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NN
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PF

1 &N
RCI 2 ROKAE Control Interface NE=B4EE, (£ C++iESREMMN, @87 —&5E
BEfEO, Rfs ORI R BFP e LMERIZEESIRERR 1KHz BIsChEsl, BTFEX
IUELAR R BRI A
TSOERRRA: RCIV1.4.1
2.2 (FFINERCE

2.2.1 PC IBMERSE
RCI BENZ{T7E Linux 1 Windows Y&, SA{REECATHE, #EFER Linux SBECSCRY PIIZAERR.
Linux with PREEMPT RT patched kernel: #7={#HH Ubuntu16.04 with 4.14.12-rt10 kernel,
2.2.2 Linux SEAPINERCE

RCI BTG S, SLRPMREERLITER:
(1) LK

»  apt-getinstall build-essential bc curl ca-certificates fakeroot gnupg?2 libssl-dev

Isb-release libelf-dev bison flex cmake libeigen3-dev

(2) FEEERTIZAN T

B®iE uname -r SESHLARNEAHIEAERNRZ,

BIE L https://www.kernel.org/pub/linux/kernel/projects/rt/EHXEMERNIZIR A RiZ

1EHY kernal;

TR

> curl -SLO https://www.kernel.org/pub/linux/kernel/v4.x/linux-4.14.12.tarxz

> 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

INRERMIRRIE T A ZETFaIMNRL_E T EEE R EMRGR;
fRIE:

>  xz-dlinux-4.14.12.tarxz

»  xz -d patch-4.14.12-rt10.patch.xz

A sign XM45EM
> gpg2 --verify linux-4.14.12.tar.sign

SBEEUTUTRIER:

xCore RCI {ERAFM=RFM >
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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: Can't check signature: No public key

icF ID 6092693E #117:
»  gpg2 --keyserver hkp://keys.gnupg.net --recv-keys 0x6092693E

FENT patch ¢, HUTIERAOERLE,

TEGTR server key [ERRIGIE, EHEFEINTMEE AR ERARY.

$ 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
apg: 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

EIESIE—T patch 3214,

Q)miFERZ

fRIE:

> tarxflinux-4.14.12.tar

>  cdlinux-4.14.12

»  patch -p1 < ./patch-4.14.12-rt10.patch

FEENZ:

>  make oldconfig

HIRLATMER:

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)

& 5 AfF—E enter.

FHIa%mIE:

>  fakeroot make -j4 deb-pkg

xCore RC| {ERFMFT=RFM
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dpkg Z%:
» sudo dpkg -i ./linux-headers-4.14.12-rt10 *.deb ../linux-image-4.14.12-
rt10_*.deb

BIDERELERL
BEE—T, ¥ ubuntu BRER, FTLIBENRLRAINZ. EERTENRZENG, BT
uname -r EEFXMNRZMRA, WIRRAIERS, /sys/kernel/realtime BEREZ 1.

2.2.3 Linux 3(& T RCI fRi¥Ii8

e fRESDKE,;

o  HUTLITIES:

cd rci_client/build/
rm -rf *

cmake ..

YV V V V

make

HEREARTHITIHUELE build/examples BR T, HUTIEFITEERIN root R,

2.2.4 Windows & T RCl fRiziTiE

2.2.5 MBEE

2.2.6 RCI B35

2.3 B{AEOII8E

o fRESDKE;
® iTFF example BRE TR vs T2, RiFE(T

{8 RCI ZATREXIMBHITEE, SRR PC SHaRAERIER,

MB/ARES 2 ™A, —P 2RO, —ZEENO. EEMORIARES P ithitE

192.168.0.160, EEHEEABFMII,

o EEHSI 1 HMASAR PCREMEEERNSIVER. WRAFTENSHSRARL
FR—WER, FTEEEMF PCHY IP EESHISEARS IP b TR—MER, F
40 192.168.0.22,

o EEASI 2: YSRASNNOEZIRHREE IR, B PC iR MaRaE R,
PMELTE—RBEM.

FBF$IFF HMI, £ RCI RENS IP REMAF PCHI IP, inCISIRERM 1337, L TEREFX

FIRIPES 2]V

T HEEERST 1 HTEE, EEOR 2 NEREREENTRERIENN SR B EENR

.

