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Do not discard: keep for future reference.



qbrobotics

This page was intentionally left blank

www.gbrobotics.com



qlrobotics

Dear customer

Thank you for purchasir@ur product. To receive more complete service, please visit our website
www.gbrobotics.com

Designed to be controlled like conventional servomotors,ghmovecan be changed in position
and stiffnessand soit can substitute small conventional servomotors used for constructimg
mechanism or robotic system.

Thegbmove advanceds the first affordable, musciiike building block for constructing soft
robots. An actuator that is small and lightweigkhie gbmoveis unique in its ability to endow
robots with natural motion, i.e. that resembles the elegance and deftness of human motion, a
radical contrast to the traditional rigid and mechanical motion of robots bvith common
servemechanisms.

Thegbmovecan tuned to be soft or rigid, depending on the task at hand. If the robot needs to
guarantee safety during impact, thectuator can be set to be soft. While if precision is the
greater need, thectuatorcan be set to be more rigid. Optimizing eneogyspeed performance
can be achieved by alternating between soft and rigid settifgese combinations can be
applied to tasks that are very complex, e.g. grasping or throwing objects, hammering, drawing,
and so on.

The product before being paell has been tested with care

Release3.5 2020/09/22

www.gbrobotics.com
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1 About this document

This documentation serves for safatglevant operations on and with the seraztuators. It
contains safety instructions which must be observed.

The user should assume all responsibility for argicant caused by their carelebandling of

the product. Attention must be paid to the following safety instructions.

Please readhrough this user's guide and make sure yallyf understand all thenstructions

before assembling and operating this product.

The examples and diagrams in this manual are included solely for illustrative purpose. Because
of the many variables and reqeiments associated with any installation, gbrobotics s.r.l. cannot
assume responsibility or liability for actual use based on the examples and diagrams.

No patent liability is assumed by gbrobotics s.r.l. with respect to use of information, circuits,
equipment, or software described in this manual.

Reproduction of the contents of this manual, in whole or in part, without written permission of
gbrobotics s.r.l., is prohibited.

1.1 Using this document

The documentation must always be complete and pegfectly readable state.

Keep the document accessible to the operating and, if necessary, maintenance personnel at all
times.

Pass the document to any subsequent owner or user of the product.

1.2 Symbols and designations

lead to personal injury. Attentions help you identify a hazard, avoi

: WARNINGidentifies information hout practiceor circumstances that car
hazard, and recognize the consequence.

Identifies information that is criticdbr successful application
IMPORTANT and understanding of therpduct.
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2 Safety

2.1 Safety instructions

A\

IMPORTANT SAFETY INSTRUCQR¥¢8 Before Using!

=A =4 =4 =4 =4

2.2

=A =4 =4 =

Operational, maintenance, and service requirements are covered in the instruction
manual. Read the entire instruction manual before device use.

Check that allhe contents is intact after removing it from the packaging.

Keep away from children and pets. Always set off or unplug when not in use.
Never use aerosol productsetroleumbasedlubricants or other flammable products
on or near the actuators.

Do not useany damaged powecable plug, or loose outlet. It may causee or
damage to people.

Do not use if damaged or defective. Do not disassemble the actuators.

Do not insert any objects between moving parts.

Do not place your face too close to the robot.

Digonnect the power supply before cleaning or maintenance.

Disrespect of these precautions can affect safety of the device.

Environmental conditions

Select the installation location so that clean dry air is available for cooling the motor
and hasunobstructed access to flow around the drive.

Do not keep or operate the actuators in a place of high temperature or humidity.
Select a supply voltage that is within the defined tolerance range.

This product is not waterproof. Never operate the producaiwet place.

For indoor use only.
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2.3 EC Directives on product safety

1  The following EC directives on product safety must be observed.
1 If the product is being used outside the UE, international, national and regional
directives must be also observed.

Machinew Directive (2006/42/EC)

Because of their small size, no serious threats to life or physical condition can normally be
expected from electric miniature driver§herefore,the Machinery Directive does not apply to

our products. The products described hdreNS y 2 G & A y O2 YdalinsallaBon Y I Of
instructions are not normally issued by gbrobotics.

Low Voltage Directive (2014/35/EU)

The Low Voltage Directive applies for all electrical equipment with a nominal voltage of 75 to
1500 V DC and 50 to 100AZ. The products described in this device manual do not fall within
the scope of this directive, since they are intended for lower voltages.
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3 Introduction to gbmovéelta

This chapter shows what the gbmoielta
includes, all the technical information abot
the robot and its mechanical connectien
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7 PN AN

31 2 KIiQa Ay GUKS 02EK

Figure3-1  gbmove Advanced; Flat Flange; Base Flange; GFlange; qgbgripper; gbally;
ERNI cable 200mm; ERNI cable@®mm; ERNI cable 1500mm; USB cable; User manual.

Screws and nuts are provided with each kind of flange:

1 Flat Flange: n°8 screws M2x8 1SO1207; n°4 nuts M3 1SO4032 A2; n°4 screws M3x8
1SO4762;

1 Base Flange: n°8 screws M2x8 1SO1207; n®&Ma3tISO4032 A2; n°3 screws M3x10
1SO10642;

1 GFlange: n°16 screws M2x8 1SO1207;
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Assembly code

Description

Unified code

3008 Nut M3 UNI 5588&; DIN 934 (PG)
3010 Screw M6x12 1SO 4762 UNI 5931
3011 Screw M6x16 1SO4762¢ UNI 5931
3021 Screw M6x8 1SO 4762 UNI 5931
3024 Screw M3x2 SV UNI 5933 DIN 7991 A
3026 Screw KA22x8

3027 Screw KA3®B

Table3-11SO components.

22 settembre 202




qlorobotics
3.2 Technical data

Mechanical and electrical charaeistics of the gbmove Advanced:

operating data

Figure3-2 gbmove Advanced. output
shaft; daisychain RS485; USB port.

electrical

control data

position 1
position link
position 2

current 1

current 2

voltage in

Figure3-3 Sensors references.
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Sensor & Input Voltage

. B25h7
@17 HT,

+"R3.5 through hale

H#
IO'.S

M2 n'8 holes

72
66

Figure3-4 gbmove Advancgdimensions.

Thegbmove is a back drivable actuator. When the robot is of
sufficiently high external load can move the output shaft.

A Do notuse the Peak torque more than few seconds
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Figure3-5 GFlange dimensions.
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Figure3-6 Base flange dimensions.

a7

Dimensions of the flanges.
58
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Figure3-7 Snapon mechanism.

Figure3-8 Examples of connection.
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3.2.1  Agonistic/AntagonistiySA

Thegbmove Advanceeémbeds the features of a servo motor and, moreover, the possibility of
adjusting the output shaft stiffness.

TheFigure3-9 shows a scheme of the agistic/antagonistic V&principle, implemented in our
actuator.Basically, there are two motors connected at the output shaft by-lreear springs, so

the output positiond Eafid the stiffnesst " RS LISY R 2y (KS Y2 (12 yRsQadyR 3
thetorqdzS & _ ¢ ImytRematival niodebof the system

qa, | X q, .

)
!

Figure3-9 Agonist Antagonistic VSA model.

All thesequantitiesare each otherconnected then, to evaluate a proper mathematical model
experimental data are needed.

Using a pendulum structure sinusoidal movemenwith different frequencies, andlifferent
stiffness presetsthe obtained results can be synthetizéd the graphic belowwhere te
defleO i A 2 y & differensedbetiie&nSthe angular position of the output shaft and the
S1lj dzA f A 0 NA dzY- (qlx1p)& Anil the gfiantity (4- qo)E2 is the stiffness preset.

