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RCI AR{ERFM

— RCI-SDK 43

RCI /& ROKAE Control Interface ) FHR4ES, i CHHEFSRMEMA, G5 7 — RIRZHH]
Fern, BHREL R P AT DS R 2 B S I s 1K Hz, R SERHE ], T BRI UE DLASHT A
MR . SORIEE BN T IAF IR ERCE . =28 T E DR O . SRS T LA
NAEESH BB 2R % A4 . RCI_SDK A V1.3.1,

Z BRHUERMERE
2.1 PC B1ERS

RCI HHjiz477E Linux 1 Windows ¥ &, Jy{RFESER 1%, A Linux $8CSER AAZAEH .
Linux with PREEMPT_RT patched kernel : £ {# H Ubuntu16.04 with 4.14.12-rt10 kernel.

2.2 Linux SERMEECE
RCI FFISATAESLI AT, S IR E A LA IR
1) 2R
apt-get install build-essential bc curl ca-certificates fakeroot gnupg? libssl-dev Isb-release libelf-dev bison
flex cmake libeigen3-dev
2) NEERE ARZANT
3L uname -r iy 4 A LLRIE AHLIELE M N
JE I WG https://www.kernel.org/pub/linux/kernel/projects/rt/ £x 4%, 25 PILLE P AZ WA B ##01 [) kernal ;
NEOC
curl -SLO https://www.kernel.org/pub/linux/kernel/v4.x/linux-4.14.12.tar.xz
curl -SLO https://www.kernel.org/pub/linux/kernel/v4.x/linux-4.14.12.tar.sign
curl -SLO https://www.kernel.org/pub/linux/kernel/projects/rt/4.14/older/patch-4.14.12-rt10.patch.xz
curl -SLO https://www.kernel.org/pub/linux/kernel/projects/rt/4.14/older/patch-4.14.12-rt10.patch.sign
AR 2R [ P9 R TRAR TS T DA B R T3 R st T 3 A B AR
it I
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xz -d linux-4.14.12 tar.xz

xz -d patch-4.14.12-rt10.patch.xz

K& sign A SEEEME

gpg2 --verify linux-4.14.12.tar.sign 215 2R LLF W N MG B

$ gpg2 --verify linux-4.14.12.tar.sign gpg: assuming signed data in 'linux-4.14.12.tar
gpg: Signature made Fr 05 Jan 2018 06:49:11 PST using RSA key ID 6092693E
gpg: Can't check signature: No public key

it N ID 6092693E #4447

gpg2 --keyserver hkp://keys.gnupg.net --recv-keys 0x6092693E

FIPEXS T patch SCfF, PATHARIAHRAE.

TGS server key Joa FRHASGAE, #5752 40 NS S0 U B 2 A .

$ gpg2 --verify linux-4.14.12.tar.sign

gpg: assuming signed data in 'linux-4.14.12.tar'

gpg: Signature made Fr 05 Jan 2018 06:49:11 PST using RSA key ID 6092693E
gpg: Good signature from "Greg Kroah-Hartman <gregkh@linuxfoundation.org>"[unknown]
gpg: aka "Greg Kroah-Hartman <gregkh@kernel.org>" [unknown]

gpg: aka "Greg Kroah-Hartman (Linux kernel stable release signing key)
<greg(@kroah.com>" [unknown]

gpg: WARNING: This key is not certified with a trusted signature!

gpg: There is no indication that the signature belongs to the owner. Primary key
fingerprint: 647F 2865 4894 E3BD 4571 99BE 38DB BDC8 6092 693E
[FHISIE—F patch (.