FHE RCI BEsNTRERE, ATLABRES HMI XIHB8 A TiH, 778 RCI BEMARFER HMI £
89 RCI EREFFRITFEIAT, HBAERRBRESRRF RCHTFHRE, FEIEMBE MR,

BEBER RC AR TENMAZ i, HlasARHRMERRS R,
RCI R4 T fSEFE BRI 4RI (S ST HIThag O -

o LMEIFCRYER<S

o AMESLRYERS
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2.3.1 IEChivdms

2.3.1.1 startMove

2.3.1.2 stopMove

2 A

o REMNER AKSHIREHH
o RUTENBAZHNFESHNIFHI Model &
®  SHUTHEIEA

JECRYAR<StI TCP &<, TENRER: REIENTHARMIENISE, TCP HoH:

void startMove(ControllerMode, MotionGeneratorMode)

EaHaRis e EsAIERES, EREONSARSMEIFRIE

-
B | ) EREE (ED) WOREEERLEIRE,

e ControllerMode, #2¥2etaint . SsIa Bin/ /R B
BEHA AESIEBA AR R B

®  MotionGeneratorMode, E&tER: MZSEEE)/E-E/RESEEE

void stopMove()

=1lhiEs, F1EWCR UDP #dE. Eisahidier e LAERItEOE Lz,

s
TR | mommmsEmEsL,
S8

2.3.1.3 setCollisionBehavior

void setCollisionBehavior(upper_torque thresholds nominal)

REMECNRE, MHEONRECSESIER, DERRER. S

ST
HERSA FhiE, RIS TATEIES, BIERERES TERE.
PR ®  upper_torque_thresholds_nominal RESNERE, ZHMRKXE:

(75, 75,, 60, 45, 30, 30, 20)

2.3.1.4 setCartesianLimit

void setCartesianLimit(object world size, object frame, object activation)

RETEXE, FNEEINE. EVESARRE TCP RinBd e X, B

S
e

®  object world size, ZeXIEIKERE, XM XYZ, B4 m
SRR ®  object_frame T2 XiFHIMIE

®  object activation,bool TE, EEFHELEXIE

2.3.1.5 setlointimpedance

void setJointimpedance( K theta)

EREUREA IREMTERBNERE, H=EREaRTERL.
e o K theta =SiEfEHTESEL: max={{ 3000, 3000, 3000, 3000, 300,

300, 300}}, #UEXIRNEZZE Nm/rad

xCore RC| {ERFMFT=RFM



2.3.1.6 setCartsianimpedance

ROKALE

void setCartesianimpedance( K x)

EREEA REHFRTEBARY, S FRBUERER.
S o K xHR/RTEEFZEEL: max={{3000, 3000, 3000, 300, 300,

300 }}, BEXIMERLLZE N/m 8& Nm/rad

2.3.1.7 setCoor

void setCoor( F T EE)

RETH TCP, iRE TCP EEHIRAREEE, HRAESRRERAR

EREEE =
g8 g EZHIAIEE, R =,
P— e F T EETE TCP#EXTFHEEARME=RIZE, FSTRERERR, B

{2 rad & m.

2.3.1.8 setLoad

void setLoad(load mass,

load center, load inertia)

ER SRR RENY, REMHGEEHRASREREES, ISABBRRERNARE,
® |oad_mass faERE, Bfi: kg
SRR ® load_centerfEFE L, BfI: m

®  load inertia,/AFIRE, kg:m?

2.3.1.9 setFilters

void setFilters(joint_position filter frequency,

cartesian_position filter frequency, torque filter frequency)

BREURER | REBRKEENE, BRFERES.
®  joint position_filter frequency, HIZEERKREEINR, B:
Hz
SH%EE | @  cartesian_position filter frequency, H-E/RZTENEIEEEZEM

R, BfJ: Hz
° torque filter frequency, XTIMEIEKREEIMER, B Hz

2.3.1.10 setCartimpDesiredTau

void setCartimpDesiredTau( tau )

RENRAE | IRESEF/RTERREIED, EEE/REERUEETERL.
P— o Tau, HE/RTEMETERES], HI&0 tau={0, 0, 10, 0, 0, O}}, B

fiI: N, N'm,

2.3.1.11 setMotorPower

void setMotorPower(int motor state)

FlHizz), F1EWCA UDP £0RE. EEandfZ A LIERLHZOE1HEmE

st
FERS | e R L,
SHE | @ motor state, MISSA LIRS, 1 AEMEHIEEA LR, 0KEmYLE

xCore RCI {ERAFM=RFM
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2.3.1.12 getMotorState

2.3.1.13 setbO

2.3.1.14 getDI

2.3.1.15 setJointLimit

2 A

ATH. |

int getMotorState ()

