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Abstract 

The PR2 Robotic Hand and Syntouch Sensor Real-Time Interface project is a 

project focused on creating a software suite to facilitate the use of a Willow-Garage PR2 

robot with Syntouch BioTac® sensors attached to its hands. The Syntouch sensors, also 

known as the fingers, are capable of providing a variety of highly accurate sensor data 

similar in nature to the capabilities of human fingertips [1]. If those senses are integrated 

with the PR2 robot, it will broaden the capabilities of the PR2 significantly. This project 

aims to provide that integration in the form of a software suite that is capable of 

aggregating data from the syntouch sensors, and furthermore capable of controlling the 

PR2 robot based on that real-time sensor data. This project is important to the furthering 

of robotics research because it paves the way for experiments that rely on a robot having 

a sense of touch. 

  

https://docs.google.com/document/d/1QTzC9XLvQv_2LXlkMmos_Vv-ip3smUq9h3rtSOYqnqE/edit#bookmark=id.lg6iu69tt1bx
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1 Introduction 

The PR2 Robotic Hand and Syntouch Sensor Real-Time Interface is a software suite 

designed to facilitate the use of a Willow-Garage PR2 robot with Syntouch BioTac® sensors 

attached to its hands. The intended audience for this software suite consists of robotics 

researchers intending/hoping to use and perform experiments with a robot that has a sense of 

touch. In particular, this audience includes the UNR robotics lab and labs like it that already own 

the necessary hardware (PR2 Robot, Syntouch sensors) but no means of using them in 

combination with each other. 

 

The PR2 Robotic Hand and Syntouch Sensor Real-Time Interface runs on Linux, and 

furthermore is integrated with ROS for the purposes of communicating with the PR2 Robot and 

gathering data from the Syntouch sensors. This set-up is the set up that robotics researchers are 

most comfortable with, and therefore maximizes the likelihood of the project adopted by robotics 

researchers in the future. The main goals our team had for this software suite (beyond the 

groundwork) are the following: 

 

1.  Including the capability of graphing sensor data in real-time 

2.  Including the capability to run programs that analyze incoming sensor data in real-time 

3.  Including the capability to run programs that are capable of controlling the PR2 based 

on incoming real-time sensor data.  

 

In order to demonstrate the completion of these goals, our team provided some example 

programs within the real-time interface. One such program we created was a simple “pulse 
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detection” program, where the PR2 robot will use its fingers to take/display a person’s pulse. 

Another program we created was a “grasp object” program, which uses fluid pressure data from 

the syntouch sensors to lift an object without exerting enough force to put stress on that object. 

Using this program, the PR2 robot can pick up fragile objects without breaking them; our team’s 

testing showed that the setup is sensitive enough to pick up an empty soda can without 

deforming it. This is a major breakthrough for the PR2 robot. Furthermore, our team 

implemented an “object hand off” program, such that the robot releases the object it is grasping 

when it is grabbed by a human user. This “object hand off” program shows that the sense of 

touch can be used to humanize robots like the PR2. 

2 Hardware Overview 

The PR2 Robotic Hand and Syntouch Sensor Real-Time Interface is a software suite that 

is meant to control two (expensive) pieces of hardware: namely, the Willow Garage PR2 robot 

and the Syntouch BioTac sensors. This hardware is available in the UNR Robotics Lab, and is 

pictured below. 
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 The PR2 Robot is a generalizable robot, in the sense that its purpose is not well-defined 

and that it can be programmed to do whatever researchers deem worth. For this project, the PR2 

robot (pictured on the previous page) has been augmented with Syntouch BioTac® sensors, 

which are the green finger-like objects attached to the PR2 robot’s left hand in the picture. 

3 Project Significance 

The sense of touch is a research frontier for robots because the sense of touch humanizes 

the robot, allowing it to keep forces low and therefore better interact with humans [2]. Besides 

the PR2 Robotic Hand and Syntouch Sensor Real-Time Interface project, there are many other 

recent projects that involve robots with a sense of touch. One such project is a project from 

Georgia Tech, where a robot has been designed that uses the sense of touch to adjust blankets for 

disabled patients [3]. Another project at Northeastern University created a robot which uses the 

sense of touch to plug in usb cables [4]. These two projects appear to solve problems that are 

fairly specific and seem to use specially designed hardware, in contrast to our project which is 

more generalizable. The most similar project to ours we have found is the Bolt Haptics project 

being worked on at University of Pennsylvania, as they use similar hardware and have also made 

their code open source [5][6]. 

 

The existence of all of these other projects making use of the sense of touch is evidence 

that the work team 14 put into this project was worthwhile. Our team believes that our software 

suite lessens the work required to complete projects involving touch-sensitive robots, such as 

those already existing projects at other universities. This is because our software suite is 

innovative in that it makes it considerably easier to write code that involves manipulating the 

robot based on sensor data. This should significantly reduce the difficulty of performing research 

https://docs.google.com/document/d/1QTzC9XLvQv_2LXlkMmos_Vv-ip3smUq9h3rtSOYqnqE/edit#bookmark=id.2vhgb7hgsz30
https://docs.google.com/document/d/1QTzC9XLvQv_2LXlkMmos_Vv-ip3smUq9h3rtSOYqnqE/edit#bookmark=id.th30satjkm2y
https://docs.google.com/document/d/1QTzC9XLvQv_2LXlkMmos_Vv-ip3smUq9h3rtSOYqnqE/edit#bookmark=id.h1q9nkke6mfp
https://docs.google.com/document/d/1QTzC9XLvQv_2LXlkMmos_Vv-ip3smUq9h3rtSOYqnqE/edit#bookmark=id.ucdam9qx363
https://docs.google.com/document/d/1QTzC9XLvQv_2LXlkMmos_Vv-ip3smUq9h3rtSOYqnqE/edit#bookmark=id.4mug0n4d33m2
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that involves robots that need to use the sense of touch, and gives our project significant open-

source value. Without using the framework that is the PR2 Robotic Hand and Syntouch Sensor 

Real-Time Interface software suite, it could take thousands of lines to write the necessary code to 

handle a fragile object with the PR2 robot and syntouch sensors. With our software suite, 

however, this code takes less than 50 lines. If adopted, this will could save robotics researchers 

many many hours. 