1 T T

0.8

o
o
T

1
»
T

o
)

o
T

o
S

Deflection - § [rad]

o
i

(91 -92)/2 0%

(91 -q2)/2 25%
(91 - g2)/2 50%
(
(

=
)
T

o
o

ql-q2)/2 75%

| q1 - q2)/2 100%

-8 -6 -4 -2 0 2 4 8
Torque - 7 [Nm]

Figure3-10 Experimental Torque Deflection Characteristic.
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Using fitting functions (see the next paragraph) the relations between deflection, torque and
stiffness are represented by the following graphics.

@ -q2/2=0°
ho lat-q2y2=11° |
' (1-qg2)/2=23°
g —la1-q2)y2=34° |
(g1 - g2)/2 = 45°
=07
o
08
©
@04 1
©
QgL i
0.2 r g
0.4+ -
|
% 1 2 3 4 5 6
Torque - 7 [Nm]
Figure3-11 Torque- Deflection characteristic.
100 T
—Stiffness 0% | (q1 - gq2)/2 = 0°
a0 Stiffness 25% | (q1 - q2)/2 = 37°
Stiffness 50% | (q1 - q2)/2 = 41°
gg| Stiffness 75% | (q1 - q2)/2 = 43.5° 4
Stiffness 100% | (91 - g2)/2 = 45° B
g7
2 .
z 60
© sor .
) - L=
9 aof S 8
c -
ES
& %
20+ — -
101 )
0 = L 1 1 L

0 1 2 3 4 5 6
Torque - 7 [Nm]

Figure3-12 Torque- Stiffness characteristic.
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a2NB20SNE fa2 O2yaARSNAyYy3a GKS Y2i(2NRAGGs §LIS!
below show the Torque Speed characteristid={gure3-13) and the VSA workspacEigure

3-14).
/-»//\\

g z
e 3
B CONTINUOS
& REGION

[ 1 2 3 4 5 s 7 w [rad's] 0 0 ! « [Nm]

Torgue - 7 [Nm]

Figure3-13 Torque- Speed characteristic. Figure3-14 Torque- Speed- Stiffness Workspace.

3.2.2 Mathematical model

Thefollowingmathematical functions antheir parametersdescribethe mathematical model of
our agonistic/antagonistic VSA.

equilibrium point
output stiffness ., OQAT GE® 1 OQAT GE o n
output torque

elastic energy
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3.3 Electricatonnections

In this guide you will find explanatiaegardingpower connection of single gbmoveunits as
well as gbmove chains. Power connection is magdang the gbally components which are
currently available itwo versims Figure3-16 and Figure3-15).

[ gbally |)

Figure3-16: gbAlly1 Figure3-15: gbAlly2 (not included

f The supply voltage must be 24xd nominal
current at list 1.8A for each gbmove

3.3.1 Qbally1l

The gballyl is the simpstgbally available. It provides a handil
interface between your power supply and the 6 @oIERNI
cable used to create daisy chain connection between gbmoz
units. With the gballyl youcan power a single gbmove uni
(Figure3-17) or a short chain (up td) of gbmoves as shown in
Figure3-18

The gbmove is provided of two LED

1 White LED: it indicates that the logic circuit i
powered;

1 Blue LED: it indicates that the power circuit i
powered.

Figure3-17: Connection to a
gbMove
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If you connect the gbmove to theJ2 6 SNJ a dzLJLJ & | y R
IMPORTANT connected, both LEDare on. Because to electrically power the pow
circuit, it also means to power the logic one.

IMPORTANT1 Eachgbmoveyou connect to your systemmust have adifferent ID.

Figure3-18: Serial connection of four gbmoves using a gballyl

Itis advisable not to connect more than four gbmoves for each chain, due to the current capacity
of the ERNI cable.

3.3.2 Qbally2(not included)

The gbally2 (5004) is the first evolution of the gballyl. It allows you to power two gbmoves chain
by using separatgpower supply (e.g. two batteriesiand it allows RS485 communication
between the two brancheso you will not need to use two USB cablgseFigure3-19.

Figure3-19: Connection of two serial chains of gbmoves using a gba
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Figure3-20 and Figure3-21 show some examples of wrong connection
using gbdly2 and gballyl

Figure3-20: Wrong connection examples using gbally2 and gbally1

IMPORTANT Connect USB first and then power supply

Do not connect more than 5 devices simultaneouslyhat same
power supply.

Figure3-21: Wrong connection examples using gbally2 and gbally1
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4 Mechanical assembbf gbdelta

This chapteshows howto assemblythe gb
Delta robot.

10,
O
Y
O
O
O
—t
O
%
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Required tools for the assembly are listed below.

qlorobotics

Flathead screwdriver
Torx wrench T6

Torx wrench T10

2 mm Allenwrench
2.5 mm Allen wrench
5 mmAllenwrench

Before starting the assembly of your QB Delta, remove each part from its bag and protection for
a prior inspection. If you find any damage or missing parts, contact the supplier. It is advisable
to consult the guide for the assembly of the several kinds of flanges and obtain the required

tools.

You can find the useful guides in  http://www.gbrobotics.com

A

Before assembly the devices, make sure that each gbmove is in
position (see sectiof.2)
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4.1 Assembly of the Base

Put four nuts 3008 ia Flat Flangethen assemblyhe gbmove Advance@Figures-1).

@

Figured-1 Flat flange assembly.

Repeat the procedure fathree actuators, being carefully to their orientation with tHange.
Assembly the actuators on the plate 6089 four screws 3024nd the 2 mm Allen wrench
(Figure4-2).

N
N\,
Screws 3024 —d

from the bottom (H & |

Figure4-2 Assembly of the actuators on the plate 6020.

Make sure of the correct orientation as shown in the pictures.
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Assembly the QB Delta robot on two connected profiles uéingts 3014 and 4 screwg910.

| |
P T+ 3010
r
ol
|

Figure4-3 Assembly wittthe profiles.
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4.2 Assembly of the links

Assembly the components 6030 on the actuators by thréaes(Cap.5.3). Make sure to
assembly the flanges as showrFigure4-4, without moving the output shaft.

Figure4-4 Assembly of the links on the actuators.

Preparethe endeffector connecting the threeomponents 603bn theplate 6032, by 12 screws
3026 fFigured-5).

Figure4-5 Plate of the eneeffector.
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Assembly

Assembly a flat flange on the plate by two screws 3027 and put two nuts 3008 in the other two
holes. Make sure to assembitye flange in the right position, as shownkigure4-6.

. %
i )
| |

Figure4-6 Assembly of the flat flange on EE plate.

The other two screws will be mounted to lock the flat flange, after the placing the gripper.
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4.3 Gripper (components are provided in Kit4)

Assemble thel005 componenbn aFlat Flangeusingfour 3008 nuts and two 3007 screnss
shown in figurebelow.

Figure4-7: Fixed finger assembly procedure

Assemble the fixed finger on thgbmove closing theFlat Flangeand lockingit by two 3007
screwsas shown irFigured-7. Make sure to orient thgbmove as shown, to have tletectrical
connectors as indicated.

Figure4-8: Fixed finger gbmove assembly procedure

22 settembre 202




qrobotics

Assemble the second fingezpmponent 1006using the3003 screwsas shown irFigure4-8.
The gbmove must be equippedth arear pulley, as like in@ Flangenounting.

Figure4-9: Assembled gripper

Now you can assembly the gripper on the EE plate of Delta robot, byathigafige assembled
before. Put the gripper on the flange in the right positiéig{ire4-10), then close the flange.

Figure4-10Positioning of the gripper on the EE.
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Fix the Flange by two screws 3021 on the other side of the pradeied-11).