SREMNBE A LRSS, IREE: 0 RS ALT TEREAE, 1 KRB

B
FER | F e,
SRR

void setDO(DOSIGNAL DO signal, bool state)

FRELHBE | 188 10 OUTPUT {22
® DO signal,DO OE, £ EIXFH{DO0 0, DOO 1, DOO 2, DOO 3,
SEUREA DO1 0, DO1 1},

®  State,1 KESHEFHL, 0 AFEBFEL.

bool getDI(DISIGNAL DI signal)

REuREE | $RBX 1O INPUT {55, iREHE, true (KFSEBF, false KFEIREBF.
i HOS, 28I%
PR ° DI_signalS,DI i[5, 43BIX4R{DIO 0, DIO_1,DIO0 2, DIO0_3,DI1 0,

DI1 1},

void setJointLimit(upper joint limit, lower joint limit, auto limit)

EREGREA | IRENE ARG
® upperjointlimit, #® R I & KX (& max =
{{170,120,170,120,170,120,360}},
° lower joint_limit, # R &R /NE min = {{-170,-120,-170,-120,-
SR 170,-120,-360}},

®  auto limit, EJ true iY, =ERZEIRT, HESATERDMGRIARRAAYS
MR FREHITIRIELIE, HISARET T,

2.3.1.16 setFcCoor

void setFcCoor(fc_coor, fc_type)

BREUREA | IREBIIRMIRER.
®  fc_coor, JIIEARERIERS FiA= AR R YA IR
SEUREE | @ fc type JIIEMMREREE: 1 HRAIRK, 2 TEMRIRK,; 3 BER%

&,

2.3.1.17 startDrag

void startDrag( drag_space, drag_type)

10
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2.3.1.18 stopDrag

2.3.1.19 rebootRobot

ROKALE

REGREE | FFEHesh, tiEOIERZERO.
P— : drag_space, HEzh=S(E): 1 M=|EHERD; 2 HRARTEHERD.

drag_type, fEshEBl: 1 {XF#8; 2 (Nihekk, 3 BiEs].

void stopDrag()
ERENRBE | XAHETN.
H T = /\l:ll by
S ° E:;s;g}nals, DI i[5, 8I$R{DI0_0, DI0_1,DIO0 2, DI0O 3,DI1 0,

void rebootRobot ()

o EFENFARHRR. EREEFHAWT, RARHRERZEE

-
B AT RCIRES,
B2

2.3.1.20 getSafetyStopState

2.3.1.21 MOVEJ

2.3.1.22 MOVEL

int getSafetyStopState()

s o FEWSmARERE, REEASEXRE, 1 X2, 2ESTOP; 3
ER#AA
GSTOP,
SR

void MOVEJ(speed ratio, q_start, q _target, robot)

ERENRAE | PTP M= EMILEE, S Puliiklrsix, IEOEMEEEO.
®  speed ratio, EEMLLEE;
NN
P g_start, MIIRXTRE;

°
® g target, BirXTARE;
®  robot, SCEIMKAIEBEARTIS;

void MOVEL(speed ratio, pose _start, pose target, robot)

BREURBE | PTP S R/RTIEBELMXNIEE, S Puliiklysis, HiEO2MmEEREN.,
speed_ratio, EEELLEREY;
pose start, ¥JHANIZE; WRIRE T TCP, BRARIZA TCP X ELIREAR
&,

SRR

pose_target, BIFRIZE; MRZET TCP, BBARIZSA TCP HERIEAIRER
ARE;
Robot, SEAMEAIERASIS;

xCore RCI {ERAFM=RFM
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2.3.1.23 MOVEC

2.3.2 SERJEUE

2 A

void MOVEC(speed, pose start, pose mid, pose target, robot)

BREORBE | 3 MEETHIRNEE), S HUTHIKITEE.
®  speed ratio, EEFELLERE
®  pose start, ¥IIARIE; WMRIRET TCP, FBARLZ TCP HEXIEAL
AR,
s ® pose mid , FEINIZE; WRIRET TCP, BBARIZS TCP HEXIEA
S5 s
AR,
®  pose target, BRI, MRIZET TCP, BPARIZA TCP HEHXIE
ARRAINEE,;
®  robot, LHULHBEAIIS;

SERTEEEIT UDP tMSAi%X, EEH RCI KiXLE1128 ARIEEE RobotCommand FO#88A
#5 RCI &iZHI%EE RobotState,

2.3.2.1 RobotCommand

2.3.2.2 RobotState

1588 RCI RIXLENBE ASUELSHE
1. struct MotionCommand {
2 std::array<double, 7> q_c; //Z7i4)E
3 std::array<double, 16> toolTobase pos c ; //Ru#hi4, 1rik5cHES
4 bool psi_valid; //&&AEA
5 double psi_c; ///&f
6. bool motion_generation_finished ; //izZsl /&4 K
7.1
8
9. struct TorqueCommand {
10. std::array<double, 7> tau _c; //X¥i /)i
11. };
12.

