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APPENDIX-1 - THREE-DIMENSIONAL BALANCING DIAGRAMS

6.1 Annual production of leading dragline is less than the annual production
of lagging dragline.

for horizontal ta

i DAL-LaAl

Inc Dec

Figure 6.1.2: 3-dimensional balancing diagram for 4.60 Mm? leading and 4.80 Mm®
lagging dragline.

3-D Balanc diagram for vertical tandem DiL-Le A

Dil-La A1

DiL-laA2

Overburden dumps

view

iew rotation -> a.d
ctional view rotation -?

Figure 6.1.3: 3-dimensional balancing diagram for 1.80 Mm? leading and 2.00 Mm®
lagging dragline.
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3-D Balancing di

ancement

Figure 6.1.4: 3-dimensional balancing diagram for 4.60 Mm? leading and 4.80 Mm?
lagging dragline.

Figure 6.1.5: 3-dimensional balancing diagram for 1.80 Mm? leading and 2.00 Mm?
lagging dragline.
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diagram for vertical tandem

DiL-Ls
D~

Overburden du

Y view rotati
tional vie

Figure 6.1.6: 3-dimensional balancing diagram for 4.60 Mm?® leading and 4.80 Mm’
lagging dragline.

6.2 Annual production capacity of leading and lagging dragline are same

3-D Balancin: m for horizontal tandem
PAL-Le Al

Overburden dumps

Figure 6.2.2: 3-dimensional balancing diagram for 4.60 Mm? leading and lagging
dragline.
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3-D Balanci iagram for vertical tandem B

DiL-La

Overburden dumps

Rot
Plan
Section

Figure 6.2.3: 3-dimensional balancing diagram for 1.80 Mm? leading and lagging
dragline.

alancing dia m for vertical tandem biL

DiL-La Al

Dil-Le A2

Overburden dum|

[ ancement

3-D view

a.

0.11 Mm

Figure 6.2.4: 3-dimensional balancing diagram for 4.60 Mm? leading and lagging
dragline.
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3-D Balanci £ 1 tandem

D
DiL~

DiL-La A1

Figure 6.2.5: 3-dimensional balancing diagram for 1.80 Mm? leading and lagging
dragline.

v ancement.

D/L line,
rib

Figure 6.2.6: 3-dimensional balancing diagram for 4.60 Mm?® leading and lagging
dragline.
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6.3 Annual production capacity of leading dragline is greater than the annual
production capacity of lagging dragline.

3-D Balancing d.

ation k for 3
W rotation -?
al view r

Input P

Figure 6.3.2: 3-dimensional balancing diagram for 4.60 Mm? leading and 4.40 Mm?
lagging dragline.

lancing diagram for vertical tandem .. . .

DiL-La Af

Dil-Le A2

rburden dumps

riew
a.d
tation ->

non

> TC + KC
FD + RH

wenowow oo

Figure 6.3.3: 3-dimensional balancing diagram for 1.80 Mm? leading and 1.60 Mm?
lagging dragline.
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) Balancing diagram for vertical tandem

DiL.
DiL-La Al

rburden dumps

ion keys fc 3-D view
otation -»

Figure 6.3.4: 3-dimensional balancing diagram for 4.60 Mm?® leading and 4.40 Mm’
lagging dragline.

ancing diagram for vertical tandem

en dumps

Figure 6.3.5: 3-dimensional balancing diagram for 1.80 Mm? leading and 1.60 Mm®
lagging dragline.
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3-D Balancing di n for cal tandem

DiL-La

¢ Det

width
h h

).11 Mm

Figure 6.3.6: 3-dimensional balancing diagram for 4.60 Mm? leading and 4.40 Mm?
lagging dragline.

6.4 Relationship equations Case- I. Le fix La vary.

D Balancin;

Figure 6.4.2: 3-dimensional balancing diagram for 3.20 Mm? leading and 4.80 Mm?

lagging dragline.
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3-D Balancing diagram for vertical tandem

ke:
Plan view rotation a-d
Sectional view rotation =>

TC + KC
FD + RH ¢

Figure 6.4.3: 3-dimensional balancing diagram for 3.20 Mm? leading and 1.60 Mm®
lagging dragline.

3-D Balancing diagram for vertical tandem . . .

DiL-La Al

Dil-Le

Overburden dumps

Dec

Figure 6.4.4: 3-dimensional balancing diagram for 3.20 Mm?® leading and 4.80 Mm’
lagging dragline.
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diagram for vertical tandem

DiL-Le ¢
DiL-La

DiL-La Al

3 mnb

Figure 6.4.5: 3-dimensional balancing diagram for 3.20 Mm?® leading and 1.60 Mm®
lagging dragline.

3-D Balancing diagram for vertical tandem DiL-Le Al
DiL-L:

Dil-La &3

n dumps

Inc Dec

.00 m

00 m

Figure 6.4.6: 3-dimensional balancing diagram for 3.20 Mm? leading and 4.80 Mm?
lagging dragline.
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6.4 Relationship equations Case- II. Le vary La fix

tal tandem

DIL-Le &1

DAL:La Al

for 3-D v
ation =
rotati

Inc Dec

Figure 6.4.7: 3-dimensional balancing diagram for 1.60 Mm?® leading and 3.20 Mm’
lagging dragline.

D/L-Le AL

Inc Dec Input P

thic

Figure 6.4.8: 3-dimensional balancing diagram for 4.80 Mm? leading and 3.20 Mm®
lagging dragline.
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agram for vertical t

DiL-L;

Figure 6.4.9: 3-dimensional balancing diagram for 1.60 Mm? leading and 3.20 Mm?
lagging dragline.

ncing diagram for vertical tandem DAL-L

DiL-L

Rotation for 3-D view
Plan view rotation - d
tional rotation ->

.40 m

oOrC@moOCCCCAMTAT

Figure 6.4.10: 3-dimensional balancing diagram for 4.80 Mm? leading and 3.20 Mm’®
lagging dragline.
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3-D Balancing d

Figure 6.4.11: 3-dimensional balancing diagram for 1.60 Mm® leading and 3.20 Mm®
lagging dragline.

3-D Balancing diagram for vertical tandem

DAL-La.A2

Figure 6.4.12: 3-dimensional balancing diagram for 4.80 Mm? leading and 3.20 Mm?
lagging dragline.
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6.5 Influence of cut width.

3-D Balancir

DAL-LeAl

DL-LaAl WL-Le A2

Overburden dumps

juction

Oyerburden dumps

ation ki
Plan view
tional

TC + K
FD + RH

Figure 6.5.3: 3-dimensional balancing diagram for 55 m cut width.
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Figure 6.5.5: 3-dimensional balancing diagram for 55 m cut width.
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n for vertical tandem

DiL-Le Al

DiL-la A2

DiL-La Al

Dverburden du

R Y D view

Plan view rotation -> a.d

1l view rotation ->

Input

Figure 6.5.6: 3-dimensional balancing diagram for 110 m cut width.

6.6 Influence of stripping bench height

m for hor

DIL-L} AL

Figure 6.6.2: 3-dimensional balancing diagram for 42 m bench height.
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Balancing diagram for wertical tandem ; :
DiL-Le Al

vancement

cing diagram for vertical tandem

DiL.-La &1

Overburden dumps

ys for 3-D view
otation -> a.d
ctional view rotation -> w.s

Inc Dec Input

Figure 6.6.4: 3-dimensional balancing diagram for 42 m bench height.
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3-D Balanci

erburden dump

fFor 3-D view
Plan view rotation -> a.d
Sectional view rotation -> w,s

Input paramete

DiL-la A3

rhurden du

3-D view
> a.d

Figure 6.6.6: 3-dimensional balancing diagram for 42 m bench height.
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6.7 Influence of coal seam thickness

DIL-TaAl

Mine

view

DiL-las2

Figure 6.7.3: 3-dimensional balancing diagram for 9 m thick coal seam.
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3-D Balancing diagram for vertical tandem

DAL-La

0,04 Hm

Figure 6.7.5: 3-dimensional balancing diagram for 9 m thick coal seam.
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DiL-la A3
DAL-La.1

Overburden

s rotation - w.s

Figure 6.7.6: 3-dimensional balancing diagram for 18 m thick coal seam.

6.8 Influence of seam gradient

m

Figure 6.8.2: 3-dimensional balancing diagram for coal seam inclination of 5 degree.
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alancing diagram for vertical

DiL-La Al

DiL-Le A2

Overbu

3-D Balan agra or vert tanc
D Balancing diagram for vertical tandem . .

DAL-La Al

Overburden cumj

cement

for 3-D view
ation -> a,d
Sectional view ation -2

Inc Dec

> TC + KC
> FD + RH

Figure 6.8.4: 3-dimensional balancing diagram for coal seam inclination of 5 degree.
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Overburden dumps

© -D view
Plan view rotati > a,d
ional view rotation ->

Dec

3-D Balancing diagram for vertical tandem

DiL-Le Al

DiL-la A2

DiL-La A1

rburden di

dyancement

= 15,00 m

TC onl
+FD+RH

Figure 6.8.6: 3-dimensional balancing diagram for coal seam inclination of 5 degree.
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6.9 To find the best combination of cut width and bench height within the
possible working range of draglines.

Case 1: Horizontal tandem

3-D Balancing diagram for horizontal tandem
D/L-Le Al

Overburden dumps

ncement

Figure 6.9.1: 3-dimensional balancing diagram for cut width of 95 m and bench height of
25 m.

3-D Balancing ¢ am for he

Figure 6.9.2: 3-dimensional balancing diagram for cut width of 100 m and bench height
of 25 m.
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iagram for horizontal tandem

|
DL-LiAl

erburden dumps

Inc Dec Input Pa

Figure 6.9.3: 3-dimensional balancing diagram for cut width of 105 m and bench height
of 25 m.

3-D Balancing d m For horizontal tandem

Inc D

Figure 6.9.4: 3-dimensional balancing diagram for cut width of 95 m and bench height of
30 m.
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m for hori

PAL-LeAl

DAL-L3 A1

cement

Figure 6.9.5: 3-dimensional balancing diagram for cut width of 100 m and bench height
of 30 m.

3-D Balancing di am for
D/L-LeAl

D/L-La &l

Figure 6.9.6: 3-dimensional balancing diagram for cut width of 105 m and bench height
of 30 m.
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3-D Balancing diagram for horizontal tandem

DA-Le Al

Inc Dec

Figure 6.9.7: 3-dimensional balancing diagram for cut width of 95 m and bench height of
35 m.

for horizonts
D/L-Le Al

Overburden dump

tio

Inc Dec Input P

Figure 6.9.8: 3-dimensional balancing diagram for cut width of 100 m and bench height
of 35 m.
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3-D Balanci horizontal tandem

DL-Laal

Figure 6.9.9: 3-dimensional balancing diagram for cut width of 105 m and bench height
of 35 m.

