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Global Certificate in Al for Veterinary Medicine (Part II)

Robotics and Automation in Veterinary Surgery

Robotics and automation have become integral to modern veterinary surgery, offering precision,
repeatability, and enhanced safety for both patients and practitioners. This glossary provides a
comprehensive overview of the key terms and vocabulary that students will encounter in the Global
Certificate in Al for Veterinary Medicine (Partll). Each entry includes a definition, practical examples, typical
applications in veterinary surgery, and common challenges associated with its use.

Actuator — A device that converts energy into motion, enabling robotic limbs or tools to move. In a
veterinary surgical robot, pneumatic or electric actuators drive the instrument arms. Example: a linear
actuator that raises a laparoscopic camera to improve visualization. Challenges include ensuring smooth,
silent operation to avoid startling animal patients and maintaining precise control under variable load
conditions.

Algorithm — A step-by-step computational procedure used to solve a problem or perform a task.
Machine-learning algorithms process imaging data to identify anatomical landmarks before a robot makes
an incision. Example: a convolutional neural network that detects the femoral head in a canine hip
radiograph. Challenges involve training on diverse species data and preventing over-fitting to a limited
dataset.

Artificial Intelligence (Al) — The simulation of human intelligence processes by computers, including learning,
reasoning, and self-correction. Al can predict optimal suture tension in equine tendon repair. Example: an Al
model that recommends needle depth based on tissue elasticity measurements. Challenges include the
need for transparent decision-making and regulatory approval for clinical use.

Autonomy — The degree to which a robotic system can operate without direct human control. Levels range
from tele-operated (no autonomy) to fully autonomous (complete decision-making). Example: a
semi-autonomous robot that positions a drill guide for a canine spinal fusion after the surgeon selects the
target vertebrae. Challenges revolve around ensuring safety, especially when the robot must respond to
unexpected bleeding or movement.

Biomechanics — The study of mechanical principles applied to biological systems. Understanding
biomechanics is essential for designing robotic instruments that match the force-deformation behavior of
animal tissues. Example: modeling the compressive strength of feline bone to set appropriate cutting forces.
Challenges include accounting for inter-species variability and the dynamic nature of living tissue.

Calibration — The process of adjusting a robot's sensors and actuators to ensure accurate measurements
and movements. Regular calibration of a robotic arm’s joint angles guarantees that a surgical instrument
reaches the intended location. Example: using a calibrated phantom model of a dog’s abdomen to verify the
robot’s reach. Challenges include drift over time due to temperature changes or mechanical wear.
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Closed-Loop Control — A feedback system where sensor data is continuously compared to desired values,
and corrections are made in real time. In veterinary surgery, force sensors on a robotic gripper provide
feedback to prevent excessive pressure on delicate tissues. Example: a robot that reduces grip force when it
detects a sudden increase in tissue resistance. Challenges involve latency in sensor data and ensuring the
loop remains stable under rapid movements.

Collision Detection — Algorithms that identify when two objects in a virtual or physical environment
intersect. Critical for preventing accidental damage to surrounding organs during a robot-assisted spay.
Example: a sensor array that stops instrument motion if the robot’s arm approaches the bladder too closely.
Challenges include distinguishing intentional contact (e.g., cutting) from accidental contact and handling
soft tissue deformation.

Computational Geometry — The study of algorithms for solving geometric problems. It underpins path
planning for robotic instruments navigating around organs. Example: generating a 3-D mesh of a horse’s
thorax to plan a minimally invasive chest tube insertion. Challenges include processing large data sets
quickly enough for intra-operative use.

Degrees of Freedom (DoF) — The number of independent movements a robot can make. A typical surgical
robot may have six DoF, allowing translation along three axes and rotation about three axes. Example: a
robotic arm with seven DoF that mimics a surgeon'’s wrist motion during a delicate eye surgery on a rabbit.
Challenges involve managing increased complexity and ensuring intuitive control for the operator.

End-Effector — The tool attached to the robot's distal link, such as a scalpel, gripper, or ultrasound probe.
Selecting the appropriate end-effector is crucial for procedure success. Example: a micro-cautery tip
designed for feline soft-tissue tumor removal. Challenges include sterilization, size constraints for small
animal patients, and the need for rapid tool changes.