Figure4-11Fixing of the flat flange.
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4.4 Support structure

Assembly a pair of profiles 3016 connecting each other by a stirrup 3020, moreover assembly a
component 3017 and aoenponent 3019

Figure4-12 Assembly of two profile for the structure base.
Use the same components to assembly a symmetrical sygteake sure to check the quotes)

Assembly the two bases with thegjuare profile 30% using nuts 3014 and screws180 then
assembly a stirrup 30land place the cup 3018

i e

Figure4-13 Assembly of the square profile 3015.
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Make sure of the correct position @luminium profiles, in order to have a stiff and balanced
structure.

Figure4-14 Assembly of aluminum profiles.

Assembly the QB Delta robbaseon the structure by two nuts 3014 andstrews 301@Figure
4-15).
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ConnectthesiN2  R& cnoo (2 GKS RStidilF NRoz2i0Qa fAy]:

Figure4-16 Assembly of component 6033 by the provided pin and locked by the snap ring.
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Do the same operan for the EE plate, make sure to assembly the gripper in the right
orientation as inFigure4-17.

Figure4-17 gb Delta.

You have done!
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4.5 ID configuration

In order to use the Matlab and ROS packages for the gb Delta kinempatidded by gbrobotics,
you have to set the different ID as shown in picture below.
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5 Mechanical assembly

This chapter provides the user with th
required procedures needed to assemb
different kind of mechanical connectio
between gbmoves and, furthermore, som
technical advice for a correct use tie
platform.
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Encoding of components for mechanical assembly

Figure5-2: Parts from left to right 1005, 1006

'
N/

— 3007

Figure5-1: Parts from left to right 3003, 3005, 3007, 3008

Table5-1: Unified components codes

Assembly code Description Unified code

3001 Bearing 25x32x4 MR 6705

3003 Screw M2x8 ISO 1207 UNI 6107
3005 Screw M3x8 ISO 4762, UNI 5931
3007 Screw M3x10 SV ISO 10642

3008 Nut M3 UNI 5588; DIN 934 (PG)
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Required tools for the assembly are listed below.
1  Flathead screwdriver

T 2 mm Allen wrench \
T 2.5 mm Allen wrench

(o

5.1 FlatHange assembly

Figure5-5: Two gbMoves connected using a flat flange

Required components:

1001
1002
3003

1X 2X 8X

Figure5-6: Required components for a flat flange
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5.1.1 Assemblgequence

Useof the CORE component.

Figure5-8: Anchors Opening

In Figure5-8 arrows represent points to push orderto open the lockig mechanism.

Figure5-7: Flat Flange

Assemble thel002 parts with the 1001 central cqresing the two pins as reference.
Make sure to the orientation of the two components is the same and with the anchor teeth on
the same side of the counterbores of the central component
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Assemble the Flat flange on the output pulley of the gbmovehbyeight screws 3003, as shown
in Figure 5-9.

Figure 5-9: Flat Flange assembly procedure on a gbMove

Now a second gbmove can be connected to the first one by snappinfiatinges, as shown in
Figure5-10.

Figure5-10: Two gbMoves connected with a flat flange

22 settembre 202




qrobotics

5.1.2 ERNI cableoutingin the Flat Flange

The ERNI cahlevhich allows the connection of 2 gbmovesn be placed inside the flat flange
in two ways;Frst one is showiin Figure5-11.

Figure5-11: First possible ERNI cable tiag inside a flat flange

Another way is shown iRigure5-12.

Figure5-12: Second possible ERNI cable routing inside a flat flange
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5.2 BaseFlangeassembly

Thistype of flange is used to connect one gbmove to ydasiredframe.

Figure5-13: gbMove connected to a Base Flange

Requiredcomponens:

1001

1004
3007

@
o
Q
A

4X

Figure5-14: Required components for a Base Flange
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5.2.1 Assemblyequence

Preparation of the Base Flange
Assemble thd.002 partswvith the 1004 parts using tw8007screwsand two3008 nuts as shown
in Figure5-15.

Figure5-15: Addon assembly procedure
Assembly of the Base Flange

Figure5-16: Base Flange

Assemble the twgartsobtainedwith the 1001 central ore, using the two pins asferences.
Make sure to the orientation of the two components is the same and with the anchor teeth on
the same side of the counterbores of the central component.
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Place the removable component from the side of the elastic anchors of the Core in
correspondege of the first notches, as shownkigure5-16

Snap the Base flange on one of the free faces of the gbmBigrire5-18) then, using the
provided holes, screw the entire assembly wherever you need.

Figure5-18: Base Flange connected to a gbMove

5.3 C Flange assembly

=) A

T —

RN

Figure5-17: gbMoves connected by aflange
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Required components:

1001
1003

)

3001
2001

3003

16 X

Figure5-19: Required components for aflange

5.3.1 Assembly sequence

Preparation ofa C Flange

Figure5-20: Free pulley on gbMove assembly procedure

Assemble the8001 bearingon the free2001 pulley on the opposite side of the eight treaded
holes. Assemble the obtained compent with the gbmove, to reveal the spot, remove the
plastic bottom cap with a little flathead screwdriver.
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Figure5-21: First flange wing assembly procedure

Assemble thel003 component on the frepulley by using eighB003 screwsAssemble the
componentobtained beforeand the second 003 componenwith the Core, using the two pins
as reference.
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Figure5-22: GFlange assembly procedure

Place the removabl&003 componenin correspondence of the first notches, as showFRigure
5-22. Assembly of the C Flange with the-@Bve

Nz

Figure5-23: gbMove GFlange assembly procedure

EIOS (KS ljoyz2pS AY GKS RSEANBR LRaAGAZY |
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5.3.2 ERNI cableoutingin the C Flange
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The ERNI cable can tmuted inside the C Flange as showrfrigure5-24.

Figure5-24: ERNI cable routing inside the=ainge
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5.4 Double Flat Flange assembly

Thistype of flange is used to rigidly connect two gbmaeve

Sy
Figure5-25; gbMoves connected by a Double Flat Fla

Required components:

1001

y 2 5
g g g
2 & a

4X 4X 4X

Figure5-26: Required components to assemble a double flat flange
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5.4.1 Assemblgequence

Preparation of the Double Flat Flange
|

@
®

Figure5-27: Removable component

Join two1002 componerg and fix each other with two 3005 screws and two 3006,ragshown

in Figure5-27.
The obtained components will be the removable elements of the Doublé-Rlage.

Figure5-28: Double flat flange

Assemble the two obtained components with the Core, using the two pins as reference.
Place the removable component in correspondence of the first notches ofahgds, as shown

in Figure5-28.
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Assemblythe Double flat flange with the gbmove

With the double flat flange, you can rigidly connect two gbmove with different orientatfon

example is shown iRigure5-29.

Figure5-29: gbMove doublélat flange assembly
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5.5 Gripper assembly

Required items.

o2 =) W%EL g % =
Z = g atey o g
&) e (o N
=W s el : N/ )’
AN
1X 2X aX 4 X 16X

Figure5-30: gbMove gripper
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5.5.1 Assemblygequence

Assemble thel005 componenbn aFlat Flangeausingfour 3008 nuts and two 3007 screneas
shown in figurebelow.

Figure5-32: Fixed finger assembly procedure

Assemble the fixed finger on thgbmove closing theFla Flangeand locking it by two 3007
screws,as shownFigure5-33. Make sure to orient thejbmove as shown, in order to have the
electricalconnectors as indicated.

Figure5-33: Fixed finger gbmove assembly procedure
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Assemble the second fingamomponent 1006using the3003 screwsas shown irFigure5-34.
The gbmove must be equippedth arear pulley, as like in@ Flangenounting.

Figure5-34: Assembled gripper

5.6 Tool tips

In this paragrap, you can find some basic advices to correctly assemble a robot using the
gbmove kit, avoiding unwanted behaviors of the assembled robot and let the user using it safely.
For a smart assembly, you must read with attention the chapter 2, primarily tihaies data.

Thegbmoveis a back drivable actuatdiVhen the robot is off, a sufficiently
high external load can move the output shaft.