6.9 - Case 2: Vertical tandem operation mode 1

3-D Balancing agram for vertical tandem -
DiL-Le Al

Dil-le A2

station keys for
Plan view r ion =>
tional view rotation ->

Input

Figure 6.9.10: 3-dimensional balancing diagram for cut width of 90 m and bench height
of 30 m.
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ancing diagram for vertica

Lancement

Figure 6.9.11: 3-dimensional balancing diagram for cut width of 95 m and bench height
of 30 m.

3-D Balancii am for vertical tandem

DiL-L:

Overburdesn dum)

Ro ion s

Plan view rot
Sectional view

i L 2 r 4.
> FD + RH (mo s A r 0,10 Mm

Figure 6.9.12: 3-dimensional balancing diagram for cut width of 100 m and bench height
of 30 m.
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) Balancin: DiL-Le Al

den dumps

> TC
FD + RH

Figure 6.9.13: 3-dimensional balancing diagram for cut width of 90 m and bench height
of 35 m.

DiL-Le A1

ion keus for 3-D view

Figure 6.9.14: 3-dimensional balancing diagram for cut width of 95 m and bench height
of 35 m.
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D Balancing diagram for verti
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Plan view
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Input p
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FD + RH

Figure 6.9.15: 3-dimensional balancing diagram for cut width of 100 m and bench height
of 35 m.

3-D Balancing diagram for vertical t

DiL-Laa2

en dumps

gncement

= 15,00 m

TC
FD + RH

+ KC ¢

Figure 6.9.16: 3-dimensional balancing diagram for cut width of 90 m and bench height
of 40 m.

223



D Balancing diagram for vertical tandem

DjL-La Al

Figure 6.9.17: 3-dimensional balancing diagram for cut width of 95 m and bench height
of 40 m.

D Balancing r vertical tandem

(a7

Figure 6.9.18: 3-dimensional balancing diagram for cut width of 100 m and bench height
of 40 m.
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6.9 - Case 3: Vertical tandem operation mode 2

3-D Bala

DiL-Le Al

TC o
KC+FDeRH

Figure 6.9.19: 3-dimensional balancing diagram for cut width of 85 m and bench height
of 35 m.

0 Balancing di: for vertical tandem 5
DiL-Le Al

DiL-La Al

den dumps

Figure 6.9.20: 3-dimensional balancing diagram for cut width of 90 m and bench height
of 35 m.
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3-D Balanc F tical tandem
D Balanci rtical tandem ey

rburden dumps

D/L -> KC+FD+RH

Figure 6.9.21: 3-dimensional balancing diagram for cut width of 95 m and bench height
of 35 m.

ing diagram for vertical tandem .

DiL-la A2

Rotation keus for view

Figure 6.9.22: 3-dimensional balancing diagram for cut width of 85 m and bench height
of 40 m.
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3-D Balancing diagram for vertical tandem

DiL-L:

Dil-La Al

Overburden dumps

neement

view

Sectional vie

D/L linear
1y

Figure 6.9.23: 3-dimensional balancing diagram for cut width of 90 m and bench height
of 40 m.

D Balancing diz 0 vertical tandem

DiL-la

den dumps

Figure 6.9.24: 3-dimensional balancing diagram for cut width of 95 m and bench height
of 40 m.
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3-D Balancing diagram for vertical tandem

D

den dump

ncement

ation keus for 3-D view
view tion ->
ctional v rotation

ly
KC+FD+RH

Figure 6.9.25: 3-dimensional balancing diagram for cut width of 85 m and bench height
of 45 m.

3-D Balancing di m for vertical tandem DiL-Le Al

Overburden dumps

nent

ation ki 3-D view
Plan view rotation —> a.d
ctional view rotation ->

Dec Input

Figure 6.9.26: 3-dimensional balancing diagram for cut width of 90 m and bench height
of 45 m.
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D Balancing diagram for vertical tandem

DiL-L:

den dum|

Rotation keus for 3-D view
B y

Figure 6.9.27: 3-dimensional balancing diagram for cut width of 95 m and bench height
of 45 m.
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APPENDIX-2 Computer program codes of three-dimensional balancing

diagram for horizontal tandem operation

#include<GL/gl.h>

#include<GL/glu.h>

#include<GL/glut.h>

#include<iostream>

#include<bits/stdc++.h>

#define PI1 3.1416

using namespace std;

float anglex=0;

float angley=0;

float angle=35;

//st=seam thickness, bhl= lower bench height, bhu=upper bench height
/lew=cut width, kwt=key cut width top, kwb= key cut width bottom
//dragline specifications //DL1=leading DL2=lagging

int LeBucket= 24, LeBoom=96, LaBucket=24, LaBoom=96;

float coalRibVol,stripping;

string Le=to_string(LeBucket)+"/"+to_string(LeBoom);

string La=to_string(LaBucket)+"/"+to_string(LaBoom);

int maxreach=(LeBoom*sinf(0.40))-5;

// DL24/96 - 3.42/88R , DL15/90 - 2.44,83R , DL10/70 - 1.67, 66R DL20/90 - 3.04(120 deg swing
angle) or 3.37(90 deg swing angle) ,83R

float DL1prod=3.42, reach1=83, DL2prod=3.42, reach2=88;
float dumph=41.5;

//geology

float st=18, dip=0, coal dens=1.52;

//pit design

float cw=75, bht=35, bhl=bht, bhu=0; //st- seam thickness, bhl=lower(main) bench height,
bhu- bench height upper

float castPercentage=0;
\_/kwt -key cut width top ,kwb- key cut width bottom

float riba=80,ha=70, ba=60, balg=45, aor=38;  //riba- angle of coal extraction, ha- highwall angle, ba-
bench angle, balg- bench angle for loose ground, aor- angle of repose
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float recovery=0.9;

float rad= 3.14/180;

float keycut=0.0, firstdig=0.0, rehandle=0.0, topcut=0.0, firstcut=0.0,areal.ead,arcal.ag;

float prod_ratio= DL 1prod/DL2prod,

float x,y,z;

float a=0,b=0;

string s;

//float stripping_ratio=((keycut+firstcut+firstdig)*linear DL1)/

float posx,posy,xpos;

string set2decimal(float f1){

}

string str;

std::stringstream stream;

stream << std::fixed << std::setprecision(2) << fl;
str = stream.str();

return str;

float capacity(int bucket){

float annualProduction;// variable name set to annual production from cap
//swell=39

//Cap= B/C*F*S*M*K*3600*8760 m3

if(bucket==10) annualProduction=1.67; /IC=70

else if(bucket==15) annualProduction=2.44; //72

else if(bucket==24) annualProduction=3.42; //80

return annualProduction;

int reach(int boom){

intr;
if(boom==96) r=88;
else if(boom==90) r=83;

else if(boom==70) r=66;
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/I r=boom*cos(angle);

return r;

void output(){
x=-200;
y=-80;
z=0;
glTranslated(0,a,0);
glBegin(GL_QUADS);//Colour of the box
glColor3f(0.1,0.1, 0);
glVertex3f(x-60,y-170,z-10);
glVertex3f(-x+50,y-170,z-10);

/I glColor3f(.35,.35,.67);
glVertex3f(x-60,y+10,z-10);
glEnd();
glBegin(GL_LINES);//box lines
glColor4£(0.5,0,0,1);
glVertex3f(x-60,y+10,z);
glVertex3f(-x+50,y+10,z);
glVertex3f(x-60,y-170,z);
glVertex3f(-x+50,y-170,z);
glVertex3f(x-60,y-5,2);
glVertex3f(-x+50,y-5,7);
glVertex3f(x-60,y-170,z);
glVertex3f(x-60,y+10,7)
glVertex3f(x-30,y-170,2);
glVertex3f(x-30,y+10,2);
glVertex31f(x-10,y-170,z);
glVertex3f(x-10,y+10,z);

glVertex3f(-x+50,y-170,z);
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glVertex3f(-x+50,y+10,z);
glVertex3f(x+200+10,y-170,z);
glVertex3f(x+200+10,y+10,z);

glEnd();

glColor3f(1,1,1);
s="Input Parameters";
glRasterPos3f(x,y,z);

for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT _BITMAP_8 BY_13.s[i]);
glColor3f(1, 1, 1);
s="Rotation keys for 3-D view";
glRasterPos3f(x,y+35,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="Plan view rotation -> a,d";
glRasterPos3f(x,y+25,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13.s[i]);
s="Sectional view rotation -> w,s";
glRasterPos3f(x,y+15,z);
glutBitmapCharacter(GLUT_BITMAP_8 BY 13.s[i]);
s="Inc";
glRasterPos3f(x-50,y,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13.s[i]);
glColor3f(1, 1, 1);
s="Dec";
glRasterPos3f(x-28,y,2);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13.s[i]);
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/
/1
/1

1

/
//
1
/

glColor3£(0.9, 0.1, 0.1);
s="Lead DL ="+Le;
glRasterPos31(x,y-20,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY _13,s[i]);//will see in future if we want to add

s="Lag DL ="+La;
glRasterPos3f(x,y-30,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY 13,s[i]);
glColor3f(0.9, 0.1, 0.1);
s="(A)Geomining parameters";
glRasterPos3f(x,y-20,z);
for(int i=0;i<s.length();i++)
glColor3f(1,1,1);
s="Cut width =" + set2decimal(cw) + " m";
glRasterPos3f(x,y-80,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s][i]);
s="j";
glRasterPos3f(x-20,y-80,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY 13,s[i]);
s="1";
glRasterPos3(x-50,y-80,z);
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s][i]);
s="Bench height ="+ set2decimal(bhl) +" m";
glRasterPos3£(x,y-90,z);

for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT _BITMAP_8 BY_13,s]i]);

s="i

",
>
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1

1

1

1

1

1
1

glRasterPos31(x-50,y-90,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP 8 BY 13,s[i]);

