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 Mechanical Hardware provided by da Vinci Surgical System
 Electronics by open-source IEEE-1394-FPGA board with Quad Linear 

Amplifier (QLA)
 Software open-source cisst/SAW with ROS interfaces

Open-Source Research Kit of da Vinci [1]

[1]  P. Kazanzides, Z. Chen, A. Deguet, G. S. Fischer, R. H. Taylor, and S. P. DiMaio, “An open-source research kit for the da Vinci surgical 
system,” in 2014 IEEE Int. Conf. on Robotics and Automation, May 2014, pp. 6434–6439.
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Mechanical Hardware
 da Vinci Surgical Robot System: first generation
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Electronics
 The control electronics is based on two custom boards:

 IEEE-1394 FPGA board: physical layer, 6-pin connectors, a low-speed USB 
interface, and 44-pin connectors that provide power and FPGA I/O to a 
companion board, such as the QLA

 Quad Linear Amplifier (QLA): provides all hardware required for current (torque) 
control of four DC brush motors, using a bridge linear amplifier design
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Electronics
 The electronics have been packaged into enclosures. Each of them contains:

 two sets of FPGA and QLA boards, which are sufficient to drive a single da Vinci 
manipulator (MTM or PSM)

 manipulator interface, that connects the DL-156 Zero Insertion Force (ZIF) 
connector used by the da Vinci manipulators to the DB9 and VHDCI68
connectors used by the QLA for motor power and signals, respectively

 FPGA Firmware
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Software
 The software architectures of the dVRK is composed by:

 a hardware interface to communicate with the embedded actuator controllers 
through the fire-wire bus, implementing the safety checks

 A low level layer implementing all the algorithms for the inverse kinematics, 
impedance master control, PID, etc.…

 A mid-level layer implementing the ROS communication and the high level 
controllers
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Software
 Within each of these functional layers, one or more development layers: 

 primitive layer: uses only primitive C/C++ data types and avoids dependencies 
on external packages

 object-oriented layer: consists of C++ classes that implement most of the 
functionality

 component-based layer: uses the classes from object-orientated layer to 
implement the components, using cisst component-bases framework

 Some components, such as the PID controller, are reused from Surgical 
Assistant Workstation (SAW)
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Hardware Interface Layer
 Three layers within the Hardware Interface layer:

 primitive development layer: provided by a C++ library that enables direct access to the 
raw I/O data via IEEE-1394 bus

 objected-oriented development layer: relies on a vector package to represent robot data 
as vectors of meaningful units, such as radians and millimeters. 

 component-based development layer: consists a “wrapper” around the software libraries 
provided by the primitive and object-oriented development layers. It contains several 
provided interfaces: one for each configured robot and one for each configured digital 
input

 Qt Widget component
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Low level control layer

 The low level control layer consists of the PID joint controllers (one for 
each manipulator), which are general purpose SAW components that 
are configured via an XML file
 There are two components that are specific for the da Vinci MTM and 

PSM. These provide the forward and inverse kinematics, trajectory 
generation, and gripper control. They also manage the state transitions 
for the da Vinci manipulators, such as homing (MTM and PSM)
 Teleoperation sub-layer: is provided by two instances of a general-

purpose SAW component that each connect one MTM to one PSM
 Application sub-layer: is provided by a console application that 

emulates the master console environment of a da Vinci system
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ROS Interfaces
 ROS (Robot Operating System) provides a set of libraries and tools 

enabling communication between different control processes in one or 
multiple computers
 The main basic computation elements of ROS are:

 Nodes: are the processes that perform computation. A ROS node is written with 
client library, such as roscpp (C++) or rospy (Python)

 Master: provides name registration and lookup to the rest of the computation 
system

 Messages: Nodes communicate with each other by passing messages
 Topics: is a name that is used to identify the content of a message. A node sends 

out a message by publishing it to a given topic. A node that is interested in a 
certain message will subscribe to the appropriate topic

 Bag: format for saving and playing ROS message data
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ROS Interfaces

 In this case, specific components publish the robot state in ROS 
messages and accept commands by subscribing to ROS messages 
(topics)
 sawROS library contains:

 a set of global data type conversion functions (e.g., cisst matrix to ROS geometry 
msgs::Transform and vice versa)

 a cisst publisher that fetches, converts, and then publishes the data
 a cisst subscriber with a ROS subscriber callback function that converts data and 

triggers the corresponding cisst write function
 a cisst-to-ROS bridge component that serves as a container for cisst publishers 

and subscribers

 A separate thread is used for the ROS event loop (ros::spin) that 
handles the subscribers.
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V-REP Simulator for dVRK
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V-REP Simulator for dVRK
 dVRK Simulator realized using V-REP software [2]