5.6.1 Payload evaluation and assembly examples

The payload of the assembled robot will depend onlth® (i dzI (G 2 NR& G 2 NJj dzS T 2
distances and accelerations.

Before starting the assembly, you must decide which type of robot you want to build and make
proper mechanical considerations about the workspace, the dynamics and the payload. A wrong
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aaaSvyofte OFy RNIradaoOrtte NBRddzOS (G(KS NRoz2ilQa
Instead, a different kinematic can help liftioghigher load.
Figure5-35 shows some schematic examples of assembly. Usually the axis of the first joint is

vertically placed to circularly explore the wegace of your robgtthen the other actuators can
be assembld in different ways.

s —
|
- / |
- v e
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Figure5-35: Different types of assembly examples

Using the flanges in the kit, you can make the joints of you robot. For example: Base Flange to
fixtheF ANBG ljoY2@S G2 F FTNIYST Cctld Cctly3asS F2NJ
T FYyR / Ctly3asS F¥2NJ 2GKSNJ 22Ayiaod

Before assemblymake a correct evaluation of the joint's torque based
IMPORTAN1 the technical data and external loads.

& Eachgbmoveyou connect to your systemust have a unique 1D

5.6.2 Distancedetween flange and actuator

When you assemble any robot, you must be careful about the distances between flanges and
I O dzI G 2 NriQuie5-8BErddE. § 'brigide riferimento non & stata trovathbecause during
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the use, cables or some object can make interference with relative movement of the
components.

To avoid malfunctions after assembly, you must manually check the movemeatlof@nt to
verify if they work properly.

e = I —
[MMel™ [T

Figure5-36Y / NAGAOIt RA&GI yOSa -madde diStSwo imagesy and B Elan
(last picture on the right)

Before using theNRP 6 21X @2dz Ydzaldi OKSO1l A
obstacles.

IMPORTAN'
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6 Software

This chapter explains how to install tr
software, connect the actuators and us
them.

The gbmove GUI will help you to test ar
use the single gbmove; A Simulink packe
also can be used to control the gbMove
The gbAPI software protocol lets you bui
a custom program to use the devices yi
have; Afterwards you will see where to fin
ROS libraries and how to use them to cre:
your project.
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6.1 Installing the drivers

Independently from the chosen solution between GUI, Simulink package or gbAPI tools, it is
yS§0S&aalNe (2 R26yE2FIR YR Ayadaltt GKS RNAGZS
Instructions vay between operative systems, but it is only necessary to install the drivers under
MAC OSX or Windows.

1 Mac:ltis necessary to install tHeT DI serial drivete make possible the device is sezn
serial port (i.e.: /devl/tty.usbseriall28).

1 Windows: It is necessary to install theéTDI serial driveite make possible the device is
seen as serial port. Before using anyone of the software utilities provided, is good use
to check on which COM serial port the device has connected. The supported ones are
between COM1 and COM9. To change the port numberumpter Control Panel >
Hardware and Sound > Device Manager.

Open thePorts (COM & LPHyop down menu, right click on the COM port and select
Proprieties

Select thePort Settinggab and then click oddvancedOnce in Advanced menu select
from the dropdown menu a COM number between COM1 and COM9 and cliGion

The device should now be recognized properly.

6.2 gbmove GUI

The gbmove GUI is an application useful to quickly test a gbmove and eventually to diagnose
troubles about the hardware or software.

6.2.1 Installationprocedure

I Mac:
If not already installed, it is necessary to install the FTDI serial drivers to make possible
the device is seen as a serial port.
Double click on the App and use it. There is alstnag package. You can open it and
move the application to your dock or the Application foltlémdows: To use the GUI is
only necessarytorunthe lj 6 (i 2 2flled PSE S ¢

1 Windows
If not already installed, it is necessary to install the FTDI shbiiadrs to make possible
the device is seen as a serial p@if.the serial port is not seen on the GUI main window,
it is possible that the system has recognized the COM port with a high COM number.
The supported serial ports are from COM1 to COM9. Em@h the port number, go
under Control Panel > Hardware and Sound > Device Manager.
Open the Ports (COM & LPT) drop down menu, right click on the COM port and select
Proprieties.
Select the Port Settings tab and then click on Advanced. Once in Advanonedehect
from the drop down menu a COM number between COM1 and COM9 and cli€kon
The device should now be recognized properly.

1 Unix:Before using the GUI, it is mandatory to add user to the dialout group. $0,deu
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must execute:

sudo adduser user_name dialout

where user_name is the usernameunder which the GUI is use@nce this command is
executed, it is necessary to log out and back in, for the changes to take effect.

6.2.2 MainLayout

B gbtools — =

,
<] [ senrers | G ot comeces q.b robotics ettt

Basic

Devices IDs present:

Current ID:  Undefined

New ID: 1 Set

Activate Undefined

Position and Stiffness Inputs

Position(degree): 0 Zero
Stiffness(%): 0
Get Measurements
Mot1 Mot2 Link
Get Currents
Currl (mA) Curr2 (mA)

Figure6-1: gbMove GUI main window

Application is structured ione tab only
1 Basic: Basic commands. ID setting, activation of the board, measurements and
currents reading, position and current inputs
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Tousethe gpMo8 HAGK GKAA | LIX AOFGAZ2Y &2dz KI @S (2
LINPLISNI @8 O2yySOGSR: @&2dxfft aSS G4KS aSNRIf LI
is seen you could connect the device clicking on the Connect button. Thatiopeif successful,
SytrotSa ft 2F (KS odzid2ya |yR @2dz aK2dzZ R &
The gbmoves must be powered with 24V power sup{figure6-2).

COM3 - Scan Ports Disconnect Connected

Figure6-2: Serial Port connection
G DS { buttgriFpgirks useful information about gbMove and its control bogird the blank
window on tte right side of the application. e:gfirmware version, parameters values and
position measrements.

Please remember that in a mulfievice configuratiorfe.g. for the Delta Kit
see 4.5 ID configuration), each gbrobotics device connected to your sy

must have a unique ID.

A Indeed, if any device shares the same ID with another one on the s
chain (all the gbmove devices have ID equals 1 when they are shipped
gbrobotics) communication issues will lead to unpredictable behavio
i.e. no data sent or received can be trusted
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6.2.3 BasiclTab

Basic

Devices IDs present:

Current ID:  Undefined

New ID: 1 Set

Activate Undefined

Position and Stiffness Inputs

Position(degree): 0 Zero
Stiffness{%): 0
Get Measurements
Motl Mot2 Link
Get Currents
Currl (mA) Curr2 (mA)

Figure6-3: gbMove GUI Basic tab

1 DevicesIDs present: Once the device, or devices (if connected in a chain), are
connected clicking oa / 2 y ya3i€df their IDs is going to be showed here. Selecting
the desired IOrom drop-down menu will make the application connect to that device
and is then possible to use that specific device only;

1 New ID:Default ID of the board is Llicking ordrop-down menu will show a list of
availablelDs (1 to 127). Clicking a S button will setID equal to the New ID
selected;

1 Activation: To use gbMve you first have to activatgbMoveQdrivers.You can do this
by clickingond! OGAGKE SadNAy3I ySEG (G2 GKS odzid
activation.

f Inputs: Depending on thecontrol modality set, which by default i§ t 2 & Aifiid 2 y £
possible to move the drivers of the gbMove using sliders or Motor 1/2 Input fields. The
corresponding groupBox rdlee to its control modality iactivated/deactivated when

the control malality is set (in advanced tab);
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Measurements and Current€lickingot DS i a S| & aaiiSDYSly (V adeNINS y
show encoder measurements for the first one and current measurements, for the
second oneEncoder measurements are shown in encoder ticks, CurremtsA;

IMPORTANT Remember to power the gbMove, or the chain, before using it.
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6.3 Simulink package

6.3.1 Installation

6.3.1.1 Download

The first necessary steps to use the gbMove with Simulink, are:
1. Download thegbmove simulinkepository
2. Download thegbAPIrepository

Before compiling be sure to have a folder trbke the following, i.e. reame the folders
accordingly:
your_working_directory:

- gbAPI

- gbmove_simulink

6.3.1.2 TheC++compiler

This step is optional if you have already set a C++ compiler on MATLAB or whether you can
exploit the default one depending on the current MATLAB and OS versions.