S:”k";

glRasterPos31(x-20,y-90,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13.s[i]);

s="Highwall slope =" + set2decimal(ha) + " deg";
glRasterPos3f(x,y-60,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_ 13,s[i]);
s="3";
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_ 8 BY 13,s[i]);
s="4";
glRasterPos3{(x-50,y-60,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="Bench slope ="+ set2decimal(ba) + " deg";
glRasterPos3f(x,y-70,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="5";
glRasterPos3f(x-20,y-70,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="6";
glRasterPos3f(x-50,y-70,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13.s[i]);
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s="Seam thickness =" + set2decimal(st) + " m";

glRasterPos3f(x,y-30,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s="t";

glRasterPos3f(x-50,y-30,z);

glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s[i]);

s="r";

glRasterPos3f(x-20,y-30,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s="Seam gradient =" + set2decimal(dip) + " deg";

glRasterPos31(x,y-40,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s="2";

glRasterPos3f(x-50,y-40,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s[i]);

s="1";

glRasterPos3f(x-20,y-40,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

glColor3f(0.9, 0.1, 0.1);

s="(B)Operating parameters";

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s[i]);

s="(C)Dragline parameters",;

glRasterPos3f(x,y-140,z);
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for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY_ 13.s[i]);

glColor3f(1,1,1);

s="Coal density =" + set2decimal(coal dens) +" te/m"3";
glRasterPos31(x,y-100,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY 13.s[i]);

s="Key cut btm w =" + set2decimal(kwb) + " m";
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY 13.s[i]);

s="Coal recovery =" + set2decimal(recovery*100) + " %";
glRasterPos3f(x,y-120,2);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT _BITMAP_8 BY_13,s[i]);
s="Angle of repose =38 deg";
glRasterPos3f(x,y-130,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s="h";
glRasterPos3f(x-50,y-120,z),
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY_13.s[i]);
s="g";
glRasterPos3f(x-20,y-120,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
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s="Leading D/L production = "+ set2decimal(DL1prod)+ " Mm"3/yr";
glRasterPos3f(x,y-150,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s="7ZXC";
glRasterPos3f(x-55,y-150,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s][i]);

s="zxc";
glRasterPos3f(x-28,y-150,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s="Lagging D/L production = "+set2decimal(DL2prod)+ " Mm"3/yr";
glRasterPos3f(x,y-160,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s][i]);

s="MNB";
glRasterPos3f(x-55,y-160,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s="mnb";
glRasterPos3f(x-28,y-160,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s]i]);

x=20;
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glColor3f(1, 1, 1);

s="Output Values";

glRasterPos31(x,y,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13.s[i]);

glColor3f(1,1,1);

s="Key cut area (K/C) ="+ set2decimal(keycut) + " m"2";
glRasterPos3f(x,-100,0);

for(int i=0;i<s.length();i++)

s="Stripping ratio (SR) =" + set2decimal(stripping);
glRasterPos31(x,-92,0);

for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY 13.s[i]);

s="First cut area (F/C) ="+ set2decimal(firstcut) + " m"2";
glRasterPos31(x,-110,0);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13.s[i]);

s="First dig area (F/D) ="+ set2decimal(firstdig) + " m"2";
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s="Rehandled area (R/H) =" + set2decimal(rehandle) + " m"2";
glRasterPos31(x,-130,0);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT _BITMAP_8 BY 13,s[i]);

s="Leading D/L cut area =" + set2decimal(arealead) + " m"2";
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glRasterPos31(x,-140,0);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s[i]);

s="Lagging D/L cut area ="+ set2decimal(arealLag) + " m"2";
glRasterPos3f(x,-150,0);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s="Lead D/L cut vol =~ ="+ set2decimal(areal.ead*linear DL1/1000000) + " Mm"3/yr";
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8_BY_13,s[i]);

s="Lag D/L cut vol ="+ set2decimal(areaLag*linear DL2/1000000) + " Mm"3/yr";
glRasterPos31(x,-170,0);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8_BY_13,s[i]);

s="Coal exposure ="+ set2decimal(coalExpDL1) + " Mte/yr";
glRasterPos3f(x,-180,0);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s]i]);
s="Rehandle percentage ="+ set2decimal(rh_per) +" %";
glRasterPos31(x,-190,0);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8_BY_13,s[i]);
s="Lead D/L linear adv ="+ set2decimal(linear_ DL1) + " m/yr";
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 _BY_13,s[i]);

s="Lag D/L linear adv ="+ set2decimal(linear_DL2) +" m/yr";
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glRasterPos31(x,-210,0);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="Max dump height ="+ set2decimal(maxreach)+ " m";
glRasterPos3f(x,-230,0);
for(int i=0;i<s.length();i++)
s="Coal rib volume ="+ set2decimal(coalRibVol/1000000)+ " Mm"3/yr"+"/rib";
glRasterPos3{(x,-240,0);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

void display(){
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);//To set to previous valuues.
glLoadldentity();//To set the matrix to identity.
float x1,x2,x3,x4,x5,x6,x7,x8,x9,x10,x11,x12,x13,x14,x15,x16,x17,x18,dx;
float y1,y2,y3,y4,y5,y6,y7,y8,y9,y10,y11,y12,y13,y14,y15,y16,y17,y18,dy;
float ribx, riby;

float xd[15],yd[15];

bhl=bht;
/I DL1prod=capacity(LeBucket);
/| DL2prod=capacity(LaBucket);
reachl=reach(LeBoom);
reach2=reach(LaBoom);

prod_ratio= DL1prod/DL2prod;

x1=0; /1A
x2=cw; //B
x3=x2+cw; //B'
y1=0;

y2=-x2*tan(dip*rad);

y3=-x3*tan(dip*rad);
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dx=st*cos(dip*rad)/sin((dip+riba)*rad)*cos(riba*rad);

dy=st*cos(dip*rad)/sin((dip+riba)*rad)*sin(riba*rad);

x4=x1+dx; /IC
x5=x2+dx; //D
x6=x3; //D'
y4=yl+dy;

y5=y2+dy;

y6=y3-+st;

X7=x4+dx; //E
x8=x5+dx; /F
x9=x6; //F'
yT=y4+dy;

y8=y5+dy;

y9=y6-+bhl,;

x10=x7+bermlb;//*cos(dip*rad);
y10=y7-bermlb*tan(dip*rad);
x11=x10+cw;

y11=y10-cw*tan(dip*rad);

dx=bhu*cos(dip*rad)/sin((diptha)*rad)*cos(ha*rad);
dy=bhu*cos(dip*rad)/sin((diptha)*rad)*sin(ha*rad);
x13=x10+dx;

y13=y10+dy;

x14=x11+dx;

yl4=yl1+dy;

x12=x9;

y12=y9+bhu
dx=bhl*cos(dip*rad)/sin((dip+(180-ba))*rad)*cos((180-ba)*rad);
dy=bhl*cos(dip*rad)/sin((dip+(180-ba))*rad)*sin((180-ba)*rad);

x15=x5-kwb; //H
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//x16=x8-kwt; 2l
x16=x15+dx;

y15=y5+kwb*tan(dip*rad);
/ly16=y8+kwt*tan(dip*rad);

yl6=y15+dy;

posx=(x16-x7)/2;

posy=posx*tan(dip*rad);

x17=x15;//-posx; /G
x18=x16;//-posx; //T
y17=y15;//+posy;

y18=y16;//+posy;

//dump side

xd[0]=x1-cw; /IT
yd[0]=-xd[0]*tan(dip*rad);
xd[1]=x1-2*cw; /T

yd[1]=-xd[1]*tan(dip*rad);

xd[2]=xd[1]; /IT"
yd[2]=y7;

xd[3]=(x8+x16)/2 - reachl; /L
yd[3]=y7;

xd[5]=x4-bermrh; /10

yd[5]=y4+bermrh*tan(dip*rad);
xd[6]= (x16+x18)/2 - reachl; /IN
yd[6]=y7;

xd[7]= ((tan(aor*rad)*xd[6] - tan((180-dip)*rad)*x4)-(yd[6]-y4))/(tan(aor*rad)-tan((180-dip)*rad));
/M

yd[7]= xd[7]*tan(aor*rad)+yd[6]-tan(aor*rad)*xd[6];

xd[8]= (y7-(yd[5]-tan((180-balg)*rad)*xd[5]))/tan((180-balg)*rad); /P
yd[8]=y7;

xd[9]= xd[8]-bermrh-5; /IS

yd[91=y7;
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yd[10]=y7+dumph; 1Q
xd[10]=xd[9]- dumph/tan(rad*aor);
xd[11]=xd[10]-(xd[9]-xd[10]); /IR
yd[11]=y7;

ribx=2*st/tan(riba*rad);

riby= ribx*tan(dip*rad);

//optimization

posx=0;
//float a,b,c,X,y,z;
keycut=0.5*((x5-x15)+(x8-x16))*bhl;// cos(dip*rad) ;
firstcut=0.5*((x15-x17)+(x16-x18))*bhl;//cos(dip*rad);
firstdig=0.5*((x17-x4)+(x18-x7))*bhl;//cos(dip*rad);
castPercentage=(((57.5*bht)/cw)+18);
y= x*tan(aor*rad)+yd[6]-tan(aor*rad)*xd[6];
a=0.5*((x7-xd[6])+(x4-x))*(y7-y4);
b=0.5*(xd[5]-x)*((xd[5]-x)/2)*tan(aor*rad);
c=0.5*((x4-xd[5])+(x7-xd[8]))*(y7-y4);*/
//rehandle=a-b;
rehandle= 0.5*(bermrh+ (x7-xd[8]))*bhl - 0.5*bermrh*bermrh*tan(dip*rad);
rehandle=1.1*rehandle;
arealead=keycut+firstcut;
areaLag=firstdig+rehandle;
if(arealag >= (areal.ead/prod_ratio)){
while(arealag >= (areal.ead/prod_ratio)){
posx+=0.00001;
posy=posx*tan(dip*rad);
x17=x15-posx;
x18=x16-posx;
y17=y15+posy;

y18=y16+posy;
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firstcut=0.5*((x15-x17)+(x16-x18))*bhl;//cos(dip*rad);
firstdig=0.5*((x17-x4)+(x18-x7))*bhl;//cos(dip*rad);
areaLead=keycut-+firstcut;

arealLag=firstdig+rehandle;

//optimization ends

prodKC= keycut/areal.ead*DL1prod;

prodFC= firstcut/arealLead*DL1prod;

prodFD= firstdig/arealLag*DL2prod;

prodRH= rehandle/arealag*DL2prod;

linear DL1= DL1prod*1000000/arealead,

linear DL2= DL2prod*1000000/arealag;

coalExpDL2= linear DL2*cw*st*coal_dens*recovery/1000000;
coalExp= coalExpDL1+coalExpDL2;

rh_per= rehandle*100/(keycut+firstcut+firstdig);
coalRibVol=((ribx*st)/2)*linear DL1;
stripping=((keycut+firstdig+firstcut)*linear DL1)/(coalExpDL1*1000000);
glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);//specify pixel arithmetic
glEnable( GL_BLEND );// To enable blending