13. struct RobotCommand{

14. uint64_t message_id ;
15. MotionCommand motion ;
16. TorqueCommand torque ;
17. };

Lk MBS AKIXLS RCI HUEHREH
1. struct RobotState {
uint64_t message_id;
EN std::array<double, 7> q{};//Fifi)i

v A W N

std::array<double, 7> q_c{};//$5HRNifa
std::array<double, 7> dq_m{};//FKi#E

12
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6. std::array<double, 7> dq_c{};//%bAééﬂjiifg

7. std::array<double, 7> ddq_c{};//f&o &1k

8. std::array<double, 16> toolTobase_pos_m{};//M%#Afﬁ’/ﬁf

9. std::array<double, 16> toolTobase_pos_c{};//fiiLis Ak
10. std::array<double, 6> toolTobase vel c{};//f& S HLes A AL
11. std::array<double, 6> toolTobase_acc_c{};//F&SHLes A\ Kb fE
12. double psi_m;//%Ef

13. double psi_c;//45o

14. double psi_vel_c;//Ha4 ki E

15. double psi_acc_c;//Ha4 8 f Nk i

3, std::array<double, 7> tau_m;//XTi/1%E

17. std::array<double,7> tau_m_filtered;

18. std::array<double, 7> tau_c;//f85xTihiE

19. std::array<double, 7> tau_vel_c;//f4 155

20. std::array<double, 6> tau_ext_in_base;//JLAibr R HHAMER J15E
21. std::array<double, 6> tau_ext_in_stiff;///i{Zeaetn Ao as o 5E
22. std::array<double, 7> theta_m;//HAHLNLE

23. std::array<double, 7> theta_vel m;//H {0 E Hy

24. std::array<double, 7> motor_tau;//HHLEE%

25. std::array<double,7> motor_tau_filtered;

26. std::array<bool, 20> errors;//fizAL

27. double control_command_success_rate;//fEa#pk s

28. MotionGeneratorMode motion_generator_mode;//izs) Kk A

29. ControllerMode controller_mode;//ZEil##=(

30. RobotMode robot_mode;//Hlas NIRAS

31. };

2.3.3 ZREANER ARSI EIEH

RCI 1@ EEREHAIF T — Mz HIEHAAYEARTS RobotState RIIRER SiEalig <

RobotCommand W& =HIEHIE

Tms,

JAF Control(callbcak) RECEFAFIFFBEIE, control)REZEEREO, EFIHER Tms

BER—R
HFER (6 28 A ESR R RFE PRI NAHEK 6):

RobotStates #{E, BRI TALAIAEY RobotCommand &%,

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

28 std::string ipaddr = "192.168.0.160";
3. uintl6_t port = 1337;

4.

5. /] RCI EHEHLEN

6. xmate: :Robot robot(ipaddr, port);

7.

8. VAR S i S U e 3 we R €

xCore RCI {ERAFM=RFM
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9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

32.
33.
34.
35.
36.
37.
38.
39.
40.

41.
42.
43.
44,
45.
46.
47.
48.

tion,
31.

tPosition);

ntPositions {

sleep(2);

/ML EAERE, RCT BEATRIFRZANLA AAL T A S, If H bR L RER A

int power_state=1;

robot.setMotorPower(power_state);
std::array<double,7> g_init;
std::array<double,7> q_drag = {{o,P1/6,0,PI1/3,0,P1/2,0}};

/13N udp HdfE, Bl — R HLER NIRES

g_init = robot.receiveRobotState().q;

//VAF MOVED BANEI HARAL, iz 1 PHZE, RXiEzhsern B 3R,
MOVEJ(©.2,q_init,q_drag,robot);

/1 R R B
std::array<double, 7> q_end = {{0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9}};