3) MWEAZ

fife I -

tar xf linux-4.14.12.tar

cd linux-4.14.12

patch -pl <../patch-4.14.12-rt10.patch

FCE N
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make oldconfig
HILLL S
Preemption Model
1. No Forced Preemption (Server) (PREEMPT NONE)
2. Voluntary Kernel Preemption (Desktop) (PREEMPT VOLUNTARY)
3. Preemptible Kernel (Low-Latency Desktop) (PREEMPT _LL) (NEW)
4. Preemptible Kernel (Basic RT) (PREEMPT RTB) (NEW)
> 5. Fully Preemptible Kernel (RT) (PREEMPT RT FULL) (NEW)
it 5 RJ5—H enter.
AR GETAEE
fakeroot make -j4 deb-pkg
dpkg Z4%:
sudo dpkg -i ../linux-headers-4.14.12-rt10_*.deb ../linux-image-4.14.12-rt10_*.deb
4)  BIERE S A KT
HJG—F, #t ubuntu SZOET, LR EMRZRM AL, SR 2NN, @1 uname
r BENNNAZRA, WRRAIER, /sys/kemel/realtime HHNEZ 1.
2.3 Linux 3ME T RCI iA1=
1) fi#)k SDK fi;
2) cdrci_client/build/
3) rm-rf*
4) cmake ..
5) make
A B AT AT SCAEAE build/examples H 3% R o SATFE T IS 75 ZL8 0 root AR

2.4 Windows 385 RCI 4Ri¥idiE

1) %% SDK H;
2) FTH example HE T vs THE, ZWiFiEAT

2.5 PMEELE
f§ H RCI Z Bl 75 BXT & 3ATHC B, B PC 5188 NERR K.
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PLAS NBCE A 2 AN, — AR AN, —AN 2 B o B L BRIA SRS TP Hikik & 192.168.0.160.
BEFENLEE NA FIF T 2.

BRI 1 MEEAN SR P PC RAMZBEER ) ks, R~ TSI AR LT F-—A
B, TREMEM PCH IP MH S ANFRES P kb T F— M, filln 192.168.0.22.

BERTT I 2 LA NS I il AR B S L, B PC BRI th 3R B b, AL T
[ — a4k

I/ 3TIF HMI, 7€ RCI F0mk 1P SE R PC B 1P, S ER 1337, #% FMEREIT <RI

EENLEEN .
W A 70 1 8 %R, SR 2 iTRe s iE L i NizEI AN faE IS .
2.6 RCI BBz

JFJR RCI HRZhDRe)E, LA E HMI X ALEs AEfT . JF/E RCT B R s A 7 22k HMI L1
RCIEREIF AT IFRI W], HLEF N HJR J5 = 0R%F RCLITIPIRES,  JF H3h V) #sk B s

= BEEOEE
WA RCL A TN, AL AR A RS v
RCT $& 4t 1 FH 167 5 1) I 45 38845 S5 45l T e e 11 «
1) AbFAESER A4
2) KCFRSEE A4
3) FRHHLAS JORAS AN B AL .
4) RAGTFENLEE NI 53) 151 Model FE.
5) S PRI .
3.1 JEsERf@rS
JEsemf ey Sy TCP v, TEIJBER: WEISHITRETHZEIZH. TCP mdH:

3.1.1 startMove

itz

EhFHAREEIEsIAEHIET

startMove(ControllerMode, MotionGeneratorMode);
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ControllerMode
5 MR R
= E E
HRREEH B
=[BRS
ER/R= =S
BEEES

MotionGeneratorMode

2 MuzE&:

3.1.2 stopMove

A

F1EIEE), F1EWUR UDP #iE.

stopMove();

3.1.3 setCollisionBehavior

5iRA
IREREG N E
EX

setCollisionBehavior(upper_torque_thresholds_nominal);

upper_torque_thresholds_nominal

RSN e, SHEAE: (75, 75, 45, 30, 30, 20)

3.1.4 setCartesianLimit

e

setCartesianLimit(object_world_size, object_frame, object_activation);
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object_world_size

object_frame

object_activation

ZeXigiKEs, W XYZ, B m

TR

bool T8, EEHBELEXIY

3.1.5 setJointimpedance

AR

IREMTEENERE
EX

setJointimpedance( K_theta );
K_theta

IMZSEIREE S max={{ 3000, 3000, 3000, 300, 300, 300}

3.1.6 setCartesianlmpedance

il
REHNRTEENREL
EX
setCartesianimpedance( K x);
K_x

3.1.7 setCoor

HR/RZEPEIESE max={{ 3000, 3000, 3000, 300, 300, 300}

il

wETHATCP
EX

setCoor( F_T_EE );
F_T_EE

3.1.8 setLoad

T A TCP AN TR AR A=A
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izils
wWERE
ENX
setLoad(load_mass, load_center, load_inertia);
load_mass
RERE, 21U kg
load_center
HERD, B m
load_inertia

