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dVector GetDesired ();
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dVector GetCurrent ();
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void AttachJoint (eJointType type, int axis, double x, double y, double z, double phi, double

theta, double psi, double radius, double limit_lo, double limit_hi, double median, double

weight);
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dVector SolveJTR (double minAlpha, double clampMag);
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dVector SolveDLS (double disL,ambda, double clampTask, double clampNull);
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dVector GetJointAngle ();
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void Apply (dVector &dq);
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void SetDesired (double x, double y, double z);
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CPosOrilnverse (int inverseAxis);
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void SetDesired (double x, double y, double z, double phi, double theta, double psi);
HUE20le LCHEX|7F =FoloF & AX[Iet kAl 2t (X, Y,2,4,0,p) & S-S

CRelativelnverse Zgj|A

CRelativelnverse A= YL 220| 2 £0=2 FAHZ F11 LE £0=Z XHYUZ o= E22
20| 2 &2 JELE QE £ HYUS XA I ALEBHCH

| CKinematics ¥ |

public public
| CPosOrilnverse ¥ | | CRelativelnverse (¥ |
Class Class
-+ CKinematics -+ CKinematics

* 06. Relative Jacobian.docx A &=X

CRelativelnverse(CKinematics *kinL, CKinematics *kinR);
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CPosOrilnverse *_invL = new CPosOrilnverse (POSITION_ORIENTATION);
_invL->AttachJoint (...);
_invL->AttachJoint (...);

CPosOrilnverse *_invR = new CPosOrilnverse (POSITION_ORIENTATION);
_invR->AttachJoint (...);

_invR->AttachJoint (...);

CRelativelnverse *_rel = new CRelativelnverse (_invL, _invR);




void Apply (dVector &dq);
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CCoMInverse (int comAXxis);
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void AttachJoint (eJointType type, int axis, double mass, double cx, double cy, double cz,
double x, double y, double z, double phi, double theta, double psi, double radius);
HLEZEO0|HE M= 2H-23 AE ZBE0| 7t ¢Ct CKinematics S2|A 2| Attachloint ()

—
gaot LY 7Iss +YoIn FotE RE2 Lt 2o



mass= 39| HEFO|CL (EH: Kg)
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void SetDesired (double x, double y, double z);
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void SetDesired (double x, double y, double z, double length);
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CObjectContainer *_objs = new CObjectContainer ();
_objs->Push ();

_objs->AddObject (new Objectloint (...));
_objs->AddObject (new Objectloint (...));

_objs->Pop ();

CPosOrilnverse *_invl = new CPosOrilnverse (POSITION_ONLY);
_invl->AttachJoint (_objs->FindObject ("link1"));
_invl->AttachJoint (_objs->FindObject ("link2"));

CPosOrilnverse *_inv2 = new CPosOrilnverse (POSITION_ONLY);
_inv2->AttachJoint (_objs->FindObject ("link1™);
_inv2->AttachJoint (_objs->FindObject ("link2"));

CMultiTasks *_tasks = new CMultiTasks ();
_tasks->AddTask (_invl);
_tasks->AddTask (_inv2);

dVector SolveChi (double dlsLambda, double clampTask);
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dVector SolveNak (double dlsLambda, double clampTask);
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void AttachJoint (eJointType type, int axis, double mass, double cx, double cy, double cz,

double Ixx, double lyy, double Izz, double Ixy, double lyz, double Izx, double x, double y,

double z, double phi, double theta, double psi, double radius);
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radius= 220t 2E S AZot= 39| gHX|E0|th

int GetJointNo ();

22O & 2|HCL

vector<JointIinfo *> &GetJointlList ();

BE-Y3 WS YD U HWHES 2HCL

dVector GetJointAngle ();
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Class
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* 21. Newton-Euler Formulation.docx &A &=X

CNewtonEulerDynamics(double gravity[3], double fsi, double fvi);

CNewtonEulerDynamics ScfjA 0| MMXIO|A S0} OpEHES MLt

gravity's BZHAIOIA Z2 HE[CH Of2jet 20| XETOMO £X et F 9812 MHICL

double gravity[3] = {0, 0., -9.81 };
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o fsi - coulomb friction coefficient