If you run "'mexsetup C++" and it executes without errors, you are just fine. Otherwise you might
need to install a C++ compiler on your system first, usually ‘g++" on Linux, "MSVC++" on Window:
and "Xcode™ on macOS.

If you have any trouble during thigstallation requirement, have a look at the MATLAB
documentation to find the proper way to install a C++ compiler on your system
(https://it. mathworks.com/help/matlab/ref/mex.htm).

6.3.1.3 Compie the library

If the previous steps are fine, navigate under "~/your_working_directory/gbmove_simulink™ in
the MATLAB tree explorer and then execute the install script (either by executing “install” from
the MATLAB shell or by running the “install.m™ M®g script).

The script installs the library accordingly to your current MATLAB version and update the
MATLAB path. If no error is prompted out, the library is correctly installed and you can start using
it.

6.3.2  Using the librar
6.3.2.1 Create a new simulink model

1. Click on the "Simulink Library" icon or type "simulink" in the Matlab Command
Window.

2. Create a new model using: "File New-> Model"
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3. In the new model go to: "Simulatior® Model Configuration Parameters". Under
"Solver" select a3ype'FixedStep"”, asSolver'odel (Euler)" or "discrete (no
continuous states)" and daxedstep sizdype the delta_t in seconds. (e.g. if you want
to retrieve positions and set new inputs every 5 milliseconds, type 0.005). Click "OK".

Every gbmove needs dtast 1 millisecond to read and set new positions, so the
minimum step time allowed is 1 millisecond multiplied by the number of gbmoves in
the chain.

4. You should be able to see the various blocks under libraries in Simulink Library
Browser. From here draand drop the desired blocks onto your model.

6.3.2.2 The blocks
1 gbmove

This block is the interface between your computer and the real gbMove. By default,
you will see 4 input ports and 4 output ports. This means that the block is set to both
receiveinformation from the sensors and send new position reference and stiffness to
the gbMove. If you doublelick to the block, the Function Block Parameters will open
and you will be able to $e¢he parameters of the block.

The block inputs have the follovgrfunctions:

- Handle:ls used to connectthé v .  a 2 @Bck Which stares the serial
port

- Pos.1:This input depends on the Input modality set. It could have 2 values:
pos.lor eq.posThe first one is used when tiiet NRA Y'S  MolafitBisl B €
chosen, tle second one is used when one betwee® |j dzA £ A 6 NA dzY t :
{OATFTTFySarmotiNBaddANAdzY t28A0GA2Y | YR
modality is chosen.

- Pos.2:As thepos.linput, this input can change depending on which input
modality is chosen. ktould have 3 valuegios.2, s.presetnd stiff 0-100%
The first one is used when thet NA Y S matiaitg Ihosen, the
second oneisusedwhen9 lj dzA £ A 6 NA dzY t 2 & A inadaliy | v R
is chosenand the third one is used when thé 9 |j dzimf Position and
{GAFTFySaa t NdodafrjiischdS3avOSy (i 38¢

- Activation: This input is used when thie ! OG A @I G A 2 gheclbgx is{ G I |
unchecked. If there is this input, a different from zero signal must be routed
there if the device needs to betated, vice versa if needs to be deactivate.
Also, works at runtime and the devices can be activated or deactivated at
runtime. If multiple devices are used, this input must receive an array as wide
as the number of devices connected.
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The block outpug have the following functions?0s.1:Gives the ) handle pos.1
position measurements of the first motor of the device.

Pos.2:Gives the position measurements of the second moto#) POS-1 pos.2 b
of the device.
S pos.2 pos.L [»

Pos.LGives the position measurement of the gbMow Figure6-4: gbMove simulink block

shaft.

Error: Debug output. A terminator block can be connected to Qb Move
it.

For what concerns the block parametetise explanation follows below:

[*al Block Parameters: Qb Move X

gb move (mask) (link)
This block provides a interface to the Qb Move.
It needs an handle from Qb Move Init block.

Options
D
[12,3]

Communication Directions Both

Input Type Prime Movers Positions

[ Activation on Start UP

Unit
Watchdog Timer
0.0 500.0 ® Degrees
O Radians
a 0.0 O TICK

oK Cancel Help Apply

Figure6-5: gbMove Simulink Block parameters

ID: If it is connected only one device, the ID could be put without brackets, otherwise the syntax
is like in the piture.

Communication directionls used to show which ports are show[] on the block. Ifiti& on2 (i K &
the block will have the ports like on the above image. If it isiah,kt svill have only the output
ports. If it is omd w Ht&vill have only the ingt ports.

Input Type:This is used to decide what kind of inputs the device will receive on the input ports.
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0 G9ljdzAf A0 NAdzY t 2aA (gNisymodaljfyRvorksioilyFwithy/tie gimove NS & S
drives the shaft position and its stiffness. Both the inputs are in the measurement unit
defined by the fieldy | y A (i €

0 9ljdZAf AONRdzY t2aAdA2Yy | ¢This faddlity ForkS énby with bB & S
gbmove. It drives the shaft position and its stiffness. The position is in the measurement
unit defined by the field: | y andithe stiffness is in percentage, from the minimum to the
maximum of the device.

o0 a4t NAYS a2 @S Mainput®will’é dirdtytidednotor positions.

It could be dangerous to use this modality with the gbmove. The mo
A and the cable can be seriously damaged and the device could wor
more. Use this modality at your own risk.

Activation on Startupif this checkbox is set, the block will have only three inputs and the device,
2N 0KS RSOAOSas oAttt OGADEGS b RS Y diiphitdEts £ Y dz
will show and a 0/1 signal should be routed to thatuhport.

Watchdog TimerSetting this value to a value different from 0, will set a parameter on the device
GKFG Aa FI2Ay3 G2 RSFHOGAQGFHGS GKIG RSOAOS AT |
Unit: This parameter defines the measurememtit of the inputs and outputs of the device. The

Tick value is referred ad the encoder ticks of the semsmounted on the device motors.

gbmove Init

When a Simulink scheme is made, this block is mandatory because it stores the
communication port of the device. The output must be connected todh& | Yy Rf S ¢
input of the QB Move block.

Qb Move Init

handle [»

Figure6-6: gbMove Init block

The serial port name varies between operative systems:

0 WINDOWSUnder windows the devices are Communication Ports COM#. To
a8 GKS LRNI ylYSy R2dzmtS O0tA0] 2y
with the right number of the serial port. The communication baudrate
should be put equal to 2000000.

0 UNIX:On Unix the devices are usually seen as /dev/tty.USBx. To set the port
yIYSs R2dzot$S O0tA01 2y GKS o6t201 Iyl
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with the right number of the serial port. The communication baudrate
should be put equal to 2000000.

0 MAC OSXOn OSX the devices are usually seen as /dev/tty.ushs€xial o
set the port name, double click on the block and insert in the line edit
WKk RSOk (-2 00z @A SMRA EKS NRARIKG ydzyo SNJ
communication baudrate should be put equa 2000000.

gbmove ¢ Get current
This block is used to retrieve currents from the device, or the devices, connected.

Clicking on the block will open the Options panel. It is possible to set the IDs of the
devices connected, in the same way of the QB Move block. The input port, in order to
retrieve the currents, must be connected to the output of the QB Move Init bldek. T
outputs are the currents of motors of the devices.