 

Beyond CS426, the PR2 Robotic Hand and Syntouch Sensor Real-Time Interface can be 

expanded upon by adding more and more complex programs that make use of the sensor data 

collected from the PR2 robot. There are plenty of uses for the sense of touch, many more 

complex than the simple uses we will be making examples of like pulse detection, and we hope 

they will be explored either by us or another team post-CS426.  
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4 About Project Requirements 

4.1 The Requirements Workshop 

In order to help ascertain the requirements of the project, our team (team 14) held a requirements 

workshop. At the requirements workshop we brainstormed and shared ideas regarding our project; it was 

a very productive activity that helped the team flesh out the more precise details of the PR2 Robotic Hand 

and Syntouch Sensor Real-Time Interface project.  

 

Team 14 met on Friday, February 26th 2016, in a lab on the third floor of the Scrugham 

Engineering and Mining building on campus, from approximately 3pm to 5pm. The requirements 

workshop implemented a strong iterative method in order to evaluate the requirements suggested and 

refine them down into what is listed in the following sections. During the brainstorming session I acted as 

the requirements engineer, Aaron acted as the facilitator Eddie and Shawn, the remaining members of 

team 14, acted as domain experts. Dr. David Feil-Seifer was too busy to attend, but contributed and 

commented on our requirements at a later date via email. 

4.2 Software Requirements 

4.2.1 Priority One Functional Requirements 

4.2.1.1 Interface 

The system needs an interface that will show the user the different functionalities that he or she has access 

to as well as information regarding PR2 and the Syntouch sensors. This interface should have an easy to 

navigate main menu with different buttons the user can click to accomplish specific tasks. 

 

Rationale: This is a high priority because it gives the user access a relatively easy to use interface 

that gives them all the data they need from the sensors. The data will be displayed in different 

formats for different needs of the user. 
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4.2.1.2 Read Pressure Data From Syntouch Sensors 

The system needs to be able to read and log pressure data gathered from the Syntouch sensors. The PR2 

will read the data being generated by the Syntouch fingertips and then send the data wirelessly to the PR2 

interface for analysis. 

 

Rationale: This is the core part of the project. In order to take a human pulse or do anything else 

with the Syntouch fingertips, the system need to be able to read and log all of the data being 

collected by the sensors.  

4.2.1.3 Read State Changes The From Syntouch Sensors 

The system needs to be able to detect when the state of one of the sensors changes. This will allow the 

system to detect when something is touching the sensors and begin logging the data as well as detect 

when the sensor is no longer touching anything and it can go into an idle state. 

 

Rationale: This is a high priority because this will allow the system to automatically detect when 

the sensor is touching something so that it can start logging the data. This will be useful for 

displaying data on the interface in real-time. 

4.2.1.4 Visualize Sensor Data 

The system needs to be able to display the raw data being gathered by the sensors. The project needs to 

have a graphical representation of the change in pressure on the sensors over time. This graph could also 

be updated to show the other types of data from the Syntouch sensors. 

 

Rationale: This is a high priority because it gives the user a visual representation of the data 

rather than just a numerical representation. This will make some of the data easier to read and 

understand. 

4.2.2 Priority Two Functional Requirements 

4.2.2.1 Take Pulse Data 

The system will move the hand to the correct position so it can begin taking someone’s pulse. When the 

person presses their wrist to the top sensor, the PR2’s hand will gently close to provide stability for itself 

and your wrist. After that the sensor will start logging the data from the fingertips for a given amount of 

time before the PR2’s hand releases its grip. This relies on the PR2 being able to grab a deformable object 

without squeezing too hard. 

 

Rationale: Although this is important to the project as a proof of concept, it is only medium 

priority because the project needs to be able to read the data from the sensors before the team can 

even begin to try and take or analyze someone’s pulse. 
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4.2.2.2 Analyze Pulse Data 

After the Take Pulse Data has been selected and the data has been collected the system will run an 

algorithm to try and detect a pulse from the data. If a pulse is detected it will generate a graphical 

representation of the data and display it on the screen. If no pulse was detected, the system will let the 

user know that no pulse was detected and would then prompt them to try again. 

 

Rationale: This has medium priority for the same reason as taking the pulse data but also because 

this relies on taking the pulse data to work.  

 

4.2.2.3 Grab Solid Object 

The system should be able to grab a solid object being handed to them. Someone could select the option 

from the menu which would position the hand properly or you could just press the object to one of the 

sensors and the PR2 could close its hand with just enough pressure to hold the object without it slipping. 

 

Rationale: This has a medium priority because grabbing a deformable object ties in with this. If 

the PR2 is able to grab and hold a solid object with just enough pressure for it not to slip or break, 

then this could be updated to grab an object that is deformable.  

4.2.2.4 Grab Deformable Object 

The system should be able to grab a deformable object being handed to them. Someone could select the 

option from the menu which would position the hand properly or you could just press the object to one of 

the sensors and the PR2 could close its hand with just enough pressure to hold the object without it 

slipping, or without the object deforming. 

 

Rationale: This has a medium priority because it is related to taking a pulse. Since human skin 

and muscle are slightly deformable, the PR2 may squeeze too hard when taking the pulse which 

is not good. This is a proof of concept for the PR2 being able to grab your wrist to take your 

pulse. 

4.2.3 Priority Three Functional Requirements 

4.2.3.1 Saving/Loading Data To/From A File 

The system should be able to allow the user to create and save a log file of the data collected during a 

given session. The system should also allow for the user to load a previously saved log file for analysis at 

a later time. 

 

Rationale: This has a low priority because this project is really focused on viewing data in real-

time and having the ability to save and load log files would just be a nice addition to make the 

program a little more complete. 
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4.2.3.2 Replaying Graphical Data From A Saved File 

The system should allow the user to be able to replay data within a certain time frame. This means that 

they can go back and view previous data and have it displayed as if it were happening in real-time. This 

would let them go back if they missed anything. 

 

Rationale: This has a low priority because it is not necessary for the overall functionality of the 

project and its only purpose is to make the project a little more complete. 

4.2.3.3 Switching Object From One Hand To Another 

The system should be able to have the PR2 switch and object from one hand to another. If the PR2 is 

holding an object, there should be an option to have the PR2 switch the object from one hand to another. 

Since only one hand has the Syntouch sensors, switching from one hand to another would be different 

depending on which hand is currently holding the object. 

