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A priedas. Pilnas krantinés krano matematinis
modelis

Pirmojo kiino (krantinés krano vezimélio) slenkamojo judesio judéjimo lyg¢iy sis-
tema:

[Mci Hacr} ={Qci31} +{Qci a1} +{Oc15} +{Oci6 | +
+{Oc17}+{Oc18}+{Qc110} +{Oc120 } +{Oc1w}-

Krantinés krano vezimélio sukimosi apie Xc; asj judéjimo lygtis:

Ioix & =031+ 00141 s +One +On7 +Ons +Opio +Onoo.  (A2)

Krantinés krano griebtuvo skriemuliy sukimosi apie asj judéjimo lygtis:
Ly =(Fs —F) Ry — Moy g ()
Lo =(F ~F) Ry ~Ma g ().

Vezimélio kontaktiniuose taskuose ir perdavos dirzo segmente veikiancios
jégos:

{QC131}={_k31 (R3¢3 *dciy _b1¢1)_031 (R3¢53 +qc1y —blﬁ)}
, ; ’

(A1)

(A3)

(Ocra) = {"%1 (Rads +dc1y —bath )= car (Rads +dcry —badh )}
5 0 2

0
e} = {—km [(9c1z + @) - 211 ]=c10 [(‘JCIZ +ad )_211 }} ’

0
i} = {—kzo [(9c17 +a2h)—212 | -2 [(‘?CIZ +aydh )2, ]} ,

T
{Oc1w] =[0.-mcig]. (A4)
Krantinés krano 5 lyne veikianti jégos vektorius:

{Oc15} = 5—2{1@,10 s (A5)
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F =_(k5AL5 +6s (AZ5 _RZI(’;ZI))H(ALS)»@ = {R9,10}T {R9,1o} ,

{RQ,IO} Z{R‘)} _{RIO} 5 {RQ} = {Rolz}"" Ry3 {COS ’B} >

sin S
. R - R . R, — R

B=a—y, sing=ton1z = Ronz g Rz =Ry
Lo12.021 Lop12.021

{Rota} ={Rero) +{dcr) +|:A(¢1):|{rc1,12} ,
(Rt} ={Reao} oo+ A(h) J{ream .

COS R - R
(Rio} = (Roy}+ Ry 1P, ==y ging = Fo1z = Foraz |
sin 8 Lo12,021

. R3-Ry p2 r
siny =B 2L 1% 51 ={Rpat} {Rioai)s
Lo12.021

{Root} ={Reo} +{acr} +[A(4) e | ~{Reao} Haca} +[ A() [{ream |

. 1 .. T .
ALs = Ls = Lsg = Ry 121> ALs =L—{R9,1o} {Ro10 )~ Ro16a - (A6)
5

H(x) — Heavisido funkcija.
Krantinés krano 6 lyne veikianti tempimo jégos vektorius:

Fe

{Oci6}= g {Rioii} (A7)

Fy = (kAL +¢ (AL + Roydhy )| H (AL
ALg = Lg — Lgg + Ry 1621
Mg = Lo+ Rady - 16 = (R} (R} {Ran) ={Ro}={Au}.
(R =R b LA v -t [,

sin oy

. Ropiz —Rinz . Ry 2 r
oy =a-p, sing =222 122 inp= > Lig 021 ={R12,21} {R12,21}>
Liz 01 Lix oy
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{Roor} ={Rero} Hacr} +[A(4) l{renn | ={ R} ~{aca )} [ A(8) o}

Lg =i{R12,11}T {R12,11} . (A8)

Krantinés krano 7 lyne veikianti tempimo jégos vektorius:
1%

I {Ria1s} (A9)

{Qc1,7} =

5 Z—(k7AL7 +¢7 (AL +R22¢522))H(AL7),
ALy =17 =170 + Ry

ALy =Ly ~Ryfpss L% = {R12,13 }T {R12,13 } > {R12,13} ={RI2} _{RB} >

cosays Ripz —Rong ’

