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Introduction

The Cyton Alpha 7D 1G is a seven degree of freeg@nipulator arm with a gripper
end effector. Humanoid manipulators offer profoaasantages. With many degrees of
freedom they are able to reach around obstaclesnfigure for strength, improve
accuracy, and manipulate objects with fluid moti@yton comes with configurable
control software that makes it easy to exploikiteematic redundancy with built-in
interfaces to input devices, over the Interneyyng your own programs. This software
controls the Cyton arm in real time based on dddiehaviors that are configured off
line.

Combined with Actin SE visualization, reasoningd @ontrol software, the Cyton Alpha
performs advanced control by exploiting kinemagidundancy. With built-in networking
software, it can be controlled remotely througlb@al area network or over the Internet.

Physical Configuration

The Cyton is designed to mimic the configuratiomdfuman arm. It has a shoulder, an
elbow and a wrist. Its hand is a gripper. To ac@lyssimulate the motion of the human



joints the shoulder has two joints the elbow has jomt and the wrist has three. The
total of the se axis gives the arm 7 degrees efifven (DOF). This enables the arm to be
kinematically redundant. This allows the arm tcctea given point in space in multiple
ways. This allows the arm to reach that same pualiiie reaching around an obstacle or
avoiding another manipulator.

Axes Range

Shoulder Base 180 degrees
Shoulder Pitch 170 degrees
Shoulder Yaw 180 degrees
Elbow Pitch 170 degrees
Wrist Roll 180 degrees

Wrist Yaw 130 degrees

Wrist Pitch 135 degrees



Mechanical Structure:

7 DOF plus gripper; all axes are completely indeleen. All axes can be controlled
simultaneously. Pitching actions have integratedi lbalancing springs. Key joints have
additional planetary ball bearing support.

Electronics: 32 Channel servo controller with 2Zkefchannels for controlling additional
peripherals such as other end effectors.

Actuators:

High quality PMDC servo
motors with

integral gear reduction.

Rated Payload 200 grams
Maximum Payload 300 grams
Rated Speed 0.2 m/s

Joint Speed 60 rpm

Height 60 cm

Reach 48 cm

Repeatability 0.23 cm

Hardware Interface USB




Setup Instructions

Software Installation

Simply insert the CD Rom into the CD drive. If t6® does not start automatically you
should be able to browse to the CD folder and selgonSeteup.exe. This will start the
installation program. Follow the instructions targaete installation.

Starting the software

Make sure all connections are firm between the €gion and the PC. Connect the
power supply to a power strip. Double click on @won Viewer icon.

Hardware Setup

Setup Instructions

Place the Cyton arm on a firm level surface makimg that the arm is at least 50 cm
from any obstructions.

Connecting power

Connect power to the controller card as specifietthé figure below. Note that a 9V
battery can be connected to the VL terminals shoglow if desired. The servo power
should be connected to VS1 below. Voltage is éwrtinge of 5-6V DC with a current of
3-4 Amps.



Next connect the serial to usb cable to the pothe Cyton controller card. Then
connect the cable to the USB port on the PC. Bgfomering up the arm and starting the
Actin control software make sure the arm is notkém by other objects. The software
will start by initializing a calibration pose fdaneé arm. This will command the arm to
extend fully straight up. If anything obstructs thegh of the arm it could be damaged.



The Cyton Viewer

Cyton Viewer Capabilities

The Cyton Viewer can be used to both simulate maticthe robot and to directly
control the robot. It has several powerful feasuteat allow for end-effector or joint
level control the Cyton. The figure below shows ttewer with a Cyton model loaded.

Changing perspective

Eyepoint The eyepoint icon changes the viewer into ey#poiode. In this
mode the eyepoint can be changed by dragging theseno



Center of interestThe center of interest (i.e. the direction whttre eyepoint is
looking) can be changed by entering COIl mode with €Ol icon and dragging
the mouse.

File Options

Shown are the options available within the file mefhese are described below.

Open
Opens in a Cyton model file. The Cyton viewer entlty comes with one file called

Cyton.ecz. More files will be made avialge by Riotraer time. In addition, new files
can be created using the Cyton C++ API.

Save Image As
Save a snapshot of the current robot. Currentlis .the only supported image format.

Flying the Gripper

Using the Cyton Viewer, it is possible to commahd gripper (or end-effector) to go to
an arbitrary position and orientation in spaceaas las it's within the arms workspace.
To do this it's important to calibrate the vieweew with the position of the actual robot.