//display the values

/*string str;

std::stringstream stream;

stream << std::fixed << std::setprecision(2) << keycut;

str = stream.str();*/

output();

glTranslated(0,10,0);

glRotatef(anglex,1.0,0.0,0.0);

glRotatef(angley,0.0,1.0,0.0);

//draw
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glColor3f(1,1,1);

s="R/H";

glRasterPos3{((xd[8]+x7)/2,(y4+y7)/2,70);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY_13.s[i]);

z=-200;

glBegin(GL_QUADS); //rehandle

glColor4£(0.33,0.06,0.18,0.8);
glVertex3f(x4,y4,70);
glVertex3f(xd[8],yd[8],70);
glVertex3f(xd[5],yd[5],70);
glVertex3f(x4,y4,0);
glVertex3f(x7,y7,0);
glVertex3f(xd[8],yd[8],0);
glVertex3f(xd[5],yd[5],0);
glVertex31(x4,y4,70);
glVertex3f(x7,y7,70);
glVertex3f(x7,y7,00);
glVertex3f(x4,y4,00);
glVertex3f(x7,y7,70);
glVertex3f(xd[8],yd[8],70);
glVertex3f(xd[8],yd[8],00);
glVertex31(x7,y7,00);
glVertex3f(xd[8],yd[8],70);
glVertex3f(xd[5],yd[5],00);
glVertex31f(xd[8],yd[8],00);
glVertex3f(xd[5],yd[5],70);
glVertex3f(x4,y4,70);
glVertex3f(x4,y4,00);

glVertex3f(xd[5],yd[5],00);
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glEnd();

glBegin(GL_TRIANGLES);

//coal rib

glColor3£(0,0,0);

glVertex3f(xd[0],yd[0],150);
glVertex3f(xd[0]+ribx, yd[0]-riby,150);
glVertex3f(xd[0]+ribx/2, yd[0]-riby/2+st,150);
glEnd();

glBegin(GL_QUADS);
glVertex3f(xd[0],yd[0],150);
glVertex3f(xd[0]+ribx, yd[0]-riby,150);
glVertex3f(xd[0]+ribx, yd[0]-riby,z);
glVertex3f(xd[0],yd[0],z);
glVertex3f(xd[0]+ribx, yd[0]-riby,150);
glVertex3f(xd[0]+ribx/2, yd[0]-riby/2+st,150);
glVertex3f(xd[0],yd[0],150);
glVertex3f(xd[0]+ribx/2, yd[0]-riby/2+st,150);
glVertex3f(xd[0]+ribx/2, yd[0]-riby/2+st,z);
glVertex3f(xd[0],yd[0],z);

glEnd();

glBegin(GL_TRIANGLES); /lcoal rib 2
glColor3£(0,0,0);

glVertex3f(xd[1],yd[1],150);
glVertex3f(xd[1]+ribx, yd[1]-riby,150);
glVertex3f(xd[1]+ribx/2, yd[1]-riby/2+st,150);
glEnd();

glBegin(GL_QUADS);
glVertex3f(xd[1],yd[1],150);
glVertex3f(xd[1]+ribx, yd[1]-riby,150);
glVertex3f(xd[1]+ribx, yd[1]-riby,z);

glVertex3f(xd[1],yd[1],2);
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glVertex3f(xd[1]+ribx, yd[1]-riby,150);

glVertex3f(xd[ 1]+ribx/2, yd[1]-riby/2-+st,150);
glVertex3f(xd[1]+ribx/2, yd[1]-riby/2+st,z);
glVertex3f(xd[1]+ribx, yd[1]-riby,z);
glVertex3f(xd[1],yd[1],150);

glVertex3f(xd[1]+ribx/2, yd[1]-riby/2+st,150);
glVertex3f(xd[1]+ribx/2, yd[1]-riby/2+st,z);
glVertex3f(xd[1],yd[1],z);

glEnd();

x=-2*cw- 20,

if(x>xd[11]-10) x=xd[11]-10;

glColor3f(1, 1, 1);

s="Spoil side/Decoaled area";
glRasterPos3f((x16+x8)/2-2+20-300,(y 15+y16)/2-10,50);
for(int i=0;i<s.length();i++)

s="Overburden dumps";
glRasterPos3f((x16+x8)/2-2+20-300,(y15+y16)/2+75,50);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

glBegin(GL_POLYGON); //dump
glColor4f(1.0,1.0,0.0,0.8);

glVertex3f(x1,y1,150);
glVertex3f(x-70,-x*tan(rad*dip),150);
glVertex3f(x-70,yd[2],150);
glVertex3f(xd[8],yd[8],150);
glVertex3f(xd[5],yd[5],150);

glVertex3f(x4,y4,150);

glEnd();

glBegin(GL_QUADS);
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glVertex3f(x1,y1,150);

glVertex3f(x-70,-x*tan(rad*dip),150);

glVertex3f(x-70,-x*tan(rad*dip),z);

glVertex3f(x1,y1,z);

glVertex3f(x-70,-x*tan(rad*dip),150);

glVertex3f(x-70,yd[2],150);

glVertex3f(x-70,yd[2],2);

glVertex3f(x-70,-x*tan(rad*dip),z);

glVertex3f(x-70,yd[2],150);
glVertex3f(xd[8],yd[8],150);
glVertex3f(xd[8],yd[8],2);
glVertex3f(x-70,yd[2],z);
glVertex3f(xd[8],yd[8],150);
glVertex3f(xd[5],yd[5],150);
glVertex3f(xd[8],yd[8],2);
glVertex3f(xd[5],yd[5],150);
glVertex3f(x4,y4,150);
glVertex3f(x4,y4,z);
glVertex3f(xd[5],yd[5],2);
glEnd();
glBegin(GL_POLYGON);
glColor4f(1.0,1.0,0.0,0.8);
glVertex3f(x1,y1,2);
glVertex3f(x,-x*tan(rad*dip),z);
glVertex3f(x,yd[2],2);
glVertex3f(xd[8],yd[8],2);
glVertex3f(xd[5],yd[5],2);
glVertex3f(x4,y4,z);

glEnd();
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glBegin(GL_TRIANGLES); //dump triangle
glColor4£(0.55,0.46,0.05,0.95);

glVertex3f(xd[9],yd[9],150);

glVertex3f(xd[10],yd[10],150);

glVertex3f(xd[11],yd[11],150);

glEnd();

glBegin(GL_TRIANGLES); //dump triangle 2 by vaibhav
glColor4f(0.55,0.46,0.05,0.95);
glVertex31f(xd[9]-70,yd[9],150);
glVertex3f(xd[10]-70,yd[ 10],150);
glVertex3f(xd[11]-70,yd[11],150);
glEnd();

glBegin(GL_QUADS);
glVertex3f(xd[9],yd[9],150);
glVertex3f(xd[10],yd[10],150);
glVertex3(xd[10],yd[10],0);
glVertex3f(xd[9],yd[9],0);
glVertex3f(xd[11],yd[11],0);
glVertex31(xd[10],yd[10],0);
glVertex3f(xd[9],yd[9],150);
glVertex3f(xd[11],yd[11],150);
glVertex3f(xd[11],yd[11],0);
glVertex3f(xd[9],yd[9].,0);

glEnd();

glBegin(GL_QUADS); // dump triangle 2 3d by vaibhav
glVertex3f(xd[9]-70,yd[9],150);
glVertex3f(xd[10]-70,yd[10],150);
glVertex3f(xd[10]-70,yd[10],0);

glVertex3f(xd[9]-70,yd[9],0);
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glVertex3f(xd[10]-70,yd[10],150);
glVertex3f(xd[11]-70,yd[11],150);
glVertex3f(xd[11]-70,yd[11],0);

glVertex3f(xd[10]-70,yd[10],0);

glVertex3f(xd[9]-70,yd[9],150);
glVertex3f(xd[11]-70,yd[11],150);
glVertex3f(xd[11]-70,yd[11],0);
glVertex3f(xd[9]-70,yd[9],0);
glEnd();
glBegin(GL_TRIANGLES);
glColor4f(0.55,0.46,0.0,0.95);
glVertex3f(xd[9],yd[9],00);
glVertex3f(xd[10],yd[10],00);
glVertex3f(xd[11],yd[11],00);
glEnd();
glBegin(GL_TRIANGLES);
glColor4£(0.55,0.46,0.05,0.95);
glVertex3f(xd[9],yd[9],150);
glVertex3f(xd[10],yd[10],150);

glEnd();

glBegin(GL_QUADS);
glVertex3f(xd[9],yd[9],150);
glVertex3f(xd[10],yd[10],150);
glVertex3f(xd[10],yd[10],0);
glVertex3f(xd[9],yd[9],0);
glVertex3f(xd[10],yd[10],150);
glVertex3f(xd[11],yd[11],150);
glVertex3f(xd[11],yd[11],0);
glVertex3f(xd[10],yd[10],0);

glVertex3f(xd[9],yd[9],150);
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glVertex3f(xd[11],yd[11],150);
glVertex3f(xd[11],yd[11],0);
glVertex3£(xd[9],yd[9],0);
glEnd();
gIBegin(GL_TRIANGLES);
glColor4£(0.55,0.46,0.0,0.95);
glVertex3f(xd[9],yd[9],00);
glVertex3£(xd[10],yd[10],00);
glVertex3f(xd[11],yd[11],00);
glEnd();

glColor3f(1, 1, 1);