Feedback — Information returned from sensors to the controller or operator, indicating system status. Haptic
feedback provides tactile sensations to the surgeon during tele-operation. Example: a force-feedback
joystick that vibrates when the robot encounters resistance while drilling bone. Challenges include
delivering realistic sensations without latency and preventing operator fatigue.

Force-Controlled Robot — A robot that modulates its motion based on measured forces rather than
predefined trajectories. Useful for delicate tissue manipulation where force thresholds must not be
exceeded. Example: a robot that gently retracts a canine intestine by maintaining a constant low force.
Challenges include accurately measuring low forces in a noisy environment and compensating for tissue
compliance.

Haptic Interface — A device that provides tactile feedback to the user, often through a handheld controller.
Haptic interfaces help surgeons feel resistance when operating a robot remotely. Example: a stylus that
simulates the sensation of suturing a horse’s tendon. Challenges include calibrating force feedback to
match the actual tissue properties and preventing overload of the operator’s hand.

Image-Guided Surgery (IGS) — The use of pre-operative or intra-operative imaging to direct surgical
instruments. Robots can integrate CT, MRI, or ultrasound data to navigate to a target lesion. Example: a
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robot that follows a 3-D ultrasound map to locate a kidney stone in a cat. Challenges involve registration
accuracy, real-time imaging updates, and managing radiation exposure.

Intra-operative Imaging — Imaging performed during the surgical procedure, providing live data for
navigation. Fluoroscopy and portable CT are common modalities. Example: real-time fluoroscopic guidance
for inserting a spinal stabilization screw in a dog. Challenges include aligning the imaging coordinate
system with the robot’s frame of reference and minimizing image distortion.

Joint — The mechanical connection between two robot links that allows movement. Joints can be revolute
(rotational) or prismatic (linear). Example: a revolute joint that enables a robotic arm to swivel around a
vertical axis during a laparoscopic spay. Challenges include wear, backlash, and maintaining precise motion
over many cycles.

Kinematics — The study of motion without regard to forces. Forward kinematics calculates the position of
the end-effector given joint angles; inverse kinematics determines joint angles needed to achieve a desired
end-effector position. Example: solving inverse kinematics to position a laser cutter over a tumor in a
rabbit’s liver. Challenges include solving complex equations for multi-DoF robots and handling singularities
where small joint changes cause large end-effector movements.

Latency — The delay between a command being issued and the robot's response. In tele-operated systems,
low latency is essential for precise control. Example: a 50 ms latency between a surgeon’s joystick input and
the robot’s instrument movement during a canine orthopedic procedure. Challenges include network
bandwidth limitations and ensuring consistent response times.

Learning Curve — The period required for a surgeon to become proficient with a new technology. Robotic
surgery often has a steep learning curve due to unfamiliar control schemes. Example: a veterinary resident
needs 20 cases to achieve competency in robot-assisted ovariohysterectomy. Challenges include providing
adequate training resources and measuring proficiency objectively.

Machine Learning (ML) — A subset of Al where algorithms improve performance through experience.
Supervised learning uses labeled data to train models for classification tasks. Example: an ML model that
predicts postoperative infection risk in cats based on intra-operative sensor data. Challenges involve
obtaining high-quality labeled datasets across multiple species and ensuring model generalization.

Manipulator — The robot arm that positions and orients the end-effector. Manipulators are often modular,
allowing different tool attachments. Example: a 6-DoF manipulator designed to hold a high-resolution
camera for endoscopic procedures in horses. Challenges include balancing payload capacity with size
constraints for small animal procedures.

Motion Planning — The process of determining a collision-free path for a robot from its current position to a
target location. Algorithms such as Rapidly-exploring Random Trees (RRT) are commonly used. Example:
planning a trajectory that avoids the heart while inserting a pacemaker lead in a dog. Challenges include
dynamic environments where organs may shift during surgery.

Neural Network — A computational model inspired by biological neurons, used for pattern recognition and
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decision-making. Convolutional neural networks excel at image analysis. Example: a neural network that
automatically segments a dog's liver in CT images to guide robotic resection. Challenges include the need
for large annotated datasets and the risk of black-box decision-making.

Oncologic Robotics — The application of robotic systems to cancer surgery. Precision cutting and margin
assessment are critical. Example: a robot that performs a partial mastectomy in a cat, using real-time
imaging to ensure clear margins. Challenges involve integrating pathology feedback and adapting to varied
tumor locations.