[/BIEE—A S FIXIER, 0.2 AR HCREL, BB Ak,
JointMotionGenerator joint_s(©.2, g_end);
//FFREIE (GE3)) Ak & PeilE iz s il

robot.startMove(RCI: :robot::StartMoveRequest::ControllerMode: :kJointPosi
RCI: :robot::StartMoveRequest: :MotionGeneratorMode: :kJoin

std::array<double, 7> init_position;
std::array<double, 7> joint_delta;
JointPositions output{};

static bool init = true;

double time = 9;

/R B, R s P s AR X
JointControl joint_position_callback;

joint_position_callback = [&](RCI::robot::RobotState robot_state) -> Joi

time += 0.001;

if(init==true){

[ 1 TRAFALER NAVhE 4 2
init_position = robot_state.q;
init=false;

}

[/ TREA AR, A5 R R 20K B by

joint_s.calculateSynchronizedValues_joint(init_position);

14
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49, // calculateDesiredValues_joint iX[H] true fAEMEILE o, ARIE time 15
HAHRS TR AL A E I & joint_delta

50. if (joint_s.calculateDesiredValues_joint(time, joint_delta) == false
) A

51. output.q = {{init_position[@®] + joint_delta[®@],

52. init_position[1] + joint_delta[1],

53. init_position[2] + joint_delta[2],

54. init_position[3] + joint_delta[3],

55. init_position[4] + joint_delta[4],

56. init_position[5] + joint_delta[5],

57. init_position[6] + joint_delta[6]}};

58. } else {

59. std::cout<<"ImEN4E R "<<std::endl;

60. return MotionFinished(output);

61. }

62. /[ R[EISA A AR

63. return output;

64. }s

65.

66. //H control EFFRIEIM, Zahat Akt TRLZERT, BIREIA RCI LA UDP HYTE
FORFR T BILEE A FEHIER,

67. robot.Control(joint_position_callback);

68. return 0;

69. }

2.3. 4 IEFMINFER

RCIARBFIRHT xMate IEsZSHNFTEIE, HETHENEA SR LENE,
FEROREEE:

IEENFIEf#: pose = model.GetCartPose(q), HXTRE q IESEIERRTENEE
pose,

IBEhEY#R: intres = model.GetJointPos(Cartpose, psi, g_init, q_out), HE#rH
RIRZENEE pose, BIREA psi AN APBXTAE q_init ERERIERITRE
g_out, —MUZARENT N Z N ATIRAE, q_out BUIEEUFERIRIEE—N5 q_init RILAY
fi#, ResiRENE:

-1, -2, -3RXFLHE, REE Cartpose EBHHIESATIETE;

-4, -5 K3 q_out 5 q_init \BERKR, —MIAS q_init KFRVBAZRINE,
g_out 5 q_init REFTLAERNENLR, SRSV AMSERE, VRE-4
8-5;

B -6, -7 {5k q_out BIFIIRAL

m -8 HFNBATH

HERTELXEREITE . jac = model. Jacobian(q), HXTIAE q iTEERIFERTELAER jac,
) | = 1E fi2 ; model.
GetTauNofFriction(q,dq,ddq,trq_full,trq_inertial,trq_coriolis,trq_gravity), X7

xCore RCI {ERAFM=RFM
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ROKAILE
E q, XPHREE dq, XTAINEE ddq EREEISXTHE trg_full, 18D
trq_inertial, trq_coriolis #E/3, trq_gravity EJ%E.,
BRZEOMERFETAS%E RCI_SDK #1 model.h 340 torques_control.cpp 34,
2.3.5 S MU KEEO
S MXHERKIHITNEREZ S fhzk, sRDEREINERENELAS, BEEENFE. AR
REFE R THTRNESE RRTEN S ik, B—HEENNEE, ROZEROELTEE
TERIBENRLY, BENBABFPENSERK.,
LASh=SIEIRY s #Lk M :
®  JointMotionGenerator joint (0.2, q_end), BIEE—NBIFXTHEEN q_end B
2, 0.2 NiEERH.
®  joint s.calculateSynchronizedValues joint(q_start), ISE¥IRXTRE q_start, 3
Gz (SR
®  joint s.calculateDesiredValues joint(t, q_delta), +E7ERHE t AR HEERGT
g_start FYIEE g_delta,
BiMERFEZM RCl_SDK & joint_ motion.h, cart_ motion.h, joint s.cpp {4,
24 TBEmM

FBFT&R RobotCommand FERBZINFMVESRM. ENFHENTIHRAEE
EIFRR, MRERIL. HEFMNRLHRERN, HRAEE, TSABREFLL.