[2] G. A. Fontanelli, M. Selvaggio, M. Ferro, F. Ficuciello, M. Vendittelli, and B. Siciliano, “A v-rep simulator for the da Vinci research kit robotic platform,” in 
2018 7th IEEE International Conference on Biomedical Robotics and Biomechatronics (Biorob), Aug 2018, pp. 1056–1061

 Surgeons Training
 Low cost method for 

development of new control 
strategies
 Creation of virtual robot model 

and sensors, allowing testing 
new tool design
 Educational purposes, enabling 

students to easily approach the 
robotic system
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V-REP Simulator for dVRK

 Each object/model can be individually controlled via an embedded
script (Lua programming language), a plugin, a ROS node, or a custom 
solution
 Controllers can be written in C/C++, Python, Java, Lua or Matlab
 The simulator can be easily interfaced with the real surgeon master 

console
 New objects and robots can be imported in the scene by using a 

graphical interface
 The developed simulator includes the kinematics of the SUJ, PSMs, 

ECM and the camera sensor and it is interfaced with the ROS
framework
 Four scenes are already created and ready for use.

https://github.com/unina-icaros/dvrk-vrep.git
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V-REP Model

 The V-REP simulator is composed of: a SUJ, two PSMs, one ECM
 The robotic arms have been modeled starting from the CAD models 

included in the John Hopkins dVRK git webpage1, except for the SUJ
 Each robot link has been realized by including two type of mesh:

 one visual mesh with structure and texture similar to the real robot link
 one simplified convex dynamic mesh used to simulate dynamics

 Kinematic chain of each robotic arm by linking mesh and joints in a 
joint-respondable-visual sequence
 For each link of the two PSMs the dynamic parameters obtained by 

identification are included

1https://github.com/jhu-dvrk
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V-REP Simulator Software Architecture

 The V-REP simulator is fully 
integrated into the dVRK control 
infrastructure
 The communication between the da 

Vinci simulator and the dVRK console 
is implemented through ROS topics
 v_repExtRosInterface is used to 

publish the state of the robot joints 
(PSMs, SUJ, ECM) and the gripper 
state for the PSMs
 Simulator subscribes to two topics 

sensor msgs::joint state to control 
the robots joints motion from ROS
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V-REP Simulator interface with other device

 This architecture allows to easily interface the simulator with the mid 
level control of the dVRK for commanding the simulated robot 
through:
 MTMs 
 other ROS-integrated input device (e.g., haptic devices)
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Integration with Haptic device
 The Haptic devices emulate the MTMs of the dVRK to control PSMs
 The user controls the 6DoF PSMs moving the pair of haptic stylus
 Force feedback is also exploited to simulate the rigid interaction with 

virtual objects
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Integration with Oculus
 The user control the 4DoF ECM through the head motion and the 

Oculus tracking system 
 User-enabled switching mechanism allows controlling orientation and 

translation of the camera along the principal axis
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Example Scenes
 Two training scenes: interaction with rigid dynamic objects (a) (b)
 A suturing scene: integration of augmented reality information inside 

the simulated environment (c) (d)
 Needle tracking and visual servoing: implementation of vision-based 

algorithms 
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Training
 Non-surgical training tasks, importing CAD models of training setup 

and creating dynamic entities through embedded V-REP functions:
 pick & place
 peg on board
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Suturing
 Suturing in simulated environment, includes objects giving:

 information about the insertion and extraction points
 information about the optimal stitch path using a semitransparent disk
 textual information using a banner integrated in the environment

 Each component is controllable via ROS topics:
 message has been used to send the spatial position, color and number of 

spherical drawing objects
 a geometry msgs::Pose has been used to control the overlapped disk showing 

the optimal path
 an std msgs::String has been used to control the banner messages

 A proximity sensor has been used to simulate the needle grasp in 
position
 Needle pose w.r.t. the PSMs gripper is directly known from the 

simGetObjectPosition function included in V-REP
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Suturing
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Needle Tracking
 Suturing Needle tracking via Extended Kalman filter and vision-based 

pose estimation
 Integration with dVRK simulator using C++ implementation and ROS 

topics communication 
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Visual Servoing
 Image-based Visual Servoing:

 Autonomously regulating the pose of the ECM to track a desired object 
 Simulated images are streamed through ROS topics and are processed to extract 

the needed visual features
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