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//� constant� definitions�
#define� g� � 9.81�
#define� LEFT_SUPPORT� -1�
#define� BOTH_SUPPORT� 0�
#define� RIGHT_SUPPORT� 1�
#define� CENTRAL_SPEED� 0.02�
#define� BAL_THRESH� 0.0035�
#define� ZMP_THRESH� 0.001�
�
//� specify� function� prototypes�
void� balance_control� (void);�
�
int� get_support� (void);�
double� *calc_com� (int� balance_state);�
void� balance_attitude� (int� balance_state);�
�
void� init_balance(void);�
double� **create_matrix(void);�
void� unpack_joint_angles� (char*� incoming);�
void� end_balance(void);�
void� release_matrix(double� **matrix);�
�
void� mdh� (double� **ptr_out,� double� a,� double� alpha,� double� d,� double� theta);�
void� trans� (double� **ptr_out,� double� x,� double� y,� double� z);�
void� Rx� (double� **ptr_out,� double� theta);�
void� Ry� (double� **ptr_out,� double� theta);�
void� Rz� (double� **ptr_out,� double� theta);�
�
void� mat_mult2� (double� **ptr_out,� double� **ptr_a,� double� **ptr_b);�
void� mat_mult3� (double� **ptr_out,� double� **ptr_a,� double� **ptr_b,� double� **ptr_c);�
void� mat_mult4� (double� **ptr_out,� double� **ptr_a,� double� **ptr_b,� double� **ptr_c,�
double� **ptr_d);�
void� vec_mult� (double� *ptr_out,� double� **matrix,� double� *ptr_vector);�
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/*�
� *� Author:� Ian� Marshall�
� *�
� *� Code� for� Balance� System�
� *�
� */�
#include� <stdio.h>�
#include� <math.h>�
#include� <malloc.h>�
#include� <dmLink.hpp>�
�
#include� "balance.h"�
#include� "../Common/humanoid.h"�
#include� "jointnum.h"�
�
�
//� location� of� centre� of� mass� of� each� link� with� respect� to� robot� coordinate� frame�
double� comR[4];�
double� com4[4];�
double� com3[4];�
double� com5[4];�
double� com11[4];� �
double� com9[4];�
double� com10[4];�
double� com7[4];�
double� com6[4];�
double� com8[4];�
double� com2[4];�
double� com0[4];�
double� comL[4];�
double� com13[4];�
double� com14[4];�
double� comT[4];�
double� com21[4];�
double� com22[4];�
double� com15[4];�
double� com16[4];�
double� com17[4];�
double� com18[4];�
double� com19[4];�
double� com20[4];�
�
�
//int� tmp_bal_state;�
double� tmp_zmp_x,� tmp_zmp_y,� tmp_zmp_z;�
�
�
//� Masses� of� each� link�
double� mR� =� 0.826;�
double� m4� =� 1.42;�
double� m3� =� 1.791;�
double� m5� =� 2.856;�
double� m11� =� 0.583;�
double� m9� =� 1.617;�
double� m10� =� 4.77;�
double� m7� =� 1.616;�
double� m6� =� 0.581;�
double� m8� =� 2.849;�
double� m2� =� 1.789;�
double� m0� =� 1.443;�
double� mL� =� 0.826;�
double� m13� =� 1.47;�
double� m14� =� 1.579;�
double� mT� � =� 8.39;�
double� m21� =� 0.215;�
double� m22� =� 0.421;�
double� m15� =� 0.225;�
double� m16� =� 0.361;�
double� m17� =� 0.208;�
double� m18� =� 0.224;�
double� m19� =� 0.361;�
double� m20� =� 0.208;�
�
�
//� initialise� arrays� for� storing� calculated� centre� of� mass�
double� LwrtR[4];�
double� com_legs[3];�
double� com_torso[3];�
double� com_total[3];� //� centre� of� mass� for� the� entire� robot�
double� state_com[3];� //� centre� of� mass� in� 3D� polar� coordinates�
� � � � � � //� [theta_roll,� theta_pitch,� r]�
�




 $$


� �
/ / � i ni t i al i se� l i nk� t r ansf or mat i on� mat r i ces� �
doubl e� * * T_Rwr t Or gn; �
doubl e� * * T_4wr t R; �
doubl e� * * T_3wr t 4; �
doubl e� * * T_5wr t 3; �
doubl e� * * T_11wr t 5; �
doubl e� * * T_9wr t 11; �
doubl e� * * T_10wr t 9; �
doubl e� * * T_7wr t 10; �
doubl e� * * T_6wr t 7; �
doubl e� * * T_8wr t 6; �
doubl e� * * T_2wr t 8; �
doubl e� * * T_0wr t 2; �
doubl e� * * T_Lwr t 0; �
�
doubl e� * * T_13wr t Or gn; �
doubl e� * * T_14wr t 13; �
doubl e� * * T_Twr t 14; �
doubl e� * * T_21wr t T; �
doubl e� * * T_22wr t 21; �
� �
doubl e� * * T_15wr t T; �
doubl e� * * T_16wr t 15; �
doubl e� * * T_17wr t 16; �
�
doubl e� * * T_18wr t T; �
doubl e� * * T_19wr t 18; �
doubl e� * * T_20wr t 19; �
�
doubl e� * * T_Ror i gi n; �
doubl e� * * T_4or i gi n; �
doubl e� * * T_3or i gi n; �
doubl e� * * T_5or i gi n; �
doubl e� * * T_11or i gi n; �
doubl e� * * T_9or i gi n; �
doubl e� * * T_10or i gi n; �
doubl e� * * T_7or i gi n; �
doubl e� * * T_6or i gi n; �
doubl e� * * T_8or i gi n; �
doubl e� * * T_2or i gi n; �
doubl e� * * T_0or i gi n; �
doubl e� * * T_Lor i gi n; �
�
doubl e� * * T_13or i gi n; �
doubl e� * * T_14or i gi n; �
doubl e� * * T_Tor i gi n; �
doubl e� * * T_21or i gi n; �
doubl e� * * T_22or i gi n; �
doubl e� * * T_15or i gi n; �
doubl e� * * T_16or i gi n; �
doubl e� * * T_17or i gi n; �
doubl e� * * T_18or i gi n; �
doubl e� * * T_19or i gi n; �
doubl e� * * T_20or i gi n; �
�
�
/ / � i ni t i al i se� ar r ays� t o� st or e� commonl y� used� t r ansf or mat i on� mat r i ces�
doubl e� * * RxnegPI di v2; �
doubl e� * * RxPI di v2; �
doubl e� * * RxPI ; �
�
doubl e� * * RynegPI di v2; �
doubl e� * * RyPI di v2; �
doubl e� * * RyPI ; �
�
doubl e� * * RznegPI di v2; �
doubl e� * * RzPI di v2; �
doubl e� * * RzPI ; �
�
�
/ / � i ni t i al i se� mat r i x� ar r ays� t o� st or e� t empor ar y� cal cul at i ons�
doubl e� * * t mp1; �
doubl e� * * t mp2; �
doubl e� * * t mp3; �
doubl e� * * t mp4; �
doubl e� * * t mp5; �
doubl e� * * t mp6; �
�
�
/ / � def i ne� er r or � vect or �
doubl e� er r or _pt r [ ] � =� { - 1, � - 1, � - 1, � - 1} ; �
�
�
/ / � l ocat i on� of � cent r e� of � mass� of � each� l i nk� wi t h� r espect � t o� i t ' s � own� coor di nat e� axes�
/ / � devel op: � get � di r ect l y� f r om� dm� f i l e�
doubl e� l ocal _comR[ ] � =� { 0. 03, � 0. 02, � - 0. 02, � 1} ; �
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double� local_com4[]� =� {0.04,� 0.02,� 0.02,� 1};�
double� local_com3[]� =� {0.12,� -0.01,� -0.05,� 1};�
double� local_com5[]� =� {0.01,� 0.03,� 0.13,� 1};�
double� local_com11[]� =� {0.04,� 0,� 0.05,� 1};�
double� local_com9[]� =� {0.06,� -0.04,� -0.01,� 1};�
double� local_com10[]� =� {-0.01,� 0.125,� -0.02,� 1};�
double� local_com7[]� =� {-0.015,� -0.01,� -0.03,� 1};�
double� local_com6[]� =� {0.00,� -0.05,� -0.015,� 1};�
double� local_com8[]� =� {-0.08,� -0.01,� 0.03,� 1};�
double� local_com2[]� =� {-0.052,� 0.01,� -0.05,� 1};�
double� local_com0[]� =� {-0.011,� -0.02,� -0.02,� 1};�
double� local_comL[]� =� {-0.025,� 0.005,� 0.025,� 1};�
double� local_com13[]� =� {0.00,� -0.02,� -0.01,� 1};�
double� local_com14[]� =� {0.00,� -0.01,� 0.10,� 1};�
double� local_comT[]� =� {0.06,� 0.00,� -0.01,� 1};�
double� local_com21[]� =� {-0.01,� 0.01,� -0.02,� 1};�
double� local_com22[]� =� {-0.08,� 0.01,� 0.00,� 1};�
double� local_com15[]� =� {0.02,� -0.01,� 0.02,� 1};�
double� local_com16[]� =� {0.15,� 0.00,� 0.00,� 1};�
double� local_com17[]� =� {0.10,� 0.00,� 0.00,� 1};�
double� local_com18[]� =� {0.02,� -0.01,� -0.02,� 1};�
double� local_com19[]� =� {0.15,� 0.00,� 0.00,� 1};�
double� local_com20[]� =� {0.10,� 0.00,� 0.00,� 1};�
�
double� old_pos_com_x[24];�
double� old_pos_com_y[24];�
double� old_pos_com_z[24];�
�
double� old_vel_com_x[24];�
double� old_vel_com_y[24];�
double� old_vel_com_z[24];�
�
�
extern� int*� desired_joint_vel[TOTAL_MOTORS];�
�
typedef� struct� {�
� double� theta0;�
� double� theta1;�
� double� theta2;�
� double� theta3;�
� double� theta4;�
� double� theta5;�
� double� theta6;�
� double� theta7;�
� double� theta8;�
� double� theta9;�
� double� theta10;�
� double� theta11;�
� double� theta12;�
� double� theta13;�
� double� theta14;�
� double� theta15;�
� double� theta16;�
� double� theta17;�
� double� theta18;�
� double� theta19;�
� double� theta20;�
� double� theta21;�
� double� theta22;�
� double� theta23;�
�
}� joint_angles_t;�
�
joint_angles_t� angles;�
�
�
void� balance_control� (void)� {�
� int� k,� j;�
� int� bal_state;�
� float� joint_pos[1];�
� float� joint_vel[1];�
� extern� dmLink� **robot_link;�
� float� joint_angles[23];�
�
#ifndef� TX�
� for� (k� =� 0;� k� <� 23;� k++)� {�
� � j� =� Joint_Conversion(k);�
� � robot_link[j]->getState(joint_pos,� joint_vel);�
�
� � if� (j� ==� SIM_RIGHT_KNEE� ||� j� ==� SIM_LEFT_KNEE� )�
� � � joint_pos[0]� -=� PI/2;�
�
� � joint_angles[k]� =� joint_pos[0];�
� }�
� � angles.theta0� =� joint_angles[0];�
� � angles.theta1� =� joint_angles[1];�
� � angles.theta2� =� joint_angles[2];�




 $8


� � angles.theta3� =� -joint_angles[3];�
� � angles.theta4� =� -joint_angles[4];�
� � angles.theta5� =� -joint_angles[5];�
� � angles.theta6� =� joint_angles[6];�
� � angles.theta7� =� joint_angles[7];�
� � angles.theta8� =� joint_angles[8];�
� � angles.theta9� =� -joint_angles[9];�
� � angles.theta10� =� -joint_angles[10];�
� � angles.theta11� =� -joint_angles[11];�
� � angles.theta12� =� -joint_angles[12];�
� � angles.theta13� =� joint_angles[13];�
� � angles.theta14� =� joint_angles[14];�
� � angles.theta15� =� joint_angles[15];�
� � angles.theta16� =� joint_angles[16];�
� � angles.theta17� =� joint_angles[17];�
� � angles.theta18� =� joint_angles[18];�
� � angles.theta19� =� joint_angles[19];�
� � angles.theta20� =� joint_angles[20];�
� � angles.theta21� =� joint_angles[21];�
� � angles.theta22� =� joint_angles[22];�
�
�
� � //� uncomment� and� use� these� angles� for� testing� purposes�
/*�
� � angles.theta0� =� 30� *� PI/180;�
� � angles.theta1� =� 0;�
� � angles.theta2� =� 49.47� *� PI/180;�
� � angles.theta3� =� 0;�
� � angles.theta4� =� -30� *� PI/180;�
� � angles.theta5� =� 0;�
� � angles.theta6� =� 19.47� *� PI/180;�
� � angles.theta7� =� 0;�
� � angles.theta8� =� 0;�
� � angles.theta9� =� 0;�
� � angles.theta10� =� 0;�
� � angles.theta11� =� 0;�
� � angles.theta12� =� 0;�
� � angles.theta13� =� 0;�
� � angles.theta14� =� 0;�
� � angles.theta15� =� 0;�
� � angles.theta16� =� 0;�
� � angles.theta17� =� 0;�
� � angles.theta18� =� 0;�
� � angles.theta19� =� 0;�
� � angles.theta20� =� 0;�
� � angles.theta21� =� 0;�
� � angles.theta22� =� 0;�
*/�
�
�
#endif�
�
� bal_state� =� get_support();�
�
� � calc_com(bal_state);�
� �
� balance_attitude(bal_state);�
�
//� printf("COM:� %f\t%f\t%f\n",� com_total[0],� com_total[1],� com_total[2]);�
�
}�
�
�
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/*�
� *� get_support�
� *�
� *� This� function� determines� the� supporting� base� of� the� robot.�
� *� The� base� is� either:� LEFT_SUPPORT,� BOTH_SUPPORT,� or� RIGHT_SUPPORT�
� *�
� */�
int� get_support� (void)� {�
�
� //� variables� for� the� length� of� the� legs�
� double� R_leg[4];�
� double� L_leg[4];�
� double� length_R_leg;�
� double� length_L_leg;�
� int� balance_state;�
�
� //� initialise� other� variables�
� double� zero_vector[]� =� {0,� 0,� 0,� 1};�
�
� //� determine� length� of� right� leg�
� vec_mult(R_leg,� T_9origin,� zero_vector);�
� length_R_leg� =� sqrt(pow(R_leg[0],� 2)� +� pow(R_leg[1],� 2)� +� pow(R_leg[2],� 2));�
�
� �
� //� determine� length� of� left� leg�
/*� vec_mult(tmp_vec,� T_Lorigin,� zero_vector);�
� for� (i=0;� i<3;� i++)� {�
� � L_leg[i]� =� R_leg[i]� -� tmp_vec[i];�
� }�
*/�
� �
�
� //� Make� negative� (due� to� errors� in� simulator):� (0,� 1,� 2,� 3,� 4,� 5,� 6,� 7)�
�
� //� Link� L:� � Left� Foot�
� trans(tmp1,� -0.045,� -0.025,� 0.055);�
� Rz(tmp2,� PI);�
� Ry(tmp3,� PI/2);�
� mat_mult3(tmp4,� tmp1,� tmp2,� tmp3);�
�
� //� Link� 1:� � Left� Ankle� -� Joint� 1�
� mdh(tmp1,� -0.051,� -PI/2,� 0,� -angles.theta1);�
� mat_mult2(tmp2,� tmp4,� tmp1);�
�
� //� Link� 0:� � Left� Lower� Leg� (Shin)� -� Joint� 0�
� mdh(tmp1,� -0.172,� PI,� 0,� -angles.theta0);�
� mat_mult2(tmp3,� tmp2,� tmp1);�
� �
� //� Link� 2:� � Left� Upper� Leg� (Thigh)� -� Joint� 2�
� Rz(tmp1,� -angles.theta2);�
� trans(tmp2,� -0.21,� 0,� 0);�
� Ry(tmp4,� PI/2);�
� Rz(tmp5,� -PI/2);�
� mat_mult4(tmp6,� tmp1,� tmp2,� tmp4,� tmp5);�
� mat_mult2(tmp1,� tmp3,� tmp6);�
�
� //� Link� 8:� � Left� Lower� Hip� (Pitch)� -� Joint� 8�
� Rz(tmp5,� -angles.theta8);�
� trans(tmp2,� 0,� 0,� -0.055);�
� Rz(tmp3,� -PI/2);�
� Ry(tmp4,� -PI/2);�
� mat_mult4(tmp6,� tmp5,� tmp2,� tmp3,� tmp4);�
� mat_mult2(tmp2,� tmp1,� tmp6);�
�
� //� Link� 6:� � Left� Upper� Hip� (Roll)� -� Joint� 6�
� mdh(tmp3,� -0.075,� PI/2,� 0,� -angles.theta6);�
� mat_mult2(tmp1,� tmp2,� tmp3);�
�
� //� Link� 7:� Hip� -� Joint� 7�
/*� Rz(tmp2,� -angles.theta7);�
� trans(tmp3,� -0.06,� 0.125,� 0);�
� mat_mult4(tmp5,� tmp2,� tmp3,� RyPI,� RxnegPIdiv2);�
� mat_mult2(tmp2,� tmp1,� tmp5);�
*/�
�
� vec_mult(L_leg,� tmp1,� zero_vector);� �
� �
� length_L_leg� =� sqrt(pow(L_leg[0],� 2)� +� pow(L_leg[1],� 2)� +� pow(L_leg[2],� 2));�
�
�
� if� (length_R_leg� >� (length_L_leg� +� BAL_THRESH))� {�
� � //� robot� on� right� foot�
� � balance_state� =� RIGHT_SUPPORT;�
� � printf("\nRight� support.\n");�
�
� }� else� if� (length_L_leg� >� (length_R_leg� +� BAL_THRESH))� {�
� � //� robot� on� left� foot�
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� � balance_state� =� LEFT_SUPPORT;�
� � printf("\nLeft� support.\n");�
�
� }� else� {�
� � //� robot� on� both� feet�
� � balance_state� =� BOTH_SUPPORT;�
� � printf("\nBoth� support.\n");�
�
� }�
�
� printf("\nLeft� leg:� %f",� length_L_leg);�
� printf("� � Right� leg:� %f\n\n",� length_R_leg);�
�
� return� balance_state;�
}�
�
�
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/ * �
� * � cal c_com�
� * �
� * � Thi s� f unct i on� cal cul at es� t he� cent r e� of � mass� of � t he� r obot . �
� * �
� * � I t � uses� one� ar gument � whi ch� speci f i es� what � t he� suppor t i ng� base� i s. �
� * � Can� be� ei t her � RI GHT_SUPPORT, � LEFT_SUPPORT, � BOTH_SUPPORT. �
� * �
� * � The� f unct i on� r et ur ns� a� poi nt er � t o� an� ar r ay� cont ai ni ng� t he� �
� * � l ocat i on� of � t he� cent r e� of � mass� of � t he� r obot � i n� 3D� pol oar � coor di nat es. �
� * �
� * / �
doubl e� * cal c_com� ( i nt � bal ance_st at e) � { �
�
�
� / / � t ot al � mass�
� doubl e� mT_l egs� =� mR� +� m4� +� m3� +� m5+� m11� +� m9� +� m10� +� m7� +� m6� +� m8� +� m2� +� m0� +�
mL; �
� doubl e� mT_t or so� =� m13� +� m14� +� mT� +� m21� +� m22� +� m15� +� m16� +� m17� +� m18� +� m19� +�
m20; �
�
� �
� / / � i ni t i al i se� ot her � var i abl es�
� doubl e� zer o_vect or [ ] � =� { 0, � 0, � 0, � 1} ; �
�
�
� / / � eval uat e� t he� commonl y� used� t r ansf or mat i on� mat r i ces� ( need� t o� onl y� do� t hi s�
once� . . . . � shoul d� use� #i f def ' s � et c) �
� Rx( RxnegPI di v2, � - PI / 2) ; �
� Rx( RxPI di v2, � PI / 2) ; �
� Rx( RxPI , � PI ) ; �
�
� Ry( RynegPI di v2, � - PI / 2) ; �
� Ry( RyPI di v2, � PI / 2) ; �
� Ry( RyPI , � PI ) ; �
�
� Rz( RznegPI di v2, � - PI / 2) ; �
� Rz( RzPI di v2, � PI / 2) ; �
� Rz( RzPI , � PI ) ; �
�
�
� / / � eval uat e� t r ansf or mat i on� mat r i ces� f or � each� r i gi d� body� l i nk�
�
� / * �
� � * � com� f or � l egs� wr t � r i ght � f oot �
� � * / �
�
� / / � Li nk� R: � � Ri ght � Foot �
� t r ans( t mp1, � - 0. 045, � 0. 025, � 0. 055) ; �
� mat _mul t 3( T_Ror i gi n, � t mp1, � RzPI , � RyPI di v2) ; � �
� vec_mul t ( comR, � T_Ror i gi n, � l ocal _comR) ; �
�
� / / � Li nk� 4: � � Ri ght � Ankl e� - � Joi nt � 4�
� mdh( T_4wr t R, � - 0. 051, � - PI / 2, � 0, � angl es. t het a4) ; �
� mat _mul t 2( T_4or i gi n, � T_Ror i gi n, � T_4wr t R) ; �
� vec_mul t ( com4, � T_4or i gi n, � l ocal _com4) ; �
�
� / / � Li nk� 3: � � Ri ght � Lower � Leg� ( Shi n) � - � Joi nt � 3�
� mdh( T_3wr t 4, � - 0. 172, � PI , � 0, � angl es. t het a3) ; �
� mat _mul t 2( T_3or i gi n, � T_4or i gi n, � T_3wr t 4) ; �
� vec_mul t ( com3, � T_3or i gi n, � l ocal _com3) ; �
�
� / / � Li nk� 5: � � Ri ght � Upper � Leg� ( Thi gh) � - � Joi nt � 5�
� t r ans( t mp1, � - 0. 21, � 0, � 0) ; �
� Rz( t mp4, � angl es. t het a5) ; �
� mat _mul t 4( T_5wr t 3, � t mp4, � t mp1, � RyPI di v2, � RznegPI di v2) ; �
� mat _mul t 2( T_5or i gi n, � T_3or i gi n, � T_5wr t 3) ; �
� vec_mul t ( com5, � T_5or i gi n, � l ocal _com5) ; �
�
� / / � Li nk� 11: � � Ri ght � Lower � Hi p� ( Pi t ch) � - � Joi nt � 11�
� t r ans( t mp1, � 0, � 0, � - 0. 055) ; �
� Rz( t mp4, � angl es. t het a11) ; �
� mat _mul t 4( T_11wr t 5, � t mp4, � t mp1, � RznegPI di v2, � RynegPI di v2) ; �
� mat _mul t 2( T_11or i gi n, � T_5or i gi n, � T_11wr t 5) ; �
� vec_mul t ( com11, � T_11or i gi n, � l ocal _com11) ; �
�
� / / � Li nk� 9: � � Ri ght � Upper � Hi p� ( Rol l ) � - � Joi nt � 9�
� mdh( T_9wr t 11, � - 0. 075, � - PI / 2, � 0, � angl es. t het a9) ; �
� mat _mul t 2( T_9or i gi n, � T_11or i gi n, � T_9wr t 11) ; �
� vec_mul t ( com9, � T_9or i gi n, � l ocal _com9) ; �
�
� / / � Li nk� 10: � � Hi p�
� Rz( t mp1, � angl es. t het a10) ; �
� t r ans( t mp2, � 0, � 0. 25, � 0) ; �
� mat _mul t 3( T_10wr t 9, � t mp1, � t mp2, � RxPI ) ; �
� mat _mul t 2( T_10or i gi n, � T_9or i gi n, � T_10wr t 9) ; �
� vec_mul t ( com10, � T_10or i gi n, � l ocal _com10) ; �
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�
� //� Link� 7:� Left� Upper� Hip� (Roll)�
� mdh(T_7wrt10,� 0.075,� -PI/2,� 0,� angles.theta7);�
� mat_mult2(T_7origin,� T_10origin,� T_7wrt10);�
� vec_mult(com7,� T_7origin,� local_com7);�
�
� //� Link� 6:� Left� Lower� Hip� (Pitch)�
� Rz(tmp1,� angles.theta6);�
� trans(tmp2,0.055,� 0,� 0);�
� mat_mult4(T_6wrt7,� tmp1,� tmp2,� RzPIdiv2,� RxPIdiv2);�
� mat_mult2(T_6origin,� T_7origin,� T_6wrt7);�
� vec_mult(com6,� T_6origin,� local_com6);�
�
� //� Link� 8:� Left� Upper� Leg� (Yaw)�
� Rz(tmp1,� angles.theta8);�
� trans(tmp2,� 0,� 0,� 0.21);�
� mat_mult4(T_8wrt6,� tmp1,� tmp2,� RynegPIdiv2,� RxPIdiv2);�
� mat_mult2(T_8origin,� T_6origin,� T_8wrt6);�
� vec_mult(com8,� T_8origin,� local_com8);�
�
� //� Link� 2:� Left� Lower� Leg�
� mdh(T_2wrt8,� 0.172,� PI,� 0,� angles.theta2);�
� mat_mult2(T_2origin,� T_8origin,� T_2wrt8);�
� vec_mult(com2,� T_2origin,� local_com2);�
�
� //� Link� 0:� Left� Ankle�
� mdh(T_0wrt2,� 0.051,� PI/2,� 0,� angles.theta0);� �
� mat_mult2(T_0origin,� T_2origin,� T_0wrt2);�
� vec_mult(com0,� T_0origin,� local_com0);�
� � �
� //� Link� L:� Left� Foot�
� Rz(tmp1,� angles.theta1);�
� trans(tmp2,� 0.055,� -0.025,� -0.045);�
� mat_mult4(T_Lwrt0,� tmp1,� tmp2,� RynegPIdiv2,� RzPI);�
� mat_mult2(T_Lorigin,� T_0origin,� T_Lwrt0);�
� vec_mult(comL,� T_Lorigin,� local_comL);�
�
�
� /*�
� � *� com� for� Torso� wrt� right� foot�
� � */�
� �
� //� Link� 10:� � Hip� (mass� is� considered� in� leg� calcs).� Required� here� for�
position� and� orientation� of� torso.�
� Rz(tmp1,� angles.theta10);�
� trans(tmp2,� -0.06,� 0.125,� 0);�
� mat_mult4(tmp5,� tmp1,� tmp2,� RzPI,� RxnegPIdiv2);�
� mat_mult2(T_13wrtOrgn,� T_9origin,� tmp5);�
�
� //� Link� 13:� Upper� Hip� �
� Rz(tmp1,� angles.theta12);�
� trans(tmp2,� 0.07,� 0,� 0);�
� mat_mult4(tmp5,� tmp1,� tmp2,� RxPIdiv2,� RznegPIdiv2);�
� mat_mult2(T_13origin,� T_13wrtOrgn,� tmp5);� �
� vec_mult(com13,� T_13origin,� local_com13);�
�
� //� Link� 14:� Torso� Twist� (yaw)�
� Rz(tmp1,� angles.theta13);�
� trans(tmp2,� 0,� 0.229,� 0);�
� mat_mult4(T_14wrt13,� tmp1,� tmp2,� RyPIdiv2,� RxPIdiv2);�
� mat_mult2(T_14origin,� T_13origin,� T_14wrt13);�
� vec_mult(com14,� T_14origin,� local_com14);�
� �
� //� Link� T:� Torso�
� Rz(tmp1,� angles.theta14);�
� trans(tmp2,� 0,� 0,� -0.067);�
� mat_mult4(T_Twrt14,� tmp1,� tmp2,� RynegPIdiv2,� RxPI);�
� mat_mult2(T_Torigin,� T_14origin,� T_Twrt14);�
� vec_mult(comT,� T_Torigin,� local_comT);�
�
� //� Link� 21:� Neck�
� Rx(tmp1,� angles.theta21);�
� trans(tmp4,� -0.00,� 0.00,� 0.00);�
� mat_mult4(T_21wrtT,� tmp1,� RzPIdiv2,� RxPIdiv2,� tmp4);�
� mat_mult2(T_21origin,� T_Torigin,� T_21wrtT);�
� vec_mult(com21,� T_21origin,� local_com21);�
�
� //� Link� 22:� Head�
� trans(tmp1,� 0,� 0,� -0.021);�
� Rx(tmp2,� angles.theta22);�
� mat_mult4(T_22wrt21,� tmp1,� tmp2,� RynegPIdiv2,� RxPI);�
� mat_mult2(T_22origin,� T_21origin,� T_22wrt21);�
� vec_mult(com22,� T_22origin,� local_com22);�
�
� //� Link� 15:� � Left� Shoulder�
� trans(tmp1,� 0.03,� -0.21,� 0);�
� Rz(tmp3,� angles.theta15);�
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� mat_mult3(T_15wrtT,� tmp1,� RxPIdiv2,� tmp3);�
� mat_mult2(T_15origin,� T_Torigin,� T_15wrtT);�
� vec_mult(com15,� T_15origin,� local_com15);�
�
� //� Link� 16:� Left� Upper� Arm�
� trans(tmp1,� 0.00,� 0.00,� 0.024);�
� Rz(tmp3,� angles.theta16);�
� mat_mult3(T_16wrt15,� tmp1,� RxPIdiv2,� tmp3);�
� mat_mult2(T_16origin,� T_15origin,� T_16wrt15);�
� vec_mult(com16,� T_16origin,� local_com16);�
�
� //� Link� 17:� Left� Lower� Arm�
� trans(tmp1,� 0.209,� 0.00,� 0.00);�
� Rz(tmp3,� angles.theta17);�
� mat_mult3(T_17wrt16,� tmp1,� RxnegPIdiv2,� tmp3);�
� mat_mult2(T_17origin,� T_16origin,� T_17wrt16);�
� vec_mult(com17,� T_17origin,� local_com17);�
� �
� //� Link� 18:� Right� Shoulder�
� trans(tmp1,� 0.03,� 0.21,� 0);�
� Rz(tmp3,� angles.theta18);�
� mat_mult3(T_18wrtT,� tmp1,� RxPIdiv2,� tmp3);�
� mat_mult2(T_18origin,� T_Torigin,� T_18wrtT);�
� vec_mult(com18,� T_18origin,� local_com18);�
� �
� //� Link� 19:� Right� Upper� Arm�
� trans(tmp1,� 0.00,� 0.00,� -0.024);�
� Rz(tmp3,� angles.theta19);�
� mat_mult3(T_19wrt18,� tmp1,� RxnegPIdiv2,� tmp3);�
� mat_mult2(T_19origin,� T_18origin,� T_19wrt18);�
� vec_mult(com19,� T_19origin,� local_com19);�
�
� //� Link� 20:� Right� Lower� Arm�
� trans(tmp1,� 0.209,� 0.00,� 0.00);�
� Rz(tmp3,� angles.theta20);�
� mat_mult3(T_20wrt19,� tmp1,� RxPIdiv2,� tmp3);�
� mat_mult2(T_20origin,� T_19origin,� T_20wrt19);�
� vec_mult(com20,� T_20origin,� local_com20);�
�
�
� //� Calculate� com� for� the� legs� wrt� right� foot�
� com_legs[0]� =� (mR*comR[0]� +� m4*com4[0]� +� m3*com3[0]� +� m5*com5[0]� +�
m11*com11[0]� +� m9*com9[0]� +� m10*com10[0]� +� m7*com7[0]� +� m6*com6[0]� +� m8*com8[0]� +�
m2*com2[0]� +� m0*com0[0]� +� mL*comL[0])� /� mT_legs;�
� com_legs[1]� =� (mR*comR[1]� +� m4*com4[1]� +� m3*com3[1]� +� m5*com5[1]� +�
m11*com11[1]� +� m9*com9[1]� +� m10*com10[1]� +� m7*com7[1]� +� m6*com6[1]� +� m8*com8[1]� +�
m2*com2[1]� +� m0*com0[1]� +� mL*comL[1])� /� mT_legs;�
� com_legs[2]� =� (mR*comR[2]� +� m4*com4[2]� +� m3*com3[2]� +� m5*com5[2]� +�
m11*com11[2]� +� m9*com9[2]� +� m10*com10[2]� +� m7*com7[2]� +� m6*com6[2]� +� m8*com8[2]� +�
m2*com2[2]� +� m0*com0[2]� +� mL*comL[2])� /� mT_legs;�
�
� //� Calculate� com� for� the� torso� wrt� right� foot�
� com_torso[0]� =� (m13*com13[0]� +� m14*com14[0]� +� mT*comT[0]� +� m21*com21[0]� +�
m22*com22[0]� +� m15*com15[0]� +� m16*com16[0]� +� m17*com17[0]� +� m18*com18[0]� +�
m19*com19[0]� +� m20*com20[0])� /� mT_torso;�
� com_torso[1]� =� (m13*com13[1]� +� m14*com14[1]� +� mT*comT[1]� +� m21*com21[1]� +�
m22*com22[1]� +� m15*com15[1]� +� m16*com16[1]� +� m17*com17[1]� +� m18*com18[1]� +�
m19*com19[1]� +� m20*com20[1])� /� mT_torso;�
� com_torso[2]� =� (m13*com13[2]� +� m14*com14[2]� +� mT*comT[2]� +� m21*com21[2]� +�
m22*com22[2]� +� m15*com15[2]� +� m16*com16[2]� +� m17*com17[2]� +� m18*com18[2]� +�
m19*com19[2]� +� m20*com20[2])� /� mT_torso;�
�
� com_total[0]� =� (mT_legs*com_legs[0]� +� mT_torso*com_torso[0])� /� (mT_legs� +�
mT_torso);�
� com_total[1]� =� (mT_legs*com_legs[1]� +� mT_torso*com_torso[1])� /� (mT_legs� +�
mT_torso);�
� com_total[2]� =� (mT_legs*com_legs[2]� +� mT_torso*com_torso[2])� /� (mT_legs� +�
mT_torso);�
�
�
� //� Calculate� centre� of� mass� for� robot!�
� if� (balance_state� ==� LEFT_SUPPORT)� {�
� � vec_mult(LwrtR,� T_Lorigin,� zero_vector);�
� � com_total[0]� =� com_total[0]� -� LwrtR[0];�
� � com_total[1]� =� com_total[1]� -� LwrtR[1];�
� � com_total[2]� =� com_total[2]� -� LwrtR[2];�
� � �
� }� else� if� (balance_state� ==� BOTH_SUPPORT)� {�
� � vec_mult(LwrtR,� T_Lorigin,� zero_vector);�
� � com_total[0]� =� com_total[0]� -� (LwrtR[0]� /� 2.0);�
� � com_total[1]� =� com_total[1]� -� (LwrtR[1]� /� 2.0);�
� � com_total[2]� =� com_total[2]� -� (LwrtR[2]� /� 2.0);�
�
� }� else� if� (balance_state� ==� RIGHT_SUPPORT)� {�
� � //� return� the� value� calculated� above�
�
� }� else� {�
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� � //� error� condition�
� � return� error_ptr;�
� }�
�
�
� //� Convert� com� location� to� 3D� polar� coordinates� (angles.theta_roll,�
angles.theta_pitch,� r);�
� state_com[0]� =� atan(com_total[1]� /� com_total[2]);�
� state_com[1]� =� atan(com_total[2]� /� com_total[0]);�
� state_com[2]� =� sqrt(pow(com_total[0],2)� +� pow(com_total[1],2)� +�
pow(com_total[2],2));�
�
� �
� //� for� printing� result� of� matrix�
/*� for� (i� =� 0;� i� <� 16;� i++)� {�
� � printf("%f\t",� *(T_Rorigin� +� i));�
� � if� (i==3)� {�
� � � printf("\n");�
� � }� else� if� (i==7)� {�
� � � printf("\n");�
� � }� else� if� (i==11)� {�
� � � printf("\n");�
� � }�
� }�
� printf("\n\n");�
*/� �
�
�
� //� print� result� of� vector� �
/*� printf("Centre� for� the� entire� robot:\n");� �
� for� (int� i� =� 0;� i� <� 3;� i++)� {�
� � printf("%f\n",� com_total[i]);�
� }�
� printf("\n\n");�
*/�
�
� return� state_com;�
}�
�
�
�
void� balance_attitude� (int� balance_state)� {�
�
� double� m[24]� =� {mR,� m4,� m3,� m5,� m11,� m9,� m10,� m7,� m6,� m8,� m2,� m0,� mL,� m13,�
m14,� mT,� m21,� m22,� m15,� m16,� m17,� m18,� m19,� m20};�
�
� //� initialise� variables�
� double� pos_com_x[]� =� {comR[0],� com4[0],� com3[0],� com5[0],� com11[0],� com9[0],�
com10[0],� com7[0],� com6[0],� com8[0],� com2[0],� com0[0],� comL[0],� com13[0],� com14[0],�
comT[0],� com21[0],� com22[0],� com15[0],� com16[0],� com17[0],� com18[0],� com19[0],�
com20[0]};�
� double� pos_com_y[]� =� {comR[1],� com4[1],� com3[1],� com5[1],� com11[1],� com9[1],�
com10[1],� com7[1],� com6[1],� com8[1],� com2[1],� com0[1],� comL[1],� com13[1],� com14[1],�
comT[1],� com21[1],� com22[1],� com15[1],� com16[1],� com17[1],� com18[1],� com19[1],�
com20[1]};�
� double� pos_com_z[]� =� {comR[2],� com4[2],� com3[2],� com5[2],� com11[2],� com9[2],�
com10[2],� com7[2],� com6[2],� com8[2],� com2[2],� com0[2],� comL[2],� com13[2],� com14[2],�
comT[2],� com21[2],� com22[2],� com15[2],� com16[2],� com17[2],� com18[2],� com19[2],�
com20[2]};�
� �
� double� vel_com_x[24];�
� double� vel_com_y[24];�
� double� vel_com_z[24];�
�
� double� acc_com_x[24];�
� double� acc_com_y[24];�
� double� acc_com_z[24];�
�
� double� tmp_var1� =� 0.0;�
� double� tmp_var2� =� 0.0;�
� double� tmp_var3� =� 0.0;�
� double� tmp_var4� =� 0.0;�
� double� tmp_var5� =� 0.0;�
�
� double� zero_vector[]� =� {0,� 0,� 0,� 1};�
�
� double� ZMPx,� ZMPy,� ZMPz;�
�
� int� i;�
�
� if� (balance_state� ==� LEFT_SUPPORT)� {�
� � vec_mult(LwrtR,� T_Lorigin,� zero_vector);�
� � for� (i� =� 1;� i<24;� i++)� {�
� � � pos_com_x[i]� =� pos_com_x[i]� -� LwrtR[0];�
� � � pos_com_y[i]� =� pos_com_y[i]� -� LwrtR[1];�
� � � pos_com_z[i]� =� pos_com_z[i]� -� LwrtR[2];�
� � }�
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� }� else� if� (balance_state� ==� BOTH_SUPPORT)� {�
� � vec_mult(LwrtR,� T_Lorigin,� zero_vector);�
� � for� (i� =� 1;� i<24;� i++)� {�
� � � pos_com_x[i]� =� pos_com_x[i]� -� (LwrtR[0]� /� 2.0);�
� � � pos_com_y[i]� =� pos_com_y[i]� -� (LwrtR[1]� /� 2.0);�
� � � pos_com_z[i]� =� pos_com_z[i]� -� (LwrtR[2]� /� 2.0);�
� � }�
� }� else� if� (balance_state� ==� RIGHT_SUPPORT)� {�
� � //� return� the� value� calculated� above�
�
� }� else� {�
� � //� error� condition�
� }�
�
�
� //� calculate� the� velocity� and� acceleration� of� the� com� for� each� link�
� for� (i� =� 0;� i<24;� i++)� {�
� �
� � //� x� direction�
� � vel_com_x[i]� =� (pos_com_x[i]� -� old_pos_com_x[i])� /� CENTRAL_SPEED;�
� � acc_com_x[i]� =� (vel_com_x[i]� -� old_vel_com_x[i])� /� CENTRAL_SPEED;�
�
� � //� y� direction�
� � vel_com_y[i]� =� (pos_com_y[i]� -� old_pos_com_y[i])� /� CENTRAL_SPEED;�
� � acc_com_y[i]� =� (vel_com_y[i]� -� old_vel_com_y[i])� /� CENTRAL_SPEED;�
�
� � //� z� direction�
� � vel_com_z[i]� =� (pos_com_z[i]� -� old_pos_com_z[i])� /� CENTRAL_SPEED;�
� � acc_com_z[i]� =� (vel_com_z[i]� -� old_vel_com_z[i])� /� CENTRAL_SPEED;�
�
�
� � //� variables� to� be� used� in� the� calculation� of� the� zmp�
� � tmp_var1� =� tmp_var1� +� m[i]� *� pos_com_x[i]� *� (acc_com_z[i]� +� g);�
� � tmp_var2� =� tmp_var2� +� m[i]� *� acc_com_x[i]� *� pos_com_z[i];�
� � tmp_var3� =� tmp_var3� +� m[i]� *� (acc_com_z[i]� +� g);�
� �
� � tmp_var4� =� tmp_var4� +� m[i]� *� pos_com_y[i]� *� (acc_com_z[i]� +� g);�
� � tmp_var5� =� tmp_var5� +� m[i]� *� acc_com_y[i]� *� pos_com_z[i];� �
� }�
� �
� �
� //� calculate� the� location� of� the� zero� moment� point� (zmp)�
� ZMPx� =� (tmp_var1� -� tmp_var2)� /� tmp_var3;�
� ZMPy� =� (tmp_var4� -� tmp_var5)� /� tmp_var3;�
� ZMPz� =� 0;� �
� �
�
//� printf("ZMP:� %f\t%f\t%f\n",� ZMPx,� ZMPy,� ZMPz);�
//� printf("CoM:� %f\t%f\t%f\n",� com_total[0],� com_total[1],� com_total[2]);�
�
� //� define� movement� for� stability� (specify� an� angle� and� a� max� acceleration?)�
� �
� //� temporary� variable� used� for� data_logging�
//� tmp_zmp_x� =� ZMPx;�
//� tmp_zmp_y� =� ZMPy;�
//� tmp_zmp_z� =� ZMPz;�
�
�
� if� (balance_state� ==� LEFT_SUPPORT)� {�
� � //� pitch� (x� direction)�
� � if� (ZMPx� >� ZMP_THRESH)� {�
� � � *desired_joint_vel[LEFT_ANKLE_FWD]� =� � -10;�
� � � printf("pos\t\t");�
�
� � }� else� if� (ZMPx� <� -ZMP_THRESH)� {�
� � � *desired_joint_vel[LEFT_ANKLE_FWD]� =� 10;�
� � � printf("neg\t\t");�
�
� � }� else� {�
� � � *desired_joint_vel[LEFT_ANKLE_FWD]� =� 0;�
� � � printf("zero\t\t");�
� � }�
�
�
� � //� roll� (y� direction)�
� � if� (ZMPy� >� ZMP_THRESH)� {�
� � � *desired_joint_vel[LEFT_ANKLE_SIDE]� =� 10;�
� � � printf("pos\n");�
� � �
� � }� else� if� (ZMPy� <� -ZMP_THRESH)� {�
� � � *desired_joint_vel[LEFT_ANKLE_SIDE]� =� � -10;�
� � � printf("neg\n");�
�
� � }� else� {�
� � � *desired_joint_vel[LEFT_ANKLE_SIDE]� =� 0;�
� � � printf("zero\n");�
� � }�
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�
�
� }� else� if� (balance_state� ==� RIGHT_SUPPORT)� {�
�
� � //� pitch� (x� direction)�
� � if� (ZMPx� >� ZMP_THRESH)� {�
� � � *desired_joint_vel[RIGHT_ANKLE_FWD]� =� � -10;�
� � � printf("pos\t\t");�
�
� � }� else� if� (ZMPx� <� -ZMP_THRESH)� {�
� � � *desired_joint_vel[RIGHT_ANKLE_FWD]� =� 10;�
� � � printf("neg\t\t");�
�
� � }� else� {�
� � � *desired_joint_vel[RIGHT_ANKLE_FWD]� =� 0;�
� � � printf("zero\t\t");�
� � }�
�
�
� � //� roll� (y� direction)�
� � if� (ZMPy� >� ZMP_THRESH)� {�
� � � *desired_joint_vel[RIGHT_ANKLE_SIDE]� =� 10;�
� � � printf("pos\n");�
� � �
� � }� else� if� (ZMPy� <� -ZMP_THRESH)� {�
� � � *desired_joint_vel[RIGHT_ANKLE_SIDE]� =� � -10;�
� � � printf("neg\n");�
�
� � }� else� {�
� � � *desired_joint_vel[RIGHT_ANKLE_SIDE]� =� 0;�
� � � printf("zero\n");�
� � }�
�
� }� else� if� (balance_state� ==� BOTH_SUPPORT)� {�
�
� � //� pitch� (x� direction)�
� � if� (ZMPx� >� ZMP_THRESH)� {�
� � � *desired_joint_vel[RIGHT_ANKLE_FWD]� =� � -10;�
� � � *desired_joint_vel[LEFT_ANKLE_FWD]� =� � -10;� � � �
� � � printf("pos\t\t");�
�
� � }� else� if� (ZMPx� <� -ZMP_THRESH)� {�
� � � *desired_joint_vel[RIGHT_ANKLE_FWD]� =� 10;�
� � � *desired_joint_vel[LEFT_ANKLE_FWD]� =� 10;�
� � � printf("neg\t\t");�
�
� � }� else� {�
� � � *desired_joint_vel[RIGHT_ANKLE_FWD]� =� 0;�
� � � *desired_joint_vel[LEFT_ANKLE_FWD]� =� 0;�
� � � printf("zero\t\t");�
� � }�
�
�
� � //� roll� (y� direction)�
� � if� (ZMPy� >� ZMP_THRESH)� {�
� � � *desired_joint_vel[RIGHT_ANKLE_SIDE]� =� -10;�
� � � *desired_joint_vel[LEFT_ANKLE_SIDE]� =� -10;�
� � � printf("pos\n");�
� � �
� � }� else� if� (ZMPy� <� -ZMP_THRESH)� {�
� � � *desired_joint_vel[RIGHT_ANKLE_SIDE]� =� � 10;�
� � � *desired_joint_vel[LEFT_ANKLE_SIDE]� =� � 10;�
� � � printf("neg\n");�
�
� � }� else� {�
� � � *desired_joint_vel[RIGHT_ANKLE_SIDE]� =� 0;�
� � � *desired_joint_vel[LEFT_ANKLE_SIDE]� =� 0;�
� � � printf("zero\n");�
� � }�
�
� }�
�
�
� //� update� variables�
� for� (i=0;� i<24;� i++)� {�
� � old_pos_com_x[i]� =� pos_com_x[i];�
� � old_pos_com_y[i]� =� pos_com_y[i];�
�
� � old_vel_com_x[i]� =� vel_com_x[i];�
� � old_vel_com_y[i]� =� vel_com_y[i];�
� }�
}�
�
�
�
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/*�
� *� init_balance� -� �
� *�
� *� This� function� initialises� the� balance� system� by� allocating� memory�
� *� for� each� matrix� that� is� required.� � It� also� does� preliminary� �
� *� calculations� to� determine� the� supporting� base� of� the� robot.�
� *�
� */�
void� init_balance(void)� {�
�
� int� i;�
�
� //� initialise� link� transformation� matrices� �
� T_RwrtOrgn� =� create_matrix();�
� T_4wrtR� =� create_matrix();�
� T_3wrt4� =� create_matrix();�
� T_5wrt3� =� create_matrix();�
� T_11wrt5� =� create_matrix();�
� T_9wrt11� =� create_matrix();�
� T_10wrt9� =� create_matrix();�
� T_7wrt10� =� create_matrix();�
� T_6wrt7� =� create_matrix();�
� T_8wrt6� =� create_matrix();�
� T_2wrt8� =� create_matrix();�
� T_0wrt2� =� create_matrix();�
� T_Lwrt0� =� create_matrix();�
�
� T_13wrtOrgn� =� create_matrix();�
� T_14wrt13� =� create_matrix();�
� T_Twrt14� =� create_matrix();�
� T_21wrtT� =� create_matrix();�
� T_22wrt21� =� create_matrix();�
� �
� T_15wrtT� =� create_matrix();�
� T_16wrt15� =� create_matrix();�
� T_17wrt16� =� create_matrix();�
�
� T_18wrtT� =� create_matrix();�
� T_19wrt18� =� create_matrix();�
� T_20wrt19� =� create_matrix();�
�
� T_Rorigin� =� create_matrix();�
� T_4origin� =� create_matrix();�
� T_3origin� =� create_matrix();�
� T_5origin� =� create_matrix();�
� T_11origin� =� create_matrix();�
� T_9origin� =� create_matrix();�
� T_10origin� =� create_matrix();�
� T_7origin� =� create_matrix();�
� T_6origin� =� create_matrix();�
� T_8origin� =� create_matrix();�
� T_2origin� =� create_matrix();�
� T_0origin� =� create_matrix();�
� T_Lorigin� =� create_matrix();�
�
� T_13origin� =� create_matrix();�
� T_14origin� =� create_matrix();�
� T_Torigin� =� create_matrix();�
� T_21origin� =� create_matrix();�
� T_22origin� =� create_matrix();�
� T_15origin� =� create_matrix();�
� T_16origin� =� create_matrix();�
� T_17origin� =� create_matrix();�
� T_18origin� =� create_matrix();�
� T_19origin� =� create_matrix();�
� T_20origin� =� create_matrix();�
�
� //� initialise� arrays� to� store� commonly� used� transformation� matrices�
� RxnegPIdiv2� =� create_matrix();�
� RxPIdiv2� =� create_matrix();�
� RxPI� =� create_matrix();�
�
� RynegPIdiv2� =� create_matrix();�
� RyPIdiv2� =� create_matrix();�
� RyPI� =� create_matrix();�
�
� RznegPIdiv2� =� create_matrix();�
� RzPIdiv2� =� create_matrix();�
� RzPI� =� create_matrix();�
�
� tmp1� =� create_matrix();�
� tmp2� =� create_matrix();�
� tmp3� =� create_matrix();�
� tmp4� =� create_matrix();�
� tmp5� =� create_matrix();�
� tmp6� =� create_matrix();�
�
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� for� (i� =� 0;� i<24;� i++)� {�
� � old_pos_com_x[i]� =� 0;�
� � old_pos_com_y[i]� =� 0;�
� � old_pos_com_z[i]� =� 0;�
�
� � old_vel_com_x[i]� =� 0;�
� � old_vel_com_y[i]� =� 0;�
� � old_vel_com_z[i]� =� 0;�
� }�
�
� //� preliminary� calculations� required� for� get_support�
�
� //� Link� R:� � Right� Foot�
� trans(tmp1,� -0.045,� 0.025,� 0.055);�
� mat_mult3(T_Rorigin,� tmp1,� RzPI,� RyPIdiv2);� �
� vec_mult(comR,� T_Rorigin,� local_comR);�
�
� //� Link� 4:� � Right� Ankle� -� Joint� 4�
� mdh(T_4wrtR,� -0.051,� -PI/2,� 0,� angles.theta4);�
� mat_mult2(T_4origin,� T_Rorigin,� T_4wrtR);�
� vec_mult(com4,� T_4origin,� local_com4);�
�
� //� Link� 3:� � Right� Lower� Leg� (Shin)� -� Joint� 3�
� mdh(T_3wrt4,� -0.172,� PI,� 0,� angles.theta3);�
� mat_mult2(T_3origin,� T_4origin,� T_3wrt4);�
� vec_mult(com3,� T_3origin,� local_com3);�
�
� //� Link� 5:� � Right� Upper� Leg� (Thigh)� -� Joint� 5�
� trans(tmp1,� -0.21,� 0,� 0);�
� Rz(tmp4,� angles.theta5);�
� mat_mult4(T_5wrt3,� tmp4,� tmp1,� RyPIdiv2,� RznegPIdiv2);�
� mat_mult2(T_5origin,� T_3origin,� T_5wrt3);�
� vec_mult(com5,� T_5origin,� local_com5);�
�
� //� Link� 11:� � Right� Lower� Hip� (Pitch)� -� Joint� 11�
� trans(tmp1,� 0,� 0,� -0.055);�
� Rz(tmp4,� angles.theta11);�
� mat_mult4(T_11wrt5,� tmp4,� tmp1,� RznegPIdiv2,� RynegPIdiv2);�
� mat_mult2(T_11origin,� T_5origin,� T_11wrt5);�
� vec_mult(com11,� T_11origin,� local_com11);�
�
� //� Link� 9:� � Right� Upper� Hip� (Roll)� -� Joint� 9�
� mdh(T_9wrt11,� -0.075,� -PI/2,� 0,� angles.theta9);�
� mat_mult2(T_9origin,� T_11origin,� T_9wrt11);�
� vec_mult(com9,� T_9origin,� local_com9);�
�
� //� Link� 10:� � Hip� �
� Rz(tmp1,� angles.theta10);�
� trans(tmp2,� -0.06,� 0.125,� 0);�
� mat_mult4(tmp5,� tmp1,� tmp2,� RzPI,� RxnegPIdiv2);�
� mat_mult2(T_13wrtOrgn,� T_9origin,� tmp5);�
�
}�
�
�
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/*� �
� *� create_matrix� -� �
� *�
� *� This� function� allocates� memory� for� the� storage� of� a� matrix�
� *�
� */�
double� **create_matrix(void)�
{�
� double� **matrix;�
� double� *column;�
� int� m;�
�
� matrix� =� (double� **)� malloc(sizeof(double� *)� *� 4);�
�
� for� (m� =� 0;� m� <� 4;� m++)� {�
� � column� =� (double� *)� malloc(sizeof(double)� *� 4);�
� � matrix[m]� =� column;�
� }�
�
� return� matrix;�
}�
�
�
�
�
�
�
�
�
�
�
�
�
�
/*�
� *� unpack_joint_angles� -� �
� *�
� *� This� function� retrieves� data� for� actual� positions� from� the�
� *� incoming� bit-stream�
� *�
� */�
void� unpack_joint_angles� (char*� incoming)� {�
�
� angles.theta0� =� ENC2RAD((incoming[0]� <<� 8)� +� incoming[1]);�
� angles.theta1� =� ENC2RAD((incoming[2]� <<� 8)� +� incoming[3]);�
� angles.theta2� =� ENC2RAD((incoming[4]� <<� 8)� +� incoming[5]);�
� angles.theta3� =� ENC2RAD((incoming[6]� <<� 8)� +� incoming[7]);�
� angles.theta4� =� ENC2RAD((incoming[8]� <<� 8)� +� incoming[9]);�
� angles.theta5� =� ENC2RAD((incoming[10]� <<� 8)� +� incoming[11]);�
� angles.theta6� =� ENC2RAD((incoming[12]� <<� 8)� +� incoming[13]);�
� angles.theta7� =� ENC2RAD((incoming[14]� <<� 8)� +� incoming[15]);�
� angles.theta8� =� ENC2RAD((incoming[16]� <<� 8)� +� incoming[17]);�
� angles.theta9� =� ENC2RAD((incoming[18]� <<� 8)� +� incoming[19]);�
� angles.theta10� =� ENC2RAD((incoming[20]� <<� 8)� +� incoming[21]);�
� angles.theta11� =� ENC2RAD((incoming[22]� <<� 8)� +� incoming[23]);�
� angles.theta12� =� ENC2RAD((incoming[24]� <<� 8)� +� incoming[25]);�
� angles.theta13� =� ENC2RAD((incoming[26]� <<� 8)� +� incoming[27]);�
� angles.theta14� =� ENC2RAD((incoming[28]� <<� 8)� +� incoming[29]);�
� angles.theta15� =� ENC2RAD((incoming[30]� <<� 8)� +� incoming[31]);�
� angles.theta16� =� ENC2RAD((incoming[32]� <<� 8)� +� incoming[33]);�
� angles.theta17� =� ENC2RAD((incoming[34]� <<� 8)� +� incoming[35]);�
� angles.theta18� =� ENC2RAD((incoming[36]� <<� 8)� +� incoming[37]);�
� angles.theta19� =� ENC2RAD((incoming[38]� <<� 8)� +� incoming[39]);�
� angles.theta20� =� ENC2RAD((incoming[40]� <<� 8)� +� incoming[41]);�
� angles.theta21� =� ENC2RAD((incoming[42]� <<� 8)� +� incoming[43]);�
� angles.theta22� =� ENC2RAD((incoming[44]� <<� 8)� +� incoming[45]);�
�
}�
�
�




 8'


/*�
� *� end_balance� -� �
� *�
� *� This� function� releases� the� memory� allocated� to� each� of� the� matrices�
� *�
� */�
void� end_balance� (void)� {�
�
� //� initialise� link� transformation� matrices� �
� release_matrix(T_RwrtOrgn);�
� release_matrix(T_4wrtR);� �
� release_matrix(T_3wrt4);� �
� release_matrix(T_5wrt3);� �
� release_matrix(T_11wrt5);� �
� release_matrix(T_9wrt11);� �
� release_matrix(T_10wrt9);� �
� release_matrix(T_7wrt10);� �
� release_matrix(T_6wrt7);� �
� release_matrix(T_8wrt6);� �
� release_matrix(T_2wrt8);� �
� release_matrix(T_0wrt2);� �
� release_matrix(T_Lwrt0);� �
�
� release_matrix(T_13wrtOrgn);� �
� release_matrix(T_14wrt13);� �
� release_matrix(T_Twrt14);� �
� release_matrix(T_21wrtT);� �
� release_matrix(T_22wrt21);� �
� �
� release_matrix(T_15wrtT);� �
� release_matrix(T_16wrt15);� �
� release_matrix(T_17wrt16);� �
�
� release_matrix(T_18wrtT);� �
� release_matrix(T_19wrt18);� �
� release_matrix(T_20wrt19);� �
�
� release_matrix(T_Rorigin);� �
� release_matrix(T_4origin);� �
� release_matrix(T_3origin);� �
� release_matrix(T_5origin);� �
� release_matrix(T_11origin);� �
� release_matrix(T_9origin);� �
� release_matrix(T_10origin);� �
� release_matrix(T_7origin);� �
� release_matrix(T_6origin);� �
� release_matrix(T_8origin);� �
� release_matrix(T_2origin);� �
� release_matrix(T_0origin);� �
� release_matrix(T_Lorigin);� �
�
� release_matrix(T_13origin);� �
� release_matrix(T_14origin);� �
� release_matrix(T_Torigin);� �
� release_matrix(T_21origin);� �
� release_matrix(T_22origin);� �
� release_matrix(T_15origin);� �
� release_matrix(T_16origin);� �
� release_matrix(T_17origin);� �
� release_matrix(T_18origin);� �
� release_matrix(T_19origin);� �
� release_matrix(T_20origin);� �
�
�
� //� initialise� arrays� to� store� commonly� used� transformation� matrices�
� release_matrix(RxnegPIdiv2);� �
� release_matrix(RxPIdiv2);� �
� release_matrix(RxPI);� �
�
� release_matrix(RynegPIdiv2);� �
� release_matrix(RyPIdiv2);� �
� release_matrix(RyPI);� �
�
� release_matrix(RznegPIdiv2);� �
� release_matrix(RzPIdiv2);� �
� release_matrix(RzPI);� �
�
�
� release_matrix(tmp1);� �
� release_matrix(tmp2);� �
� release_matrix(tmp3);� �
� release_matrix(tmp4);� �
� release_matrix(tmp5);� �
� release_matrix(tmp6);� �
�
}�
�
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�
/*�
� *� release_matrix� -� �
� *�
� *� This� function� frees� the� memory� a� matrix�
� *�
� */�
void� release_matrix(double� **matrix)�
{�
� int� n;�
� for� (n� =� 0;� n� <� 4;� n++)� {�
� � free(matrix[n]);�
� }�
� free(matrix);�
}�
�
�
�
/*�
� *� mdh� -� �
� *�
� *� This� function� evaluates� the� general� modified� Denavit-Hartenberg� �
� *� transformation� matrix.�
� *� �
� *� Inputs� are� the� mdh� parameters:� a,� alpha,� d,� theta�
� *�
� */�
void� mdh� (double� **ptr_out,� double� a,� double� alpha,� double� d,� double� theta)� {�
�
� ptr_out[0][0]� =� cos(theta);� � � � //� mdh_data11�
� ptr_out[0][1]� =� -sin(theta)*cos(alpha);� //� mdh_data12�
� ptr_out[0][2]� =� sin(theta)*sin(alpha);� //� mdh_data13�
� ptr_out[0][3]� =� a*cos(theta);� � � //� mdh_data14�
�
� ptr_out[1][0]� =� sin(theta);� � � � //� mdh_data21�
� ptr_out[1][1]� =� cos(theta)*cos(alpha);� //� mdh_data22�
� ptr_out[1][2]� =� -cos(theta)*sin(alpha);� //� mdh_data23�
� ptr_out[1][3]� =� a*sin(theta);� � � //� mdh_data24�
�
� ptr_out[2][0]� =� 0;� � � � � � //� mdh_data31�
� ptr_out[2][1]� =� sin(alpha);� � � � //� mdh_data32�
� ptr_out[2][2]� =� cos(alpha);� � � � //� mdh_data33�
� ptr_out[2][3]� =� d;� � � � � � //� mdh_data34�
�
� ptr_out[3][0]� =� 0;� � � � � � //� mdh_data41�
� ptr_out[3][1]� =� 0;� � � � � � //� mdh_data42�
� ptr_out[3][2]� =� 0;� � � � � � //� mdh_data43�
� ptr_out[3][3]� =� 1;� � � � � � //� mdh_data44�
�
� return;�
�
}�
�
� �
/*�
� *� trans� -� �
� *�
� *� This� function� evaluates� a� general� translation� matrix.�
� *� �
� *� Input� is� displacement� vector� (x,� y,� z)�
� *�
� */�
void� trans� (double� **ptr_out,� double� x,� double� y,� double� z)� {�
�
� ptr_out[0][0]� =� 1;� � //� trans_data11�
� ptr_out[0][1]� =� 0;� � //� trans_data12�
� ptr_out[0][2]� =� 0;� � //� trans_data13�
� ptr_out[0][3]� =� x;� � //� trans_data14�
�
� ptr_out[1][0]� =� 0;� � //� trans_data21�
� ptr_out[1][1]� =� 1;� � //� trans_data22�
� ptr_out[1][2]� =� 0;� � //� trans_data23�
� ptr_out[1][3]� =� y;� � //� trans_data24�
�
� ptr_out[2][0]� =� 0;� � //� trans_data31�
� ptr_out[2][1]� =� 0;� � //� trans_data32�
� ptr_out[2][2]� =� 1;� � //� trans_data33�
� ptr_out[2][3]� =� z;� � //� trans_data34�
�
� ptr_out[3][0]� =� 0;� � //� trans_data41�
� ptr_out[3][1]� =� 0;� � //� trans_data42�
� ptr_out[3][2]� =� 0;� � //� trans_data43�
� ptr_out[3][3]� =� 1;� � //� trans_data44�
�
� return;�
�
}�
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�
�
/*�
� *� Rx� -�
� *�
� *� This� function� creates� a� rotational� transformation� matrix� about� the� x-axis.�
� *�
� *� Input� is� an� angle� in� radians.�
� *�
� */�
void� Rx� (double� **ptr_out,� double� theta)� {�
�
� ptr_out[0][0]� =� 1;� � � � //� Rx_data11�
� ptr_out[0][1]� =� 0;� � � � //� Rx_data12�
� ptr_out[0][2]� =� 0;� � � � //� Rx_data13�
� ptr_out[0][3]� =� 0;� � � � //� Rx_data14�
�
� ptr_out[1][0]� =� 0;� � � � //� Rx_data21�
� ptr_out[1][1]� =� cos(theta);� � //� Rx_data22� �
� ptr_out[1][2]� =� -sin(theta);� //� Rx_data23� �
� ptr_out[1][3]� =� 0;� � � � //� Rx_data24�
� � �
� ptr_out[2][0]� =� 0;� � � � //� Rx_data31�
� ptr_out[2][1]� =� sin(theta);� � //� Rx_data32�
� ptr_out[2][2]� =� cos(theta);� � //� Rx_data33�
� ptr_out[2][3]� =� 0;� � � � //� Rx_data34�
� � �
� ptr_out[3][0]� =� 0;� � � � //� Rx_data41�
� ptr_out[3][1]� =� 0;� � � � //� Rx_data42�
� ptr_out[3][2]� =� 0;� � � � //� Rx_data43�
� ptr_out[3][3]� =� 1;� � � � //� Rx_data44�
�
� return;�
�
}�
�
�
�
�
�
�
�
/*�
� *� Ry� -�
� *�
� *� This� function� creates� a� rotational� transformation� matrix� about� the� y-axis.�
� *�
� *� Input� is� an� angle� in� radians.�
� *�
� */�
void� Ry� (double� **ptr_out,� double� theta)� {�
�
� ptr_out[0][0]� =� cos(theta);� � �
� ptr_out[0][1]� =� 0;� � � � //� Ry_data12�
� ptr_out[0][2]� =� sin(theta);� � //� Ry_data13�
� ptr_out[0][3]� =� 0;� � � � //� Ry_data14�
� � �
� ptr_out[1][0]� =� 0;� � � � //� Ry_data21�
� ptr_out[1][1]� =� 1;� � � � //� Ry_data22�
� ptr_out[1][2]� =� 0;� � � � //� Ry_data23�
� ptr_out[1][3]� =� 0;� � � � //� Ry_data24�
�
� ptr_out[2][0]� =� -sin(theta);� //� Ry_data31�
� ptr_out[2][1]� =� 0;� � � � //� Ry_data32�
� ptr_out[2][2]� =� cos(theta);� � //� Ry_data33�
� ptr_out[2][3]� =� 0;� � � � //� Ry_data34�
� � �
� ptr_out[3][0]� =� 0;� � � � //� Ry_data41�
� ptr_out[3][1]� =� 0;� � � � //� Ry_data42�
� ptr_out[3][2]� =� 0;� � � � //� Ry_data43�
� ptr_out[3][3]� =� 1;� � � � //� Ry_data44�
�
� return;�
}�
�
�
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/*�
� *� Rz� -�
� *�
� *� This� function� creates� a� rotational� transformation� matrix� about� the� z-axis.�
� *�
� *� Input� is� an� angle� in� radians.�
� *�
� */�
void� Rz� (double� **ptr_out,� double� theta)� {�
�
� ptr_out[0][0]� =� cos(theta);� � //� Rz_data11�
� ptr_out[0][1]� =� -sin(theta);� //� Rz_data12�
� ptr_out[0][2]� =� 0;� � � � //� Rz_data13�
� ptr_out[0][3]� =� 0;� � � � //� Rz_data14�
� � �
� ptr_out[1][0]� =� sin(theta);� � //� Rz_data21�
� ptr_out[1][1]� =� cos(theta);� � //� Rz_data22�
� ptr_out[1][2]� =� 0;� � � � //� Rz_data23�
� ptr_out[1][3]� =� 0;� � � � //� Rz_data24�
�
� ptr_out[2][0]� =� 0;� � � � //� Rz_data31�
� ptr_out[2][1]� =� 0;� � � � //� Rz_data32�
� ptr_out[2][2]� =� 1;� � � � //� Rz_data33�
� ptr_out[2][3]� =� 0;� � � � //� Rz_data34�
�
� ptr_out[3][0]� =� 0;� � � � //� Rz_data41�
� ptr_out[3][1]� =� 0;� � � � //� Rz_data42�
� ptr_out[3][2]� =� 0;� � � � //� Rz_data43�
� ptr_out[3][3]� =� 1;� � � � //� Rz_data44�
�
� return;�
�
}�
�
�
�
�
/*�
� *� mat_mult2� -� �
� *� �
� *� This� function� multiplies� 4� x� 4� matrices.�
� *�
� *� OUTPUT_MATRIX� =� MATRIX_A� x� MATRIX_B�
� *�
� */�
void� mat_mult2� (double� **ptr_out,� double� **ptr_a,� double� **ptr_b)� {�
�
� ptr_out[0][0]� =� ptr_a[0][0]*ptr_b[0][0]� +� ptr_a[0][1]*ptr_b[1][0]� +�
ptr_a[0][2]*ptr_b[2][0]� +� ptr_a[0][3]*ptr_b[3][0];�
� ptr_out[0][1]� =� ptr_a[0][0]*ptr_b[0][1]� +� ptr_a[0][1]*ptr_b[1][1]� +�
ptr_a[0][2]*ptr_b[2][1]� +� ptr_a[0][3]*ptr_b[3][1];�
� ptr_out[0][2]� =� ptr_a[0][0]*ptr_b[0][2]� +� ptr_a[0][1]*ptr_b[1][2]� +�
ptr_a[0][2]*ptr_b[2][2]� +� ptr_a[0][3]*ptr_b[3][2];�
� ptr_out[0][3]� =� ptr_a[0][0]*ptr_b[0][3]� +� ptr_a[0][1]*ptr_b[1][3]� +�
ptr_a[0][2]*ptr_b[2][3]� +� ptr_a[0][3]*ptr_b[3][3];�
�
� ptr_out[1][0]� =� ptr_a[1][0]*ptr_b[0][0]� +� ptr_a[1][1]*ptr_b[1][0]� +�
ptr_a[1][2]*ptr_b[2][0]� +� ptr_a[1][3]*ptr_b[3][0];�
� ptr_out[1][1]� =� ptr_a[1][0]*ptr_b[0][1]� +� ptr_a[1][1]*ptr_b[1][1]� +�
ptr_a[1][2]*ptr_b[2][1]� +� ptr_a[1][3]*ptr_b[3][1];�
� ptr_out[1][2]� =� ptr_a[1][0]*ptr_b[0][2]� +� ptr_a[1][1]*ptr_b[1][2]� +�
ptr_a[1][2]*ptr_b[2][2]� +� ptr_a[1][3]*ptr_b[3][2];�
� ptr_out[1][3]� =� ptr_a[1][0]*ptr_b[0][3]� +� ptr_a[1][1]*ptr_b[1][3]� +�
ptr_a[1][2]*ptr_b[2][3]� +� ptr_a[1][3]*ptr_b[3][3];�
�
� ptr_out[2][0]� =� ptr_a[2][0]*ptr_b[0][0]� +� ptr_a[2][1]*ptr_b[1][0]� +�
ptr_a[2][2]*ptr_b[2][0]� +� ptr_a[2][3]*ptr_b[3][0];�
� ptr_out[2][1]� =� ptr_a[2][0]*ptr_b[0][1]� +� ptr_a[2][1]*ptr_b[1][1]� +�
ptr_a[2][2]*ptr_b[2][1]� +� ptr_a[2][3]*ptr_b[3][1];�
� ptr_out[2][2]� =� ptr_a[2][0]*ptr_b[0][2]� +� ptr_a[2][1]*ptr_b[1][2]� +�
ptr_a[2][2]*ptr_b[2][2]� +� ptr_a[2][3]*ptr_b[3][2];�
� ptr_out[2][3]� =� ptr_a[2][0]*ptr_b[0][3]� +� ptr_a[2][1]*ptr_b[1][3]� +�
ptr_a[2][2]*ptr_b[2][3]� +� ptr_a[2][3]*ptr_b[3][3];�
�
� ptr_out[3][0]� =� ptr_a[3][0]*ptr_b[0][0]� +� ptr_a[3][1]*ptr_b[1][0]� +�
ptr_a[3][2]*ptr_b[2][0]� +� ptr_a[3][3]*ptr_b[3][0];�
� ptr_out[3][1]� =� ptr_a[3][0]*ptr_b[0][1]� +� ptr_a[3][1]*ptr_b[1][1]� +�
ptr_a[3][2]*ptr_b[2][1]� +� ptr_a[3][3]*ptr_b[3][1];�
� ptr_out[3][2]� =� ptr_a[3][0]*ptr_b[0][2]� +� ptr_a[3][1]*ptr_b[1][2]� +�
ptr_a[3][2]*ptr_b[2][2]� +� ptr_a[3][3]*ptr_b[3][2];�
� ptr_out[3][3]� =� ptr_a[3][0]*ptr_b[0][3]� +� ptr_a[3][1]*ptr_b[1][3]� +�
ptr_a[3][2]*ptr_b[2][3]� +� ptr_a[3][3]*ptr_b[3][3];�
�
� return;�
}�
�
�
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/*�
� *� mat_mult3� -� �
� *�
� *� This� function� multiplies� 4� x� 4� matrices.�
� *�
� *� OUTPUT_MATRIX� =� MATRIX_A� x� MATRIX_B� x� MATRIX_C�
� */�
void� mat_mult3� (double� **ptr_out,� double� **ptr_a,� double� **ptr_b,� double� **ptr_c)� {�
� double� ptr_tmp[4][4];�
�
� //� MATRIX_A� x� MATRIX_B� �
� ptr_tmp[0][0]� =� ptr_a[0][0]*ptr_b[0][0]� +� ptr_a[0][1]*ptr_b[1][0]� +�
ptr_a[0][2]*ptr_b[2][0]� +� ptr_a[0][3]*ptr_b[3][0];�
� ptr_tmp[0][1]� =� ptr_a[0][0]*ptr_b[0][1]� +� ptr_a[0][1]*ptr_b[1][1]� +�
ptr_a[0][2]*ptr_b[2][1]� +� ptr_a[0][3]*ptr_b[3][1];�
� ptr_tmp[0][2]� =� ptr_a[0][0]*ptr_b[0][2]� +� ptr_a[0][1]*ptr_b[1][2]� +�
ptr_a[0][2]*ptr_b[2][2]� +� ptr_a[0][3]*ptr_b[3][2];�
� ptr_tmp[0][3]� =� ptr_a[0][0]*ptr_b[0][3]� +� ptr_a[0][1]*ptr_b[1][3]� +�
ptr_a[0][2]*ptr_b[2][3]� +� ptr_a[0][3]*ptr_b[3][3];�
�
� ptr_tmp[1][0]� =� ptr_a[1][0]*ptr_b[0][0]� +� ptr_a[1][1]*ptr_b[1][0]� +�
ptr_a[1][2]*ptr_b[2][0]� +� ptr_a[1][3]*ptr_b[3][0];�
� ptr_tmp[1][1]� =� ptr_a[1][0]*ptr_b[0][1]� +� ptr_a[1][1]*ptr_b[1][1]� +�
ptr_a[1][2]*ptr_b[2][1]� +� ptr_a[1][3]*ptr_b[3][1];�
� ptr_tmp[1][2]� =� ptr_a[1][0]*ptr_b[0][2]� +� ptr_a[1][1]*ptr_b[1][2]� +�
ptr_a[1][2]*ptr_b[2][2]� +� ptr_a[1][3]*ptr_b[3][2];�
� ptr_tmp[1][3]� =� ptr_a[1][0]*ptr_b[0][3]� +� ptr_a[1][1]*ptr_b[1][3]� +�
ptr_a[1][2]*ptr_b[2][3]� +� ptr_a[1][3]*ptr_b[3][3];�
�
� ptr_tmp[2][0]� =� ptr_a[2][0]*ptr_b[0][0]� +� ptr_a[2][1]*ptr_b[1][0]� +�
ptr_a[2][2]*ptr_b[2][0]� +� ptr_a[2][3]*ptr_b[3][0];�
� ptr_tmp[2][1]� =� ptr_a[2][0]*ptr_b[0][1]� +� ptr_a[2][1]*ptr_b[1][1]� +�
ptr_a[2][2]*ptr_b[2][1]� +� ptr_a[2][3]*ptr_b[3][1];�
� ptr_tmp[2][2]� =� ptr_a[2][0]*ptr_b[0][2]� +� ptr_a[2][1]*ptr_b[1][2]� +�
ptr_a[2][2]*ptr_b[2][2]� +� ptr_a[2][3]*ptr_b[3][2];�
� ptr_tmp[2][3]� =� ptr_a[2][0]*ptr_b[0][3]� +� ptr_a[2][1]*ptr_b[1][3]� +�
ptr_a[2][2]*ptr_b[2][3]� +� ptr_a[2][3]*ptr_b[3][3];�
�
� ptr_tmp[3][0]� =� ptr_a[3][0]*ptr_b[0][0]� +� ptr_a[3][1]*ptr_b[1][0]� +�
ptr_a[3][2]*ptr_b[2][0]� +� ptr_a[3][3]*ptr_b[3][0];�
� ptr_tmp[3][1]� =� ptr_a[3][0]*ptr_b[0][1]� +� ptr_a[3][1]*ptr_b[1][1]� +�
ptr_a[3][2]*ptr_b[2][1]� +� ptr_a[3][3]*ptr_b[3][1];�
� ptr_tmp[3][2]� =� ptr_a[3][0]*ptr_b[0][2]� +� ptr_a[3][1]*ptr_b[1][2]� +�
ptr_a[3][2]*ptr_b[2][2]� +� ptr_a[3][3]*ptr_b[3][2];�
� ptr_tmp[3][3]� =� ptr_a[3][0]*ptr_b[0][3]� +� ptr_a[3][1]*ptr_b[1][3]� +�
ptr_a[3][2]*ptr_b[2][3]� +� ptr_a[3][3]*ptr_b[3][3];�
�
�
� //� MATRIX_A� x� MATRIX_B� x� MATRIX_C�
� ptr_out[0][0]� =� ptr_tmp[0][0]*ptr_c[0][0]� +� ptr_tmp[0][1]*ptr_c[1][0]� +�
ptr_tmp[0][2]*ptr_c[2][0]� +� ptr_tmp[0][3]*ptr_c[3][0];�
� ptr_out[0][1]� =� ptr_tmp[0][0]*ptr_c[0][1]� +� ptr_tmp[0][1]*ptr_c[1][1]� +�
ptr_tmp[0][2]*ptr_c[2][1]� +� ptr_tmp[0][3]*ptr_c[3][1];�
� ptr_out[0][2]� =� ptr_tmp[0][0]*ptr_c[0][2]� +� ptr_tmp[0][1]*ptr_c[1][2]� +�
ptr_tmp[0][2]*ptr_c[2][2]� +� ptr_tmp[0][3]*ptr_c[3][2];�
� ptr_out[0][3]� =� ptr_tmp[0][0]*ptr_c[0][3]� +� ptr_tmp[0][1]*ptr_c[1][3]� +�
ptr_tmp[0][2]*ptr_c[2][3]� +� ptr_tmp[0][3]*ptr_c[3][3];�
�
� ptr_out[1][0]� =� ptr_tmp[1][0]*ptr_c[0][0]� +� ptr_tmp[1][1]*ptr_c[1][0]� +�
ptr_tmp[1][2]*ptr_c[2][0]� +� ptr_tmp[1][3]*ptr_c[3][0];�
� ptr_out[1][1]� =� ptr_tmp[1][0]*ptr_c[0][1]� +� ptr_tmp[1][1]*ptr_c[1][1]� +�
ptr_tmp[1][2]*ptr_c[2][1]� +� ptr_tmp[1][3]*ptr_c[3][1];�
� ptr_out[1][2]� =� ptr_tmp[1][0]*ptr_c[0][2]� +� ptr_tmp[1][1]*ptr_c[1][2]� +�
ptr_tmp[1][2]*ptr_c[2][2]� +� ptr_tmp[1][3]*ptr_c[3][2];�
� ptr_out[1][3]� =� ptr_tmp[1][0]*ptr_c[0][3]� +� ptr_tmp[1][1]*ptr_c[1][3]� +�
ptr_tmp[1][2]*ptr_c[2][3]� +� ptr_tmp[1][3]*ptr_c[3][3];�
�
� ptr_out[2][0]� =� ptr_tmp[2][0]*ptr_c[0][0]� +� ptr_tmp[2][1]*ptr_c[1][0]� +�
ptr_tmp[2][2]*ptr_c[2][0]� +� ptr_tmp[2][3]*ptr_c[3][0];�
� ptr_out[2][1]� =� ptr_tmp[2][0]*ptr_c[0][1]� +� ptr_tmp[2][1]*ptr_c[1][1]� +�
ptr_tmp[2][2]*ptr_c[2][1]� +� ptr_tmp[2][3]*ptr_c[3][1];�
� ptr_out[2][2]� =� ptr_tmp[2][0]*ptr_c[0][2]� +� ptr_tmp[2][1]*ptr_c[1][2]� +�
ptr_tmp[2][2]*ptr_c[2][2]� +� ptr_tmp[2][3]*ptr_c[3][2];�
� ptr_out[2][3]� =� ptr_tmp[2][0]*ptr_c[0][3]� +� ptr_tmp[2][1]*ptr_c[1][3]� +�
ptr_tmp[2][2]*ptr_c[2][3]� +� ptr_tmp[2][3]*ptr_c[3][3];�
�
� ptr_out[3][0]� =� ptr_tmp[3][0]*ptr_c[0][0]� +� ptr_tmp[3][1]*ptr_c[1][0]� +�
ptr_tmp[3][2]*ptr_c[2][0]� +� ptr_tmp[3][3]*ptr_c[3][0];�
� ptr_out[3][1]� =� ptr_tmp[3][0]*ptr_c[0][1]� +� ptr_tmp[3][1]*ptr_c[1][1]� +�
ptr_tmp[3][2]*ptr_c[2][1]� +� ptr_tmp[3][3]*ptr_c[3][1];�
� ptr_out[3][2]� =� ptr_tmp[3][0]*ptr_c[0][2]� +� ptr_tmp[3][1]*ptr_c[1][2]� +�
ptr_tmp[3][2]*ptr_c[2][2]� +� ptr_tmp[3][3]*ptr_c[3][2];�
� ptr_out[3][3]� =� ptr_tmp[3][0]*ptr_c[0][3]� +� ptr_tmp[3][1]*ptr_c[1][3]� +�
ptr_tmp[3][2]*ptr_c[2][3]� +� ptr_tmp[3][3]*ptr_c[3][3];�
�
� return;�
}�
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/*�
� *� mat_mult4� -� �
� *�
� *� This� function� multiplies� 4� x� 4� matrices.�
� *�
� *� OUTPUT_MATRIX� =� MATRIX_A� x� MATRIX_B� x� MATRIX_C� x� MATRIX_D�
� *�
� */�
void� mat_mult4� (double� **ptr_out,� double� **ptr_a,� double� **ptr_b,� double� **ptr_c,�
double� **ptr_d)� {�
� �
� double� ptr_tmp[4][4];�
� double� ptr_tmp1[4][4];�
�
� //� MATRIX_A� x� MATRIX_B� =� MATRIX_TMP�
� ptr_tmp[0][0]� =� ptr_a[0][0]*ptr_b[0][0]� +� ptr_a[0][1]*ptr_b[1][0]� +�
ptr_a[0][2]*ptr_b[2][0]� +� ptr_a[0][3]*ptr_b[3][0];�
� ptr_tmp[0][1]� =� ptr_a[0][0]*ptr_b[0][1]� +� ptr_a[0][1]*ptr_b[1][1]� +�
ptr_a[0][2]*ptr_b[2][1]� +� ptr_a[0][3]*ptr_b[3][1];�
� ptr_tmp[0][2]� =� ptr_a[0][0]*ptr_b[0][2]� +� ptr_a[0][1]*ptr_b[1][2]� +�
ptr_a[0][2]*ptr_b[2][2]� +� ptr_a[0][3]*ptr_b[3][2];�
� ptr_tmp[0][3]� =� ptr_a[0][0]*ptr_b[0][3]� +� ptr_a[0][1]*ptr_b[1][3]� +�
ptr_a[0][2]*ptr_b[2][3]� +� ptr_a[0][3]*ptr_b[3][3];�
�
� ptr_tmp[1][0]� =� ptr_a[1][0]*ptr_b[0][0]� +� ptr_a[1][1]*ptr_b[1][0]� +�
ptr_a[1][2]*ptr_b[2][0]� +� ptr_a[1][3]*ptr_b[3][0];�
� ptr_tmp[1][1]� =� ptr_a[1][0]*ptr_b[0][1]� +� ptr_a[1][1]*ptr_b[1][1]� +�
ptr_a[1][2]*ptr_b[2][1]� +� ptr_a[1][3]*ptr_b[3][1];�
� ptr_tmp[1][2]� =� ptr_a[1][0]*ptr_b[0][2]� +� ptr_a[1][1]*ptr_b[1][2]� +�
ptr_a[1][2]*ptr_b[2][2]� +� ptr_a[1][3]*ptr_b[3][2];�
� ptr_tmp[1][3]� =� ptr_a[1][0]*ptr_b[0][3]� +� ptr_a[1][1]*ptr_b[1][3]� +�
ptr_a[1][2]*ptr_b[2][3]� +� ptr_a[1][3]*ptr_b[3][3];�
�
� ptr_tmp[2][0]� =� ptr_a[2][0]*ptr_b[0][0]� +� ptr_a[2][1]*ptr_b[1][0]� +�
ptr_a[2][2]*ptr_b[2][0]� +� ptr_a[2][3]*ptr_b[3][0];�
� ptr_tmp[2][1]� =� ptr_a[2][0]*ptr_b[0][1]� +� ptr_a[2][1]*ptr_b[1][1]� +�
ptr_a[2][2]*ptr_b[2][1]� +� ptr_a[2][3]*ptr_b[3][1];�
� ptr_tmp[2][2]� =� ptr_a[2][0]*ptr_b[0][2]� +� ptr_a[2][1]*ptr_b[1][2]� +�
ptr_a[2][2]*ptr_b[2][2]� +� ptr_a[2][3]*ptr_b[3][2];�
� ptr_tmp[2][3]� =� ptr_a[2][0]*ptr_b[0][3]� +� ptr_a[2][1]*ptr_b[1][3]� +�
ptr_a[2][2]*ptr_b[2][3]� +� ptr_a[2][3]*ptr_b[3][3];�
�
� ptr_tmp[3][0]� =� ptr_a[3][0]*ptr_b[0][0]� +� ptr_a[3][1]*ptr_b[1][0]� +�
ptr_a[3][2]*ptr_b[2][0]� +� ptr_a[3][3]*ptr_b[3][0];�
� ptr_tmp[3][1]� =� ptr_a[3][0]*ptr_b[0][1]� +� ptr_a[3][1]*ptr_b[1][1]� +�
ptr_a[3][2]*ptr_b[2][1]� +� ptr_a[3][3]*ptr_b[3][1];�
� ptr_tmp[3][2]� =� ptr_a[3][0]*ptr_b[0][2]� +� ptr_a[3][1]*ptr_b[1][2]� +�
ptr_a[3][2]*ptr_b[2][2]� +� ptr_a[3][3]*ptr_b[3][2];�
� ptr_tmp[3][3]� =� ptr_a[3][0]*ptr_b[0][3]� +� ptr_a[3][1]*ptr_b[1][3]� +�
ptr_a[3][2]*ptr_b[2][3]� +� ptr_a[3][3]*ptr_b[3][3];�
�
�
� //� MATRIX_A� x� MATRIX_B� x� MATRIX_C� =� MATRIX_TMP1� �
� ptr_tmp1[0][0]� =� ptr_tmp[0][0]*ptr_c[0][0]� +� ptr_tmp[0][1]*ptr_c[1][0]� +�
ptr_tmp[0][2]*ptr_c[2][0]� +� ptr_tmp[0][3]*ptr_c[3][0];�
� ptr_tmp1[0][1]� =� ptr_tmp[0][0]*ptr_c[0][1]� +� ptr_tmp[0][1]*ptr_c[1][1]� +�
ptr_tmp[0][2]*ptr_c[2][1]� +� ptr_tmp[0][3]*ptr_c[3][1];�
� ptr_tmp1[0][2]� =� ptr_tmp[0][0]*ptr_c[0][2]� +� ptr_tmp[0][1]*ptr_c[1][2]� +�
ptr_tmp[0][2]*ptr_c[2][2]� +� ptr_tmp[0][3]*ptr_c[3][2];�
� ptr_tmp1[0][3]� =� ptr_tmp[0][0]*ptr_c[0][3]� +� ptr_tmp[0][1]*ptr_c[1][3]� +�
ptr_tmp[0][2]*ptr_c[2][3]� +� ptr_tmp[0][3]*ptr_c[3][3];�
�
� ptr_tmp1[1][0]� =� ptr_tmp[1][0]*ptr_c[0][0]� +� ptr_tmp[1][1]*ptr_c[1][0]� +�
ptr_tmp[1][2]*ptr_c[2][0]� +� ptr_tmp[1][3]*ptr_c[3][0];�
� ptr_tmp1[1][1]� =� ptr_tmp[1][0]*ptr_c[0][1]� +� ptr_tmp[1][1]*ptr_c[1][1]� +�
ptr_tmp[1][2]*ptr_c[2][1]� +� ptr_tmp[1][3]*ptr_c[3][1];�
� ptr_tmp1[1][2]� =� ptr_tmp[1][0]*ptr_c[0][2]� +� ptr_tmp[1][1]*ptr_c[1][2]� +�
ptr_tmp[1][2]*ptr_c[2][2]� +� ptr_tmp[1][3]*ptr_c[3][2];�
� ptr_tmp1[1][3]� =� ptr_tmp[1][0]*ptr_c[0][3]� +� ptr_tmp[1][1]*ptr_c[1][3]� +�
ptr_tmp[1][2]*ptr_c[2][3]� +� ptr_tmp[1][3]*ptr_c[3][3];�
�
� ptr_tmp1[2][0]� =� ptr_tmp[2][0]*ptr_c[0][0]� +� ptr_tmp[2][1]*ptr_c[1][0]� +�
ptr_tmp[2][2]*ptr_c[2][0]� +� ptr_tmp[2][3]*ptr_c[3][0];�
� ptr_tmp1[2][1]� =� ptr_tmp[2][0]*ptr_c[0][1]� +� ptr_tmp[2][1]*ptr_c[1][1]� +�
ptr_tmp[2][2]*ptr_c[2][1]� +� ptr_tmp[2][3]*ptr_c[3][1];�
� ptr_tmp1[2][2]� =� ptr_tmp[2][0]*ptr_c[0][2]� +� ptr_tmp[2][1]*ptr_c[1][2]� +�
ptr_tmp[2][2]*ptr_c[2][2]� +� ptr_tmp[2][3]*ptr_c[3][2];�
� ptr_tmp1[2][3]� =� ptr_tmp[2][0]*ptr_c[0][3]� +� ptr_tmp[2][1]*ptr_c[1][3]� +�
ptr_tmp[2][2]*ptr_c[2][3]� +� ptr_tmp[2][3]*ptr_c[3][3];�
�
� ptr_tmp1[3][0]� =� ptr_tmp[3][0]*ptr_c[0][0]� +� ptr_tmp[3][1]*ptr_c[1][0]� +�
ptr_tmp[3][2]*ptr_c[2][0]� +� ptr_tmp[3][3]*ptr_c[3][0];�
� ptr_tmp1[3][1]� =� ptr_tmp[3][0]*ptr_c[0][1]� +� ptr_tmp[3][1]*ptr_c[1][1]� +�
ptr_tmp[3][2]*ptr_c[2][1]� +� ptr_tmp[3][3]*ptr_c[3][1];�
� ptr_tmp1[3][2]� =� ptr_tmp[3][0]*ptr_c[0][2]� +� ptr_tmp[3][1]*ptr_c[1][2]� +�
ptr_tmp[3][2]*ptr_c[2][2]� +� ptr_tmp[3][3]*ptr_c[3][2];�
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� ptr_tmp1[3][3]� =� ptr_tmp[3][0]*ptr_c[0][3]� +� ptr_tmp[3][1]*ptr_c[1][3]� +�
ptr_tmp[3][2]*ptr_c[2][3]� +� ptr_tmp[3][3]*ptr_c[3][3];�
�
�
� //� MATRIX_A� x� MATRIX_B� x� MATRIX_C� x� MATRIX_D� =� MATRIX_OUT�
� ptr_out[0][0]� =� ptr_tmp1[0][0]*ptr_d[0][0]� +� ptr_tmp1[0][1]*ptr_d[1][0]� +�
ptr_tmp1[0][2]*ptr_d[2][0]� +� ptr_tmp1[0][3]*ptr_d[3][0];�
� ptr_out[0][1]� =� ptr_tmp1[0][0]*ptr_d[0][1]� +� ptr_tmp1[0][1]*ptr_d[1][1]� +�
ptr_tmp1[0][2]*ptr_d[2][1]� +� ptr_tmp1[0][3]*ptr_d[3][1];�
� ptr_out[0][2]� =� ptr_tmp1[0][0]*ptr_d[0][2]� +� ptr_tmp1[0][1]*ptr_d[1][2]� +�
ptr_tmp1[0][2]*ptr_d[2][2]� +� ptr_tmp1[0][3]*ptr_d[3][2];�
� ptr_out[0][3]� =� ptr_tmp1[0][0]*ptr_d[0][3]� +� ptr_tmp1[0][1]*ptr_d[1][3]� +�
ptr_tmp1[0][2]*ptr_d[2][3]� +� ptr_tmp1[0][3]*ptr_d[3][3];�
�
� ptr_out[1][0]� =� ptr_tmp1[1][0]*ptr_d[0][0]� +� ptr_tmp1[1][1]*ptr_d[1][0]� +�
ptr_tmp1[1][2]*ptr_d[2][0]� +� ptr_tmp1[1][3]*ptr_d[3][0];�
� ptr_out[1][1]� =� ptr_tmp1[1][0]*ptr_d[0][1]� +� ptr_tmp1[1][1]*ptr_d[1][1]� +�
ptr_tmp1[1][2]*ptr_d[2][1]� +� ptr_tmp1[1][3]*ptr_d[3][1];�
� ptr_out[1][2]� =� ptr_tmp1[1][0]*ptr_d[0][2]� +� ptr_tmp1[1][1]*ptr_d[1][2]� +�
ptr_tmp1[1][2]*ptr_d[2][2]� +� ptr_tmp1[1][3]*ptr_d[3][2];�
� ptr_out[1][3]� =� ptr_tmp1[1][0]*ptr_d[0][3]� +� ptr_tmp1[1][1]*ptr_d[1][3]� +�
ptr_tmp1[1][2]*ptr_d[2][3]� +� ptr_tmp1[1][3]*ptr_d[3][3];�
�
� ptr_out[2][0]� =� ptr_tmp1[2][0]*ptr_d[0][0]� +� ptr_tmp1[2][1]*ptr_d[1][0]� +�
ptr_tmp1[2][2]*ptr_d[2][0]� +� ptr_tmp1[2][3]*ptr_d[3][0];�
� ptr_out[2][1]� =� ptr_tmp1[2][0]*ptr_d[0][1]� +� ptr_tmp1[2][1]*ptr_d[1][1]� +�
ptr_tmp1[2][2]*ptr_d[2][1]� +� ptr_tmp1[2][3]*ptr_d[3][1];�
� ptr_out[2][2]� =� ptr_tmp1[2][0]*ptr_d[0][2]� +� ptr_tmp1[2][1]*ptr_d[1][2]� +�
ptr_tmp1[2][2]*ptr_d[2][2]� +� ptr_tmp1[2][3]*ptr_d[3][2];�
� ptr_out[2][3]� =� ptr_tmp1[2][0]*ptr_d[0][3]� +� ptr_tmp1[2][1]*ptr_d[1][3]� +�
ptr_tmp1[2][2]*ptr_d[2][3]� +� ptr_tmp1[2][3]*ptr_d[3][3];�
�
� ptr_out[3][0]� =� ptr_tmp1[3][0]*ptr_d[0][0]� +� ptr_tmp1[3][1]*ptr_d[1][0]� +�
ptr_tmp1[3][2]*ptr_d[2][0]� +� ptr_tmp1[3][3]*ptr_d[3][0];�
� ptr_out[3][1]� =� ptr_tmp1[3][0]*ptr_d[0][1]� +� ptr_tmp1[3][1]*ptr_d[1][1]� +�
ptr_tmp1[3][2]*ptr_d[2][1]� +� ptr_tmp1[3][3]*ptr_d[3][1];�
� ptr_out[3][2]� =� ptr_tmp1[3][0]*ptr_d[0][2]� +� ptr_tmp1[3][1]*ptr_d[1][2]� +�
ptr_tmp1[3][2]*ptr_d[2][2]� +� ptr_tmp1[3][3]*ptr_d[3][2];�
� ptr_out[3][3]� =� ptr_tmp1[3][0]*ptr_d[0][3]� +� ptr_tmp1[3][1]*ptr_d[1][3]� +�
ptr_tmp1[3][2]*ptr_d[2][3]� +� ptr_tmp1[3][3]*ptr_d[3][3];�
�
� return;�
}�
�
�
�
/*�
� *� vec_mult� -� �
� *�
� *� This� function� evaluates� the� equation:�
� *�
� *� output_vector� =� matrix� x� input_vector�
� *� �
� */�
void� vec_mult� (double� *ptr_out,� double� **ptr_mat,� double� *ptr_vec)� {�
�
� ptr_out[0]� =� ptr_mat[0][0]*ptr_vec[0]� +� ptr_mat[0][1]*ptr_vec[1]� +�
ptr_mat[0][2]*ptr_vec[2]� +� ptr_mat[0][3]*ptr_vec[3];�
� ptr_out[1]� =� ptr_mat[1][0]*ptr_vec[0]� +� ptr_mat[1][1]*ptr_vec[1]� +�
ptr_mat[1][2]*ptr_vec[2]� +� ptr_mat[1][3]*ptr_vec[3];�
� ptr_out[2]� =� ptr_mat[2][0]*ptr_vec[0]� +� ptr_mat[2][1]*ptr_vec[1]� +�
ptr_mat[2][2]*ptr_vec[2]� +� ptr_mat[2][3]*ptr_vec[3];�
� ptr_out[3]� =� ptr_mat[3][0]*ptr_vec[0]� +� ptr_mat[3][1]*ptr_vec[1]� +�
ptr_mat[3][2]*ptr_vec[2]� +� ptr_mat[3][3]*ptr_vec[3];�
� �
� return;�
}�
�
�
�
�
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�
/*�
� *� Author:� Ian� Marshall�
� *� �
� *� This� code� is� used� to� demonstrate� active� balance� control� of� the� GuRoo�
� *�
� */�
�
void� Demo_Balance()� {�
� kill_func();�
� kill_servos();�
� move.mctrl_fn� =� demo_bal_func;�
� move.finished� =� false;�
� move.duration� =� 4.0;�
� move.time� =� 0;�
}�
�
void� demo_bal_func()� �
{� �
� #define� s_per� 4.0f�
� #define� stand_lean_angle� 11� *� PI/180�
� �
� #define� STAGE1� 1.0f�
� #define� STAGE2� (STAGE1� +� s_per)�
� #define� STAGE3� (STAGE2� +� s_per)�
� #define� STAGE4� (STAGE3� +� move.duration)�
� #define� STAGE5� (STAGE4� +� s_per)�
� #define� STAGE6� (STAGE5� +� s_per)�
� #define� STAGE7� (STAGE6� +� s_per)�
� �
� float� ANKLE_ANGLE� =� (float)(30.0� *� PI/180);�
� float� HIP_ANGLE� =� (float)(asin(0.17� *� sin(lift_angle)� /� 0.265));�
� float� KNEE_ANGLE� =� (float)(ANKLE_ANGLE� +� HIP_ANGLE);�
� float� torso_correction� =� 10� *� PI� /� 180� ;�
�
� float� velocity;�
� �
� //� hold� position�
� if(move.time� <=� STAGE1)� {�
� }�
� �
�
� //� shift� weight� over� right� foot�
� if� ((move.time� >� STAGE1)� &&� (move.time� <=� STAGE2))� {�
� � � � � � � � velocity� =� Velocity2(s_per,� STAGE1);�
� � *desired_joint_vel[RIGHT_ANKLE_SIDE]� =� SRAD2ENC((float)(velocity� *� stand_lean_angle));�
� � *desired_joint_vel[RIGHT_HIP_SIDE]� =� SRAD2ENC(� (float)� (velocity� *� (stand_lean_angle� -�
(3.5*PI/180))� ));� � � �
� � *desired_joint_vel[LEFT_ANKLE_SIDE]� =� SRAD2ENC((float)(velocity� *� stand_lean_angle));�
� � *desired_joint_vel[LEFT_HIP_SIDE]� =� SRAD2ENC((float)(-velocity� *� (stand_lean_angle� +�
(3.5*PI/180))));�
�
� }�
�
�
� //� raise� left� leg�
� if� ((move.time� >� STAGE2)� &&� (move.time� <=� STAGE3))�
� {� velocity� =� Velocity2(s_per,� STAGE2);�
� � *desired_joint_vel[LEFT_HIP_FWD]� � =� SRAD2ENC((float)(velocity� *� HIP_ANGLE));� �
� � *desired_joint_vel[LEFT_KNEE]� � =� SRAD2ENC((float)(velocity� *� KNEE_ANGLE));� �
� � *desired_joint_vel[LEFT_ANKLE_FWD]� =� SRAD2ENC((float)(velocity� *� ANKLE_ANGLE));� �
� � *desired_joint_vel[TORSO_FWD]� =� SRAD2ENC((float)(-velocity� *� 5.0� *� PI� /� 180));� �
�
� }�
� �
�
� //� raise� left� leg� further�
� if� ((move.time� >� STAGE3)� &&� (move.time� <=� STAGE4))� {�
� � velocity� =� Velocity2(s_per,� STAGE4);�
�
� � *desired_joint_vel[LEFT_HIP_FWD]� =� SRAD2ENC((float)(velocity� *� 30� *� PI/180));�
� � *desired_joint_vel[LEFT_HIP_SIDE]� =� SRAD2ENC((float)(-velocity� *� 40� *� PI/180));�
� }�
� �
�
�
� //� bend� right� knee�
� if� ((move.time� >� STAGE4)� &&� (move.time� <=� STAGE5))�
� {�
� � velocity� =� Velocity2(s_per,� STAGE6);�
� � *desired_joint_vel[RIGHT_KNEE]� =� SRAD2ENC((float)(velocity� *� 15� *� PI/180));�
� � �
� }�
� �
�
� //� tilt� torso�
� if� ((move.time� >� STAGE5)� &&� (move.time� <=� STAGE6))� {�
� � velocity� =� Velocity2(s_per,� STAGE7);�
� � *desired_joint_vel[TORSO_SIDE]� =� SRAD2ENC((float)(velocity� *� -20� *� PI/180));�
�
� }�
�
�
� //� twist� torso�
� if� ((move.time� >� STAGE6)� &&� (move.time� <=� STAGE7))� {�
� � velocity� =� Velocity2(s_per,� STAGE7);�
� � *desired_joint_vel[TORSO_TWIST]� =� SRAD2ENC((float)(velocity� *� -20� *� PI/180));�
� � printf("final� stage\n");�
�
� }�
�
� �
� //� finish�
� if� ((move.time� >� STAGE7))� {�
� � printf("done� movement\n");�
� � Kill();�
�
� }�
� �
}�
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/*� �
� � Method� that� works� out� the� centre� of� gravity� of� the� robot�
� � Added� by� CSH� 5/9/02�
*/�
Float� mass;�
CartesianTensor� inertia;�
CartesianVector� cg_pos;�
�
void� getCentreOfGravity(CartesianVector� cog)� {�
�
� Float� force� =� 0;�
�
� Float� cogX� =� 0;�
� Float� cogY� =� 0;�
� Float� cogZ� =� 0;�
�
� for� (int� i� =� 0;� i� <� num_links;� i++)� {�
� � dmLink*� link� =� guroo->getLink(i);�
� � cerr� <<� link->getName()� <<� endl;�
� � dmRigidBody� *rigidBody� =� dynamic_cast<dmRigidBody*>(link);�
�
� � if� (rigidBody� !=� NULL)� {�
�
� � � const� dmABForKinStruct*� forwardKinematics� =� guroo-
>getForKinStruct(i);�
� � � rigidBody->getInertiaParameters(mass,� inertia,� cg_pos);�
� � � �
� � � CartesianVector� linkCOG� =� {�
� � � � (Float)forwardKinematics->p_ICS[0],�
� � � � (Float)forwardKinematics->p_ICS[1],�
� � � � (Float)forwardKinematics->p_ICS[2]�
� � � };�
�
� � � cogX� =� ((mass� *� (linkCOG[0]� -� cogX))� /� (force� +� mass))� +� cogX;�
� � � cogY� =� ((mass� *� (linkCOG[1]� -� cogY))� /� (force� +� mass))� +� cogY;�
� � � cogZ� =� ((mass� *� (linkCOG[2]� -� cogZ))� /� (force� +� mass))� +� cogZ;�
�
� � � force� =� force� +� mass;�
�
� � }� else� {�
� � � cerr� <<� "pointer� was� null"� <<� endl;�
� � }�
� � �
�
� }�
�
� cog[0]� =� cogX;�
� cog[1]� =� cogY;�
� cog[2]� =� cogZ;�
�
�
}�
�
�
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