3.1.9 setFilters

48
B BRI
EX

setFilters(joint_position_filter_frequency, cartesian_position_filter_frequency,
torque_filter_frequency);
joint_position_filter_frequency
=SB EIRRE IR, B Hz
cartesian_position_filter_frequency
B R/RT A ZRREENE, 27 Hz
torque_filter_frequency

KTEEREEME, B Hz

3.1.10 setCartimpDesiredTau

WeRE

REHER/RT AR HAE S
EX

setCartimpDesiredTau( tau );
tau

/R EETERE S, 10 tau={0, 0, 10, 0, 0, O}, EBfZ: N, Nm,

3.1.11 setMotorPower
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188

HMEZALBETE

setMotorPower(int motor_state);

motor_state

MR A LRI, 1 URENEA LR, 0URETEATE.

3.1.12 getMotorState

15288
SREMZE A LRSS, RENE: 0 UERNBEALT TR, 1 ARBHET LBRE;
EX

getMotorState ( );

3.1.13 setDO

1iBE
®E 10 OUTPUT 5=
EX
setDO(DOSIGNAL DO _signal, bool state);
DO_signal
DO A=, 2BIRIRH{DO0_0, DO0_1, DOO_2, DO0_3, DO1_0, DO1_1},
state
1 RSB, 0 AFREEFRTL.
3.1.14 getDI
iER
SREX 10 INPUT (55, IREE, true RFESBEF, false (LERIKEBEE,
EX
getDI(DISIGNAL Dl_signal);
DI_signalS

DIxOS, HBIXIRA{DIO_0, DIO_1, DIO_2, DIO_3, DI1_0, DI1_1},
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3.1.15 setJointLimit

i8R
REN 2R ABPRAL
EX

setJointLimit(upper_joint_limit, lower_joint_limit, auto_limit);;
upper_joint_limit

MPRAERA(E max = {{170,120,120,170,120,360}}
lower_joint_limit

RPR{IE/IME min = {-170,-120,-120,-170,-120,-360}},
auto_limit

B true B, YISSAERMREIARMAI S XTI AR TIRIEGIE, MBATET TS

3.1.16 setFcCoor

WiEA
RENEEIRR,
EX
setFcCoor(fc_coor, fc_type);
fc_coor
DAL v ERY SP O vt S N S R e ]
fc_type

PIEMRRER 1 HRAMFR, 2 TEARK, 3 BREYRR,

3.1.17 startDrag

Lz
FiEHes.
EX
startDrag( drag_space, drag_type),;
drag_space
HESh=Si8): 1 h=SIEeRD; 2 ERRETEHEE.
drag_type

HeEhEBL: 1 (NFRB, 2 (WEkk, 3 B/les).
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3.1.18 stopDrag
izl

KiAER,
EX

stopDrag();
Dl_signalS

DI KOS, SBIIRLDIO_O, DIO_1, DIO_2, DIO_3, DI1_0, DI1_1},

3.1.19 rebootRobot

A

EEMEA.

rebootRobot ();

3.1.20 getSafetyStopState

e

KEW A SR, RENEANSZZEE, 1 T2, 2ESTOP; 3 GSTOP,

getSafetyStopState();

3.2 SERHE
SER @S UDP ) 20k K%, EEA RCI RIEAHLZ NFIEHE RobotCommand A48 N4
RCI &% K4 RobotState .

3.2.1 RobotCommand

e

RCI RIELAHEE A SRS

struct MotionCommand {

10
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stdzarray<double, 7> q_c; /XTRE

std::array<double, 16> toolTobase_pos_c; //FiIw(\i&, {T5cHEZ!

bool psi_valid; /2EBEERA

double psi_c; //EfH

bool motion_generation_finished; //AZEIEELER

I3

struct TorqueCommand {

std::array<double, 7> tau_c; //&KT5/I%E

3
struct RobotCommand{

uinté4_t message_id;

MotionCommand motion;

TorgueCommand torque;