Lis 0

. , g3 =a—f, sina =
Sin a3

{Ri3}= {R22}+R22{

Ryy

sin f = . Lo ={Ripom }T {Ripon

12,22

{Rom} ={Rero} +{acr} +[A(4) [{rerin | ~{ B} ~{ac2} [ A(4) [{ream

A P T
17 =—{R12,13} {R12,13}~ (A10)
L
Krantinés krano 8 lyne veikianti tempimo jégos vektorius:
F,
{QCI,S}zi{Rm,u}, (A11)

Iy =_(k8AL8 +ag (R22¢522))H(AL8), ALg = Lg — Lgg + Ryndhrr »
ALy = Ly ~ Ryrdrr» I ={R15,14}T {Risia} {R15,14} ={Rs}—{Ra},

cos fis . Ryrz —Riaz
Ri:t={R,4 !+ R . , Bis =015 — 715, sinqys = —=% %% |
{Risf={Ris}+ Ry {Smﬂls} 15 =15 =715 15 Ioora

- Rie =R 2 T
siny15 =  Bona ={Run| {Run
Ly 14
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{Razn | ={Rero} +aer} +[A(4) J{revia} ~{ Reao} ~lac2} [ A(8) o )

A T

Ly = g{Rls,m} {Risia)- (A12)
Jégos, veikiancios vezimélio perdavos dirzo segmente 3/ ir 34, lynuose
5,6,7,8 tempimo jégy sukimo momentai apie C; taska:

Ops1 =ksiby (Rydy +acry —bih ) +esiby (Redy +dcry —bidh) (A13)

Op3a =kabs (Radhy +dcry —bath ) +earbs (Ridy +dcry —badh) (Al14)

Fy |Tc19y (R9,10y singy + Ry 197 cos ¢y )—
Op15 = 7 ) ,
5| —Tc197 (Ro,my cos gy + Ry 1z sin ¢1)

Fg | TcLi2y (R12,1 1y Singy + Rpp 117 cos g )—
Op16 = L , ,
6 | =iz (Rizany cosdy +Riyyiz singy )
F | feLizy (R12,13y singy +Ryp 137 COS¢1)—
Opr7=—7 ) ,
L1 | ~reriaz (Riisy coséh + Rig 3z sin )

F | c1asy (R15,14y singy + Rys 147 cos ¢y )—
Opns=—7 : (A15)

g | —rer1az (Ris5y cosdy +Risaz singy)

Vezimélio atramy /0 ir 20 reakcijy jégy sukimo momentai apie C; taska:
Ornio =—kioa (derz +ah —21) +eoa (derz +adh —211). (A16)

Or120 =+ (dc17 —oh —212) +aioah (dorz —andh —2) (A17)

Antrojo kiino (krantinés krano griebtuvo) slenkamojo judesio judéjimo
lygéiy sistema:

(Mo |{dea} =125} H a6} +{ Qa7 | +
+{Ora8} H 2,000} H o211 | {002}

Krantinés krano griebtuvo sukimosi apie X, asj judéjimo lygtis:

(A18)



148 PRIEDAI

Ieox =025 0026 79027 7028 T 2060 2.1 (A19)
Krantinés krano 5, 6, 7, 8 lynuose veikian¢iy tempimo jégy vektoriai:

{ch,s } = _%{RHO } , {ch,s } = —§—6{R12,11 } > {ch,7 } = —§—7{R12,13 } >
5 6 7

{Qcas}= _%{RIS,M}’ o }T =[0,-mc, 2],

{ch,aero}=%qcaemz ({Vzcz}T {Vzcz}) ;Zij .

o} =V} =V} »
(Ocam) =[0.-F]. (A20)

K ["cz,loy (Ro.10y sinéy + Ry o7 cos )—]