2.4.1 ¥h=S{ENEEN

1) BEFMH
WTEHEFE, EMRIDRERELEA S
min < 9¢ < dmax
_qmax < qc < qmax
_qmax < qc < qmax
_q.max < QC < q'max
2) EWFMY

RSB
~Timax < Tjc < Tjmax
_ijax < :[jc < ijax
EaNFHIRRT :
q=qc
qc=0
dc=0
IEANEEERAY :
qc=0
dc=0

2.4.2 B R/IR=TEEE]
1) HELKMH
FFZSAEETIEZSER:
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_pmax < pc < pmax
—Pmax < Pc < Pmax
—Pmax < Pc < Pmax

2) BWNEM

FIFEIESANERR
~Tjmax < Tjc < Tjmax
_:[jmax < :ch < :[jmax
IEENFTERRT :
T=T,
pc =
ﬁc =0
IEENEERAY
pc=0
pc=0
2.4.3 HrEEEEd
1) BEEM
FEESEMREESE:
_:Ejmax < ‘tjc < :Ejmax
~Tjmax < Tjc < Tjmax
244 1ToPRFIFM
xMatePro3. xMatePro7. xMate3. xMate7 HK/R= 8= FIPR HI &4
Name Translation Rotation
P 1.0 m/s 2.5 rad/s
De 10.0 m/s? 10.0 rad/s®
P 5000.0 m/s? 5000.0 rad/s®

xMatePro3. xMatePro7 =S [8)i= o R Hl 515

Name Jointl Joint2 Joint3 Joint4 Joint5 Joint6 Joint7 Unit
p 170 120 170 120 170 120 360 °
p -170 -120 -170 -120 -170 -120 -360 °
. 2.175 2.175 2.175 2.175 2.610 2.610 2.610
Gmax rad/s
. 15 7.5 10 10 15 15 20
G rad/s®
5000 3500 5000 5000 7500 7500 7500 3
Tmax rad/s
xMate3. xMate7 HHZS {835 51 PR &1t
Name ‘ Jointl Joint2 Joint4 ‘ Joint5 Joint6 Joint7 ‘ Unit ‘
xCore RC| EFRFMH~RF4A 17



p 170 120 120 120 360 °©
p -170 -120 -120 -170 -120 -360 °©
. 2.175 2.175 2.175 2.610 2.610 2.610
Gmax rad/s
. 15 7.5 10 15 20
max rad/s®
5000 3500 5000 7500 7500 7500 3
T rad/s
xMatePro3. xMatePro7 B 143 HIPR & & 4
Name Joint1 Joint2 Joint3 Joint4 Joint5 Joint6 Joint7 Unit
_ 85 85 85 85 36 36 36 N
1500 1500 1500 1500 1000 1000 1000
Tmax Nm/s
xMate3. xMate7 B 1% /5B HFR H & 14
Name Joint1 Joint2 Joint4 Joint5 Joint6 Joint7 Unit
_ 85 85 85 36 36 N
- 1500 1500 1500 1000 1000 N /s
2.4.5 DH &%§
xMatePro3 DH &%
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 &%k
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

18
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pi/2 0 0
0 275.5 0
xMate3 DH S#13k:
Joint A(mm) Alpha(rad) D(mm) Theta(rad)
1 0 pil2 341.5 0
2 394 0 0 0
3 0 pi/2 0 0
4 0 pi2 366 0
5 0 pi/2 0 0
6 0 0 250.3 0
xMate7 DH S#13k:
Joint A(mm) Alpha(rad) D(mm) Theta(rad)
1 0 -pi/2 404 0
2 437.5 0 0 0
3 0 pi/2 0 0
4 0 -pi/2 412.5 0
5 0 pi/2 0 0
6 0 0 275.5 0
2.4.6 BREER
RCI izt ge A TR E:
NetworkException TCP UDP 4RI BREHNEEERT
UdpException udp BIEZ BB HBEHIEKEER, BERRANLE
TcpException BEEEXET IPiEOEE
EventException BIEHAMEE event BB E
ControlException BERE, BEEVISHAEGFLNE] 20 4> error HIRAVLFHE