Path Planning — Synonymous with motion planning; the term emphasizes the sequence of waypoints the
robot must follow. Example: a path that threads a needle through a narrow space between the pancreas and
the duodenum in a dog. Challenges include computational load and the need for rapid replanning if the
anatomy moves.

Precision — The degree to which repeated measurements under unchanged conditions show the same
results. In surgery, high precision translates to consistent instrument placement. Example: a robot that can
place a suture within 0.5mm of a target point in a rabbit's eye. Challenges include mechanical tolerances,
sensor noise, and environmental factors such as temperature.

Proprioception — The robot'’s internal sense of its own position and movement, analogous to a surgeon'’s
sense of limb position. Sensors such as encoders provide proprioceptive data. Example: joint encoders that
inform the controller of the exact angle of each arm segment during a spinal fixation procedure. Challenges
involve sensor drift and ensuring accurate data transmission.

Regulatory Compliance — Adherence to standards set by veterinary and medical authorities for safety and
efficacy. Devices must meet ISO 13485, FDA or CE marking requirements. Example: a robotic system that has
been cleared for use in veterinary orthopedic surgeries after rigorous testing. Challenges include navigating
differing regulations across countries and updating documentation as software evolves.

Remote Center of Motion (RCM) — A constraint that forces a robotic instrument to pivot around a fixed
point, typically the entry point in minimally invasive surgery. RCM allows the instrument to rotate without
exerting lateral forces on the incision site. Example: an RCM mechanism that maintains a 5mm trocar entry
point in a feline laparoscopy. Challenges include maintaining the constraint while allowing full range of
motion and preventing instrument wobble.

Robotic Tele-operation — Controlling a robot from a distance using a master console. The surgeon’s hand
movements are translated to the robot’s instruments. Example: a veterinarian in a rural clinic controls a
robot located in a central hospital to perform a delicate ear surgery on a rabbit. Challenges include network
reliability, latency, and ensuring the surgeon feels adequate tactile feedback.

Sensor Fusion — Combining data from multiple sensors to improve accuracy and robustness. Example:
integrating force, visual, and ultrasound data to guide a robot during a liver biopsy in a dog. Challenges
involve synchronizing data streams, handling conflicting information, and processing the fused data in real
time.
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Simultaneous Localization and Mapping (SLAM) — A technique that builds a map of an unknown
environment while tracking the robot’s location within it. In veterinary surgery, SLAM can be used to map
the interior of a cavity as the robot explores it. Example: a robot that constructs a 3-D map of a horse's
abdominal cavity while searching for a foreign body. Challenges include coping with tissue deformation and
maintaining map accuracy.

Soft Robotics — Robots constructed from compliant materials that can adapt to irregular, delicate structures.
Soft grippers can conform to the shape of an organ without causing damage. Example: a silicone-based
gripper that gently holds a canine intestine during a laparoscopic procedure. Challenges include controlling
soft actuators precisely and ensuring durability after repeated sterilization cycles.

Stiffness — The resistance of a robot or its components to deformation under load. High stiffness is often
required for precise cutting, while low stiffness may be beneficial for conforming to soft tissue. Example: a
stiff robotic arm that maintains a straight trajectory while drilling a bone in a horse. Challenges involve
balancing stiffness with the need for compliance in delicate procedures.

Surgical Navigation — The technology that guides instruments based on pre-operative imaging and
intra-operative tracking. Navigation systems often use optical or electromagnetic trackers. Example: an
electromagnetic navigation system that tracks a robot's instrument tip relative to a CT-derived model of a
cat's spinal column. Challenges include maintaining line-of-sight for optical trackers and mitigating
electromagnetic interference from other equipment.

Suture Robot — A robot specifically designed to automate suturing tasks. It can place consistent knots and
maintain uniform tension. Example: a suture robot that performs a running suture on a canine intestinal
anastomosis with a measured tension of 2 N. Challenges include adapting to varying tissue thickness and
ensuring knot security across different suture materials.

Telepresence — The use of communication technologies to allow a surgeon to be virtually present at a
remote site. Combined with robotics, telepresence enables expert guidance. Example: an experienced
equine surgeon provides live visual and auditory feedback to a field veterinarian operating a robot on a
horse with a fractured limb. Challenges include bandwidth limitations, latency, and ensuring the remote
surgeon’s instructions are accurately interpreted by the robot.