¥

3.2.2 RobotState

itz
28 A KIELS RCI RIEHREEH
EX

struct RobotState {

uintb4_t message_id;

std:array<double, 7> q{}.// X RE

std:array<double, 7> q_c{}/A8SFTEE

std::array<double, 7> dg_m{};//FTIEE

std::array<double, 7> dq_c{}/IES X TEE

std::array<double, 7> ddq_c{}/f8S K TINRE
std:array<double, 16> toolTobase_pos_m{};//H128 A&
std:array<double, 16> toolTobase_pos_c{}//4§< #1288 AE
std::array<double, 6> toolTobase_vel_c{}:/18< 88 A KimEE

std::array<double, 6> toolTobase_acc_c{}:/18< 88 A KiGINRE

double psi_m://Ef
double psi_c,//A85E

double psi_vel c//AESERBIR

double psi_acc_c//A8SERBINEE

11
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std::array<double, 7> tau_m;//xT5 4B
std::array<double,7> tau_m_filtered,
std:array<double, 7> tau_c//8& <15 15E
std::array<double, 7> tau_vel_c;//f§< %815
stdzarray<double, 6> tau_ext_in_base;//EMIRRFIINEBI4E
std:array<double, 6> tau_ext_in_stiff,// 7= R R FYMEB 4B
std:array<double, 7> theta_m://EBH{U &
std::array<double, 7> theta_vel_m;//BBNI I B
std::array<double, 7> motor_tau;//EBH1 %48
std::array<double,7> motor_tau_filtered;
std:array<bool, 20> errors;//$81={
double control_command_success_rate;//{§ <IN
MotionGeneratorMode motion_generator_mode;//iIatl & FEIE;
ControllerMode controller_mode;//}= &
RobotMode robot_mode;//#188 AR
%
3.3 FRENHLER ARZSFO [ 3HLH
RCL 55 I 0 6 4 1 58 95— A 0 T B3 AR RobotState £ 3K HL 15 38 30 86 &
RobotCommand ) &, i 2 Ims.
WH Control)BRECRIF)E [F1H, % P&k 1ms #2U8—IK RobotStates (4, R T & L 1)
RobotCommand 774>,
AR P (6 HhpLas N7 EER s B RS Fe Ao R AL SO 6):

int main(int argc, char *argv[]) {

std::string ipaddr = "192.168.0.160";
uintl6 t port=1337;

// RCI EHALEF A

xmate::Robot robot(ipaddr, port);
/1875 1 R 265 3% 42 R I

sleep(2);

/LA N E

12
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int power_state=1;

robot.setMotorPower(power _state);

std::array<double,7> q_init;

std::array<double,7> q_drag = {{0,P1/6,0,P1/3,0,P1/2,0}};
/AR udp Hcdhs, BIALES AR

g_init = robot.receiveRobotState().q;

/I MOVE] # 3 31| H F5 7 4

MOVEJ(0.2,q init,q drag,robot);

/I R (BT R

std::array<double, 7> q_end = {{0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9} };

/AN A S FIRIES, 0.2 R EARINARE, HUE AR B R

JointMotionGenerator joint s(0.2, q_end);

/T IRIE BT P v B AR A U s

robot.startMove(RCI::robot::StartMoveRequest::ControllerMode::kJointPosition,
RCI::robot::StartMoveRequest::MotionGeneratorMode::kJointPosition);

std::array<double, 7> init_position;

std::array<double, 7> joint delta;

JointPositions output{};

static bool init = true;

double time = 0;

A EDARCIR: k- O 8 7 R el AP e

JointControl joint_position_callback;

joint_position_callback = [&](RCI::robot::RobotState robot state) -> JointPositions {

time += 0.001;
if(init==true) {
init_position = robot_state.q;

init=false;

13
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joint_s.calculateSynchronizedValues joint(init_position);
// calculateDesired Values_joint i [7] true 1832 #1285 R
if (joint_s.calculateDesiredValues_joint(time, joint _delta) == false) {
output.q = {{init_position[0] + joint_delta[0], init position[1] + joint delta[1],
init_position[2] + joint_delta[2], init_position[3] + joint delta[3],
init_position[4] + joint_delta[4], init_position[5] + joint_delta[5],
init_position[6] + joint_delta[6]} };
telse{
std::cout<<"iz B 25 R : "<<std::endl;
return MotionFinished(output);
}
return output;
3
/A control pREIT S5 I, 15 Bh 4 AT AL T FHZEIRZS
robot.Control(joint position_callback);

return 0;