ProtocolException

ZINEIRY TCP response R FEE 1=

CommandException

UL TCP response IR [@1&% & 5%k

RealtimeException

KRR E R

MotionException

MOVE 15 B LRI ER

std:invalid_argument

BWMANRIEENIES A NAN AR MR Z TR S BB IR Z B

s NIRRT,

SNEIFES FIRE RCH,

AR ROEE T 20 PMERA

FIMT R E 2RI,
Errors IR IR iR R T 1
kActualJointPositionLimitsViolation: 0 S il £ FEE R PR o A RN R ALk v, — ok
kActualCartesianPositionLimitsViolation: 1 SRR A A 4 7 PR HH SR P 900 T2 5 T A0 2813 R S P
kActualCartesianMotionGeneratorElbowLimitViolation: 2 SEZ[GRE £ i PR S, PN AR IR
kActualJointVelocityLimitsViolation: 3 S ol 5 R R B BB T TN, BN ES
kActualCartesianVelocityLimitsViolation: 4 2 I A i PR VBT AL

xCore RCI {ERAFM=RFM
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kActualJointAccelerationLimitsViolation: 5 I o ok R e R
kActualCartesianAccelerationLimitsViolation: 6 S o AR i 03 R
kCommandJointPositionLimitsViolation: 7 a4 il #iy R PR
kCommandCartesianPositionLimitsViolation: 8 EiER o A
kCommandCartesianMotionGeneratorElbowLimitViolation: 9 | ¥§4& MR
kCommandJointVelocityLimitsViolation: 10 2 ok i PR
kCommandCartesianVelocityLimitsViolation: 11 4 2R i 1 S e PR
kCommandJointAccelerationLimitsViolation: 12 EREG DI Y5-3I
kCommandCartesianAccelerationLimitsViolation: 13 4 2R S o e FE e R
kCommandJointAccelerationDiscontinuity: 14 Al AN
kCommandTorqueDiscontinuity: 17 o A ES:
kCommandTorqueRangeViolation: 18 54 AR
kCollision: 15 a0 3l 4 AEATE AR A I, RS 2 e
R BRI, SIS A T Refid A bk
H
kCartesianPositionMotionGeneratorInvalidFrame: 16 DIR PN L B RIRZE S B LA A AL B
BRI S
kInstabilityDetection: 19 R A E | AELZORELST TR, —REE
N 10~20;
2 fal kb, TR EE AL A
3R T RUFE R iR LA R
2.5 R
2.5.1 7~f5l—
@i RCI SCHABR A RRRR TR ER )
1. int main(int argc, char *argv[]) {
2 SetConsoleOutputCP(CP_UTF8);
3 std::string ipaddr = "192.168.66.128";
4 uintl6_t port = 1337;
5. xmate: :Robot robot(ipaddr, port, XmateType::XMATE7_PRO);
6 try {
7 //Sleep(10000);
8 robot.connect();
9 }
1e. catch (...) {
11. do{
12. std::cout << "reconnect" << std::endl;
13. } while (robot.reconnect());
14. }
15.
16. //Sleep(1000);
17. try {

20
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18. robot.setMotorPower(1);

19. }

20. catch (xmate::TcpException &e) {

21. std::cout << "exception:" << e.what() << std::endl;
22. }

23.

24. const double PI = 3.14159;

25. std::array<double, 7> g_init;

26. std::array<double, 7> gq_drag = { { o,PI / 6,0,PI / 3,0,PI / 2,0} };
27. g_init = robot.receiveRobotState().q;

28. MOVEJ(@.2, q_init, q_drag, robot);

29. robot.setCoor({ {1.0,0.0,0.0,0.0,

30. 0.0,1.0,0.0,0.0,

31. 0.0,0.0,1.0,0.0,

32. 0.0,0.0,0.0,1.0} });

33.

34.

35. cart_pos pos_start ,pos_end;

36. pos_start.pos = robot.receiveRobotState().toolTobase_pos_m;
37. pos_end = pos_start;

38. pos_end.pos[11] -= 0.1;

39. /*pos_end.pos ={{0.84639, -0.0647745, ©.52861, 0.642196,
40. - 0.0549399, - 0.9979, - 0.0343125, 0.064437,

41. 0.529772, 0, - 0.848171, ©.535904,

42, 0,0, 0, 1} };*/

43,

44. xmate: :XmateModel model(&robot, XmateType::XMATE7_PRO);
45, std::array<double, 7> q_out;

46. int res = model.GetJointPos(pos_start.pos, 0.0, gq_drag, gq_out);
47. try {

48. MOVEL(©.1, pos_start, pos_end, robot, model);

49, }

50. catch (xmate::ControlException e ) {

51. std::cout << "exception:" <<e.what()<< std::endl;
52. }

53.

