

Neural Network — Concept: interconnected layers of artificial neurons that learn patterns. Related terms:
deep learning, backpropagation, activation function. Explanation: Neural networks predict optimal force
thresholds based on prior surgeries. Example: a network suggests suction pressure for a cat’s thoracic cavity
based on intra-operative vitals. Practical application: adaptive control. Challenge: avoiding black-box
decisions that are difficult to interpret clinically.

Operative Field — Concept: physical space where surgery is performed. Related terms: sterile barrier, access
port, workspace constraints. Explanation: Robotic systems must fit within the limited operative field of small
animals. Example: a compact robot arm fits inside a 10 cm diameter drape for a rabbit abdomen. Practical
application: preserving sterility while providing robotic reach. Challenge: designing tools that do not
obstruct the surgeon’s view.

Optical Tracker — Concept: camera system that detects markers to locate objects in space. Related terms:
infrared markers, motion capture, registration. Explanation: Tracks instrument tips and animal anatomy to
maintain alignment with robot commands. Example: an optical tracker follows reflective markers on a canine
limb during orthopedic robot-assisted plating. Practical application: dynamic registration during bone
manipulation. Challenge: marker occlusion by fur or surgical staff.

Patient-Specific Modeling — Concept: creation of individualized anatomical models from imaging. Related
terms: segmentation, 3-D reconstruction, personalized planning. Explanation: Tailors robot trajectories to
each animal’s unique geometry. Example: a 3-D model of a horse’s femur guides custom drill trajectories.
Practical application: improving accuracy and reducing intra-operative adjustments. Challenge:
time-consuming segmentation for complex anatomies.

Pedicle Screw Insertion Robot — Concept: specialized robot for placing screws in vertebral pedicles. Related
terms: spinal navigation, drill guide, torque control. Explanation: In large-animal spinal surgery, the robot
aligns the drill to a pre-planned trajectory. Example: a robot places six pedicle screws in a camel's lumbar
spine. Practical application: enhancing screw placement accuracy. Challenge: accounting for variable bone
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density across species.

Perception System — Concept: suite of sensors that interpret the environment. Related terms: vision, force,
tactile, audio. Explanation: Provides the robot with data on tissue properties, instrument location, and
surgeon commands. Example: a combined camera-force system detects when a robotic gripper contacts
soft tissue. Practical application: enabling adaptive control strategies. Challenge: fusing heterogeneous
sensor data in real time.

PID Controller — Concept: control algorithm using proportional, integral, and derivative terms. Related
terms: feedback loop, tuning, set-point. Explanation: Maintains desired position or force during robotic
manipulation. Example: a PID controller regulates the speed of a robotic scalpel to keep cutting force
constant. Practical application: smooth, predictable motion. Challenge: selecting gains that work across a
range of animal tissue stiffnesses.

Planar Robot — Concept: robot whose motion is confined to a two-dimensional plane. Related terms:
Cartesian robot, gantry system, X-Y table. Explanation: Useful for surface procedures such as dermatological
laser treatment. Example: a planar robot moves a laser head across a dog's back for uniform hair removal.
Practical application: high-throughput treatments. Challenge: limited to flat work surfaces, requiring
repositioning for curved anatomy.

Portable Surgical Robot — Concept: compact, lightweight robot designed for use outside a fixed operating
suite. Related terms: battery-powered, modular, field-deployable. Explanation: Enables robotic assistance in
field clinics or mobile veterinary units. Example: a portable robot assists in spaying stray cats in a rural
outreach program. Practical application: extending advanced care to underserved areas. Challenge:
maintaining performance with limited power and environmental control.

Precision Medicine — Concept: tailoring treatment to individual biological characteristics. Related terms:
genomics, personalized dosing, targeted therapy. Explanation: Robotic surgery can deliver precise
interventions aligned with precision medicine goals. Example: a robot places a drug-eluting implant in a
dog's tumor based on molecular profiling. Practical application: maximizing therapeutic effect while
minimizing side effects. Challenge: integrating genomic data with real-time surgical planning.

Proprioceptive Sensor — Concept: sensor that measures internal robot states such as joint angles or motor
currents. Related terms: encoders, strain gauges, torque sensors. Explanation: Provides feedback on robot
posture without external measurement. Example: joint encoders report the exact angle of a robotic wrist
during a feline eye surgery. Practical application: enabling closed-loop control without line-of-sight.
Challenge: sensor drift over long procedures.

Programmable Logic Controller (PLC) — Concept: industrial computer used for automation and control.
Related terms: ladder logic, I/O modules, real-time execution. Explanation: PLCs manage peripheral devices
such as suction pumps and cautery units in a veterinary robot suite. Example: a PLC synchronizes robot
motion with electrosurgical activation. Practical application: reliable coordination of multiple subsystems.
Challenge: ensuring interoperability with medical-grade software standards.