 

Rationale: This has a low priority because it does not really add any overall functionality to the 

project. It is just some proof of concept functionality 

4.2.4 Priority One Non-Functional Requirements 

4.2.4.1 Interface Runs In Real-Time 

The interface needs to run in real-time. As pressure is applied to the Syntouch sensors, the PR2 should 

send that new data to the interface so that it can update the graphical representation of the data. The 

means that the user will be able to see changes in pressure or other data as it is changing in real-time.  

4.2.4.2 Runs On Linux 

The system needs to run on a Linux machine. The reason for this is that the ROS (Robot Operating 

System) is designed for a Unix based system. 

4.2.4.3 ROS Integration 

The system needs to have ROS integration. This is because the software system for the PR2 is written 

entirely in ROS and most if not all capabilities of the PR2 have a ROS interface. 

4.2.5 Priority Two Non-Functional Requirements 

4.2.5.1 Log data using ROSBag 

The system should use ROSBag to log data. ROSBag is a built in package for storing, processing, 

analyzing, and visualizing ROS message data using the .bag file format . 
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4.2.5.2 Broadcast ROS Messages With The Sensor Data 

The system should broadcast ROS messages with the sensor data. ROS nodes communicate to each 

other using messages. The system should send messages between nodes containing the sensor data. 

4.2.6 Priority Three Non-Functional Requirements 

4.2.6.1 Windows Compatibility 

We would like the system to have Windows compatibility. Although Linux based systems are the 

major priority, it would be preferred for the project to also work on Windows based systems. This will 

make the interface easier to use for users who do not have Linux experience. 
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5 Use Case Modeling 

In order to further understand the requirements of the PR2 Robotic Hand and Syntouch 

Sensor Real-Time Interface software suite, our team performed use case analysis. The following 

section details the expected use cases of the software suite. 

5.1 Use Cases 

 

5.1.1 Start Interface 

Description: The user starts up the program and the main menu loads up. The connection to the 

PR2 is also setup. The user can then press any button to view data or start a program.  
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5.1.2 Open Connection Information 

Description: The Connection information button can be pressed to view information 

about the connection to the PR2. This will open up in a separate window so that it can 

be viewed alongside other operations. 

5.1.3 Open Sensor Visualizer 

Description: When the sensor visualizer button is pressed a separate window 

with sensor information will open up. This data will be updated in real-time and 

will include sensor pressure and state. 

Use Case: OpenSensorVisualizer 

Actor(s): User 

Preconditions:None 

Flow of events: 

1. Include( OpenNewWindow) 

2. Load up sensor interface in Separate window 

3. Display sensor information 

4. Update information in real-time. 

Postconditions: None 

5.1.4 Open Robot Visualizer 

Description: When the robot visualizer button is pressed a separate window 

with robot information will open up. This data will be updated in real-time and 

will include what program the PR2 is running, parameters of the program, 

and information about the PR2. 

5.1.5 Open Data Graph 

Description: When the data graphs button is pressed a window will open up that will display 

graphs. The window will have a drop down menu that will let the user select what graph 

they would like to view. 

5.1.6 Open Lifetime Stats 

Description: When the lifetime statistics button is pressed a separate window will 
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open up with information about what the program has done. This will show information 

about the interface and PR2 overall. 

5.1.7 Grasp Object  

Description: When the grasp object button is pressed the PR2 will attempt 

to close its gripper to grasp the object. The sensor data will need to be checked to make sure the 

object doesn’t slip out of the PR2’s hand and to make sure the PR2 gripper doesn’t crush 

the object. 

Use Case: GraspObject 

Actor(s): User 

Preconditions: 

1. PR2 robot can’t be already holding an object 

Flow of events: 

1. The use case starts when the grasp object button is pressed 

2. Have PR2 move hand to pick up object 

3. Close grip until pressure is enough to pick up object 

4. Check Pressure to make sure object isn’t being crushed 

5. Check Pressure to make sure object isn’t slipping out 

6. Extension Point: Execute Command 

Postconditions: Object secured in PR2’s grip. 

 

5.1.8 Take Pulse 

Description: When the take pulse button is pressed the interface and PR2 will 

prepare to take someone’s pulse. Once everything is set the interface will start 

detecting pulses. 

Extension Use Case: Take Pulse 

Actor(s): User 

Preconditions: 

1. Can’t be holding an object 
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Flow of events: 

1. The use case starts when the take pulse button is pressed 

2. Move Sensor to take pulse 

3. Check for pressure of wrist against sensor 

4. Extension point:  Detect Pulse 

Postconditions: 

1. Start detect pulse 

 

5.1.9  Detect Pulse 

Description: When the PR2 is ready it will start logging any information picked up 

by the sensors as pulse data and treat it as such. This will begin when the interface 

is ready to start taking someone’s pulse 

Extension Use Case: Detect Pulse 

Actor(s): User 

Preconditions: 

1. Needs to be in position to take a pulse 

Flow of events: 

1. The use case starts after the take pulse case 

2. Check pressure to see if pulses are detected 

3. Record pressure data over time 

4. Extension Point: Analyze Pulse 

Postconditions: 

1. Analyzing pulse data 

5.1.10 Analyze Pulse 

Description: After the pulse data has been collected a separate window for pulse 

data will open up and display information specific to pulses. This data will also 

be saved to be looked at later. 
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5.1.11 Execute Command 

Description: When any of the programs are started that require the PR2 to take an action, control 

data will be send data required to the pr2 robot (which should invoke a movement from the robot, 

etc). 

5.1.12 Get Sensor Data 

Description: The PR2 will need to constantly be getting the data from the Syntouch sensor while 

the program is running so that it can be passed along to the PR2 interface. All of the data will be 

read by the PR2 and sent into the interface. 

5.1.13 Get PR2 Data 

Description: The Interface will get data from the PR2 about the PR2 robot itself over time. This 

data is separate from the data that is retrieved from the syntouch sensor. The data will be 

displayed in the throughout the program. 

5.1.14 Hand off Object 

Description: The use case begins with an object already being firmly grasped by the PR2’s 

gripper. When the “hand off object button” is pressed the PR2 will begin analyzing its sensor data 

in detail and waiting. When the users hand is detected to be trying to take the object from the 

PR2, which is determined via analyzing fluid pressure and microvibration data, the PR2 opens its 

gripper to hand off the object to the user. 