Trajectory — The path followed by the robot’s end-effector during a movement. Precise trajectory planning
minimizes tissue trauma. Example: a curved trajectory that avoids major blood vessels while inserting a
catheter into a rabbit’s heart. Challenges involve accounting for tissue movement and ensuring the robot
can adjust the trajectory in response to intra-operative changes.

Virtual Fixture — Software-generated constraints that limit a robot’s motion to a safe region, often visualized
as a “force field.” Virtual fixtures can prevent accidental entry into prohibited zones. Example: a virtual
fixture that prevents a robotic scalpel from crossing the midline during a unilateral adrenalectomy in a dog.
Challenges include designing intuitive constraints that do not overly restrict surgeon creativity.

Visual Servoing — A control technique that uses visual information to guide robot motion. The robot adjusts
its position based on real-time camera feedback. Example: a robot that follows a moving target, such as a
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beating heart, to maintain a constant distance during a cardiac procedure in a horse. Challenges include
processing video streams quickly enough and handling occlusions.

Workflow Integration — The process of incorporating robotic systems into existing surgical procedures
without disrupting efficiency. Successful integration requires compatible instrumentation, staff training, and
data management. Example: adding a robotic arm to a standard spay protocol, where the robot handles
instrument exchange while the surgeon performs the incision. Challenges include coordinating timing,
ensuring sterile fields, and managing equipment logistics.

Zero-Force Control — A control strategy that aims to minimize the forces exerted by a robot on surrounding
tissues, effectively “floating” the instrument. Example: a robot that maintains near-zero contact pressure
while scanning a dog'’s abdominal wall with an ultrasound probe. Challenges involve detecting minute force
changes and compensating for sensor drift.

Adaptive Control — A control method that modifies its parameters in response to changing system
dynamics. In surgery, adaptive control can adjust to varying tissue stiffness. Example: a robot that reduces
cutting speed when encountering denser bone in a feline femur. Challenges include ensuring stability while
the controller parameters change and avoiding oscillations.

Augmented Reality (AR) — The overlay of digital information onto the surgeon’s view of the real world. AR
can display robot status, anatomical structures, and safety zones. Example: an AR headset that projects the
planned incision line onto a dog’s skin while the robot holds the scalpel. Challenges include accurate
registration of virtual objects, avoiding visual clutter, and ensuring the AR system does not interfere with
sterility.

Biomechanical Modeling — The creation of computational models that simulate tissue behavior under
mechanical loads. These models inform robot force limits and cutting strategies. Example: a finite-element
model of a horse’s tendon used to predict optimal suture placement. Challenges involve acquiring accurate
material properties for diverse species and validating the models against experimental data.

Collision Avoidance — Strategies and algorithms that prevent robots from contacting unintended objects.
Real-time monitoring of joint positions and sensor data is essential. Example: a robot that pauses
instrument motion when proximity sensors detect the proximity of a vital organ. Challenges include
distinguishing between safe proximity and accidental contact in deformable environments.

Deterministic System — A system where the same input always produces the same output. Determinism is
important for predictable robot behavior. Example: a deterministic motion controller that always moves the
robotic arm to a target within a specified tolerance. Challenges arise when biological variability introduces
stochastic elements that must be accounted for.

Dynamic Modeling — The representation of a system'’s motion, incorporating forces, masses, and inertia.
Dynamic models are used to predict robot behavior under acceleration. Example: modeling the inertia of a
robotic arm to prevent overshoot when rapidly repositioning a laparoscopic camera in a cat. Challenges
include capturing the effects of fluid-filled cavities and variable tissue resistance.
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Electromagnetic Tracking — A method that uses low-frequency magnetic fields to locate sensors attached to
instruments. It is useful when line-of-sight is obstructed. Example: tracking a robotic needle tip inside a
horse’s thorax during a biopsy. Challenges include interference from metal objects and limited range.

Endoscopic Camera — A small optical device that provides visual feedback from within a body cavity.
Integrated with robotic systems, it offers high-definition images for navigation. Example: a 5mm endoscopic
camera mounted on a robotic arm for a feline laparoscopic ovariohysterectomy. Challenges include
ensuring adequate illumination, cleaning the lens, and avoiding fogging.