Ops5 = L .
5| ~1c2.107 (Ro10y €0s ¢ + Ry 10 sin ¢ )

Fy [702,1 by (Riany sings +Riz 1z COS%)—]
b

Op6 =7
Ls | =rca 117 (Rl2,l 1y cos$h + Ry 117 Sln¢z)

F [”cz,ny (Rio13y sin s + Riz 137 cos )—]
b

Op7=—7" .
~re2137 (Ria 13y cosdy +Rig 37 sin gy )

L

Oprg =13
2.8 =0
/ Ly

VC2,14J/ (R15,14y sin ¢2 + R15,14Z cos¢2)_
~1c2147 (Risjay oS + Ris 147 sin g )

Krano griebtuvo su kroviniu, lynuose 5, 6, 7, § veikianéiy tempimo jégy
momentai, apie asj Xco:

Q¢2,aero = rCZ,py (QCZ,aeroZ €0os ¢2 - QC2,aeroy sin ¢2 ) -

. (A21)
~C2,pz (QC2,aeroy cos g — QC2,aeroZ sin ¢ ) .
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{’”02, p} — Pridétas véjo jégos taskas veikiantis j antra kiing bendroje koordi-

naciy sistemoje (X .,,Y,,Z¢5,C5)"

Q42,71 = —Fras. (A22)

B priedas. Laboratorinis krantinés krano prototipas

Siame priede pateikiama daugiau krantinés krano prototipo nuotrauky. Sios nuot-
raukos leidzia suprasti disertacijoje aprasyto laboratorinio krantinés krano proto-
tipo struktiirg pagrindinius mazgus ir susidaryti bendra sistemos vaizda, kurioje
atlikti eksperimentiniai matavimai:

B1 pav. Prototipo priekinis ir $oninis vaizdai
Fig. B1. Side and front views of prototype

B2 pav. Vezimelis ir varikliy dézeé
Fig. B2. Trolley and motor box
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B3 pav. Valdymo blokas
Fig. B3. Control module

B4 pav. Kroviniai naudoti eksperimentuose
Fig. B4. Cargo types used in experiments
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B5 pav. Perdavimo mechanizmai
Fig. B5. Reduction mechanisms

B6 pav. Avarinio stabdymo mechanizmas
Fig. B6. Mechanisms for emergency stop

C priedas. Valdymo algoritmo programos pagrindinis
kodas

Siame priede valdymo algoritmo programinis kodas parasytas laboratoriniam
krantinés krano prototipui kurio valdymo blokine schema pateikiama zemiau
(C1 paveikslas):
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Ve T . . .
Vezimélio bugno sukimosi greitis
. S Vezimélio
Arduino MEGA Galios keitiklis - 1
traukos pavara
E IPM1 186560 R1 -
[ i J1
Iejimas siG:alullgz @ RED1 |4
|éjimas 1 IPM2 € M)
| 1éjimas 2 by YL nd ha
Galios keitiklis - 2 Griebtuvo kélimo
usB 12C TB6560 pavara
léjimas  Galios 12_R2
signalas @ RED2 7@
— GND M,2
Ib2 U2, n2 I
Griebtuvo kélimo blgno sukimosi greitis
Valdymo Griebtuvo judesiy
kompiuteris jutiklis
Svyravimy (2 asimis) pagreiciai ‘
usB ‘ 12C ‘

C1 pav. Valdymo sistemos blokine schema
Fig. C1. Block diagram of control system

Sistemoje naudojamy techniniy priemoniy parametrai pateikti lenteléje (C1 len-

telé):

C1 lentelé. Valdymo sistemos techniniy priemoniy parametrai
Table C1. Technical parameters of main equipment