3.4 BHEEHHEHE
RCI NH P T xMate 1E3)% 5317 F M ERIEE, J7 BT EALEE N R AR 7o LUAE R4S &
TR O ThRE 45 -
1. 8z 1Ef#: pose = model.GetCartPose(q), HIZKTIAIE q IEMAFM B R /R 2= A2 pose.
2. FNJIEIEIE#R: model.GetlointPos(pose,q_init,q), HIHARH K/RZEMAIE pose FMHLEE AVILL S
TS RE q TSR H AR T MR q.
3. MEATLEHEFETHS: jac = model. Jacobian(q), FHHIRTIAIE q THHAF BIHERT ELARFE jac.
4. ZJJZFIEf#E: model. GetTauNoFriction(q,dq,ddq,trq full,trq inertial,trq coriolis,trq gravity), HI<
TAE q RTAEE dg, KITAMIESE ddq [EFES 2T /15 trq_full, 50077 trq_inertial,,
trq_coriolis B 71, trq gravity F /146,

14
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HARF: OA{E )77 7] A2 RC1_SDK A model.h SCA4#1 torques_control.cpp 344
3.5 S PR RIFEEO

S FRRIR A FUZE R B2 2 S #i 2, B ORI B2 DIs i 1 3%
e SRBEAT Bl 22 (W) B H R R R S kI, 2
RN, BRI H P R S A

LU= TRV s R

Ben] 7, fEHEshERCTRE. H AR YE
MR LRI T, N B B2 BT VEA Y K B4

JointMotionGenerator joint_s(0.2, q_end), % —A~ B br &5 M N q_end IFLRIES, 0.2 i i R0

joint_s.calculateSynchronizedValues joint(q_start), f8E W4T A q start, FHAM[F DA,

joint_s.calculateDesired Values_joint(t, q_delta), TI&7ERS[E] t B A OCHT M AN T q start 13 &
q_delta.

HARME A 7712 )L RCI_SDK H joint_motion.h,

N GEEE

cart_motion.h, joint_s.cpp 1.

P R &) RobotCommand 75 B3 & B SR AL B4 F . SR 1 ikdLEs Nig 3 5 -1
fa, MEREmML. BN LATR BN, EAWE, Plas NESELL,
4.1 FHZEIET)

1) B
S AL, B/ PRUEIE R L] T

Qmin < qc < Qmax
_Qmax < QC < Qmax
_éimax < éic < qmax

_.q.max < QC < q.max
2) BT

JIHEHR 2 ANHIFR:
“Tjmax < Tjc < Timax
_i-jmax < ":-jc < i-jmax
BRI
q={qc
4Gc =0
Ge =
e EA S

15
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Gc =0
Gc=0

4.2 HE/RZEIEBTE)
1) B

ANAET 7 S HAE TAEAS AN

_pmax < pc < pmax
—Pmax < Pc < Pmax
_ij'max < pc < ﬁmax

2) AWK

JIH IS AR :
“Timax < Tjc < Tjmax
_i—jmax < i—jc < tjmax
BENFF UG
T =T,
pe =10
Pec =
IEENEE I
pc=0
pc=0

4.3 NIFEEREEE
1) LEFAM
IR R A AR HIESE:
~timax < e < Timax
“Timax < Tjc < Tjmax
4.4 BRIPRHIFH

xMatePro3. xMatePro7. xMate3. xMate7 /R 23 6] ia sl R #1444

Name Translation Rotation

De 1.0 m/s 2.5 rad/s

Pe 10.0 m/s® 10.0 rad/s?




~
v’

p.