Qualitative Kinematic Analysis — Concept: assessment of robot motion based on descriptive criteria rather
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than numerical metrics. Related terms: smoothness, fluency, ergonomic rating. Explanation: Evaluates
surgeon comfort and workflow during robot-assisted procedures. Example: surgeons rate the fluidity of a
robot’'s arm movements during a series of canine castrations. Practical application: informing design
improvements. Challenge: subjectivity and variability among users.

Real-Time Operating System (RTOS) — Concept: software platform that guarantees timing constraints for
critical tasks. Related terms: deterministic scheduling, latency, priority inversion. Explanation: RTOS ensures
that sensor data, control loops, and safety checks execute within strict deadlines. Example: an RTOS
schedules force-feedback updates at 1kHz during a rabbit thoracotomy. Practical application: maintaining
safety and responsiveness. Challenge: integrating RTOS with higher-level Al modules that may have variable
compute times.

Remote Center of Motion (RCM) — Concept: constraint that forces a tool to pivot about a fixed point,
mimicking a trocar entry. Related terms: cannula, entry point, kinematic constraint. Explanation: RCM
mechanisms allow robotic instruments to enter the body without violating the skin incision. Example: a
robotic arm with an RCM passes through a 5mm port for a feline laparoscopic ovariectomy. Practical
application: preserving incision integrity. Challenge: achieving precise RCM behavior while maintaining
flexibility.

Robot-Assisted Endoscopy — Concept: use of robotic platforms to navigate endoscopic scopes. Related
terms: flexible endoscope, navigation algorithm, image stabilization. Explanation: Improves maneuverability
in narrow cavities such as the equine sinus. Example: a robot steers a flexible endoscope through a horse’s
nasal passage to reach a sinus cyst. Practical application: reducing manual fatigue and enhancing view
stability. Challenge: dealing with variable lumen compliance and secretions.

Robot Kinematics Calibration — Concept: refinement of the mathematical model linking joint parameters to
end-effector pose. Related terms: parameter identification, error mapping, calibration phantom. Explanation:
Ensures that commanded positions match actual positions within tolerances. Example: a calibration routine
uses a grid of known points to adjust DH parameters for a canine orthopedic robot. Practical application:
maintaining accuracy across multiple surgeries. Challenge: time-consuming procedures that must be
performed regularly.

Safety Interlock — Concept: hardware or software mechanism that prevents unsafe robot operation. Related
terms: emergency stop, watchdog timer, fault detection. Explanation: Stops motion if unexpected forces
exceed thresholds or if a sensor fails. Example: an interlock disables the robot when the force sensor detects
a sudden spike indicating possible tissue rupture. Practical application: protecting both patient and staff.
Challenge: designing interlocks that are fail-safe yet do not cause unnecessary interruptions.

Scalability — Concept: ability of a robotic system to adapt to different sizes and species. Related terms:
modular design, adjustable reach, payload variation. Explanation: A scalable robot can be configured for a
rabbit or a horse by changing tool lengths and control parameters. Example: interchangeable linear
actuators allow the same platform to handle both small-animal and large-animal surgeries. Practical
application: cost-effective investment for mixed practices. Challenge: ensuring performance does not
degrade at extreme size extremes.
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Sensor Fusion — Concept: integration of data from multiple sensors to produce a more accurate estimate.
Related terms: Kalman filter, complementary filter, data fusion algorithm. Explanation: Combines vision,
force, and IMU data to determine tool tip location. Example: a Kalman filter merges camera coordinates with
force sensor readings during a canine laparoscopic suturing task. Practical application: robust position
tracking despite occlusions. Challenge: balancing computational load with real-time requirements.

Servo Motor — Concept: motor that provides precise control of angular position, velocity, and torque.
Related terms: closed-loop control, encoder feedback, PWM drive. Explanation: Drives the joints of most
veterinary surgical robots. Example: a high-torque servo rotates the wrist of a robotic instrument for fine
suture placement in a cat’s intestine. Practical application: accurate, repeatable joint movements. Challenge:
heat dissipation in compact enclosures.

Six-Degree-of-Freedom (6-DOF) Robot — Concept: robot capable of moving in three translational and three
rotational axes. Related terms: spatial manipulation, Cartesian robot, articulated arm. Explanation: Provides
full spatial freedom required for complex veterinary procedures. Example: a 6-DOF robot positions a drill tip
to a precise angle on a horse's tibia. Practical application: versatility across many surgical specialties.
Challenge: increased programming complexity and collision risk.

Simulation Environment — Concept: virtual platform for testing robot behavior before physical deployment.
Related terms: physics engine, virtual reality, digital twin. Explanation: Allows surgeons to rehearse
procedures on patient-specific models. Example: a surgeon practices a canine spinal fixation in a simulated
environment that mirrors the real robot's dynamics. Practical application: reducing intra-operative errors.
Challenge: achieving high fidelity representations of soft tissue deformation.

Soft Robotics — Concept: robots built from compliant materials that can adapt to irregular shapes. Related
terms: pneumatic artificial muscle, elastomeric actuator, bio-inspired design. Explanation: Soft grippers can
gently handle delicate tissues such as avian skin. Example: a silicone-based soft manipulator wraps around a
chicken’s wing without causing bruising. Practical application: minimizing trauma in fragile patients.
Challenge: controlling precise force output while maintaining compliance.