//bench side

glBegin(GL_QUADS); //coal seam partl
glColor4£(0.0,0.0,0.0,1);
glVertex3f(x1,y1,150);
glVertex31(x2,y2,150);
glVertex31(x5,y5,150);
glVertex3f(x4,y4,150);
glVertex3f(x1,y1,2);
glVertex3f(x2,y2,2);
glVertex3f(x4,y4,z);
glVertex3f(x1,y1,150);
glVertex3f(x4,y4,150);
glVertex3f(x4,y4,2);
glVertex3f(x1,y1,z);
glVertex3f(x2,y2,150);
glVertex31(x5,y5,150);
glVertex31(x5,y5,2);
glVertex3f(x2,y2,z);
glVertex3f(x1,y1,150);

glVertex3f(x2,y2,150);
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glVertex3f(x2,y2,2);
glVertex3f(x1,y1,z);
glVertex3f(x4,y4,150);
glVertex3f(x5,y5,150);
glVertex3f(x5,y5,2);

glVertex3f(x4,y4,z);

glEnd();

glBegin(GL_QUADS);
glColor4£(0.0,0,0.0,1);
glVertex3f(x2,y2,150);
glVertex3f(x3,y3,150);
glVertex3f(x6,y6,150);
glVertex3f(x5,y5,150);
glVertex3f(x2,y2,2);
glVertex3f(x3,y3,z);
glVertex31(x6,y6,2);
glVertex3f(x5,y5,2);
glVertex3f(x2,y2,150);
glVertex3f(x5,y5,150);
glVertex3f(x5,y5,2);
glVertex3f(x2,y2,z);
glVertex3f(x3,y3,150);
glVertex3f(x6,y6,150);
glVertex3f(x3,y3,2);
glVertex3f(x2,y2,150);
glVertex3f(x3,y3,150);
glVertex3f(x3,y3,2);
glVertex3f(x2,y2,z);

glVertex3f(x5,y5,150);

//coal seam part 2
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glVertex3{(x6,y6,150);
glVertex3f(x6,y6,7);

glVertex3f(x5,y5,2);

glEnd();

glColor3f(1,1,1);

s="F/D";
glRasterPos3f((x4+x18)/2,(y4+y18)/2,70);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8§ BY_13,s[i]);

glBegin(GL_QUADS); //first dig
glColor4f(1.0,0.0,0.0,0.7);
glVertex3f(x4,y4,70);
glVertex3f(x17,y17,70);
glVertex3f(x18,y18,70);
glVertex3f(x7,y7,70);
glVertex3f(x4,y4,z);
glVertex3f(x17,y17,2);
glVertex31f(x18,y18,z);
glVertex3f(x7,y7,z);
glVertex3f(x7,y7,70);
glVertex3f(x7,y7,2);
glVertex3f(x4,y4,z);
glVertex3f(x17,y17,70);
glVertex3f(x18,y18,70);
glVertex3f(x18,y18,z);
glVertex3f(x17,y17,z);
glVertex3f(x4,y4,70);
glVertex3f(x17,y17,70);
glVertex3f(x17,y17,2);

glVertex3f(x7,y7,70);
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glVertex3f(x18,y18,70);
glVertex3f(x18,y18,z);
glVertex3f(x7,y7,z);

glEnd();

glColor3f(1,1,1);
s="F/C";
glRasterPos3f((x18+x16)/2,(y15+y16)/2,50);

for(int i=0;i<s.length();i++)

glBegin(GL_QUADS); /Mirst cut
glColor4£(0.5,1.0,0.5,0.7);
glVertex3f(x17,y17,50);
glVertex3f(x15,y15,50);
glVertex3f(x16,y16,50);
glVertex3f(x18,y18,50);
glVertex3f(x17,y17,z);
glVertex3f(x15,y15,z);
glVertex3f(x16,y16,z);
glVertex3f(x18,y18,z);
glVertex3f(x17,y17,50);
glVertex3f(x18,y18,50);
glVertex3f(x18,y18,z);
glVertex3f(x17,y17,z);
glVertex3f(x15,y15,50);
glVertex3f(x16,y16,50);
glVertex3f(x16,y16,z);
glVertex3f(x15,y15,z);
glVertex3f(x17,y17,50);
glVertex3f(x15,y15,50);
glVertex3f(x15,y15,2);

glVertex3f(x17,y17,2);
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glVertex3f(x18,y18,50);
glVertex3f(x16,y16,50);
glVertex3f(x16,y16,z);
glVertex3f(x18,y18,z);
glEnd();
glColor3f(1,1,1);
s="K/C";
glRasterPos3f((x16+x8)/2-2,(y15+y16)/2,50);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY 13,s[i]);
s= "Highwall";
glRasterPos3f((x16+x8)/2-2+20,(y15+y16)/2,50);
for(int i=0;i<s.length();i++)
glColor3f(1,1,1);
s= "Mine advancement";
glRasterPos3{((x16+x8)/2-2+20,(y15+y16)/2+40,50);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8_BY_13,s[i]);
§= Mmoo >
glRasterPos3f((x16+x8)/2-2+20,(y15+y16)/2+30,50);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY 13,s[i]);
s="3-D Balancing diagram for horizontal tandem";
glRasterPos3f(x,y+255,50);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s[i]);

glBegin(GL_QUADSYS); //key cut
glColor4£(0.0,0.6,1.0,0.7);
glVertex3f(x15,y15,50);

glVertex3f(x5,y5,50);
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glVertex31(x8,y8,50);

glVertex3f(x16,y16,50);

glVertex3f(x15,y15,z);
glVertex3f(x5,y5,2);
glVertex3f(x8,y8,z);
glVertex3f(x16,y16,7);
glVertex3f(x15,y15,50);
glVertex3f(x16,y16,50);
glVertex3f(x16,y16,z);
glVertex3f(x15,y15,z);
glVertex3f(x5,y5,50);
glVertex3f(x8,y8,50);
glVertex3f(x8,y8,7);

glVertex3f(x5,y5,2);

glVertex3f(x15,y15,50);
glVertex3f(x5,y5,50);
glVertex31(x5,y5,2);
glVertex3f(x15,y15,z);
glVertex3f(x16,y16,50);
glVertex3f(x8,y8,50);
glVertex3f(x8,y8,z);
glVertex3f(x16,y16,z);
glEnd();
glBegin(GL_QUADS); //lower bench part 3
glColor4f(0.8,0.8,0.8,0.9);
glVertex3f(x5,y5,150);
glVertex3f(x6,y6,150);
glVertex3f(x9,y9,150);
glVertex3f(x8,y8,150)

glVertex3f(x5,y5,7);
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glVertex3{(x6,y6,z);
glVertex3f(x9,y9,2);
glVertex3f(x8,y8,2);
glVertex3(x5,y5,150);
glVertex31(x8,y8,150);
glVertex31(x8,y8,2);
glVertex31(x5,y5,2)
glVertex3f(x6,y6,150);
glVertex31(x9,y9,150);
glVertex3f(x9,y9,2);
glVertex3f(x6,y6,z);
glVertex3f(x5,y5,150);
glVertex3(x6,y6,150);
glVertex3(x6,y6,z);
glVertex3f(x5,y5,2);
glVertex3f(x8,y8,150);
glVertex31(x9,y9,150);
glVertex3f(x9,y9,z);
glVertex31f(x8,y8,z);
glEnd();

//axes

xpos=(x8+x16)/2;
glBegin(GL_LINES);
glColor4£(0.5,1.0,0.5,0.7);
glVertex3f(xpos,150,30);
glVertex3f(xpos,0,30);
glEnd();
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xpos-reach1,150,30);
glVertex3f(xpos-reach1,0,30);

glEnd();

//DL1 Axisl (keycut)
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glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xpos,145,30);
glVertex3f(xpos-reach1,145,30);
glEnd();
glBegin(GL_QUADS);
glColor3d(0,0,0);
glVertex3f(xpos-15,y14,0);
glVertex3f(xpos-15,y14+5,0);
glVertex3f(xpos+15,y14+5,0);
glVertex3f(xpos+15,y14,0);
glEnd();
glBegin(GL_QUADS);
glColor3d(1,0,0);
glVertex3f(xpos-15,y14+15,0);
glVertex3f(xpos-15,y14+5,0);
glVertex3f(xpos+15,y14+5,0);
glVertex3f(xpos+15,y14+15,0);
glEnd();
glBegin(GL_TRIANGLES);
glColor3£(0,0,0);
glVertex3f(xpos-15,y14+15,0);
glVertex3f(xpos+15,y14+15,0);
glVertex3f(xpos-reach1,95,0);
glEnd();
//here is dg code above
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xpos-reach1,95,0);
glVertex3f(xpos-reach1,90,0);
¢lEnd();

glBegin(GL_LINES);
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//glColor31(0,0,0);
glVertex3f(xpos-reach1-2,87,0);
glVertex3f(xpos-reach1,90,0);
glEnd();

gIBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xpos-reach1+2,87,0);
glVertex3f(xpos-reach1,90,0);

glEnd();

glColor3f(1,1,1);

s="D/L-Le A1";
glRasterPos3f(xpos,150,30);
for(int i=0;i<s.length();i++)
xpos=(x18+x16)/2;
glLineWidth(3);
glBegin(GL_LINES);//DL1 Axis2
glColor4£(0.5,1.0,0.5,0.7);
glVertex3f(xpos,150,30);
glVertex3f(xpos,st,30);

glEnd();

glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xpos-reach1,150,30);
glVertex3f(xpos-reachl,st,30);
glEnd();

glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xpos,145,30);
glVertex3f(xpos-reach1,145,30);
glEnd();

glLineWidth(1);
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s="D/L-Le A2";
glColor3f(1,1,1);
glRasterPos3f(xpos,120,30);

for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_TIMES ROMAN_10,s[i]);}
glBegin(GL_LINES); //DL2 Axisl
glColor4£(0.33,0.06,0.2,0.8);
glVertex3f(xd[10]+reach2,130,60);
glVertex3f(xd[10]+reach2,y7,60),
glEnd();
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xd[10],130,60);
glVertex3f(xd[10],y7,60);
glEnd();
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xd[10],125,60);
glEnd();
glBegin(GL_QUADS);
glColor3d(0,0,0);
glVertex3f(xd[10]+reach2-15,y7,0);
glVertex3f(xd[10]+reach2-15,y7+5,0);
glVertex3f(xd[10]+reach2+15.,y7+5,0);
glVertex3f(xd[10]+reach2+15,y7,0);
glEnd();
glBegin(GL_QUADSYS);
glColor3d(1,0,0);
glVertex3f(xd[10]+reach2-15,y7+15,0);
glVertex3f(xd[10]+reach2-15,y7+5,0);

glVertex3f(xd[10]+reach2+15,y7+5,0);
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glVertex3f(xd[10]+reach2+15,y7+15,0);
glEnd();
glBegin(GL_TRIANGLES);
glColor3£(0,0,0);
glVertex3f(xd[10]+reach2-15,y7+15,0);
glVertex3f(xd[10]+reach2+15,y7+15,0);
glVertex3f(xd[10],100,0);
glEnd();
//here is dg code above
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xd[10],100,0);
glVertex31(xd[10],90,0);
glEnd();
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xd[10],90,0);
glVertex3f(xd[10]-2,85,0);
glEnd();
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex31(xd[10],90,0);
glVertex3f(xd[10]+2,85,0);
glEnd();
glColor3f(1,1,1);
s="D/L-La A1";
glRasterPos3f(xd[10]+reach2,130,60);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_TIMES ROMAN_10,s[i]);
//glFlush();

glutSwapBuffers(); //to swap the front and back buffers for animation purpose
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void reshape(int h, int w){