Parametras Verté / apibtdinimas
Arduino MEGA techniniai parametrai
Mikrovaldiklis ATmega2560
Daznis 16 MHz
Skaitmeninai jvesties/i§vesties uostai 54 (i jy 15 IPM tipo)
Analoginiai jvesties/iSvesties uostai 16
Maitinimo jtampa 5VDC
Galios keitiklis
Mikrovaldiklis Toshiba TB6560AHQ
Maitinimo jtampa 1035 VDC
Maksimali leistina apkrovos srové 3A (maks 3,5A),
reguliuojama apkrovos srové (0,33 A)
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Cl1 lentelés pabaiga

Parametras

Verte / apibudinimas

Paskirtis

Dviejy faziy Zingsninio variklio valdymui

Darbo rézimai

Pilno, puses, 1/8, 1/16 zingsnio

Zingsninis variklis

Modelis NEMA 23
Pilnas zingsnis 1,8°
Maitinimo jtampa 3VvDC
Nominali srové 3A
Fazés varza 1 Omh
Fazés induktyvumas 3,5mH
Trumpo jungimo momentas 1,9 Nm

Variklio rotoriaus inercijos momentas

4,8 x 107° kg:m?

Greicio jutiklis

Tipas Optinis
Modelis 600P/R
Maitinimo jtampa 5-24 VDC
Impulsy skaicius per apsisukima 1 fazei 600
Impulsy skai€ius per apsisukima 2 fazéms 2400
Maksimalus leistinas greitis 5000 aps/min
Darbo daznio diapazonas 0-20 kHz

Griebtuvo judesiy jutiklis
Modelis MPU—-6050
Maitinimo jtampa 3-5VDC

Matavimai3 asiy giroskopas

diapazonas: + 250 500 1000 2000 ° /s, 3 a-
$iy akselerometras (diapazonas: £2 +4 + 8

+16g)

Toliau pateikiamas valdymo algoritmo programinis kodas:

<TimerOne.h>
<TimerFour.h>
<stdlib.h>
<PID vl.h>
"LPfilter.h"
"HPfilter.h"

#include
#include
#include
#include
#include
#include
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#include "I2Cdev.h"
#include "MPU6050.h"

#if IZCDEV_IMPLEMENTATION == IZCDEV_ARDUINO_WIRE
#include "Wire.h"
#endif

MPU6050 accelgyrol (0x68); // virsus

MPU6050 accelgyro2(0x69); // konteneris

//MPU6050 accelgyro (0x69); // <-— use for ADO high
float lastl = 0.0;

float last3, lastd4d = 0.0;

float vy2HP = 0.0;

float vy201ld = 0.0;

float vy2Sum, vy2Count, vy2Avg = 0.0;

float vy2HPAbs, vKont = 0.0;

volatile float velocity YNew = 0.0;

float koefl = 0.95;
intleé t axl, ayl, azl;
float vx1l, vyl, vzl;
intlé t gx1, gyl, gzl;

float last2 0.0;

float koef2 = 0.9;

intleé t ax2, ay2, az2;
float vx2, vy2, vz2 = 0.0;
intlé t gx2, gy2, gz2;

float gyro2Y¥ = 0.0;

#define ENC Y KOEF 0.069115 //0.068 // 1 imp [mm]
#define ENC Z KOEF 0.0701622 //0.068 // 1 imp [mm]
#define DUTY 512

#define STEPSREV ~ 200

#define DT 50 // ms
#define DTPID 50 // ms
#define DTLOG 50 // ms
#define DTVELOCITY 50

class Motor {
typedef enum { CW, CCW } Direction;
String name;
boolean useTimer3 = false;

int pinEn, pinStep, pinDir, pinStopCW, pinStopCCW; // pins

float d; // bigno skersmuo mm

int stepSize = 2; // motor driver step size Step size: 1 / [1,
2, 8, 16]

float gearRatio;
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int trosoKoef;
float systemKoef;

/*** PID *******/
PID pid;
PID pid2;