The Guide Frame

The Guide Frame is what the Cyton Viewer uses &zi§pthe desired gripper position.
The figure below shows a Guide Frame (with redegreand blue axes) just in front of
the gripper. You can move the Guide Frame by fetécting the set guide frame button

. This will bring up the following dialog box.
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An end-effector can be placed on any link of thieoto By default the end-effector is

placed at the gripper. Once okay is selected fiould be able to move the Guide Frame
within the viewer dragging with either the leftright mouse buttons depressed. Holding
down the right mouse button will allow you to charipe position of the Guide Frame

and the left mouse button allows you to rotateGlgle Frame.
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Depending on the type of end-effector selectedgtiper will either move to a specific
position in space (with a point end-effector) omsiion and orientation (with a frame
end-effector). The type of end-effector can beced with the drop-down list below
under the Edit End-Effector.

The difference between a frame end-effector andirt end-effector can be
seen in the images below. Note that with a pandteffector the orientation
of the gripper is arbitrary—only the position ofethGuide Frame is
important). With a frame end-effector (shown oe tight) both position
and orientation are considered—note that the grifgpaligned along the red
axis of the Guide Frame.

Left: The arm moved to the guide frame using a fpeimd-effector (i.e. position only).
Right: The arm moved to the guide frame using an&and-effector (i.e. frame end-
effector).

Working with Path Files

The Cyton Viewer allows you to capture paths of ihigot for future playback. This is
very useful for certain applications.

Recording a Patk Pressing the record button puts the viewer rettord mode.
When in this mode robot positions will be storedni@mory until the stop button is
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pressed. Positions can be stored in one of twmdts: Manipulator (Joint) mode, or
Guide Frame mode. In Manipulator mode the vieveeords all of the joint angels for
the robot at each timestep, whereas in Guide Fraoae only the commanded gripper
positions at each timestep are recorded. This sntgaat a Guide Frame mode path file
may result in different joint positions when remepending on the control method being
used for the Cyton. For instance, a control systenfigured to minimize kinetic energy
will result in different joint angle trajectorieqidn a control system configured to
minimize potential energy. A path file recordedNtanipulator mode, by contrast, is
guaranteed to always give the same joint trajeesorBy default the Cyton Viewer

records in Manipulator mode. You can enter Guidefe mode by pressing and can
revert back to Manipulator Mode by pressing.

Save Path File This allows you to save a path just recordedsae File dialog box
will appear asking for the name and location offtleeto be saved.

Load Path File- Allows you to load a previously saved path fil®nce loaded, the
record mode buttons should automatically changedizate whether the path is in Guide
Frame mode or Manipulator mode.

Playback Mode- Once a path is loaded it is still necessarypecsy that you
would like to playback the path. If the playbackde button is pressed hitting the play

button. Opening the dropdown list for the Playbac
mode button will allow you to select whether or ribe
playback should be repeated. If in Guide Franoelenthe
Cyton manipulator should be checked under the Gardene Manipulators dialog box—
this should be the default.

The Manipulator Configuration Tool

Manipulator Configuration- More precise tasking of the robot can be achiewed b
using the manipulator configuration toolhis tool allows you to independently move
each joint. It also lets you change the joint tgrfior each joint.  The figure below
shows the manipulator configuration tool with tleends tab. Each joint on the robot can
be moved using the slider bars on the right. Ujyger and lower joint limits can be set
directly in the edit boxes at the left.
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The End-Effectors tab (shown below) allows you teeatly control the position and
orientation of the end-effector. This is usefulemha precision gripper position is
required.
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The Cyton C++ API

The Cyton manipulator hardware is configured thiotlge cytonConfig.xml file. This
file contains information on the servo parametersnippet from the file is shown below.
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The available API for the Cyton hardware is mad@ifwo components, 1) a control-
based calculation API used to perform inverse-kiatrs calculations and other
associated commands, and 2) a hardware API totlgimtrol the Cyton arm via code.
The control API uses ActinSE, a lightweight andygtasuse version of Energid’s
complete Actin toolkit. Ultimately, the output ACtinSE is a set of joint positions that
can then be fed to the hardware API to commandapasition. The summary of the
available methods for both ActinSE and the hardiméeeface is given iAppendix A.

actinSE::Array3 A three - element vector
; . Basic interface to the
actinSE::ControlSystem Cyton control system
A rotation and a
translation describing
a new frame
actinSE::EndEffector End- effector interface
: ce(Yri - Description of a 3D
actinSE::Orientation TEtian

Figure 1:ActinSE fundamental classes

actinSE::CoordinateSystemTransfo
rmation

Cyton Code Example

Below is a section of code showing the ActinSE hatiware interface API in use. The
complete source code is provided with the insialtain
examples/cytonControlExample.cpp.
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Listing-1. Sample code utilizing ActinSE and Cytoerdwarelnterface. It attempts to move the dedegh
end-effector 10cm in X and Y. It will use Actin$& calculate a new position at each timestep, ppass
the hardwarelnterface, and then check to see iptis@gion has reached the desired final position.