//viewport- the rectangular area inside the window where the graphics are displayed

glViewport(0, 0, (GLsizei)w, (GLsizei)h); //parameters- (origin bottom-left x of the
viewport, y, width, height of the viewport)

glMatrixMode(GL_PROJECTION); //to change into projection mode

glLoadldentity();

GLfloat aspect = (GLfloat)w / (GLfloat)h;
if (w>=h) {
g10rtho(-280.0 * aspect, 280.0 * aspect, -280.0, 280.0, -1400, 400);
H
else {
glOrtho(-280.0, 280.0, -280.0 / aspect, 280.0 / aspect, -1400, 400);

}

glMatrixMode(GL_MODELVIEW); /lto change into modelview mode. you always need to
be inside modelview mode in order to draw

}
void init(){

glClearColor(0.0,0.4,0.3,1); // parameters- R, G, B, alpha -- to change the background color of the
graphics window

/I glClearColor(.31,.31,.18,1);
glEnable(GL_DEPTH_TEST);

}

static void key(unsigned char key, int x, int y)

{
switch (key)

{
case 32 :
case 27 :
case 'q":
exit(0);

break;

case 'a":
if(angley<90)angley+=10;
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break;

case 'd":
if(angley>0)angley-=10;
break;

case 'wW":
if(anglex>0)anglex-=10;
break;

case 's'":
if(anglex<90)anglex+=10;
break;

case 'j":
cw-=5;
break;

case '1"
cw+=5;
break;

case 'i":
bht+=1;
break;

case 'k"
bht-=1;
break;

case 't":
st+=1;
break;

case 'r":
st-=1;
break;

case 'Z"
DL1prod++;
break;

case 'X":
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DL1prod+=0.1;
break;

case 'C"
DL1prod+=0.01;
break;

case 'M"
DL2prod-++;
break;

case 'N":
DL2prod+=0.1;
break;

case 'B"
DL2prod+=0.01;
break;

case 'z":
DL1prod--;
break;

case 'x"
DL1prod-=0.1;
break;

case 'c':
DL1prod-=0.01;
break;

case 'm"
DL2prod--;
break;

case n":
DL2prod-=0.1;
break;

case 'b":

DL2prod-=0.01;
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break;

case'l"
dip-=1;
break;
case 2"
dip+=1;
break;
case 3"
ha-=1;
break;
case '4"
ha+=1;
break;
case 'g"
recovery-=0.01;
break;
case 'h":
recovery+=0.01;
break;

b
glutPostRedisplay();

H
void Specialkey(int key, int X, int y)
{
switch(key)
{
case GLUT_KEY_UP:
/*Do whatever you want*/
a+=10;

break;
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case GLUT KEY DOWN:
/*Do whatever you want*/
a-=10;
break;
case GLUT_KEY_LEFT:
b-=10;
/*Do whatever you want*/
break;
case GLUT_KEY_RIGHT:
b+=10;

/*Do whatever you want*/

break;
}
glutPostRedisplay();
}

int main(int argc, char** argv){
glutlnit(&argce,argv);//To initialise glut library

glutInitDisplayMode(GLUT_RGB | GLUT _DOUBLE | GLUT DEPTH); //in double buffer mode of
animation, we just redraw the primitive in the back buffer and then swap it with the front buffer, and keep
on doing it. It eliminates the problem of distortion

glutlnitWindowPosition(200,00);

glutlnitWindowSize(1000,800);//window size in width x height format.

glutCreateWindow("Balancing Diagram for Horizontal Tandem");//Name of the window
glutDisplayFunc(display);

glutReshapeFunc(reshape);

glutKeyboardFunc(key);

glutSpecialFunc(Specialkey);

init();

glutMainLoop();
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APPENDIX-3 Computer program codes of three-dimensional balancing

diagram for vertical tandem operation (mode-1 and mode-2)

#include<GL/gl.h>

#include<GL/glu.h>

#include<GL/glut.h>

#include<iostream>

#include<bits/stdc++.h>

#define P13.1416

using namespace std;

float anglex=0;

float a=0,b=0;

float angley=0;

float stripping;

float coalRibVol;

int mode=1; //keycut + topcut  mode 2: topcut only

float x,y,z;

//st=seam thickness, bhl= lower bench height, bhu=upper bench height
//lew=cut width, kwt=key cut width top, kwb= key cut width bottom
int LeBucket= 10, LeBoom=70, LaBucket=15, LaBoom=90;
string Le=to_string(LeBucket)+"/"+to_string(LeBoom);

string La=to_string(LaBucket)+"/"+to_string(LaBoom);
//geology

float st=18, dip=0, coal_dens=1.52;

//dragline specifications

// DL24/96 - 3.42/88 , DL15/90 -2.44,83 , DL10/70 - 1.67, 66
float DL1prod=2.44, reach1=83, DL2prod=3.42, reach2=88;
float dumph=41.5;

//pit design

float cw=70, bht=30, bhl=bht, bhu=bht-bhl; //st- seam thickness, bhl=lower(main) bench
height, bhu- bench height upper

float kwt=35kwb=5,bermlb=20, bermrh=10.5; /I'\_/ kwt -key cut width top .kwb- key cut
width bottom

float riba=80,ha=70, ba=60, balg=45, aor=38; //riba- angle of coal extraction, ha- highwall angle, ba-
bench angle, balg- bench angle for loose ground, aor- angle of repose

float recovery=0.9;

float rad= 3.14/180;
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float keycut=0.0, firstdig=0.0, rehandle=0.0, topcut=0.0, firstcut=0.0,areal.ead,areal.ag;

float prodKC, prodFC, prodTC, prodFD, prodRH, coalExpDLI1, coalExpDL2, coalExp, rh per,
linear DLI, linear DL2, DLLeVol, DLLaVol;

float prod_ratio= DL1prod/DL2prod,
string s,s1,v1,v2;
float posx,posy;
float xpos;
string set2decimal(float f1){
string str;
std::stringstream stream;
stream << std::fixed << std::setprecision(2) << fl;
str = stream.str();
return str;
}
float capacity(int bucket) {
float cap;
/Iswell=39%
//F=0.933, S=0.719, M=0.75, K=0.73
//Cap= B/C*F*S*M*K*3600%8760 m3
if(bucket==10) cap=1.67; //C=70
else if(bucket==15) cap=2.44; //72
else if(bucket==24) cap=3.42; //80
return cap;
}
int reach(int boom){
intr;
if(boom==96) r=88;
else if(boom==90) r=83;
else if(boom==70) r=66;
return r;
}
void output() {
x=-200;
y=-30;
7z=0;
glTranslated(0,a,0);
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glBegin(GL_QUADS);//Colour of the box
glColor3£(0.1,0.1, 0);
glVertex3f(x-60,y-170,z-10);
glVertex3f(-x+50,y-170,z-10);
glVertex3f(-x+50,y+10,z-10);

/I glColor3f(.35,.35,.67);
glVertex3f(x-60,y+10,z-10);
glEnd();

glBegin(GL_LINES);//box lines
glColor4£(0.5,0,0,1);
glVertex3f(x-60,y+10,z);
glVertex3f(-x+50,y+10,z);
glVertex3f(x-60,y-170,z);
glVertex3f(-x+50,y-170,z);
glVertex3f(x-60,y-5,z);
glVertex3f(-x+50,y-5,2);
glVertex3f(x-60,y-170,2);
glVertex3f(x-30,y-170,z);
glVertex3f(x-30,y+10,z);
glVertex3f(x-10,y-170,2);
glVertex3f(x-10,y+10,z);
glVertex3f(-x+50,y-170,2);
glVertex3f(-x+50,y+10,z);
glVertex3f(x+200+10,y-170,z);
glVertex3f(x+200+10,y+10,z);
glEnd();
glBegin(GL_LINES);//box lines
glColor4f(0.5,0,0,1);
glVertex3f(x-60,y-142,z);
glVertex3f(-x-190,y-143,z);
glEnd();
glColor3f(1,1,1);
s="Input parameters";

glRasterPos3f(x,y,z);
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for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s]i]);
5=

"Rotation keys for 3-D view";

glRasterPos3f(x,y+35,z);

for(int i=0;i<s.length();i++)
s="Plan view rotation -> a,d";

glRasterPos3f(x,y+25,2);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY_13,s]i]);
s="Sectional view rotation -> w,s";

glRasterPos3f(x,y+15,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s][i]);

glColor3f(0.9, 0.1, 0.1);

s="(A)Dragline parameters";

glRasterPos3f(x,y-12,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8_BY_13,s[i]);

glColor3f(1, 1, 1);

s="Leading D/L production =" + set2decimal(DL1prod)+ " Mm"3/yr";

glRasterPos3f(x,y-20,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_ 13,s[i]);

s="Lagging D/L production =" + set2decimal(DL2prod)+ " Mm"3/yr";

glRasterPos3f(x,y-30,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

glColor3£(0.9, 0.1, 0.1);

s="(B)Operating parameters";

glRasterPos3f(x,y-40,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s[i]);

glColor3f(1, 1, 1);

s="Cut width ="+ set2decimal(cw) + " m";

glRasterPos3f(x,y-50,z);
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for(int i=0;i<s.length();i++)

s="Bench height =" + set2decimal(bht) + " m";

glRasterPos3f(x,y-60,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13.s[i]);

s="Highwall slope; Repose angle= 70; 38 deg";

glRasterPos3f(x,y-70,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="Bench slope =" + set2decimal(ba) + " deg";
glRasterPos3f(x,y-80,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13.s[i]);

s="Seam thickness =" + set2decimal(st) + " m";

glRasterPos3f(x,y-130,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s="Seam gradient =" + set2decimal(dip) + " deg";

glRasterPos31(x,y-140,z);

for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT _BITMAP_8 BY_ 13.s[i]);

s="Inc";
glRasterPos3f(x-50,y,2);

for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY 13.s[i]);

glColor3f(1, 1, 1);

s:" 1 ";
glRasterPos3f(x-20,y-130,z);

for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

S:ulu;
glRasterPos3f(x-45,y-130,z);

for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,[i])
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nin,