5.1.15 Open New Window 

Description: When a button is pressed that requires its own window the PR2 interface will open 

up the new window, load it with the proper information, and set everything necessary up in order 

to manage user interaction with the window. 

 

Use Case: OpenNewWindow 

Actor(s): User 

Preconditions: 

1. Use case that needs a new window must be called 

 

Flow of events: 

1. The use case starts when a use case that requires a window calls it 
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2. Open a new window in the interface 

3. Load the components that relate to the specific window 

Postconditions: 

1. None 

 

5.1.16 Save and Load Data 

Description: The user will have the option to save current the data that the PR2 has loaded into 

temporary memory, along with being able to load data from long term storage into temporary 

memory. 

 

5.2 Requirements Traceability Matrix 

The requirements traceability matrix aligns our teams determined requirements (from 

section 4.2) with our projects expected use cases (section 5.1). The use cases are listed by 

number in the top row, the requirements by number in the first column. 
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6 Design Model 

The design model is the detailed model of the PR2 Robotic Hand and Syntouch Sensor 

Real-Time Interface software suite that was used to conceptually understand how the project 

should be laid out in code. The code that makes up the now-working software suite is based on 

the structure laid out in this section. 

6.1 Architectural Design 

The architectural design is the highest level overview of the PR2 Robotic Hand and Syntouch 

Sensor Real-Time Interface project in terms of its subsystems. The architectural design of the 

project consists of 4 main subsystems and 3 important libraries, as can be seen in 6.1.1. 

6.1.1 High Level Structural Diagram 

 

 
Above is a high level structural diagram of the PR2 Robotic Hand and Syntouch Sensor Real-Time 

Interface. As can be seen in the diagram, the Window Management subsystem requires and makes use of 

the Interface subsystem, which itself requires and makes use of the Data and PR2 Control subsystems. 

This architecture embraces a layering pattern which minimizes coupling throughout the project. Also 

shown are the 3 most important libraries the project makes use of: pyqt and pyqtgraph for the graphical 

user interface, as well as rospy for general consistency throughout the program and ROS. 
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6.1.2 High Level Behavioral Diagram 

 
The above is an activity diagram serving as the high level behavioral diagram for the PR2 Robotic Hand 

and Syntouch Sensor Real-Time Interface. Specifically, this diagram describes what the user can do when 

he opens the software suite. As can be seen, essentially the user’s behavior is (at a high level) limited to 

opening various windows. Based on our design, each window corresponds to a different and unique use 

case, so choosing any window to open is synonymous with choosing another use case. Each window uses 

the PR2 and Sensor data in a different way, so it must retrieve it itself. 
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6.2 Class diagrams 

Class diagrams describe the project at a level that is much closer to the code than the architectural 

diagrams. The following diagrams show the relationships between the major objects created by our 

program when it is running on the computer, and the most important data stored by each of these objects. 

Public data is prepended with a plus (+) sign, private data is prepended with a minus (-) sign. There are 

four subsystem class diagrams in this section, one for the each of the four major subsystems of the project 

(Interface, Data, PR2 Control, and Window Management). 

6.2.1 Interface Subsystem Class Diagram 

 
The interface subsystem is fairly simple, it can be accessed by the graphical user interface to provide 

indirect access to its required lower level interfaces, (i.e. the PR2 Control subsystem and the Data 

subsystem). Furthermore, it acts as the code entry point to the program. Here, each subsystem is 

initialized before the program enters its normal state of execution (where all actions taken by the program 

are consequences of the actions of the two major actors, time and the user). 

 

6.2.2 Data Subsystem Class Diagram 

 
The data subsystem is also fairly simple. The most important thing about the data subsystem is that it 

keeps the data DataTimeTick[] array up-to-date via receiving signals over ROS whenever the PR2 

publishes new data. Then, any previously received data can be accessed via calling getData or 

getDataRange on the SensorManager with the correct parameters .  
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6.2.3 PR2 Control Subsystem Class Diagram 

 
 

The PR2 control subsystem is the subsystem that is capable of sending signals to the PR2 robot in order to 

have it try to perform an action. For example, calling moveLeftArm and moveLeftHand with a certain 

sequence of parameters and in a certain order will allow the PR2 to be able to pick up an or place an 

object with its left hand. The complexity of implementing these functions is left to the user of PR2 control 

subsystem, rather than implemented in the PR2 control system itself. (See LiftObjectWindowManager, 

PlaceObjectWindowManager, etc.) 
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6.2.4 Window Management Subsystem Class Diagram 

 
The majority of the complexity of the PR2 Robotic Hand and Syntouch Sensor Real-Time Interface is in 

the Window Management subsystem, which is the subsystem that handles the graphical user interface. 

Since the window management subsystem also interfaces with the actors (both the program’s user and 

time), this subsystem must also handle the logic that performs whatever the user requests with the user 

interface. 

 

Note that the diagram depicts hierarchy among the Window Management classes, with WindowManager 

at the top, where WindowManager is an abstract base class. The intention of the WindowManager 

abstract base class is that every WindowManager has its own PR2Interface reference (for access to the 

other subsystems), QWidget for window creation on the screen, and corresponding functions. 
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6.3 Program Units 

Many program units are displayed in the class diagrams of 6.2, although there isn’t much 

room for detail in such class diagrams. This section goes into more detail on some of the more 

important objects (classes) and functions introduced in section 6.2. 

6.3.1 PR2Interface 

The PR2Interface class will initialize the connection with the PR2 and will act as a central point for the 

program. It will contain pointers to the sensor manager, PR2 controller, and the window manager. 

 

Method initializePR2Connection 

Visibility public 

Return Type bool 

Parameters, Types None 

Description The command in the system that will turn on the PR2 for use. 

 

Method shutdownPR2 

Visibility public 

Return Type void 

Parameters, Types None 

Description The command to shutdown the PR2 at end of use. 

 

Method exitProgram 

Visibility public 

Return Type void 

Parameters, Types None 

Description The command to end the application at end of use. 

 

Method getSensorManager 

Visibility public 

Return Type SensorManager* 

Parameters, Types None 

Description Returns the pointer to the SensorManager, which allows access to the actual 

sensor data. 