54. JOGINFO jog_info;

55. jog_info.speed = 0.3;

56. jog_info.jog_direction = JOGDIRECTION::E;

57. jog_info.jog_type = JOGTYPE::STEP;

58. jog_info.is_neg = true;

59. jog_info.step = 0.5;

60. jog_info.jog_space = JOGSPACE: :CART_WORLD;

61. STARTJOG(jog_info, robot, model);
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62.

63. /*pos_start.pos = robot.receiveRobotState().toolTobase pos_m;

64. pos_end.pos = {{0.791466,0.00425076,0.611198,0.671601,

65. 0.00336436, - 0.999991,0.00259808,0.0510675,

66. 0.611204,0, - ©.791473,0.437794,

67. 0,0,0,1 } };

68. MOVEL(©.1, pos_start, pos_end, robot, model);*/

69.

70. robot.startMove(RCI: :robot::StartMoveRequest::ControllerMode: :kCartesian
Position,

71. RCI::robot::StartMoveRequest: :MotionGeneratorMode: :kCartesianPositio
n);

72.

73. uint64_t init_time;

74. std::array<double, 16> init_position;

75. static bool init = true;

76. double init_psi;

77. double time = ©;

78.

79. CartesianControl cartesian_position_callback;

80. cartesian_position_callback = [&](RCI::robot::RobotState robot_state) ->
CartesianPose {

81. time += 0.001;

82. if (init == true) {

83. init_position = robot_state.toolTobase_pos_m;

84. init_psi = robot_state.psi_m;

85. init = false;

86. }

87. constexpr double kRadius = 0.2;

88. double angle = M_PI / 4 * (1 - std::cos(M_PI / 5 * time));

89. double delta_x = kRadius * std::sin(angle);

90. double delta_z = kRadius * (std::cos(angle) - 1);

91.

92. CartesianPose output{};

93. output.toolTobase pos c = init_position;

94. output.toolTobase pos c[11] += delta_z;

95. output.psi_c = init_psi;

96.

97. return output;

98. };

99.

100. robot.Control(cartesian_position_callback);

101.

102. return 0;

22
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‘ 103. }

2.5.2 =™5—

& RCI SEMABR AR TN ERED

O 00 N OO U1 B W N

w N N NN NN DN DN NN R R R R R, R R, R, R R
® OV 00 N O U1 A W N PP OO O W0 N O VIS~ W DN P O

31.

32.
33.
34.
35.
36.
37.

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

tion,

std::string ipaddr = "192.168.0.160";
uintle_t port = 1337;
std::string file = "../../xmate.ini";
INIParser ini;
if (ini.ReadINI(file)) {
ipaddr = ini.GetString("network", "ip");
port = static_cast<uintlé_t>(ini.GetInt("network", "port"));
}
/] RCIEFNLEN
xmate: :Robot robot(ipaddr, port, XmateType::XMATE7);
W RIRGES =S Nl
Sleep(2);
int res = robot.getMotorState();
std::cout << "HlAR A LHARZS: " << res << std::endl;
int power_state = 1;
robot.setMotorPower(power_state);
const double PI = 3.14159;
std::array<double, 7> g_init;
std::array<double, 7> q_drag = { { e,PI / 6,PI / 3,0,PI / 2,0,0 } };
g_init = robot.receiveRobotState().q;

MOVEJ (0.2, qg_init, q_drag, robot);

std::array<double, 7> q_end = { { 0, 0, 0, 0, 9, 0,0 } };

JointMotionGenerator joint_s(0.2, g_end);

//FFIRIZ B 5 e B2 B A S 2

robot.startMove(RCI: :robot::StartMoveRequest::ControllerMode: :kJointPosi

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 = 9;
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38.

39. JointControl joint_position_callback;

40. joint_position_callback = [&](RCI::robot::RobotState robot_state) -> Joi
ntPositions {

41. time += 0.001;

42. if (init == true) {

43. init_position = robot_state.q;

44, init = false;

45. }

46.

47. joint_s.calculateSynchronizedValues_joint(init_position);

48. / /R R R st 1)

49.

50. if (joint_s.calculateDesiredValues_joint(time, joint_delta) == false
) 1

51. for (unsigned int i = @; i<6; i++) {

52. output.q[i] = init_position[i] + joint_delta[i];

53. }

54.

55. }

56. else {

57. std::cout << "IEBh4EW: " << std::endl;

58. return MotionFinished(output);

59. }

60. return output;

61. };

62.

63. robot.Control(joint_position_callback);

64.

65. return 0;

66. }
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