« fvi - viscous friction coefficient
dVector ForwardDynamicsRK4 (dVector &torque, double dt);
ML Z 0|29 ZEO| EZ (torque)?t FOX S [, 4%} 2AX|FEH(Fourth-order Runge-Kutta)

oz #EQ NHEEE ALhStCh
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dVector ForwardDynamics (dVector &torque);
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dVector InverseDynamics (dVector &accel);
L Z20[E{e] ZHO| 7tEx (accel)7t FOIRZ W, 2HO| X &st= EIE A Ltotct

void Apply (dVector &accel, double dt);
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void Reset ();

2E SEO AKX, £, VtEE ¢S 022 7|9t Strf



CLagrangeDynamics Z2jA

ClLagrangeDynamics 222+ Euler-Lagrange 2 XM AS 0|50 M/YH S A AtsiCt.
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| CKinematics
Class

public

| CLagrangeDynamics ¥
Class
=+ CKinematics

* 22. Differentiation of Jacobian.docx &A Zr=x

* 23 Lagrangian Formulation.docx &A{ & =&

CLagrangeDynamics (double gravity[3], double fsi, double fvi);

ClLagrangeDynamics 20| MMXIO|A =20t O HS MHSHC
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double gravity[3] = {0, 0., -9.81 };

fsiet fvie O A+2 Ct3at ZCh
o fsi - coulomb friction coefficient

o fvi - viscous friction coefficient

dVector ForwardDynamics (dVector &torque);
L Z20[E{e| 2t-0| EA (torque)?t FOIXZ U, HL| 7KL E A Ltotot
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dVector InverseDynamics (dVector &accel);

HiLIZ OB 2AO 7tKE (acce)?t FOIRS I, R0 &E3t= EIE AHutstot.
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void Apply (dVector &accel, double dt);
20| 285t= 7t % 2 (accel)Z Apply() &+2E WX HE K= 40| 2 HLZ20lH
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void Reset ();
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double GetKineticEnergy();
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double GetPotentialEnergy();

GetPotentialEnergy ()
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« Linear interpolation
« Cardinal spline
« Monotone cubic interpolation

«  Cubic spline interpolation

* 30. Interpolation.docx &A] &Z

Linear interpolation

7tE Heet BZECOR £ FHit F AOlel HE 1A CHEM ez Aiste g4 oLt

template <typename T>

vector<T> Linearlnterpolation (vector<T> 8x, double timeSlice);

x£ O|th =2l HiEo|C}.

timeSlice= 27t 0| SHSO{E AlZH ZHAO|LCE (THY: sec)
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double a[][4] = {

// time, X, Y, z
{0, 0., 0, 05, },
{1, 1, 0, 05, },
{2, 1, 1, 05},
{3, 0., 1, 05, },
{4, 0., 0, 0.5},
{5, 0., 0, 1}
{6, 1, 0, 1}
{7, 1, 1, 1}
{8, 0., 1, 1.}
{9, 0., 0, 1,1}

vector<valarray<double>> _node;

for (unsigned int i=0; i<sizeof(a)/32; ++i) {
_node.push_back (valarray<double>(&a[i][0], 4));

Cardinal spline
Cardinal spline2 Cubic Hermite spline?| &d&Z2 2 Hermite ¥AlZ QHEFS= 3K} spline =M O0|LCt.

Tension Li2IHEE HiEo2 HMo| RS HEY MdEfg - QUCf

—

template <typename T>

vector<T> CardinalSplinelnterpolation (vector<T> &%, double timeSlice, double tension);
tensionO0| 2M9o| R AEZ ZAMSHC}

Monotone cubic interpolation

Monotone cubic E7t2 Cubic Hermite spline?] 2@&E2 2 Hermite @AlE DHESH= 3%k} spline
SMOICt Z[E7I(Mm )N QEFEE AXSte 2t HE0| HEEA O|HX| =& otCt

template <typename T>

vector<T> MonotoneCubicInterpolation (vector<T> &x, double timeSlice, double monotonicity);

Cubic spline interpolation
Cubic spline H7t2 2t Mg XlLbs ZHOIA 9IK|et £&, Jh&zo| HENS HFGDR 22
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template <typename T>
vector<T> CubicSplinelnterpolation (vector<T> &x, double timeSlice);