Direction curDir;
boolean invertAxis;
int curStopCW, curStopCCW; // curent stop values

float startX = 0.0;
float maxV = 0.0;
float targetV = 0.0;
float stopV = 0.0;

int JjerkState 0;
unsigned long curDT = 0;
unsigned long previousMillis;

float s = 0.5;
float t accel
float a vid =
float a max =
float j = 0.0;

.0;

o o |
o oo
-~

~e

float t stl, t st2, t st3 = 0.0;

float kp, ki, kd = 0.0;

float kp2, ki2, kd2 = 0.0;

float korekcija = 0.0;

boolean usePid, usePid2, trapezoidal = false;
unsigned long time st changed = 0;

public:
typedef enum { HOLD, J1, J2, J3, RUN, J5, J6, J7 } State;
State curState;
float curd, curA, curV, curX = 0.0;
float target = 0.0;
float stopDist = 0.0;
boolean flagMove = false;
double output = 0.0;
double inputl, setpointl, outputl
double input2, setpoint2, output2

0.0;
0.0

’

Motor (boolean usePid, boolean usePid2, String name, boolean
invertDir, int en, int dir, int step, int stopCW, int stopCCW,
float maxVelocity , float duration accel, float diameter, float
gearRadio, int stepSize, int trosoKoef, boolean timer3)

pid(&inputl, &outputl, &setpointl, 1.5, 8.0, 0.0, 0),
pid2 (&input2, s&output2, &setpoint2, 1.0, 0.0, 0.0, 0)
{
pid.SetOutputLimits (-0.24, 0.24);
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pid.SetSampleTime (DTPID) ;
(usePid) ? pid.SetMode (AUTOMATIC) : pid.SetMode (0);

setpoint2 = 0.00;

pid2.SetOutputLimits (0.0, 0.1);
pid2.SetSampleTime (DTPID) ;

(usePid2) ? pid2.SetMode (AUTOMATIC) : pid2.SetMode (0);

this->usePid = usePid;
this->usePid2 = usePid2;
this->name = name;
this->invertAxis = invertDir;
this->pinEn = en;
this->pinDir = dir;
this->pinStep = step;
this->pinStopCW = stopCW;
this->pinStopCCW = stopCCW;
this->useTimer3 = timer3;

pinMode (pinEn, OUTPUT) ;

pinMode (pinDir, OUTPUT) ;

pinMode (pinStep, OUTPUT) ;

pinMode (pinStopCW, INPUT PULLUP);

pinMode (pinStopCCW, INPUT PULLUP);
this->curStopCW = digitalRead (pinStopCW) ;
this->curStopCCW = digitalRead (pinStopCCW) ;

this->maxV = maxVelocity ;
this->t accel = duration accel;
this->d = diameter;
this->gearRatio = gearRadio;
this->stepSize = stepSize;
this->trosoKoef = trosoKoef;

systemKoef = (15708 * diameter) / (5 * STEPSREV * stepSize *
gearRatio * trosoKoef);

calculateProfileKoef () ;
setTrapezoidalMode (trapezoidal) ;
this->previousMillis = millis();
setDir((invertDir) ? CCW : CW);

hold();
}

/** CHANGE STATE ********************************/

void hold() {..}

void startCw() {..}
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void startCCW() {..}
void run() {..}

void stop() {..}

/** UPDATE ******************************************/

void update () {
unsigned long currentMillis = millis();

int newCurStopCW = digitalRead (pinStopCW) ;
if (newCurStopCW != curStopCW) {
curStopCW = newCurStopCWw;
Serial3.print ("EndStop CW ") ;
Serial3.print (name) ;
Serial3.print (" ");
Serial3.println (curStopCW) ;
}
if (curStopCW == LOW && getState() != HOLD && getDir() ==
cw) |
target = 0.0;
hold();
}