 

Method getPR2Controller 

Visibility public 

Return Type PR2Controller* 

Parameters, Types None 
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Description Get the pointer that will allow access to the PR2 system, which will include 

commands to move and interact, along with data regarding its built in 

sensors. 

 

 

Method getWindowCreationManager 

Visibility public 

Return Type WindowCreationManager* 

Parameters, Types None 

Description Gets access to the WindowCreationManager pointer, which will holds access 

to all spawned windows and frames. 

 

 

6.3.2 SensorManager 

The SensorManager class will have control over grabbing the DataTimeTick data from the PR2 storage 

system. 

 

Method getDataRange 

Visibility public 

Return Type DataTimeTick[] 

Parameters, Types timeBegin, long int, the beginning time of the time interval 

timeEnd, long int, the end time of the time interval. 

Description Takes in two long ints that represents unix time and returns all of the 

gathered data between those two time points. 

 

Method getData 

Visibility public 

Return Type DataTimeTick 

Parameters, Types None 

Description Returns the current value of all of the sensors in a single DataTimeTick 

object. 

6.3.3 WindowCreationManager 

The class that controls the creation, handling, and deletion of all of the windows that make up the PR2 

Robotic Hand and Syntouch Sensor Real-Time Interface. 

 

Method startMainMenu 

Visibility public 

Return Type void 

Parameters, Types None 

Description Initializes the Main Menu and creates the display for it. 
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Method shutdownWindows 

Visibility public 

Return Type void 

Parameters, Types None 

Description Goes through all of the windows that it is holding and shuts them all down. 

Will be used prior to application closing. 

 

Method newWindowManager 

Visibility public 

Return Type WindowManager 

Parameters, Types token, int, a passed in value that corresponds to a type of window to create. 

Description Takes in an identifier for which window to create and then creates a new 

instance of said window type and stores it in an array of created windows. 

6.3.4 PR2Controller 

Allows control of the PR2 commands. 

 

Method moveForward 

Visibility public 

Return Type void 

Parameters, Types newCoordinates[], double, a three cell array that uses a vector for relative 

position of where the PR2 needs to move 

Description Takes in an array of doubles that corresponds to the point in three 

dimensional space that the PR2 needs to move to. 

 

Method moveBackward 

Visibility public 

Return Type void 

Parameters, Types newCoordinates[], double, a three cell array that uses a vector for relative 

position of where the PR2 needs to move 

Description Takes in a an array of doubles that corresponds to the point in three 

dimensional space that the PR2 needs to move to. 

 

Method updateCoordinates 

Visibility public 

Return Type bool 

Parameters, Types newCoordinates[], double, a three cell array that represents the PR2’s 

location 

Description This function updates the coordinates of the PR2. 
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6.3.5 DataTimeTick 

This class does not have any methods, but is important as it is the object that stores important data from 

the syntouch sensors as it comes in over the real-time connection. There are fields for all of the important 

data capable of being read from the sensors, including: force, fluid pressure, themal flux, microvibration, 

and temperature. 

6.3.6 RunProgramsWindowManager 

The window manager for the run programs window. This object will then be able to call several other 

objects that will do various actions, probably through a dropdown and button press system. 

 

Method buttonClicked 

Visibility public 

Return Type void 

Parameters, Types buttonName: string 

Description Start the operation that is currently selected in the dropdown box. 

 

Method updateWindow 

Visibility public 

Return Type void 

Parameters, Types None 

Description This function updates everything in the RunProgramsWindow. 

 

6.3.7 GraphsWindowManager 

The window manager for the Datagraph screen, has several functions regarding updating and getting data 

in the graph system. 

 

Method updateWindow 

Visibility public 

Return Type void 

Parameters, Types None 

Description Update the graphs displayed to match the current data. Changes which graphs 

are displayed based on which graphs are selected. 

 

 

Method getSensorData 

Visibility public 

Return Type void 

Parameters, Types None 

Description Update the data stored for all of the graphs. 
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6.3.8 StatsWindowManager 

A window that shows lifetime stats for the program. This class will have an update method that will need 

to be called in a tick system in order to make sure it is adequately up to date when someone looks at the 

window. 

 

 

Method updateWindow 

Visibility public 

Return Type void 

Parameters, Types None 

Description This function updates everything in the Stats Window. 

 

Method calculateLifetimeStats 

Visibility public 

Return Type void 

Parameters, Types none 

Description Checks with the sensors, PR2 controller, and interface to get data about the 

entire program. 

 

Method updateLifetimeStats 

Visibility public 

Return Type void 

Parameters, Types None 

Description Update all of the stored lifetime stats data. 

 

6.3.9 SensorWindowManager 

The window manager for the SensorVisualizer screen, which has several methods that allow the actions 

of getting and updating the data. This will also need to be ran in a tick system to keep all active window 

graphs and display information up to date. 

 

 

Method updateWindow 

Visibility public 

Return Type void 

Parameters, Types None 

Description This function will update the SensorWindow. 

 

 

Method getSensorInformation 

Visibility public 
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Return Type void 

Parameters, Types none 

Description This function will get the current data from the sensors and then display it in 

the window. 

 

6.3.10 PulseAnalysisWindowManager 

A window manager class for the pulse analysis system, will be a screen that will allow several buttons to 

be pressed with different functions. 

 

Method updateWindow 

Visibility public 

Return Type void 

Parameters, Types None 

Description Updates everything displayed on the pulse analysis window. 

 

Method analyzePulse 

Visibility public 

Return Type void 

Parameters, Types None 

Description Analyzes the data received by the sensors as pulse data. 

 

Method detectPulse 

Visibility public 

Return Type Boolean 

Parameters, Types None 

Description Check for a change in the sensor data that represents a pulse. Returns 

whether or not a pulse is detected. 

 

Method buttonClicked 

Visibility public 

Return Type void 

Parameters, Types buttonName: string 

Description Start the operation that is currently selected in the dropdown box. 

 

6.3.11 SwitchHandsWindowManager 

The class object that will handle controlling the PR2 in order to actually grab an object. Current iteration 

includes a loop of feedback checking and small adjustments of hand pressure and movements. 

 

Method updateWindow 
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Visibility public 

Return Type void 

Parameters, Types None 

Description Updates everything displayed on the Switch Hands window. 