) gbcurrent

QB Move - Get Current

Figure6-7: gbMove Get Current block
gbmove ¢ Get Currand Meas

This block works the same way of the QB Move block, but with also the benefit of the
QB Moveg Get Current block. The motor measurements are all returned at the same
time. With this block, there is no need to use the QB Move and the QB Mdvet
Current block, it is all done with this one. The parameters of the block are the same of
the QB Move one, so refer to that one for any explanation on those
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pos.1
Jlhandle

pos.2

) s.preset current.1

>
>
J eq.pos. pos.L [>
>
>

current.2
3l activation

error [p
QB Move - Get Curr and Meas

Figure6-8: gbMove Get Current and Measurements blc

QBPacer

This is a mandatory blocEvery simulation schematic needs to hawe. Is used make

the simulation go as the same velocity as the devices connected. As you can see in the
following example, is always used with a Clock to see if the commands of the
simulation are going at the same velocity of the device, or slower.

time

QB Pacer1
Figure6-9: gbPacer block
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6.3.2.3 Example

In the main folder, you will find an example called "gbmove_example.sIx". This is a simple
configuration which you camse to test your gbmove.

DO NOT REMOVE

pacerTime
QB Pacer —

Qb Move Init ¢l

C =

’ |

QB Move - Get Current c2
1 » 0 —handle pos.1 >
Constant1 Position Slider —— P eq.pos. pos.2 P l:l pos1
Gain
————— P s.preset pos.L » pos2
El >0 P activation error|]  »_]  posL
Constant2 i i i
Stiffness Slider Qb Move Terminator

Gain

Deactivate ———# ©

Activate —bﬂ-v/
Activation Manual
Switch

Figure6-10: gbMove control Simulink example

This example is structured for one device only, with ID equal to 65. As you can see in the above
image on the left there are two constant inputs with a slider gain each, which can be tweaked
while the simulation is running and you can see the device wolenin this case the input
modality is chose to b& 9 Ij dzA £ A 6 N dzY t 2 & A (s, thg’ exampl® ag{itdsAvlllF y S
work only on a gbMove.

On the right there are 3 displays where you can read the values in the measurement unit chosen
of the 3sensors (depending on the device used, the value of the outputs changes. Refer to
previous section for better explanation).

¢KS SNNBNJ 2dzii LdJdzi Aa dzaSR (G2 RSo6dza O02YYdzyA Ol

S0 you can leave a terminator blocknr®cted.
22 settembre 202




qlorobotics

As you can see, the QB Pacer block is used to confront time with the clock of the simulation. The
two times, the clock and the real time, are confronted in a scope. There should be two lines in
it. If the simulation step is set correctly the twimds should be overlapped. If the two lines
diverge, a bigger step size must be set.

In this configuration, the step size is set to 2 milliseconds and the computer should be able to
run it in real time. This means that every 2 milliseconds you serelhareference position to

the gbMove and the current position is read. Furthermore, a current reading is done and you
can see the milliampere abdzed by each of the two motors.

Please remember that in a muliievice configuration (e.g. for the Delta K
see4.5 ID configuration), each gbrobotics device connected to your sys

must have a unique ID.

A Indeed, if any device shares the same ID with another one on the <
chain (all the gbmove devices have ID equals 1 when they are shipped
gbrobotics) commuication issues will lead to unpredictable behaviors, |
no data sent or received can be trusted

6.3.3 Delta robot example

When using the ROS packages with a Delta Kit, it is possible to exploit the specific aids provided
by gbrobotics to help in guicker kinematic structure control.

You can inspect the example by opening the Simulink model:

Gke2dNWEs2N)l AYIYRANBOGZ2NEKIOY2BSpaAyYdzZ Ay kSE
which is valid from MATLAB r2018a on, while “gbdelta_r2017.slx" refers to préwidTUEAB
version.

6.3.3.1 Inverse kinematics and control inputs

A specific Delta Kit controller has not been implemented since each single gbmove controller
can be exploited to control the whole system. Anyway, controlling a Delta kinematic structure
only w.r.t. the joint space is not the best option for the end user.

For this reason, we have created the direct and inverse kinematics algorithms which allow a
more usetfriendly approach. Without digging too much into the implementation details, which

is publicly aviable underd k @ 2 dzZNWW 2 N] A Y AWRANB OG 2 NBE Kk §,ahw 2 @Sy
major improvements are the followings:

1 By exploiting the direct and inverse kinematics of the Delta kinematic structure, the
user can control the endffector position w.r.t. the artesian space (cf. the reference
system details in 4.5 ID configuration).

1 The 3D positioning of the ereffector can be more or less compliant to the
surrounding environment by adjusting the stiffness of the three upper joints. This
leads respectively ta less or more precise pursuing of the control reference, but the
compliance can be exploited to achieve many tasks that could not have been done
otherwise.
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1 The endeffector gbmove can be treated as a tvioger gripper with the advantage
of exploiting thepositioning and compliance control proper of gbmove devices.
Indeed, the grip can be more or less strong w.r.t. the applied stiffness.

Moreover, following the example in the scrigg RSt G I @ & |, &tlid2pbsfibile to ¥ed
predefined waypoints in an fimite loop fashion, which can be used to create a simple static
demo application. Later, when you are more confident with the whole system, you can create
your own dynamic controller based on a similar approach.

6.3.3.2 ROSstyle URDF model

In addition, in a way similar to the ROS rviz visualizer, it is possible to visualize the Delta Kit
structure by exploiting the ROS Toolbox and the Robotics System Toolbox.

The URDF model is not exactly the same as the one provided in the ROS packagasezhi
has been simplified to properly work on MATLAB (you can inspect it by opierdjng RSt { | & dz
together with thed R $Y & & Kdirectory).

Lastly, theddelta_show.né script enable MATLAB to plot and visualize the URDF model and give
a remote feedback on what is happening in the real system.

IMPORTANT It is worth noticing that this is just a state visualizer and not a simulato

6.4 gbAPIsoftwareprotocol

6.4.1 Compiler Instllation

Before using the gbAPI on your system, if not already installed it is good use to install a c++
compiler. Below here are listed all the necessary instructions for each operative system.

- Unix You should have botycc/g++and makealready installed.

- Mac OSX DownloadXCod&rom Mac App Store, this will instajcc/g++and make
utility.

- Windows DownloadMinGWand install it. Open MinGW Installation Manager, from
the left panel select basic sqiuthen from the right panel select mingw&iase and
mingw32gceg++, then click orinstallation -> Apply ChangesThis will install the
gcc/g++ compiler.

It is necessary to provide Windows the path to the executable binaries.
To do so, go oi€ontrol Pank-System and Security>Systemd click onAdvanced
System SettingsThen selecEnvironment Variableand look forpath, select it and
clickedit.

w In Windows 10 click on New and add a new row withvakie CA\MinGW bin;
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w Ly LINBOA2dza 2AyR2ga OSNmA2ya 3I2 (2
separator and append the path to binary folder for gcc, whig\islinGWbin;

Download the make utility frorhere. Follow the installation instructions. When the installation
procedure has ended you will need to add the binary path to the Environment Variables.
To do that follow the previous steps. The binary folder for make utility is\iAr@gram Files
(x86)GruwWin32hin.

NOTE: if you have the command shell (CMD) already opened when performing the
installation, you probably will need to close andaen to use the tools.

6.4.2 Integratingthe functions

In order to integrate the functions within your code, it is nssary to include theommands.h

and gbmove_communications.libraries and compilgbmove_communications.cpgith your

code.

Then is only necessary to call the functions when it is needed.

All the functions have an explanation, in form®@®2 Y Y Sy (j 25 26 w2 YYdzy A Ol
Following here there will be a brief explanation of the functions and what are used for.