int newCurStopCCW = digitalRead (pinStopCCW) ;
if (newCurStopCCW != curStopCCW) {
curStopCCW = newCurStopCCW;
Serial3.print ("EndStop CCW ");
Serial3.print (name) ;
Serial3.print (" ");
Serial3.println (curStopCCW) ;
}
curStopCCW = digitalRead (pinStopCCW) ;

if (curStopCCW == LOW && getState() != HOLD && getDir() ==
ccw) |
target = 0.0;
hold();
}
// stop moveTo if target 1s reached abs (y.curX) +
y.stopDist >= abs(targetY)
if (flagMove && getState() != J5 && getState() != J6 &&
getState() !'= J7 && getState() != HOLD && abs(target - curX) -
stopDist <= 0.020) {
stop () ;
// Serial3.println ("TARGET REACHED. STOPPING...");

flagMove = false;
}

if (getState() != HOLD) {
pid.Compute () ;
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//pid2.Compute () ;
}

pid2.Compute () ;

curDT = currentMillis - previousMillis;
switch (getState()) {..}

private:
void setJerk(float jerk) {
if ((getDir() == CCW && !invertAxis) || (getDir() == CW &&
invertAxis)) jerk = -jerk;

float dt = curDT / 1000.0;

curd = jerk;

if (this->trapezoidal) { // trapecinis
curA = a_vid;

if ((getDir() == CCW && !invertAxis) || (getDir() == CW &&
invertAxis)) curA = -curhd;
if (getState() == J6) curA = -curh;

} else { // s-shaped
curA += curd * dt;
}

if (getState() == HOLD || getState() == RUN) {
curd = 0.0;
curA = 0.0;

if (getState() == HOLD) curV = 0.0;
}
// curV += curA * dt + curJ * dt * dt / 2;
// curX += curV * dt + curA * dt * dt / 2 + curJ * dt *

dt * dt / 6;

curV 4= (curA * dt + curd * dt * dt / 2) / 1.0;

curX += (1000 * curV * dt + 1000 * curA * dt * dt / 2 + 1000
* curd * dt * dt * dt / 6 ) / 1000.0;

// float jerk stop = ((getDir() == CCW && !invertAxis)
|l (getDir() == CW && invertAxis)) ? -maxJ : maxJ;

// float t_stop = -curA / jerk stop;

// stopV = abs(curA * t stop + jerk stop * t stop *

t _stop / 2);

float decel = ((getDir() == CCW && !invertAxis) || (getDir()
== CW && invertAxis)) ? -a vid : a vid;

float t = —-curV / decel;

stopDist = abs(curV * t + decel * t * t / 2) - 0.03;

//stopDist = 0.0;

setpointl = curV;

}

void updatePWM() {
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if (usePid) {
(getState () == HOLD)
pid.SetMode (AUTOMATIC) ;

//output += korekcija;

? pid.SetMode (0)

output = (usePid2) ? outputl - output2

if (output > 0.24) {
output = 0.24;

} else if (output < -0.24) {
output = -0.24;

} else {}

if (setpointl * output <= 0.0) {
output = 0.0;

}

if (setpointl * outputl <= 0.0) {
outputl = 0.0;

}

(useTimer3) ? Timerd.pwm(pinStep, DUTY,

Timerl.pwm(pinStep, DUTY, getPeriod (output));
} else if
else {

(useTimer3)

Timerl.pwm(pinStep,

}
}

(usePid?2) {..}

? Timer4.pwm(pinStep, DUTY,
DUTY, getPeriod(curV));

unsigned int getPeriod(float v) {
if (v !'= 0.0)
else return 0;

}

outputl;

getPeriod (output))

getPeriod (curV))

return int (systemKoef / abs(v));

/***********************************************/

public:
volid setState( State newState)
void setDir( Direction newDir)
State getState() {..}
Direction getDir () {..}

{..}
{..}
void moveTo (float position) {..}

void setTrapezoidalMode (boolean mode) {
this->trapezoidal = mode;

if (this->trapezoidal) { // trapecinis
t stl = 0;
t st2 = t accel * 1000;
t st3 = t_stl;