 

Method updateArmCoordinates 

Visibility public 

Return Type void 

Parameters, Types newCoordinates[], double, a three cell array that uses a vector for relative 

position of where the PR2 needs to move its arm 

Description This function will update the coordinates of the PR2’s arm. 

 

Method switchHands 

Visibility public 

Return Type void 

Parameters, Types None 

Description This function will move the arms to a set position so that the robot can switch 

objects betweens it’s hands. 

 

Method buttonClicked 

Visibility public 

Return Type void 

Parameters, Types buttonName: string 

Description Start the operation that is currently selected in the dropdown box. 

6.3.12 IndexWindowManager 

The window manager for the main window of the program. This class will handle button presses made by 

the user and open up new windows based on what is selected 

 

Method updateWindow 

Visibility public 

Return Type void 

Parameters, Types None 

Description Updates everything displayed on the index window. 

 

 

Method buttonClicked 

Visibility public 

Return Type void 

Parameters, Types buttonName: string 

Description Start the creation process for the window that is selected or if the window 

is already open bring it to the front for the user to see. 
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6.3.13 HandController  

The class object that handles moving the hands of the PR2. The class handles moving each hand 

separately.  

 

 

Method moveLeftHand 

Visibility public 

Return Type void 

Parameters, Types newCoordinates: double[] 

Description Moves the left hand to the specified Coordinates. 

 

Method moveRightHand 

Visibility public 

Return Type void 

Parameters, Types newCoordinates: double[] 

Description Moves the right hand to the specified Coordinates. 

6.3.14 ArmController 

The class object that handles moving the arms of the PR2. The class handles moving each arm separately.  

 

Method moveLeftArm 

Visibility public 

Return Type void 

Parameters, Types newCoordinates: double[] 

Description Moves the left arm to the specified Coordinates. 

 

Method moveRightArm 

Visibility public 

Return Type void 

Parameters, Types newCoordinates: double[] 

Description Moves the right arm to the specified Coordinates. 

 

6.3.15 WindowManager 

This is the abstract window manager class. 

 

Method openWindow 

Visibility public 

Return Type void 

Parameters, Types WindowType: string, This is a string being passed to the function to open a 
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window of a specific type. 

Description This function opens a specific type of window based on the parameter passed 

to it. 

 

 

Method closeWindow 

Visibility public 

Return Type void 

Parameters, Types None 

Description This function closes the window. 

 

 

Method updateWindow 

Visibility public 

Return Type void 

Parameters, Types None 

Description Updates the window. 

 

6.3.16 ConnectionWindowManager 

A window manager class that will check for a proper connection with the PR2 and display that connection 

information to the user. If there is a problem with the connection the user will be notified. 

 

 

Method updateWindow 

Visibility public 

Return Type void 

Parameters, Types None 

Description Updates everything displayed on the Connection window. 

 

Method getConnectionInformation 

Visibility public 

Return Type void 

Parameters, Types None 

Description This function will check the and display the connection status of the PR2 

with the Interface. 

6.3.17 RobotWindowManager 

A window manager class that will provide a visual representation of the PR2 in 3D space. 

 

Method updateWindow 
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Visibility public 

Return Type void 

Parameters, Types None 

Description Updates everything displayed on the Robot Visualizer window. 

 

Method buttonClicked 

Visibility public 

Return Type void 

Parameters, Types buttonName: string 

Description Start the operation that is currently selected in the dropdown box. 

6.3.18 RotateObjectWindowManager 

A window manager class that handles rotating objects. 

 

Method updateArmCoordinates 

Visibility public 

Return Type void 

Parameters, Types None 

Description Updates the coordinates of the PR2 robotic arm. 

 

Method buttonClicked 

Visibility public 

Return Type void 

Parameters, Types buttonName: string 

Description Start the operation that is currently selected in the dropdown box. 

6.3.19 LiftObjectWindowManager 

A window manager that handles lifting objects currently held in the PR2’s robotic arms. 

 

Method updateArmCoordinates 

Visibility public 

Return Type void 

Parameters, Types None 

Description Updates the coordinates of the PR2 robotic arm. 

 

Method buttonClicked 

Visibility public 

Return Type void 

Parameters, Types buttonName: string 

Description Start the operation that is currently selected in the dropdown box. 
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6.3.20 PlaceObjectWindowManager 

A window manager that handles moving an object down to a surface and then releasing the object in order 

to place it. 

 

Method releaseObject 

Visibility public 

Return Type void 

Parameters, Types None 

Description Releases the grip of the PR2 hand on the currently held object. 

 

Method buttonClicked 

Visibility public 

Return Type void 

Parameters, Types buttonName: string 

Description Start the operation that is currently selected in the dropdown box. 
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6.4 Detailed Design 

This section goes into more detail on how the functions and object described in the previous 

sections were used to create the PR2 Robotic Hand and Syntouch Sensor Real-Time Interface 

software suite and satisfy the requirements and use cases described in sections 4 and 5. 

6.4.1 GetDataRange(-5, 0) Activity Diagram 

 

 
One algorithm that is extremely important for graphing real-time data is retrieving data from a specified 

time interval. When GetDataRange(-5, 0) is called, a binary search is performed on the list data (stored in 

SensorManager) which is a list of DataTimeTick objects sorted by t_recv (the time the DataTimeTick was 

received from the PR2). The binary search is used to locate the first data time tick that occurred after the 

time current_time - 5 seconds, and then return the sublist of data from that data time tick till the end of the 

list. This is what return data[mid:] does (python slice notation). GetDataRange(-5, 0) is used for all of our 

graphing functions in the PR2 Robotic Hand and Syntouch Sensor Real-Time Interface . 
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6.4.2 Connection Window Flowchart 

 
This flowchart shows the process for the connection window. The connection window gets the 

information about the connection and if there is data it displays the information otherwise it shows that 

there is no connection and closes out. If there is a connection it checks and updates the information until 

the connection window is closed out. 
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6.4.3 Grab Object Flowchart 

 
 

This flowchart shows how the system will allow the user to pick up an object. First the system will check 

to see if the left hand is already holding something, if it is it will let the user know the left hand is holding 

an object and then it will end, if there is no object in the left hand it will open the left hand and then move 

the arm into the correct position to pick up the object. After moving to the correct position the robot will 

begin a loop of closing the left hand 1mm until the pressure on the fingertips reaches a certain level and 

once it does it will lift the object. 
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6.4.4 Pulse Analysis Flowchart 

 
This flowchart shows how the system will find and detect a pulse from the data retrieved from the 

Syntouch sensors. First it will start the pulse analyzer and begin reading the pressure data from the 

sensors. As it is reading the data it has two possible routes to follow, if no pulse is detected the system 

will let the user know and then end, if a pulse is detected the system will ask the user if they would like to 

keep taking pulse data or if they would like to stop. If the user wants to keep taking pulse data, the system 

will keep updating the graph, otherwise it it will stop pulse data and end. 
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7 Data Design Overview 

The data organization of our program can be best divided into two major sections: real-time data 

and user interface data. See section 4.1 for an overview of real-time data and section 4.2 for an overview 

of user interface data. 