Force Feedback — The transmission of tactile information from the robot to the surgeon’s hands. It enhances
situational awareness during tele-operation. Example: a force-feedback joystick that resists motion when the
robot encounters dense tissue during a bone drilling procedure in a dog. Challenges include replicating
subtle force gradients and preventing fatigue.

Graphical User Interface (GUI) — The visual platform through which the surgeon interacts with the robotic
system, adjusting parameters and monitoring status. Example: a touchscreen GUI that allows the
veterinarian to select the desired suture pattern before initiating the robot. Challenges involve designing
intuitive layouts that reduce cognitive load and ensuring the GUI is responsive.

Haptic Feedback — See Force Feedback; the term emphasizes tactile sensations. Example: a haptic device
that simulates the feeling of cutting through different tissue layers in a simulated training environment for
veterinary surgeons. Challenges include calibrating feedback to match real tissue characteristics.

Hybrid Robot — A system that combines multiple actuation technologies, such as rigid and soft components.
Hybrid robots can exploit the strengths of each. Example: a hybrid robot with a stiff backbone for precise
positioning and a soft gripper for organ handling in a canine abdominal surgery. Challenges involve
coordinating control across dissimilar subsystems.

Inertial Measurement Unit (IMU) — A sensor package that measures acceleration, rotation, and sometimes
magnetic field strength. IMUs can track the orientation of a robotic instrument. Example: an IMU attached
to a robotic end-effector to maintain a stable angle while suturing a feline cornea. Challenges include
sensor drift and the need for frequent recalibration.

Joint Encoder — A sensor that measures the angular or linear position of a joint. Encoders provide essential
proprioceptive data. Example: a high-resolution encoder on the robot’s shoulder joint that reports position
to within 0.01 degrees during a complex orthopedic procedure in a horse. Challenges include ensuring
durability under sterilization and avoiding backlash.

Kinematic Redundancy — When a robot has more DoF than required to achieve a given task, allowing
multiple joint configurations. Redundancy can be exploited to avoid obstacles. Example: a 7-DoF arm that
repositions its elbow to keep the instrument clear of a blood vessel while maintaining the same tool tip
location. Challenges involve selecting the optimal configuration and preventing unnecessary motion.

Latency Compensation — Techniques that mitigate the effects of communication delays, such as predictive
algorithms that estimate robot motion. Example: a predictive controller that anticipates the next robot
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position based on surgeon input, reducing perceived latency during tele-operation on a goat. Challenges
include maintaining accuracy while predicting and avoiding instability.

Linear Actuator — A device that produces straight-line motion, often used to extend or retract surgical tools.
Example: a linear actuator that precisely controls the depth of a biopsy needle in a canine liver. Challenges
include achieving smooth motion at low speeds and ensuring the actuator can withstand repeated
sterilization cycles.

Machine Vision — The use of cameras and image processing algorithms to interpret visual data. Machine
vision can identify anatomical landmarks automatically. Example: a vision system that detects the edge of a
dog's femur to guide a cutting robot. Challenges include varying lighting conditions, occlusions, and
differences in animal coat color.

Modular Design — An architecture that allows components to be interchanged or upgraded without
redesigning the entire system. Example: a modular robotic platform where the surgeon can swap a gripper
for a laser cutter in a single procedure. Challenges include maintaining interface compatibility and ensuring
sterile connections.

Non-linear Control — Control strategies that handle systems with non-linear dynamics, such as tissue
deformation. Example: a controller that adjusts cutting speed based on the non-linear relationship between
force and tissue stiffness during a bone osteotomy in a horse. Challenges include designing controllers that
remain stable across a wide range of operating conditions.

Optical Tracking — A method that uses cameras and reflective markers to determine the position of
instruments. Example: tracking a robotic needle tip during a spinal injection in a canine using infrared
cameras. Challenges include maintaining line-of-sight and dealing with reflective surfaces on surgical
instruments.

Path Optimization — The process of refining a robot’s trajectory to minimize time, energy, or tissue damage.
Example: optimizing the path of a robotic drill to reduce the number of passes required to remove a bone
tumor in a rabbit. Challenges involve balancing speed with safety and accounting for intra-operative
changes.

Patient-Specific Modeling — Creating individualized anatomical models from imaging data to guide robot
planning. Example: a 3-D printed replica of a dog's skull used to pre-plan a robotic neurosurgical approach.
Challenges include processing imaging data quickly, ensuring model accuracy, and integrating the model
into the robot's navigation system.

