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1 Gen3 Lite Robot library

The Gend Lite Robot library is devised to facilitate the implementation of control algo-
rithms in Matlab® and Simulink® using the dynamic model of the 6-DoF Gen3 Lite robot
developed by Kinova Inc. The dynamic model has been derived with the Euler-Lagrange
equations of motion [1] and the physical parameters of the robot described in [3]. The li-
brary uses C++ MEX functions for Windows® OS (operating system) [2]. Figure 1 shows
the blocks that compose the library, and the mask of the principal block is detailed in Figure
2.
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Figure 1: Gen& Lite Library v1.0
Block Parameters: Gen3 Lite X
Subsystem (mask)
040 q > Gen3 Lite Direct Dynamics
~ 4,\"\ This block computes the direct dynamic of the robot via Euler-
Lagrange equations.
Inputs:

Tau --> Compute torque (6x1)

> T | d q > :)u?:t:’(:)ints Pasitions (6x1)

dq > Joints Velocities (6x1)

o i ddq --> Joints Accelerations (6x1)
/ \ Parameters
Initial joint velocity vector 0

Gen3 Lite

Figure 2: Mask of the Gend Lite block, the parameters initial joint positions and initial
joint velocities, receives q(0), and q(0), respectively.

Initial joint position vector 0




How to use the Library

Using the library is easy, first in the MATLAB workspace unzip the Gen3-Lite-Robot-
Library.zip. Open the Gen3 Lite Library.sxl, and in the Simulink project copy and paste
the block needed for your simulation (make sure that the project is in the same folder as
the library). The Gen3_Lite_example.sxl file shows a simple example of a PD controller (see

Figure 3).
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Figure 3: Example of a PD controller.

As mentioned above, the library is for Windows OS, in case the user is on Linux or
macOS, the folder cpp_files contains the C++ files in order that the user can compile the
functions for the specific operating system. Figure 4 shows the simple command to create
a MEX function, and table 1 shows the MEX File Platform-Dependent Extension®.

>» meX calc direct kinematics.cpp
Building with 'MinGWe64 Compiler (C++)°'.
MEX completed successfully.

Figure 4: Example of how to compile a MEX function.

Platform Binary MEX File Extension
Windows mexw64
Linux mexab64
macOS with Apple silicon mexmaca64
macOS with Intel® mexmaci64

Table 1: MEX File Platform-Dependent Extension.

!See the tutorial in [2]



Kinematics and Jacobian
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Figure 5: Gen3 Lite robot.

Link ‘ a;[rad] a;[m)] d; [m] gi [rad]
1 | =2 0 (0.128+0.115)  q
2 7 028 0.03 0+ /2
3 /2 0 0.02 g3+ m/2
1| 72 0 (0.140 + 0.105) gy + /2
5 b 0  (0.285+0.285) g5+
6 0 0 (0.105+0.130) q¢ +7/2

Table 2: DH-Parameters of Gen3 Lite robot.

The direct kinematics of the 6-DoF Gend Lite robot shown in Figure 5 is obtained with
the DH-Parameters of the Table (2), therefore the direct kinetics is given by
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where
11 = — Se(cs(cas1 + ca3c184) + S23¢155) — C6(5154 — C23C1C4);

T2 =S6(s154 — cascica) — co(cs(cas1 + ca3c154) + S23¢155);
113 =85(c451 + C23€154) — $23C1C5;

(c5(c1ca — c235154) — s235155) + ce(c154 + Ca3cast);
(

o2 =ce(C5(c1C4 — €235154) — 5235155) — Se(c154 + Cc23€451);

21 =S6

793 = — 55(C1C4 — €235154) — 523C551;

731 =56(C2355 — 523C554) + 523C4C6;

132 =C6(C2355 — 523C554) — 523C456;

33 =C23C5 1 5235455

Pa =de(s5(cas1 + cazc154) — sazcics) — ds(S154 — ca3cica) + dosy — dzsy — agcis2 — dgsaser;
Py =ds(c154 + ca3¢451) — dg(s5(c1ca — c235154) + 523¢551) — dact + dzc1 — ags1s2 — d4s2351;
p. =dy + azcy + dg(ca3cs + 5235455) + dacas + dssa3cy.



Ciy Siy C23, So3 for ¢ € {1,6}, stand for the short notation of cos(¢;), sin(q;), cos(qa — q3),
and sin(g2 — q3), respectively.