7.1 Real-Time Data 

Some of the priority one requirements for the PR2 Robotic Hand and Syntouch Sensor Real-Time 

Interface are to be able to retrieve, store, and visualize data as it is retrieved from the PR2 robot in real-

time. In order to accomplish this, we needed to make sure that our real-time data storage structure was 

simple and efficient to add new data to, as well as simple and efficient to retrieve data from for 

visualization and analysis. 

 

The key class that is used within the real-time data domain is DataTimeTick, which could be 

understood as a simple struct that stores the magnitude of each sensor at a certain time. The data stored 

within a DataTimeTick object is as follows:  

 

1. t_recv - The time that this DataTimeTick was received from the PR2. 

2. t_send - The time that this DataTimeTick was sent from the PR2. 

3. x - The x-coordinate of the PR2’s left hand at time t_send. 

4. y - The y-coordinate of the PR2’s left hand at time t_send. 

5. z - The z-coordinate of the PR2’s left hand at time t_send. 

6. force - The force measured by the biotac sensor at time t_send. 

7. temperature - The temperature measured by the biotac sensor at time t_send. 

8. thermal_flux - The thermal flux measured by the biotac sensor at time t_send. 

9. microvibration - The microvibration measured by the biotac sensor at time t_send. 

10. fluid_pressure - The fluid pressure measured by the biotac sensor at timem t_send. 
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Under normal conditions, DataTimeTick objects can be expected to be received from the PR2 robot at 

approximately 30hz in json format. In order to facilitate simple and efficient data storage and retrieval, 

each DataTimeTick object retrieved from the PR2 is appended to the end of a list in the SensorManager 

object. Then, this list is a list of DataTimeTicks sorted by t_recv, and so data corresponding to any time 

can efficiently be retrieved from the list via binary search. 

 

In order to prevent excess memory usage, data from the beginning of the list (the oldest data) will 

periodically be purged or saved to hard disk for later usage. 

7.2 User Interface Data 

Besides the real-time data collected from the robot, almost all of the data stored by the PR2 

Robotic Hand and Syntouch Sensor Real-Time Interface is for the purpose of maintaining the user 

interface. Our user interface is fairly large and detailed with many unique windows, and each window has 

to maintain its own data in order to function correctly. As a result, each window corresponds to its own 

unique class object that stores only data relevant to that window, named *WindowManager. For example,  

DataGraphsWindowManager manages data needed by the DataGraphs window, and 

ConnectionInfoWindowManager manages data needed by the ConnectionInfo window. Each 

*WindowManager class is derived from an abstract base class called WindowManager, because there is 

some data that needs to be stored for each window. 
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As can be seen in the above code, there are 12 unique window types that make up the PR2 Robotic Hand 

and Syntouch Sensor Real-Time Interface (in its current unfinished state). 

 

As an example, the WindowManager abstract base class contains the following data: 

1. widget - The pyqt widget object which represents this windows form. 

2. pr2_interface - A reference to the singleton pr2_interface object. 

3. destroyed - A boolean flag, set to True if the window is in the process of being destroyed. 

 

And the LifetimeStatsWindowManager derived class contains the following additional data: 

4. startup_time - The time the program was opened. 

5. disconnected - A boolean value representing whether or not the PR2 is currently connected. 

6. worker - A worker thread object that maintains statistics. 

7. action_occurence_counter - A list storing the number of times each action has been performed. 

8. total_action_count - The total number of actions performed. 

9. last_connected_time - The last time the PR2 began a connection with the interface. 

 

So it can be seen that every *WindowManager class object has its own widget, pr2_interface 

pointer, and destroyed flag, but only the LifetimeStatsWindowManager needs data values for 

startup_time, disconnected, etc. This process is repeated for each of the 12 “WindowTypes”. 

NUM_WINDOW_TYPES = 12 

 

 

# The following is an enumeration of WindowTypes, each describing 

# a single (and custom) window that can be opened within the 

# pr2_interface. 

class WindowTypes: 

 IndexWindow, ConnectionWindow, RunProgramsWindow, DataGraphsWindow, \ 

 LifetimeStatsWindow, SensorVisualizerWindow, RobotVisualizerWindow, \ 

 PulseAnalysisWindow, LiftObjectWindow, PlaceObjectWindow, \ 

 RotateObjectWindow, SwitchHandsWindow = range(NUM_WINDOW_TYPES) 
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8 User Interface Overview 

When the PR2 Robotic Hand and Syntouch Sensor Real-Time Interface is opened the interface 

index window, as pictured in section 8.1, is presented to the user. The interface index window is intended 

to be left open by the user, as it provides quick access to essential tools for effectively operating the PR2 

robotic hand. Pressing the buttons on the index will open up other UI components in their own windows, 

so it is not necessary for other UI windows to have a “back” button to return to the index. Furthermore, 

these individual windows will be dockable within a larger window, a feature provided by the rqt 

framework and illustrated in section 6.12. Each snapshot below will be implemented using rqt to ease 

implementation and support this docking feature for the user’s convenience. 

8.1 Interface index  

 
The program’s main index window. This is a snapshot of what the user sees when the program is opened. 

The index page has  buttons that can be pressed to get specific information with the PR2 robot or interact 

with the robot in a specific way. Also the connection to the robot will be displayed and its sensors will be 

updated in real-time and always displayed at the top as it is the most relevant information for the user. 
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8.2 Detailed connection info 

 
The connection info page displays real-time information about the current network connection between 

the computer running the real-time interface and the robot itself. This information is displayed in another 

window when the “detailed connection info” button is pressed in the main index.  