Surgical Navigation System — Concept: technology that tracks instruments relative to patient anatomy.
Related terms: registration, tracking, augmented reality. Explanation: Provides the robot with spatial context
for tool placement. Example: a navigation system registers a CT scan of a dog's skull, allowing the robot to
drill precisely for a cranial tumor excision. Practical application: enhancing accuracy of minimally invasive
techniques. Challenge: maintaining registration accuracy as the animal moves or tissue deforms.

Telemetry — Concept: remote transmission of data from sensors to a monitoring station. Related terms:
wireless communication, data logging, real-time monitoring. Explanation: Sends robot status, force
readings, and video streams to a central console. Example: force telemetry alerts the surgeon when a
robotic instrument exceeds safe pressure during a feline liver biopsy. Practical application: continuous
oversight of robot performance. Challenge: ensuring reliable connectivity in metal-rich OR environments.

Tool Changeover — Concept: process of swapping one end-effector for another during a procedure. Related
terms: quick-release interface, modular mount, sterile dock. Explanation: Enables a single robot to perform
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multiple tasks such as cutting, suturing, and cauterizing. Example: an automated tool changer replaces a
scalpel with a bipolar cautery tip mid-operation on a dog’s intestine. Practical application: reducing
downtime between steps. Challenge: guaranteeing sterility and alignment after each change.

Trajectory Optimization — Concept: mathematical refinement of a robot’s path to minimize criteria like time,
energy, or tissue stress. Related terms: cost function, gradient descent, dynamic programming. Explanation:
Produces smoother, safer motions for delicate surgeries. Example: optimizing a drilling trajectory to avoid
high-stress regions in a horse’s femur. Practical application: enhancing patient outcomes and reducing
operative time. Challenge: incorporating real-time tissue deformation into the optimization loop.

Ultrasound-Guided Robotic Intervention — Concept: use of ultrasound imaging to direct robot actions.
Related terms: sonic tracking, needle placement, acoustic coupling. Explanation: Allows percutaneous
procedures without ionizing radiation. Example: a robot inserts a biopsy needle into a canine liver under
continuous ultrasound guidance. Practical application: safe sampling of deep organs. Challenge:
maintaining image quality despite probe movement and acoustic shadowing.

Virtual Fixtures — Concept: software-generated constraints that guide the surgeon’s movements. Related
terms: haptic guidance, forbidden region, assistive overlay. Explanation: Virtual fixtures can restrict a robotic
instrument to a safe corridor. Example: a virtual cylinder prevents a robot’s scalpel from deviating outside
the intended incision line during a cat’s skin graft. Practical application: reducing inadvertent tissue damage.
Challenge: designing intuitive fixtures that do not impede necessary freedom.

Vision-Based Servoing — Concept: control strategy that uses visual feedback to regulate robot motion.
Related terms: image-based control, visual servo loop, feature tracking. Explanation: Adjusts robot pose to
keep a target feature centered in the camera view. Example: a robot tracks the tip of a suture needle as it
advances through a dog’'s abdominal wall. Practical application: compensating for patient movement.
Challenge: latency and robustness to variable lighting.

Wireless Power Transfer — Concept: delivering energy to robot components without physical connectors.
Related terms: inductive coupling, resonant charging, battery-less operation. Explanation: Enables
untethered robotic tools in sterile fields. Example: a wireless power pad supplies energy to a small robotic
gripper used in a rabbit eye surgery. Practical application: eliminating cables that could interfere with the
surgical field. Challenge: ensuring sufficient power while avoiding electromagnetic interference with
monitoring equipment.

Zero-Force Positioning — Concept: robot positioning mode where no external force is applied to the
environment. Related terms: gravity compensation, compliant mode, passive compliance. Explanation:
Allows the surgeon to manually move the robot’s arm without resistance, useful for teaching or
repositioning. Example: a zero-force mode lets a veterinarian position a robotic arm over a horse’s limb
before activating active control. Practical application: intuitive hand-over-hand teaching. Challenge:
maintaining stability when transitioning back to active control.

Zoom Lens Imaging — Concept: optical system that provides variable magnification for intra-operative
cameras. Related terms: telecentric lens, focal length, resolution scaling. Explanation: Allows surgeons to
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view both the overall operative field and fine details without swapping cameras. Example: a zoom lens
captures a wide view of a canine thorax while allowing close-up inspection of a suture line. Practical
application: flexible visualization. Challenge: maintaining focus and depth of field across magnification
changes.

Z-Axis Control — Concept: precise management of vertical movement in a Cartesian robot. Related terms:
linear actuator, vertical positioning, depth control. Explanation: Critical for inserting needles or drills to exact
depths. Example: a Z-axis controller positions a biopsy needle 12 mm beneath the skin of a rabbit’s flank.
Practical application: repeatable depth accuracy across procedures. Challenge: compensating for tissue
compression that alters effective depth.
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