s="1i";
glRasterPos3f(x-45,y-140,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s[i]);
s="k";
glRasterPos3f(x-20,y-140,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="3";
glRasterPos3f(x-20,y-70,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_ 13.s[i]);
s="4";
glRasterPos3f(x-45,y-70,2);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s[i]);
s="v'";
glRasterPos3f(x-45,y-50,2);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY 13,s[i]);
s="MNB";
glRasterPos3f(x-50,y-30,z);
for(int i=0;i<s.length();i++)
s="ZXC";
glRasterPos3f(x-50,y-20,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13 s[i]);
s="¢e";
glRasterPos3f(x-20,y-50,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="mnb";
glRasterPos3f(x-28,y-30,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s[i]);
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s="zxc";
glRasterPos3f(x-28,y-20,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY 13,s[i]);
s="h";
glRasterPos3f(x-45,y-100,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,9[i]);
s="g";
glRasterPos3f(x-20,y-100,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s[i]);
[*s="5";
glRasterPos3f(x-20,y-80,z);
for(int i=0;i<s.length();i++)
s="6";
glRasterPos3f(x-45,y-80,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);*/
s="t";
glRasterPos3f(x-45,y-60,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT BITMAP 8 BY 13,s[i]);

s="r";

glRasterPos3£(x-20,y-60,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP 8 BY 13,s[i]);

s="Dec";

glRasterPos3f(x-28,y,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s[i]);

s="Coal density ="+ set2decimal(coal_dens) + " te/m"3";

glRasterPos3f(x,y-110,z);

for(int i=0;i<s.length();i++)
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glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

glColor3£(0.9, 0.1, 0.1);

s="(C)Geomining parameters";

glRasterPos3f(x,y-120,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

glColor3f(1, 1, 1);

s="Key cut btm w =" + set2decimal(kwb) + " m";

glRasterPos3f(x,y-90,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s="Coal recovery ="+ set2decimal(recovery*100) + " %";

glRasterPos3f(x,y-100,z);

for(int i=0;i<s.length();i++)

if(mode==1){s1="TC + KC";}

else if(mode==2) s1="TC only";

if(mode==1){v1="FD + RH";}

else if(mode==2) v1="KC+FD+RH";

s="Leading D/L ->" +s1 +" (mode : " + to_string(mode) +")";

glRasterPos3f(x,y-150,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY 13,s[i]);

s="Lagging D/L ->" + vl +" (mode : " + to_string(mode) +")";

glRasterPos3f(x,y-160,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY 13,s[i]);

x=20;

s="Output values";

glRasterPos31(x,y,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 _BY_13,s[i]);

s="Lower bench height ="+ set2decimal(bhl) +" m";

glRasterPos3f(x,y-30,z);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s[i]);
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s="Upper bench height ="+ set2decimal(bhu) +" m";
glRasterPos31(x,y-20,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY_ 13,s[i]);
s="Stripping ratio (SR) =" + set2decimal(stripping);
glRasterPos3f(x,y-12,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="Top cut area(T/C) ="+ set2decimal(topcut) + " m"2";
glRasterPos3f(x,y-40,z);

for(int i=0;i<s.length();i++)

s="Key cut area(K/C) ="+ set2decimal(keycut) + " m"2";
glRasterPos31(x,y-50,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY_13,s[i]);
s="First dig area(F/D) ="+ set2decimal(firstdig) +" m"2";
glRasterPos31(x,y-60,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY 13,s[i]);
s="Rehandled area(R/H) =" + set2decimal(rehandle) + " m"2";
glRasterPos3f(x,y-70,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="Lead D/L cut area ="+ set2decimal(areal.ead) +" m"2";
glRasterPos3f(x,y-80,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP 8 BY 13,s[i]);
s="Lag D/L cutarea ="+ set2decimal(arealLag) + " m"2";
glRasterPos3f(x,y-90,z);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT _BITMAP_8 BY_ 13,s[i]);

s="Lead D/L cut vol ="+ set2decimal(DLLeVol) +" Mm"3/yr";

glRasterPos3f(x,y-100,z);
277



for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8_BY_13,s[i]);
s="Lag D/L cutvol = ="+ set2decimal(DLLaVol) + " Mm"3/yr";
glRasterPos3f(x,y-110,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="Coal exposure ="+ set2decimal(coalExpDL1) + " Mte/yr";
glRasterPos3f(x,y-120,z);
for(int i=0;i<s.length();i++)
s="Rehandle percentage =" + set2decimal(rh_per) +" %";
glRasterPos31(x,y-130,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8_BY_13,s[i]);
s="Lead D/L linear adv =" + set2decimal(linear DL1) + " m/yr";
glRasterPos3f(x,y-140,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="Lag D/L linear adv ="+ set2decimal(linear DL2) +" m/yr";
glRasterPos3f(x,y-150,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="Coal rib volume = ="+ set2decimal(coalRibVol/1000000) + " Mm"3/yr";
glRasterPos31(x,y-160,z);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT BITMAP_8 BY 13,s[i]);
}
void display(){
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH BUFFER BIT);
glLoadlIdentity();
bhl=bht,bhu=bht-bhl;
/I DL1prod=capacity(LeBucket);
/" DL2prod=capacity(LaBucket);
reachl=reach(LeBoom);
reach2=reach(LaBoom);
prod_ratio= DL1prod/DL2prod;
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float x1,x2,x3,x4,x5,x6,x7,x8,x9,x10,x11,x12,x13,x14,x15,x16,x17,x18,dx;
float ribx, riby;
float xd[15],yd[15];

x1=0; /1A
x2=cw; //B
x3=x2+cw; //B'
y1=0;

y2=-x2*tan(dip*rad);
y3=-x3*tan(dip*rad);
dx=st*cos(dip*rad)/sin((dip+riba)*rad)*cos(riba*rad);
dy=st*cos(dip*rad)/sin((dip+riba)*rad)*sin(riba*rad);

x4=x1+dx; /IC
x5=x2+dx; //D
X6=x3; /D'
y4=yl+dy;

y5=y2+dy;

yb6=y3+st;

dx=bhl*cos(dip*rad)/sin((dip+ha)*rad)*cos(ha*rad);

X7=x4+dx; /IE

x8=x5+dx; /IF

x9=x6; /[E'

y7=y4+dy;

y8=y5+dy;

y9=y6-+bhl;

x10=x7+bermlb;//*cos(dip*rad); //E" - upper bench bottom left
y10=y7-bermlb*tan(dip*rad);

x11=x10+cw; //]" - upper bench bottom right
y11=y10-cw*tan(dip*rad);
dx=bhu*cos(dip*rad)/sin((dip+ha)*rad)*cos(ha*rad);
dy=bhu*cos(dip*rad)/sin((dip+tha)*rad)*sin(ha*rad);

x13=x10+dx; //E" - upper bench top left
y13=y10+dy;
x14=x11+dx; //J" - upper bench top right
yl4=yl1+dy;
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x12=x9; AN
y12=y9+bhu;

dx=bhl*cos(dip*rad)/sin((dip+(180-ba))*rad)*cos((180-ba)*rad);

x15=x5-kwb; //H
//x16=x8-kwt; Al
x16=x15+dx;

y15=y5+kwb*tan(dip*rad);
/lyl6=y8+kwt*tan(dip*rad);

yl16=y15+dy;

posx=(x16-x7)/2;

posy=posx*tan(dip*rad);

x17=x15-posx; /G
x18=x16-posx; /N
y17=y15+posy;

y18=y16+posy;

//dump side

xd[0]=x1-cw; /IT
yd[0]=-xd[0]*tan(dip*rad);

xd[1]=x1-2*cw; /T
yd[1]=-xd[1]*tan(dip*rad);

xd[2]=xd[1]; /T
yd[2]=y7;

xd[3]=(x8+x16)/2 - reachl; /IL
yd[31=y7;

xd[4]= ((tan(aor*rad)*xd[3] - tan((180-dip)*rad)*x4)-(yd[3]-y4))/(tan(aor*rad)-tan((180-dip)*rad));
/1K

yd[4]= xd[4]*tan(aor*rad)+yd[3]-tan(aor*rad)*xd[3];
xd[5]=x4-bermrh; /10O
yd[5]=y4+bermrh*tan(dip*rad);

xd[6]= (x16+x18)/2 - reachl; /IN
yd[6]=y7;

xd[7]= ((tan(aor*rad)*xd[6] - tan((180-dip)*rad)*x4)-(yd[6]-y4))/(tan(aor*rad)-tan((180-dip)*rad));
/M

yd[7]= xd[7]*tan(aor*rad)+yd[6]-tan(aor*rad)*xd[6];
xd[8]= (y7-(yd[5]-tan((180-balg)*rad)*xd[5]))/tan((180-balg)*rad); //P

yd[8]=y7;
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xd[9]= xd[8]-bermrh-5; /1S
yd[9]=y7;
yd[10]=y7+dumph; /1Q
xd[10]=xd[9]- dumph/tan(rad*aor);
xd[11]=xd[10]-(xd[9]-xd[10]); //R
yd[11]=y7;
ribx=2*st/tan(riba*rad);
riby= ribx*tan(dip*rad);
//optimization
posx=0;
firstdig=0.5*((x15-x4)+(x16-x7))*bhl;//*cos(dip*rad);
topcut= 0.5*((x11-x10)+(x14-x13))*bhu;
/*x= ((tan(aor*rad)*xd[6] - tan((180-0)*rad)*x4)-(yd[6]-y4))/(tan(aor*rad)-tan((180-0)*rad));
y= x*tan(aor*rad)+yd[6]-tan(aor*rad)*xd[6];
a=0.5*((x7-xd[6])+(x4-x))*(y7-y4);
b=0.5*(xd[5]-x)*((xd[5]-x)/2)*tan(aor*rad);
¢=0.5*((x4-xd[5])+(x7-xd[8])) *(y7-y4);
rehandle=a-b;*/
rehandle= 0.5*(bermrh+ (x7-xd[8]))*bhl;
rehandle=1.1*rehandle;
if(mode==1){
areal_ead=keycut+topcut;
areaLag=firstdig+rehandle;
}
if(mode==2){
areal_ead=topcut;
arealLag=keycut+firstdig+rehandle;
¥
if(arealag >= (areaLead/prod_ratio)){
while(areaLag >= (areaLead/prod_ratio)){
bhl-=0.0001;
bhu=bht-bhl;
dx=bhl*cos(dip*rad)/sin((dip+ha)*rad)*cos(ha*rad);
dy=bhl*cos(dip*rad)/sin((dip+ha)*rad)*sin(ha*rad);
X7=x4+dx; /IE
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x8=x5+dx; /[F
x9=x6; //F'
y7=y4+dy;
y8=y5+dy;
y9=y6+bhl;
x10=x7+bermlb;//*cos(dip*rad); //E" - upper bench bottom left
y10=y7-bermlb*tan(dip*rad);
x11=x10+cw; //J' - upper bench bottom right