8.3 Sensor visualizer 

 
 

The sensors that are currently attached to the PR2 measure force, fluid pressure, micro-vibration, 

temperature, and thermal flux. The point of the sensor visualizer isn’t to obtain discrete values for the 

temperature of a surface or the force applied to the sensor, but instead for the user to better detect 

differences in the temperature of surfaces or a difference in the amount of force being applied to the 

sensors. A real-time updating “bar graph” seems appropriate for this. 
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8.4 PR2 robot visualizer (rviz) 

 
A visualizer of the PR2 and its progress in the current program, based on the ROS visualizer interface, but 

with real-time updating data from the PR2 and Syntouch sensors. The page also displays the absolute 

position of the PR2 robot, relative positioning of the hand, and parameters passed to the currently running 

program. (Note rviz was not written by us, but is used as a dependency/ can be opened within our 

project)by clicking the “robot visualizer” button on the main index window (8.1). 
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8.5 Data graphs 

 
The data graphs window is the window that the user will go to in order to visualize the change of data 

readings from the syntouch sensors over time. Three graphs can be displayed at a time, and each of them 

updates at 60 frames per second. Each of the graphs has its own dropdown, which selects which data 

should be plotted. In the picture, Force 1, Fluid Pressure 1, and Microvibration 1 are being plotted - the 1 

indicates that this data is from the first syntouch sensor (there is also Force 2 data, for example). The 

spinbox at the top can be used by the user to select how much data he wants to graph (pictured, it is 

displaying only the last 5 seconds, but this can be changed to any number of seconds). 
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8.6 Lifetime statistics 

 
The lifetime statistics window is a window which displays some interesting statistics recorded by the 

software suite. Statistics that could be helpful in diagnosing issues with the interface are included, as well 

as statistics that are just relevant and interesting.  

8.7 Programs list 

 
This window is just a list of buttons, with each capable of being pressed to open a “window” that will 

either set the action that the PR2 is performing, or change how the interface program interprets data sent 

from the PR2. For example, pressing the “Take pulse” button will open up a new window that converts 

sensor data from the syntouch sensors into pulse data as shown in section 6.8.  
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8.8 Pulse detection 

 
This is what the pulse detection window currently looks like, displaying a waveform of the user’s pulse. 

The pulse graph is intended to shift left as new data comes in (i.e. the above graph shows from 5 seconds 

before to the current time), just like the data graphs window does. There is a dropdown at the bottom to 

select the “view”. This is necessary in order for the user to be able to select how he or she wants their 

pulse to be displayed. 

8.9 Grasp Object 

 
The grasp object window is pictured above. The “Grasp” button, when pressed, will begin to close the 

PR2’s gripper. Internally, while the gripper is closing, data from the syntouch sensors is being analyzed 

and compared to the threshold entered in the “grip strength” text box seen above the “Grasp” button. 

Example values of this threshold are shown above - higher thresholds are needed for heavier and/or softer 

objects. 
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8.10 Hand-Off Object 

 
The hand-off object window provides somewhat the opposite functionality to the grasp object window. In 

contrast to the grasp object window, it should only be used when an object is already secured in the PR2’s 

gripper. Once the “Begin waiting for handoff” button is pressed, the interface will begin to analyze data 

coming from the sensors in order to determine when a hand-off is being attempted. When it determines a 

handoff is being attempted, the gripper will open to “hand-off” the gripped object to the user. 

8.11 Swap Hands 

 
The “swap hands” window can be used by the user to swap an object currently held in one of the PR2’s 

hand to its other hand. This is done simply by pressing the “Swap” button. If both hands are full, the 

objects will be swapped between hands. 
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8.12 RQT docking window 

 
The docking window is a window that can be used to dock any of the open windows that are part of the 

overall PR2 Robotic Hand and Syntouch Sensor Real-Time Interface. The intention is that having all of 

the functionality of the interface dockable in a single window will make the GUI more easily traversable 

by the user. In the above picture, the user has opened the index window, the detailed connection info 

window, and the data graphs window.  

 

Because it is a feature of RQT (the framework used), there is a toolbar at the top; this toolbar provides 

standard features to the the PR2 Robotic Hand and Syntouch Sensor Real-Time Interface project. For 

example, it can be used to track your running programs from the running dropdown or to set your 

perspective to one of your saved perspectives from the perspectives dropdown.   
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9 Glossary of Terms 

Biomimetic Relating to or denoting synthetic methods that mimic biochemical 

processes. 

Bolt Repository A repository created and used by UPenn researchers with similar work 

done for the PR2 and syntouch sensors. 

Force Energy acted on an object; mass times acceleration. 

Gripper The PR2’s hand that the Syntouch sensors are connected to. 

Haptic Relating to the sense of touch. 

Linux A Unix based operating system which is open source. 

Micro-Vibrations One of the things that the Syntouch sensor can detect, which equates to 

incredibly small movements recorded traveling through an object. 

Multimodal Having or including several different modes. 

Open Source A system whose code is publicly available for studying and improving. 

PR2 A fully ROS implemented robot with open source software to allow quick 

and easy research work. 

Python A dynamic and widely used programming language being used for this 

project. 

Pyqt PyQt is a Python binding of Qt. It is one of Python's most popular options 

for GUI programming. 

Pyqtgraph PyQtGraph is a python graphics and GUI library built on PyQt4 / PySide 

and numpy. PyQtGraph is extremely fast mostly due to its leverage of 

numpy, and therefore is suitable for real-time graphing.  

Real-time The actual time in which an event or process occurs or is occurring. 

Repository A centralized storage for code that allows multiple engineers to contribute 

to the same file at the same time. 

Robot A machine designed to carry out a system of physical tasks, generally 

resembling a humanoid shape. 

ROS ROS (Robot Operating System) provides libraries and tools to help 

software developers create robot applications. 

ROS Node A process within the ROS that performs computations. 
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Rospy The ROS/Python integration 

Sensor A device used to take in data from the physical world and convert it into 

electronic signals, generally for a computer. 

Socially 

Assistive 

Robotics 

The intersection of assistive robotics and socially interactive robotics. 

Using robots to provide assistance to human users, especially through 

social interaction. [8] 

Syntouch Fingers A biomimetic sensor system for detection of different physical attributes. 

Thermal Flux The amount of heat transfer given a certain time frame and a certain 

surface area. 
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