} else { // s-shaped
t stl = t accel * s / 2 * 1000;
t st2 = t accel * (1 - s) * 1000;
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t st3 = t stl;

}
}

void setInputl (float inputl)
void setInput2(float input2)

void setUsePid (boolean usePid
void setUsePid2 (boolean usePid2

void setvMax (float input) {..}

{..}

{..}

) {.
)

-}
(..}

void setAccelDuration(float input) {..}

void setKp
void setKi

(
(

void setKp2 (float kp2
void setKi2 (float ki2
void setKd2 (float kd2

float kp) {..

float ki) {..

void setKd(float kd) {..
)

)

)

)
)

}
}
}
{..}
(..}
{..}

void calculateProfileKoef () {
this->maxV / this->t accel;

this->a vid
this->a max
this->j = 2

*

this->a vid /
this->a max /

(1 - s * 0.5);
(this->t accel * s);

setTrapezoidalMode (trapezoidal) ;

}
float getvMax (
float getderk(

)
)

{...}
{..}

float setKorekcija(float korekcija) {..}

}; /*** End of Motor class
/*** GLOBAL ******************************/

/*** ENCODER *******/
const int pinEncYA =

const int pinEncYB
const int pinEncZA
const int pinEncZB

boolean encYASet,

volatile long impY
calculation

volatile long posY, posZ

encYBSet,

’

3;
2;
18;
19;

impZ 0;

0;

volatile float realPosY, realPosZ

volatile float velocity Y,

/*** TIMERS ***¥k*x/

unsigned long lastLog,

unsigned long lastAVTime = 0;

float lastAV = 0.0

’

float last2o0ld = 0.0;
0.0;
boolean sendLog = false;

float korekcija =

velocity

encZASet, encZBSet = false;

// for velocity

// imps
=0.0; // m
7 =

lastVelocity Jutikliniu = 0;

0.0; // m/s
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boolean moveContainerFlag = false;
boolean moveContainerBackFlag = false;

/*** COMMANDS ***#**x*%/
String inputCmd, inputvalue = "";
boolean stringComplete, readingValue = false;

//Motor [xyz] (usePid, name, invertAxisDir, en, dir, step, stopCW,
stopCCW, maxVelocity , acceleration, deceleration, diameter,
gearRadio, stepSize, trosoKoef, useTimer3)

Motor y (true, true, "Y" , true, 38, 40, 11, 22, 26, 0.20, 1.4,
76.5, 3.0, 2, 1, false); // CCW positive

Motor z (false, false, "2", false, 42, 44, 6, 30, 34, 0.12, 3.2,
90.0, 6.0, 2, 2, true); // CW positive

/*** FUNCTIONS *********************/

/*** ENCODER *******************/

void intYA () {..}

void intYB() {..}

void intzA () {..}

void intZB() {..}

void velocity Jutikliniu(unsigned long now) {..}

/*** LOG *******************/

void log(unsigned long now) {..}
void togglelog (boolean newState = false) {..}

void serial3Event () {..}
}

float targetY = 1.9; float targetZ = 0.0; float targetZbottom =
0.0;

//float targetY = 1.9; float targetZ = 1.9; float targetZbottom =
1.4;

float targetPercent = 0.75;

boolean movingContainer = false;
boolean movingContainerBack = false;
boolean trapezoidal = false;

int movingState = 0;

int movingStateBack = 0;
void moveContainer () {..}

void moveContainerBack () {..}

/*** START HERE********************************/

void setup() {..}
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void loop () {
unsigned long now = millis();
serial3Event () ;
if (stringComplete) {..}

y.update () ;
z.update () ;
velocity Jutikliniu (now) ;

if (moveContainerFlag) {
moveContainer () ;

}

if (moveContainerBackFlag) {
moveContainerBack () ;

}

log (now) ;