6.4.3 Basidrunctions

In most cases these will be all the necessary functions that you will need to use rifeveb
within your systen.

6.4.3.1 RS485ListPorts

This function is used to retrieve the name of all serial ports connected to the computer. If no
ASNRAIf LIBRNIa NB F2dzyRZ | WwnQ @Ffdz§ A& NBGdz
the computer is returned.

The portname is used to create a file degtor associated to that name.
Arguments:

- char list_of_ports[10][255] ¢ List of ports connected
Example:
int i, num_ports;
char list_of_ports[10][255];

num_ports = RS485listPorts(ports);

for(i=0;i< num_ports; ++i)
puts(ports]i]); //prints to screen all the connected ports

6.4.3.2 o0penRS485

This function, once a list of serial ports is defined, and a series of file descriptors are created, is
used to open the serial port and allow communioa with the device connected.
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Arguments:
- comm_settings *comm_settings_t ¢ Structure containing info about
communication settings
- const char *port_s ¢ String of the serial port path
- int BAUD_RATE ¢ Default baud rate of the communication. By default, is equal to
2MBaud
Example:
comm_settings comm_settings_t;
openRS485(&comm_settings_t,"/dev/tty.usbserial -128");
if(comm_settings_t.file_handle == INVALID_HANDLE_VALUE)
/ ERROR

6.4.3.3 closeRS485

This function is used to close communication between the computettadevice. Is necessary
to use itbefore a program is terminated.
Arguments
- comm_settings *comm_settings_t ¢ Structure containing info about
communication settings
Example:

comm_settings comm_settings_t;

openRS485(&comm_settings_t,"/dev/tty.usbserial -128");
//Doing stuff
closeRS485(&comm_settings_t);

6.4.3.4 commActivate

This function activates the motor drives (or the motor drive if only one present) of the device. It
is necessary to activate the motdrives before using the device, otiwgse the device will not
work.
Arguments
- comm_settings *comm_settings_t ¢ Structure containing info about
communication settings
- intid ¢¢KS RS@GAOSQa L5 ydzyoSNJ
- char activate ¢ The activation value. 0x03 activates theard, 0x00 deactivates
it
Example:

comm_settings comm_settings_t;
int device _id = 65;

openRS485(&comm_settings_t,"/dev/tty.usbserial -128");
commActivate(&comm_settings_t, device_id, TRUE);
closeRS485(&comm_settings_t);
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6.4.3.5 commGetActivate

This function is used to retrieve the activation status of the board. It is mostly used after the
commActivate function to see if the board was correctly activated or deactivated. It is needed
an inactive progem time if used right after theommActivate
Arguments

- comm_settings *comm_settings_t ¢ Structure containing info about

communication settings

- intid ¢¢KS RS@GAOSQa L5 ydzyo SNJ

- char *activate ¢ Device activation status
Example:

comm_settings comm_settings_t;
int device_id = 65;
char activation_status;

openRS485(&comm_settings_t,"/dev/tty.usbserial -128");

iflcommGetActivate(&comm_settings_t, DEVICE_ID,
activation_status))

printf("Activation status: %d \ n", &activation_status);
else

puts("Couldn't retrieve activation status.");
closeRS485(&comm_settings_t);

6.4.3.6 commSetinputs

This function is used to give the device reference inputs to motors. The inputs are counted in
encoder tcks.Be aware that the inputs depend on the device usEde glmove needs two input
values.Be careful to use this function with the gbmove. The device can be severely damaged if
the function is not used properlyith that device is recommended to use themmSetPosStiff
rather than thecommSetinputs
Arguments

- comm_settings *comm_settings_t ¢ Structure containing info about

communication seihgs
- intid ¢¢ KS RSOAOSQa L5 ydzYo SN

- shortintinputs]] ¢ The array used to store the inputs to be sent to the devices
Example:
comm_settings comm_settings_t;
int device_id = 65;
short int inputs[2];
openRS485(&comm_settings_t,"/dev/tty.usbserial -128");
inputs[0] = 1000; inputs[1] = - 1000;
commSetinputs(&comm_settings_t, device_id, inputs);
closeRS485(&comm_settings_t);
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6.4.3.7 commSetPosStiff

This function is used to give the device refereimgmuts to motors. Is used only with a gbMove
device. The two inputs are the output shaft position (in degrees) and the stiffness preset of the
shaft. The stiffness preset goes from 0 to 30 degrees.
Arguments
- comm_settings *comm_settings_t ¢ Structure comaining info about
communication settings
- intid ¢¢KS RS@GAOSQa L5 ydzyo SNJ

- shortintinputs[] ¢ The array used to store the inputs to be sent to the devices
Example:
comm_settings comm_settings_t;
int device_id = 65;
short int inputs[2];
openRS485(&comm_settings_t,"/dev/tty.usbserial -128");
inputs[0] = 100; /IDegrees
inputs[1] = 30; /Istiffness preset
commSetPosStiff(&comm_settings_t, device_id, inputs);
closeRS485(&comm_settings_t);

6.4.3.8 commGetinputs

This function is used to retrieve the inputs given to the device.
Arguments
- comm_settings *comm_settings_t ¢ Structure containing info about
communication settings
- intid ¢¢ KS RSOAOSQa L5 ydzYo SN

- short int inputs[] ¢ The array used to store the input values to be taken from
the devices
Example:
comm_settings comm_settings_t;
int device_id = 65;
short int inputs[2];
openRS485(&comm_settings_t,"/dev/tty.usbserial -128");

if(lcommGetinputs(&comm_settings_t, DEVICE_ID, inputs))
printf("Inputs: %d \ t%d\ n",inputs[0], inputs[1]);
else
puts("Couldn't retrieve device inputs.");

closeRS485(&comm_settings_t);
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6.4.3.9 commGetMeasurements

This function is used to retrieve the encoder measurements from the device. The measurements
returned are in encoder ticks. If you are using the gbMove, the constant to convert from ticks to
degrees is 360/32768.
Arguments
- comm_settin gs *comm_settings_t ¢ Structure containing info about
communication settings
- intid ¢¢KS RS@GAOSQa L5 ydzyo SNJ

- short int measurements[] ¢ The array used to store the encoder
measurements of the device connected

Example:
comm_settings comm_settings_t;
int device_id = 65;
short int measurements[3];
openRS485(&comm_settings_t,"/dev/tty.usbserial -128");
iflcommGetMeasurements(&comm_settings_t, DEVICE_ID,
measurements){

printf(fAiMeasu\t@ment s:

for(inti=0;i < 3;i++)

printf("%d  \ t", measurementsli]);
pri nt¥n(of ;
}
else
puts("Couldn't retrieve measurements.");

closeRS485(&comm_settings_t);

6.4.3.10 commGetCurrents

This function is used to retrieve the motor currents from the device.
Arguments
- comm_settings *comm_settings_t ¢ Structure containing info about
communication settings
- intid ¢¢KS RS@PGAOSQa L5 ydzyo SNJ
- short int currents]] ¢ The array used to store the motor currents of the
device connected
Example:
comm_settings comm_settings_t;
int device_id = 65;
short int currents[2];

openRS485(&comm_settings_t,"/dev/tty.usbserial -128");

if(lcommGetCurrents(&comm_settings_t, device_id, currents))
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printf("Measurements: %d \ t%d\ t%d\ n",currents[0], currents[1]); |
else
puts("Couldn't retrieve currents.");

closeRS485(&comm_settings_t); ‘

6.4.3.11 commGetCurrAndMeas

This function is used to retrieve both motor currents and encoder measurements from the
device with only one command.
Arguments
- comm_settings *comm_settings_ t ¢ Structure containing info about
communication settings
- intid ¢¢ KS RS@PAOSQa L5 ydzyoSNJI
- short int *values ¢ The array used to store motor currents and encoder
measurements of the device connected
Example:

comm_settings comm_settings_t;
int device_id = 65;
short int values|[5];

openRS485(&comm_settings_t,"/dev/tty.usbserial -128");

iflcommGetCurrAndMeas(&comm_settings_t, device_id, currents)){
printf("Currents: %d \ t%d\ t%d\ n",values[0], values[1]);
printf("Measurements:

%d t%d\ t%d\ n",values[2],values[3],values[4]);
}

else
puts("Couldn't retrieve currents and measurements.");

closeRS485(&comm_settings_t);

6.4.4 CodeExamples
6.4.4.1 Theoretical Example

The purpose of this example is to show how the functions are supposed to be used, in which
order and with what arguments.