Tech Support and Contact Info

For tech support contact :

By email:
support@robai.com

By phone:
412-307-3050
(between 9 a.m. and 5 p.m. Eastern Standard Time)

By standard mail:
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actinSE::ControlSystem Class Reference

Public Types

enum ParamTypeEnum {
Rendering
SimulationTime
JointAngles
JointPose
JointVelocities ,
BasePose ,
EndEffectors
CraigDHParameters

}
Public Member Functions

ControlSystem 0O

Constructor.

~ControlSystem 0

Destructor.

ControlSystem (const ControlSystem &orig)

ControlSystem
& operator= (const  ControlSystem  &orig)

EcBoolean operator== (const ControlSystem &rhs) const
EcBoolean loadFromFile (const EcString  &fileName)
EcBoolean saveToFile  (const EcString  &fileName)

template<ParamTypeEnum prm, typename ParamType >
EcBoolean setParam (const ParamType &value)

template<ParamTypeEnum prm, typename ParamType >
EcBoolean getParam (ParamType &value) const

template<ParamTypeEnum prm, typename ParamType >

EcBoolean getParam (ParamTyp e &value, const
const
template<ParamTypeEnum prm, typename ParamType >
const

ParamType & param () const
template<ParamTypeEnum prm, typename ParamType >

EcU32 subindex)
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ParamType  param ()
EcBoolean reset ()
EcBoolean calculateToNewTime (const EcReal

actinSE::EndEffector Class Reference

Publi c Types

enum EETypeEnum {
UnknownEndEffector =0,
PointEndEffector ,
OrientationEndEffector :
FrameEndEffector
LinearConstraintEndEffector

}

enum ParamTypeEnum {
DegreesOfConstraint :
ActualPose
RelativeLink ,
MotionThreshold
DesiredPose ,
DesiredVelocity :
Gain ,
HardConstraint

enum EEStateFlagsEnum
EmptyStateFlags = 0x0,

RelativeLinkFlag = 0x1,
HardConstrained = 0x2,
Attached = 0x4

}
typedef
EcU32 EEStateFlags

Public Member Functions

EndEffector (const EETypeEnum eeType)
~EndEffector 0
Destructor.
EndEffector (const  EndEffector &orig)
EndEffector
& operator= (const EndEffector  &orig)
EcBoolean operator== (const EndEffector &rhs)
const
template<ParamTypeEnum prm, typename ParamType >
EcBoolean setParam (const ParamType &value)
template<Para mTypeEnum prm, typename ParamType >
EcBoolean getParam (ParamType &value) const
template<ParamTypeEnum prm, typename ParamType >
ParamType  param ()

timelnSeconds)



EEStateFlag

s stateFlags () const

EETypeEnum endEffectorType () const

EcString

name () const

actinSE::Array3 Class Reference

Public Member Functions

Array3
&

EcBoole
an

EcBoole
an

Array3
&

Array3
&

Array3

&
Array3
Array3
Array3

Array3
Array3

EcReal

Array3 ()

constructor

A)rray3 (const EcReal x, const EcReal vy, const EcReal
z

constructor from three reals

~Array3 ()

destructor

Array3 (const Array3 &orig)

copy constructor

operator=  (const  Array3 &orig)
assignment operator

operator== (const  Array3 &orig) const
equality operator

operator!l=  (const  Array3 &orig) const
inequality operator

operator+= (const  Array3 &v2)
add another vector to this vector and set this vect or
to the result

operator-=  (const  Array3 &v2)
subtract another vector from this vector and set th is
vector to the result

operator*=  ( EcReal s)

multiply thi s vector times a scalar and set this
vector to the result

operator+  (const Array3 &v2) const
returns a vector equal to this vector plus another
operator- (const Array3 &v2) const
returns a vector equal to this vector minus another
operator* (const EcReal a)const
operator/ (const EcReal a)const

cross (const Array3 &v2) const

returns a vector equal to this vector cross another
(vector cross product)

dot (const Array3 &v2) const
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EcReal
EcReal
EcReal
Array3
Array3
&
EcBoole
an
EcReal
EcReal

void

void

const
EcReal
&

EcReal
&

returns a vector equal to this vector dot another
(vector dot product)

mag () const

returns the magnitude of this vector

prod () const

returns the product of the three elements
magSquared () const

returns the magnitude squared of this vector ( a fast
operation)

unitVector () const

returns a unit vector in the same direction as this
vector

normalize ()
normalizes this vector

approxEq (const  Array3 &v2, const EcReal tol) const

tests that each element of this vector is within a

tolerance of another

distanceTo  (const Array3 &vec) const

find the Euclidea n distance to another point
distanceSquaredTo (const Array3 &vec) const

find the Euclidean distance squared to another poin t
computeDirectionalVector (const Array3 &destination,
const EcReal mag, Array3 &result) const

compute a vector which points from this vector (poi nt)
to the other vector (point) with a given magnitude.