5000.0 m/s®

5000.0 rad/s®

xMatePro3. xMatePro7 % [6]iz 31 R il 2614

Name Joint1 Joint2 Joint3 Joint4 Joint5 Joint6 Joint7 Unit
G 170 120 170 120 170 120 360 °
Conin -170 -120 -170 -120 -170 -120 -360 °
Gona 2.175 2.175 2.175 2.175 2.610 2.610 2.610 rad/s
Gonoe 15 7.5 10 10 15 15 20 md/s2
Grooe 5000 3500 5000 5000 7500 7500 7500 rad/s 3
xMate3. xMate7 1% 6]z 2/ BR il 214«
Name Jointl Joint2 Joint4 Joint5 Joint6 Joint7 Unit
G 170 120 120 170 120 360 °
Conin -170 -120 -120 -170 -120 -360 °
Gonoe 2.175 2.175 2.175 2.610 2.610 2.610 rad/s
Gono 15 7.5 10 15 15 20 md/.92
Grooe 5000 3500 5000 7500 7500 7500 md/s3
xMatePro3. xMatePro7 B 2 774 12 i IR 1] 24
Name Joint1 Joint2 Joint3 Joint4 Joint5 Joint6 Joint7 Unit
T 85 85 85 85 36 36 36 Nm
T 1500 1500 1500 1500 1000 1000 1000 Nm/s

xMate3. xMate7 FLHz /%32l FR i 2% 14

17
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Name Joint1 Joint2 Joint4 Joint5 Joint6 Joint7 Unit
Toa &5 85 &5 36 36 Nm
T 1500 1500 1500 1000 1000 | Nm/s
4.5 DH B
xMatePro3 DH 243 :
Joint A(mm) Alpha(rad) D(mm) Theta(rad)
1 0 -pi/2 341.5 0
2 0 pi/2 0 0
3 0 -pi/2 394.0 0
4 0 pi/2 0 0
5 0 -pi/2 366 0
6 0 pi/2 0 0
7 0 0 250.3 0
xMatePro7 DH Z4(3& :
Joint A(mm) Alpha(rad) D(mm) Theta(rad)
1 0 -pi/2 404.0 0
2 0 pi/2 0 0
3 0 -pi/2 437.5 0
4 0 pi/2 0 0
5 0 -pi/2 412.5 0
6 0 pi/2 0 0
7 0 0 275.5 0
xMate3 DH 243 :
Joint A(mm) Alpha(rad) D(mm) Theta(rad)
1 0 -pi/2 341.5 0
2 394 0 0 0

18
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3 0 pi/2 0 0
4 0 -pi/2 366 0
5 0 pi/2 0 0
6 0 0 250.3 0
xMate7 DH Z413& :
Joint A(mm) Alpha(rad) D(mm) Theta(rad)
1 0 -pi/2 404 0
2 4375 0 0 0
3 0 pi/2 0 0
4 0 -pi/2 4125 0
5 0 pi/2 0 0
6 0 0 275.5 0
4.6 $EIRACER
RCIIZ T B AT g R A2 DA R JUAP S %«
1) SERPEEE R
2) MIZEAEHTIR;
3) AR IR R FEA G T
4) Tl A S A R
Errors iR R R ft R ITIE
TCP 3R RCI % s EHLas | fd 1P, L& I
A HMI b IP HikRe | # TP s
BN IE 5
SIS PR R R £ Linux &4+, RCI | f & 1E B 1Y 52
BB IERRIEAT | NN T, 18
FESER R4 1 ) i 7 E ST S
root A3 fit

N

3
I

B E

pu(

19
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kActualJointPositionLimitsViolation: 0 St A PR SRS B 7 B
kActualCartesianPositionLimitsViolation: 1 S R oA i 7 28 7 R T IELLT] T,
kActualCartesianMotionGeneratorElbowLimitViolation: 2 SEBRE AR — M BRI R
kActualJointVelocityLimitsViolation: 3 S ot e () 3 78 =5 A
kActualCartesianVelocityLimitsViolation: 4 SEE PR R i 1k P 7 PR ) T4 A
kActualJointAccelerationLimitsViolation: 5 SE o Jpl 3o A FR FEdEsn] T, L
kActualCartesianAccelerationLimitsViolation: 6 SRR AR s I EER | 28 N s AT A
kCommandJointPositionLimitsViolation: 7 T4 Tl A 5 PR o Bl I R
kCommandCartesianPositionLimitsViolation: 8 i8R i o7 28 768 PR e 5 2% J& B F
kCommandCartesianMotionGeneratorElbowLimitViolation: 9 | 54 MR Py, BE
kCommandJointVelocityLimitsViolation: 10 Fig Al B2 R PR INF i 0 A1 1)
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