Pixel Resolution — The smallest discernible element in a digital image. High pixel resolution improves the
accuracy of image-guided robot navigation. Example: using a 1024 x 1024 pixel CT scan to delineate a small
tumor in a cat's pancreas for robot-assisted resection. Challenges include handling large data files and
ensuring sufficient processing speed.

Pose Estimation — Determining the position and orientation of an object in space. Pose estimation is vital for
aligning the robot's tool with anatomical targets. Example: estimating the pose of a robotic end-effector
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relative to a canine liver surface before making an incision. Challenges include dealing with tissue
deformation and maintaining accuracy under motion.

Precision Medicine — Tailoring medical treatment to individual variability, often using genetic or imaging
data. Robots can implement precision medicine by customizing tool paths for each patient. Example: a
robot that adjusts its cutting depth based on a cat's specific bone density measured pre-operatively.
Challenges include integrating diverse data sources and ensuring real-time adaptability.

Predictive Modeling — Using statistical or Al techniques to forecast outcomes based on current data.
Predictive models can anticipate complications during robotic procedures. Example: an Al model that
predicts the likelihood of postoperative bleeding in a dog based on intra-operative force data. Challenges
involve model validation and avoiding false positives that could unnecessarily halt surgery.

Proximity Sensor — A device that detects the presence of nearby objects without physical contact. Proximity
sensors can trigger safety stops. Example: an infrared proximity sensor that alerts the robot when the
instrument tip approaches the ureter during a canine urinary tract surgery. Challenges include sensor
sensitivity and avoiding false alarms due to tissue translucency.

Remote Manipulation — Direct control of a robot from a distance, often using a master-slave configuration.
Example: a veterinarian in a city clinic controlling a robotic arm located in a research facility to perform a
delicate eye surgery on a rabbit. Challenges include reliable communication links, latency, and ensuring the
operator’s actions are faithfully reproduced.

Robot-Assisted Surgery — Any surgical procedure in which a robot plays a supportive role, whether for
positioning, instrument handling, or autonomous task execution. Example: robot-assisted laparoscopic spay
in a dog, where the robot holds the camera and provides a steady platform for the surgeon’s instruments.
Challenges include training staff, integrating with existing operating rooms, and maintaining
cost-effectiveness.

Safety Envelope — A predefined spatial region within which the robot may operate safely. The envelope is
derived from anatomical constraints and instrument limits. Example: a safety envelope that restricts a
robotic drill from entering the spinal canal during vertebral fixation in a horse. Challenges include defining
the envelope accurately and updating it in real time as tissues shift.

Scalability — The ability of a robotic system to be adapted for different animal sizes, from small rodents to
large equids. Example: a modular robot whose arm length can be extended to accommodate a horse's
thoracic cavity while still being usable for a cat’s abdominal surgery. Challenges involve maintaining
performance across a wide range of load conditions and ensuring the control software can handle variable
geometry.

Self-Calibration — The robot's ability to automatically adjust its sensors and actuators without external
intervention. Example: a robot that performs a self-calibration routine at the start of each procedure,
aligning its joint encoders using a built-in reference fixture. Challenges include guaranteeing accuracy after
calibration and detecting when recalibration is needed.
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Sensor Noise — Unwanted variations in sensor readings that can obscure true signals. Noise can affect force,
position, and visual data. Example: electrical interference causing jitter in a force sensor during a delicate
tendon repair in a dog. Challenges involve filtering noise without introducing lag and ensuring the filtered
data remains reliable.

Simulated Environment — A virtual setting that replicates real-world conditions for training or testing.
Example: a computer simulation of a robotic laparoscopic spay that allows veterinary students to practice
instrument manipulation before operating on live animals. Challenges include achieving realistic physics and
providing accurate haptic feedback.

Singularity — A configuration where a robot loses one or more degrees of freedom, leading to unpredictable
motion or infinite joint speeds. Example: a robotic arm reaching a straight-line configuration that makes it
impossible to move laterally without large joint rotations during a canine orthopedic procedure. Challenges
involve detecting and avoiding singularities through path planning.

Soft Tissue Manipulation — The handling of compliant biological tissues such as muscle, fat, or organ
parenchyma. Robots must apply appropriate force to avoid tearing. Example: a robot that gently retracts a
dog’s liver using a compliant gripper while maintaining a constant low force. Challenges include measuring
tissue stiffness in real time and adapting to variations between species.