This is not a complete program that use the devidgéhall its capabilities
A but it is only an example to see what is the correader of functions and
what functions should be used to integrate the device within your syste
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This example may not work properly; We suggest to not use it as it is
complete program.

A
A

This exampleand the functions used in it, may work only fargtmove
device

Code:

int  num_ports =
char ports[ 10][
char port[ 255];

char aux_char;

/l Open  the port
return 0;

}
usleep( 500000 );

/I Activate motors

quit the program”

int  device_id = 1; /I By default the Device ID is 1. Check

comm_settings comm_settings_t;
const int deg_to_tick =3 2768/360 ;

short int  pos, stiff;

/I Firstly all connected ports must be recognized
num_ports = RS485listPorts(ports);
strcpy(port, ports[0]); //We select the first one, just as example

openRS485(&comm_settings_t, port_s);
if (comm_settings_t.file_handle == INVALID_HANDLE_VALUE)

puts( "Couldn't connect to the serial port." );

puts( "Port correctly opened \n");

commActivate(&comm_settings_t, device_id, 1);

pos= O0;

puts( "Il nsert oO6w6 and press enter to move t
i mit, 6s6 to move the shaft to the nedg
t he shaft rigid, 6ad to move to the n ¢
shaft, 6d6 to move to the positive | i miHt{

scanf( "%c" , &aux_char);

your device
/luse  the GUI to know what ID has yours

0;
255];

);
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switch (aux_char) {
case 6 w:b //Send positive input
pos = 180 * deg_to_ticks;
inputs[ 0] = pos;

inputs[ 1]=0;
commsSetPosStiff(&co  mm_settings_t, device_id, inputs);
break ;

case 0 s:0 //Send negative input
pos = -180 * deg_to_ticks;
inputs[ 0] = pos;
inputs] 1]= O0;
commSetPosStiff(&comm_settings_t, device_id, inputs);
break ;

case 0 x:0 //Send stiff input
stiff = 3000;
inputs[ 0] =0;
inputs[ 1] = stiff;
commSetPosStiff(&comm_settings_t, device_id, inputs);
break ;

case 0 a:0 //[Send negative stiff input
pos = -180 * deg_to_ticks;
stiff = 3000;
inputs[ 0] = pos;
inputs[ 1]= stiff ;
commSetPosStiff(&comm_settings_t, device_id, inputs);
break ;

case 0 d:0 //[Send positive stiff input
pos = 180 * deg_to_ticks;
stiff = 3000;
inputs[ 0] = pos;
inputs[ 1]= stiff ;
commsSetPosStiff(&comm_settings_t, device_id, inputs);
break ;

case 0 q:0 // Close the program

commActivate(&comm_settings_t, device_id, 0); //Deactivate
motors
closeRS485(&comm_settings_t); /I Close serial port
break ;
default
break ;
}
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6.5 ROS

6.5.1 Installation

gbmoverelated ROS packages have been tested only on Ubuntu X
16.04and 18.04 We are currently working to improve the compatibili

IMPORTANT with the major distributions of linux, this requires time though. V
apologize for the inconvenience and we will be glad if you report
problem encountered with not yet supported distros.

6.5.1.1 Requirements

If you have never set it up, you probably need to add your linux user todisdout group
to grant right access to the serial port resources. To do so, just open a terminal and execute the
following command:

sudo gpasswd - a <user_name> dialo ut

where you need to replace the<user_name > with your current linux username.
Thent don't forgettot logout or reboot.

6.5.1.2 Ubuntu Packages

If you prefer to leave your catkin workspace as it is, you can simply install all the ROS packages
from the Ubuntu official repositories:

sudo apt update

sudo apt install ros - kinetic - gb- move ros - kinetic - gb- chain

¢tKSys 82dz ySSR (2 AyidSaNIGS GKS [.hINBodoaniA O&
overview of the C++ classes).

6.5.1.3 Sources

Another common apporach to install” ROS” packages is to clone their sources in the Catkin
Workspace and then recompile everything, which is prsttaightforward for a ROS user. The
following steps show how to do it even for ROS beginners:
1. Clone both thegb_device , gb_move and gb_chain packages to your
Catkin Workspace, e.g-/catkin_ws

cd ~/catkin_ws/src

git clone https://bitbucket.org/gbrobotics /gbdevice - ros.git
git clone https://bitbucket.org/gbrobotics/gbmove - ros.git
git clone https://bitbucket.org/gbrobotics/qbchain - ros.git
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It is worth noticing that the Catkin Workspace is expected to be alre

initialized. If you have never used ROS on your current machine, you s
IMPORTANT follow this guide first:

http://wiki.ros.org/ROS/Tutorials/InstallingandConfiguringROSEnvironr

2. Compile the packages usingtkin

cd ~/catkin_ws

catkin_make

3. If you were not familiar with ROS you should be happy now: everything is done!
Nonetheless, if you encounter some troubles during the compilation, feel free to ask
for supporton our Bitbucket

Depending on your ROS installation, you may need some extra packay
properly compile the code. Please, be sure that you have already inst

IMPORTANT at leastroskineticros-controllers, roskinetictransmissiorinterface, ros
kineticjoint-limits-interface, roskineticcombinedrobot-hw, and their
dependencies (e.g. use sudo apt install pkg>).

6.5.1.4 Device setup

Connect agbmove to your system is basically matter of plugging in a USB cable.
Nonethelessread carefullythis manualto understand all the requirements and advices about
either singledevice or chained configurations.g. the Delta kinematic structure of this manual.

6.5.2 Usage

As shown in the followig picture there are two distinct edigurations to control several
gbroboticsdevices connected to the system:
1  The first (and recommended) groups all the Hardware Interfaces together (thanks to
the combined_robot_hw and exploitthem as a unique robot system. We have called
it "synchronousjust to point out that every sequence of reads and writes is always
done in the same predefined order.
1 The seond mode threats every device as an independent Hardware Interface with its
dedicated ROS Node which executes the control loop independently w.r.t. the rest of
the system, i.e"asynchronously”
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Figure6-11: Synchronous vs asynchronous control mode (eitfieBoftHandr gbmovedevices)

Mixed configurations can be also achieved through a proper setup. In such a case we can think
of synchronous sulkystems which execute asynchronously w.r.t. each other.

Notethat in a singledevice system theynchronous mode is a nonsense.

In both cases there is always one central Node which manages the shared resources for the serial
communication (e.g. one or many USB ports) and which provides several ROS sewit@as to
wants to interact with the connected devices. This Node is c&@@umunication Handlemd it

is usually started in a separate terminal.

Please remember that in a mulfievice configuratiorfe.g. for the Delta Kit
see 4.5 Izonfiguration), each gbrobotics device connected to your sysi
must have a unique ID.

Indeed, if any device shares the same ID with another one on the s
chain (all the gbmove devices have ID equals 1 when they are shipped
gbrobotics) communicatiofssues will lead to unpredictable behaviour
i.e. no data sent or received can be trusted

To properly set gbmove IDs for the Delta Kit, see the sedtitn
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