The geometric Jacobian is J¢(q) = [J;;] € R5%5, where

Ji1 =dg(s5(c1ca — c235154) + S23¢551) — ds(c154 + c23€451) + doacy — dzcy + aps152 + das2351;
Ji2 = — c1(agea + ds(cascs + 5235485) + dacaz + dssa3ca);

J13 =c1(de(ca3cs + 5235455) + dacaz + d5s23¢4);

J14 =dgcazcicys5 — ds18485 — d5ca3C184 — d5C451;

J15 =dg(s23¢185 + cacss1 + c23¢1¢554);

Ji6 =J26 = J31 = J36 = Ju1 = J51 = Jg2 = Jg3 = 0;

Jo1 =dg(s5(cas1 + cagciss) — sa3cics) — ds(s154 — ca3cica) + dasy — dzsy — azcis2 — dasaser;
Jag = — s1(agca + dg(cazcs 4 5235485) + dacaz + dssa3cy);

Jo3 =s1(dg(c23cs + 5235455) + dacaz + dss23¢4);

Jog =dscicy + dge18ass — dsca3s184 + dgea3cy sy Ss;

Jos =dg (5235155 — c1¢4C5 + C23C55154);

J32 =dyco53 — azse — dyc3se + dscaczey + dgeacsss — dgezcssa + dscas283 + dcacssyss + dgs2535485;
J33 =d4s23 — dsca3cy + dgs23cs — dgCazsyss;

J34 = — 523(d554 — dpcyss);

J35 =dgs23C554 — dpCa3Ss;

Jao =s1;
Juz3 = — 813
Jaa = — s93€1;

Ju5 =co3C1C4 — 51845

Jug =s5(cas1 + €23¢154) — S23C1C55

Jso = — c1;
J53 =c1;
J54 = — 59351;

J55 =C184 + c23C451;

Js6 = — S5(c104 — €235154) — S23C5S1;
Jo1 =1;

Jo4 =cCo3;

Jo5 =523C4;

Jo6 =C23C5 + 5235455.



The analytical Jacobian is J.(q) = [J,,,] € R®*6, where

Jau :d6(55(6164 — 0235154) + 5230551) — d5(0184 + 6230481) + docy — dsci + ags18o + d482351;

= — c1(azc2 + dg(cascs + sa3s455) + dacas + dssazca);
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 =dg(s23C185 + CaC551 + €23C1C554);
:Ja% = Ja31 = Ja36 = Ja41 = Ja51 =0;

=dg(s5(cas1 + ca3¢154) — S23C1C5) — d5(S154 — Ca3ci1ca) + das1 — dzsy — agcrs2 — dasaser;
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= — s1(agca + dg(cascs + s235455) + dacas + dss23ca);

[
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=51 (dg(c23cs + 5235455) + dacaz + dssazca);

[\
w

=dscicq + dgc15455 — d5ca35154 + dgcazcas ss;
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=dg (5235155 — €1€4C5 + C23C55154);
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=dyc283 — az52 — dac3sa + dscacacy + dgcacsss — dgczcssa + dscasass + decaczsyss + des2535455;
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=dy523 — d5Ca3cs + dpS23¢5 — d6C235455;

w
w

= — 593(ds554 — dgC45s);

w
=

=dS23C554 — dpC2355;

=(cys1 — 54¢1)/(cs( + 52));

= — (cy81 — 8761)/(%(03 + 53));

= — (s23(cye1 + 5451)) /(cp(c5 + 57));

=(5y(c154 + cascas1))/(ca(E + 7)) — (cy(s154 — cazcrca))/(ca(E + 52));

=(cy(s5(cas1 + cagcisa) — 3230105))/(05(03 + 83)) — (s4(s5(c1c4 — C235154) + 8236581))/(0/5(63 + 33));
=—(¢cyc1 + 3751)/(% + 53);

=(cyc1 + s,ysl)/(c% + s%);

= — (s23(cys1 — 5401)) /(3 + 52);

=(cy(c154 + 6236481))/(63/ + 83) + (5y(5154 — 6236164))/(03 + sg);

= — (cy(ss5(c1ca — c235154) + :3230531))/(02Y + s%) — (5y(s5(cas1 + c23C184) — 32301C5))/(cgy + 33);

=1;
=(sp(cys1 — 54¢1))/(es(c + 53));

= — (sp(cys1 — syc1))/(ca(c3 + 52));

=cCo3 — (678552361)/(6/3(6% + s%)) - (555752331)/(%(% + s%));

=s93¢4 — (CySp(S1584 — 0230164))/(65(03 + 33)) + (spsy(c154 + 0230431))/(05(03 + 33));
=co305 + 5235455 + (Cy5p(s5(cas1 + cascrsa) — sazcrcs))/(cp(E + s2))

— (sp5y(s5(crea — cags1s4) + sa3css1))/(ca(c2 + S,2Y>)
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Cy, €8, Sy, 53, represent the short notation of cos(v), cos(8), sin(v), and sin(3), respec-
tively. The RPY Euler angles are given by

B 32 T33O\
¥ = atand <cos<5>’ cosw>> ’

B = atan2 <—7"31, \/rgz + T§3> ;

—atan2( 21 " )
! cos(B)" cos(B) )"
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