Space-Filling Curve — A mathematical path that covers an entire area without gaps, sometimes used in
scanning strategies. Example: a robot that follows a Hilbert curve to systematically scan the interior of a
horse’s abdominal cavity for foreign objects. Challenges include ensuring the curve adapts to irregular
organ shapes and does not cause unnecessary tissue trauma.

Specimen Handling — The process of acquiring, transporting, and processing tissue samples. Robotic
systems can automate biopsy collection and placement. Example: a robot that extracts a liver tissue core
from a cat and deposits it into a sterile container for histopathology. Challenges involve maintaining
sterility, preventing contamination, and ensuring sample integrity.

Stiffness Control — Adjusting a robot’'s compliance to match the desired interaction with tissue. Example: a
robot that increases stiffness when drilling bone but reduces it when suturing soft tissue in a canine surgery.
Challenges include rapid switching between control modes and accurately sensing the current tissue
stiffness.

Strategic Planning — The high-level process of defining surgical goals, selecting robotic tools, and mapping
out procedural steps. Example: planning a robot-assisted thoracotomy in a horse, including positioning the
robot, selecting appropriate end-effectors, and coordinating with anesthetic staff. Challenges involve
interdisciplinary communication and ensuring all team members understand the robot's capabilities.

Surgeon-Robot Interface (SRI) — The collection of hardware and software through which the surgeon
interacts with the robot, including consoles, foot pedals, and visual displays. Example: a dual-hand controller
that allows the veterinarian to manipulate two robotic instruments simultaneously during a feline eye
surgery. Challenges include ergonomic design to reduce fatigue and providing intuitive feedback.
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Surface Mapping — Creating a digital representation of an organ'’s outer contour, often using laser or
structured-light scanners. Example: generating a surface map of a dog’s heart to guide a robot's epicardial
ablation. Challenges include handling reflective surfaces and integrating the map with real-time navigation.

Surgical Automation — The execution of surgical tasks by a robot with minimal human input. Automation
can range from simple repetitive motions to complex decision-making. Example: an automated suturing
routine that places a series of evenly spaced stitches along a canine intestinal incision. Challenges include
ensuring the robot can adapt to unexpected tissue variations and providing mechanisms for surgeon
override.

Surgical Planning Software — Applications that allow the surgeon to design robot trajectories, select
instruments, and simulate procedures. Example: software that lets a veterinarian draw a 3-D cutting plane
on a CT scan of a cat's skull before programming the robot to perform a partial mandibulectomy.
Challenges involve user-friendly interfaces and accurate translation of virtual plans into physical robot
motions.

Surgical Robotics — The broader field encompassing the design, development, and clinical application of
robots for surgical purposes. It includes hardware, software, and integration with clinical workflows.
Example: a dedicated veterinary surgical robot platform that supports multiple specialties, from orthopedics
to ophthalmology. Challenges include cost, regulatory approval, and demonstrating clinical benefit.

Tele-Surgery — Performing surgery at a distance using robotic systems and communication networks.
Example: a specialist in a metropolitan center controls a robot in a rural clinic to perform a delicate
neurosurgical procedure on a horse. Challenges include reliable high-bandwidth connections, latency, and
ensuring emergency protocols if the link fails.

Trajectory Tracking — Monitoring and adjusting the robot’s motion to follow a predefined path precisely.
Example: a robot that continuously corrects its drill path to stay within a 0.2 mm tolerance while cutting a
bone segment in a dog. Challenges involve sensor accuracy, control loop speed, and coping with tissue
movement.

Virtual Reality (VR) — Immersive computer-generated environments that can simulate surgical scenarios. VR
can be used for training on robotic procedures. Example: a VR simulator that replicates a robot-assisted
laparoscopic spay in a dog, allowing trainees to practice instrument handling. Challenges include achieving
realistic haptic feedback and ensuring transferability of skills to the real operating room.

Wearable Exoskeleton — A device that augments a surgeon’s natural movements, often used in conjunction
with robotic systems to reduce fatigue. Example: a lightweight exoskeleton that supports the surgeon’s arm
during prolonged robotic procedures on large animals. Challenges include ensuring freedom of movement,
preventing added bulk, and integrating with existing surgical tools.