set (const EcReal x,const EcReal vy, const EcReal 2)
sets the z value of the vector

operatorf] (const  EcU32 index) const

returns a value b y index (O, 1, or 2) - const version.
operator(] (const EcU32 index)

returns a value by index (0, 1, or 2) - nonconst
version.

actinSE::CoordinateSystemTransformation

Class Reference

Public Types

enum ModeEnum {
NO_CHANGE
ARBITRARY,
NO_TRANSLATION
NO_ROTATION

}
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Public Member Functions

CoordinateSystemTr
ansformation &
EcBoolean

ModeEnum
Array3 &
void
Orientation
&
void
void

const

const

void

CoordinateSystemTr
ansformation &

CoordinateSystemTr
ansformation

Array3
void
void

void

EcBoolean

CoordinateSystemTr
ansformation
CoordinateSystemTr
ansformation &
EcBoolean

CoordinateSystemTransformation 0O
Default constructor.

CoordinateSystemTransformation (const
Array3 &trans, const Orientation &orient)
CoordinateSystemTransformation (const
Array3 &trans)
CoordinateSystemTransformation (const
Orientation &orient)
~CoordinateSystemTransformation 0O
Destructor.

CoordinateSystemTransformation (const
CoordinateSystemTransformation &orig)
operator=  (const
CoordinateSystemTransformation &orig)
operator==  (const

CoordinateSystemTransformation
mode () const

&orig) const

translation () const

setTranslation (const Array3 &value)
orientation () const

setOrientation (const  Orientation &value)
outboardTransformBy (const  Array3
&translation, const Orientation

&orientation)

outboardTransformBy (const  Array3
&translation)

operator*= (const
CoordinateSystemTransformation &xformz2)
operator* (const
CoordinateSystemTransformation &xformz2)
const

operator* (const Array3 &vec) const
transform (Array3 &vec) const

transform (const Array3 &from, Array3 &to)
const

transform (const  Array3 &firstFrom, Array3
&firstTo, const Array3 &secondFrom,  Array3
&secondTo) const

approxEq (const

CoordinateSystemTransformation &xformz2,

EcReal tol) const

inverse () const

invert ()

interpolation (const
CoordinateSystemTransformation
&coordSysxForm1, const
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CoordinateSystemTransformation
&coordSysxFormz2, const EcReal &factor)

actinSE::Orientation Class Reference

Public Member Functions

Orientation 0

constructor

Orientation (const EcReal w,const EcReal X, const
EcReal vy, const EcReal 2)

constructor from four reals: w, x, y, and z

~Orientation 0

destructor

Orientation (const  Orientation &orig)

copy constructor

Orienta

tion &  operator= (const  Orientation &orig)
assignment operator

EcBoole
an operator== (const  Orientation &orig) const
equality operator
Orienta
tion &  operator*=  (const  Orientation &orient2)
Orienta
tion operator*  (const  Orientation &orient2) const

Array3 operator* (const Array3 &vec) const
void transform (Array3 &vec) const
void transform (const Array3 &from, Array3 &to) const

void transform (const  Array3 &firstFrom, Array3  &firstTo,
const Array3 &secondFrom, Array3 &secondTo) const
EcBoole approxEq (const Orientation &orient2, const EcReal
an tol= EcTOLERANCJEconst
EcBoole angleAxisBetween (const  Orientation &q2, EcReal
an &theta, Array3 &axis) const
void interpolation (const  Orientation &orientl, const
Orientation &orient2, const EcReal factor)
Orienta
tion inverse () const
Orienta

tion & invert ()

void set (const EcReal w,const EcReal X, const EcReal v,
const EcReal 2)

void setFrom321Euler (const EcReal psi, const EcReal theta,
const EcReal phi)

void get321Euler (EcReal &psi, EcReal &theta, EcReal &phi)
const

void setFrom123Euler (const EcReal phi, const EcReal theta,
const EcReal psi)
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void
void

void

void

void
const
EcReal
&

void

void
void
void
Array3

Array3
Array3

getl23Euler (EcReal &phi, EcReal &theta, EcReal &psi)
const

setFromAngleAxis (const EcReal angle, const Array3
&axis)

getAngleAxis (EcReal &angle, Array3 &axis) const
setFromRodriguesVector (const Array3 &vector)

getRodriguesVector (Array3  &vector)

operator(] (const EcU32 index) const

getDcmRows (Array3 &row0O, Array3 &rowl, Array3 &row2)
const

setFromDcmRows (const  Array3  &rowQ, const Array3
&rowl, const Array3 &row?2)

getDcmColumns (Array3 &col0, Array3 &coll, Array3
&col2) const

setFromDcmColumns  (const  Array3  &col0, const Array3
&coll, const Array3 &col2)

xAxis () const

yAxis () const

zAxis () const
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