Workspace — The three-dimensional region within which a robot can operate. Understanding workspace
limits is essential for planning instrument placement. Example: the reachable workspace of a robotic arm
inside a canine thorax defines where a camera can be positioned without repositioning the patient.
Challenges include accounting for patient positioning and instrument interference.
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Zero-Force Tracking — Maintaining minimal contact force while the robot follows a target, often used in
imaging applications. Example: a robot that tracks a moving ultrasound probe over a dog’s abdomen while
applying negligible pressure to avoid tissue deformation. Challenges include precise force sensing and
compensating for patient movement.

Algorithmic Transparency — The ability to understand and interpret how an Al algorithm reaches its
conclusions. In veterinary robotics, transparency is crucial for gaining surgeon trust. Example: an Al system
that explains which imaging features led to the recommendation of a specific incision site in a cat.
Challenges involve simplifying complex models without losing essential predictive power.

Artificial Neural Network (ANN) — A type of machine-learning model composed of interconnected nodes
that mimic biological neurons. ANNs can classify tissue types based on sensor data. Example: an ANN that
distinguishes healthy from diseased liver tissue during robotic palpation in a dog. Challenges include the
need for extensive training data and preventing misclassification.

Biomechanical Sensor — Devices that measure mechanical properties such as pressure, strain, or shear within
tissues. Example: a strain gauge embedded in a robotic gripper that detects when a canine intestine is being
over-stretched. Challenges include miniaturization for small animal applications and ensuring sensor
durability under sterilization.

Clinical Decision Support System (CDSS) — Software that provides evidence-based recommendations to
clinicians during a procedure. Example: a CDSS that alerts the surgeon when the robot's cutting speed
exceeds a safe threshold for a specific tissue type in a horse. Challenges involve integrating real-time data
and avoiding alarm fatigue.

Co-Robot — A collaborative robot designed to work safely alongside humans, often with force-limiting
features. Example: a co-robot that holds a retractor while the veterinarian performs a manual dissection in a
dog. Challenges include ensuring the robot’'s compliance does not impede the surgeon’s workflow and
maintaining safety when unexpected forces occur.

Compliance — The ability of a robot to yield under load, often used to adapt to soft tissues. Example: a
compliant robotic arm that gently conforms to the shape of a cat’'s abdominal wall during a laparoscopic
procedure. Challenges involve controlling compliance precisely and avoiding excessive deformation.

Control Architecture — The hierarchical organization of controllers, sensors, and actuators that governs
robot behavior. Example: a layered control architecture where a high-level planner decides on tool paths
and a low-level controller manages motor currents for a veterinary robot. Challenges include ensuring
communication between layers is fast and reliable.

Data Fusion — The process of integrating multiple data sources to produce a more accurate or
comprehensive picture. Example: merging CT, ultrasound, and force sensor data to guide a robot’'s needle
insertion in a dog's kidney. Challenges include aligning data temporally and spatially and handling
conflicting information.

Dynamic Compensation — Adjusting robot control parameters in real time to counteract disturbances such
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as patient movement or tool vibration. Example: a robot that compensates for a horse’s breathing motion
during a thoracic procedure by adjusting its instrument trajectory. Challenges involve rapid detection of
motion and precise correction without overshoot.

Electromechanical Integration — The combination of electrical components and mechanical structures within
a robot. Example: integrating motor drivers with a robotic arm’s joints to achieve smooth motion in a canine
orthopedic robot. Challenges include managing heat dissipation and ensuring electromagnetic
compatibility.

End-to-End Workflow — A seamless process that connects pre-operative planning, intra-operative execution,
and post-operative analysis. Example: a workflow that starts with CT imaging, proceeds to robot-guided
tumor resection in a cat, and ends with automated collection of specimen data for pathology. Challenges
involve data transfer, maintaining sterility, and coordinating multiple teams.

Force-Sensitive Resistor (FSR) — A component that changes its resistance based on applied force, used for
tactile sensing. Example: an FSR embedded in a robotic gripper that signals when a canine tendon is being
compressed beyond safe limits. Challenges include calibrating the sensor for a wide force range and
ensuring durability.

Haptic Rendering — The computational process of generating tactile feedback based on virtual interactions.
Example: a haptic rendering algorithm that simulates the resistance of bone when a robotic drill contacts it
during a horse’'s femur surgery. Challenges include real-time performance and accurate material modeling.
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