y11=y10-cw*tan(dip*rad);

dx=bhu*cos(dip*rad)/sin((dip+ha)*rad)*cos(ha*rad);
dy=bhu*cos(dip*rad)/sin((diptha)*rad)*sin(ha*rad);
x13=x10+dx; //E" - upper bench top left
y13=y10+dy;
x14=x11+dx; //J" - upper bench top right
yl4=y11+dy;
x12=x9; /"
y12=y9+bhu;
dx=bhl*cos(dip*rad)/sin((dip+(180-ba))*rad)*cos((180-ba)*rad);
x15=x5-kwb; /IH
/1x16=x8-kwt; Al
x16=x15+dx;
y15=y5+kwb*tan(dip*rad);
/ly16=y8+kwt*tan(dip*rad),
yl6=y15+dy;
posx=(x16-x7)/2;
posy=posx*tan(dip*rad);
x17=x15-posx; /G
x18=x16-posx; /N
yl17=y15+posy;
y18=yl6+posy;
//dump side
xd[0]=x1-cw; /IT
yd[0]=-xd[0]*tan(dip*rad);
xd[1]=x1-2*cw; /T
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yd[1]=-xd[1]*tan(dip*rad);

xd[2]=xd[1]; /T"
yd[2]=y7;

xd[3]=(x8+x16)/2 - reachl; //IL
yd[3]=y7;

xd[4]= ((tan(aor*rad)*xd[3] --dip)*rad)); /'K

yd[4]= xd[4]*tan(aor*rad)+yd[3]-tan(aor*rad)*xd[3];
xd[5]=x4-bermrh; /10
yd[5]=y4+bermrh*tan(dip*rad);

xd[6]= (x16+x18)/2 - reachl; /IN

yd[6]=y7;

xd[7]=  ((tan(aor*rad)*xd[6] -  tan((180-dip)*rad)*x4)-(yd[6]-y4))/(tan(aor*rad)-tan((180-
dip)*rad)); /M

yd[7]= xd[7]*tan(aor*rad)+yd|[ 6]-tan(aor*rad)*xd[6];

xd[8]= (y7-(yd[5]-tan((180-balg)*rad)*xd[5]))/tan((180-balg)*rad); //P
yd[8]=y7;

xd[9]= xd[8]-bermrh-5; /1S

yd[91=y7;

yd[10]=y7+dumph; Q

xd[10]=xd[9]- dumph/tan(rad*aor);

xd[11]= xd[10]-(xd[9]-xd[10]); /IR
yd[11]=y7;
keycut=0.5*((x5-x15)+(x8-x16))*bhl;//*cos(dip*rad);
firstdig=0.5*((x15-x4)+(x16-x7))*bhl;//*cos(dip*rad);
topcut= 0.5*((x11-x10)+(x14-x13))*bhu;

/*x= ((tan(aor*rad)*xd[6] - tan((180-0)*rad)*x4)-(yd[6]-y4))/(tan(aor*rad)-tan((180-0)*rad));
y= x*tan(aor*rad)+yd[6]-tan(aor*rad)*xd[6];
a=0.5*((x7-xd[6])+(x4-x))*(y7-y4);
b=0.5*(xd[5]-x)*((xd[5]-x)/2)*tan(aor*rad);,
c=0.5*((x4-xd[5])+(x7-xd[8]))*(y7-y4);

rehandle=a-b;*/

rehandle= 0.5*(bermrh+ (x7-xd[8]))*bhl;
rehandle=1.1*rehandle;

if(mode==1){

areal.ead=keycut+topcut;
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arealag=firstdig+rehandle;
¥
if(mode==2){
arealLead=topcut;

arealLag=keycut+firstdig+rehandle;

}

/*if(arealag < (areaLead/prod_ratio)){
while(arealLag < (arealead/prod_ratio)){
bhl+=0.0001;
bhu=bht-bhl;
dx=bhl*cos(dip*rad)/sin((dip+ha)*rad)*cos(ha*rad);
X7=x4+dx; //E
x8=x5+dx; //F
x9=x6; //F'
y7=y4+dy;
y8=y5+dy;
y9=y6+bhl;
x10=x7+bermlb;//*cos(dip*rad); //E' - upper bench bottom left
y10=y7-bermlb*tan(dip*rad);
x11=x10+cw; //J' - upper bench bottom right
yl1=y10-cw*tan(dip*rad);
dx=bhu*cos(dip*rad)/sin((dip+ha)*rad)*cos(ha*rad);
dy=bhu*cos(dip*rad)/sin((dip+ha)*rad)*sin(ha*rad);
x13=x10+dx; //E" - upper bench top left
y13=y10+dy;
x14=x11+dx; //J" - upper bench top right
yl4=yl1+dy;
x12=x9; /™
y12=y9+bhu;
dx=bhl*cos(dip*rad)/sin((dip+(180-ba))*rad)*cos((180-ba)*rad);
dy=bhl*cos(dip*rad)/sin((dip+(180-ba))*rad)*sin((180-ba)*rad);
x15=x5-kwb; //H
/1x16=x8-kwt; /1]
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x16=x15+dx;
y15=y5+kwb*tan(dip*rad);
/lyl6=y8+kwt*tan(dip*rad);
yl6=yl15+dy;

posx=(x16-x7)/2;

posy=posx*tan(dip*rad);

x17=x15-posx; /G
x18=x16-posx; n
yl17=yl15+posy;

y18=y16+posy;

//dump side

xd[0]=x1-cw; /IT
yd[0]=-xd[0]*tan(dip*rad);

xd[1]=x1-2%*cw; /T
yd[1]=-xd[1]*tan(dip*rad);

xd[2]=xd[1]; /T
yd[2]=y7;

xd[3]=(x8+x16)/2 - reachl; //L
yd[3]=y7;

yd[4]= xd[4]*tan(aor*rad)+yd[3]-tan(aor*rad)*xd[3];
xd[5]=x4-bermrh; /10

yd[5]=y4+bermrh*tan(dip*rad);

xd[6]= (x16+x18)/2 - reachl; //N

yd[6]=y7;

xd[7]=  ((tan(aor*rad)*xd[6] -  tan((180-dip)*rad)*x4)-(yd[6]-y4))/(tan(aor*rad)-tan((180-
dip)*rad)); /M

yd[7]= xd[7]*tan(aor*rad)+yd[6]-tan(aor*rad)*xd[6];

xd[8]= (y7-(yd[5]-tan((180-balg)*rad)*xd[5]))/tan((180-balg)*rad); /P
yd[8]=y7;

xd[9]= xd[8]-bermrh-5; /1S

yd[9]=y7;

yd[10]=y7+dumph; /1Q

xd[10]=xd[9]- dumph/tan(rad*aor);
xd[11]= xd[10]-(xd[9]-xd[10]); //R
yd[11]=y7;
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keycut=0.5*((x5-x15)+(x8-x16))*bhl;//*cos(dip*rad);
firstdig=0.5*((x15-x4)+(x16-x7))*bhl;//*cos(dip*rad);
topcut= 0.5*((x11-x10)+(x14-x13))*bhu;
y= x*tan(aor*rad)+yd[6]-tan(aor*rad)*xd[6];
a=0.5*((x7-xd[6])+(x4-x))*(y7-y4);
b=0.5*(xd[5]-x)*((xd[5]-x)/2)*tan(aor*rad);
¢=0.5*((x4-xd[5])+(x7-xd[8])) *(y7-y4);
rehandle=a-b;
rehandle= 0.5*(bermrh+ (x7-xd[8]))*bhl;
rehandle=1.1*rehandle;
if(mode==1){
areal.ead=keycut+topcut;
arealag=firstdig+rehandle;
H
if(mode==2){
arealead=topcut;

arealag=keycut+firstdig+rehandle;

}¥/ //optimization ends

prodKC= keycut/areal.ead*DL1prod;

prodTC= topcut/areal.ead*DL 1prod;

prodFD= firstdig/arealag*DL2prod;

prodRH= rehandle/arealLag*DL2prod;

linear DL 1= DL1prod*1000000/arealead;

linear_ DL2= DL2prod*1000000/arcal.ag;

coalExpDL1= linear DL1*cw*st*coal dens*recovery/1000000;
coalExpDL2= linear DL2*cw*st*coal_dens*recovery/1000000;
//coalExp= coalExpDL1+coalExpDL2;
rh_per=rehandle*100/(keycut+topcut-+firstdig);
DLLeVol=linear_DL1*areaLead/1000000;

DLLaVol=linear DL2*areaLag/1000000;
coalRibVol=((ribx*st)/2)*linear DL1;

stripping=((keycut+topcut+firstdig) *linear DL1)/(coalExpDL1*1000000);
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glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);
glClearColor(0.0,0.4,0.3,1);

//display the values

/*string str;

std::stringstream stream;

stream << std::fixed << std::setprecision(2) << keycut;

str = stream.str();*/

output();

glTranslated(0,20,0);

glRotatef(anglex,1.0,0.0,0.0);

glRotatef(angley,0.0,1.0,0.0);

//draw

glColor3f(1,1,1);

s="R/H";

glRasterPos3f((xd[8]+x7)/2,(y4+y7)/2,70);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s= "Highwall";
glRasterPos3f((x16+x8)/2-2+20,(y15+y16)/2,50);
for(int i=0;i<s.length();i++)

glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s= "Mine advancement";

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
§= "Memmmm e >"

glRasterPos3f((x16+x8)/2-2+40,(y15+y16)/2+30,50);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);

s= "Spoil side/Decoaled area";

glRasterPos3f((x16+x8)/2-2+20-300,(y15+y16)/2-10,50);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s= "Overburden dumps";

glRasterPos3f((x16+x8)/2-2+20-300,(y15+y16)/2+68,50);

for(int i=0;i<s.length();i++)
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glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
s="3-D Balancing diagram for vertical tandem";
glRasterPos3f(x-150,y+245,50);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY_ 13,s[i]);
glBegin(GL_QUADSYS); //rehandle
glColor4£(0.33,0.06,0.2,0.8);
glVertex3f(x4,y4,70);
glVertex3f(x7,y7,70);
glVertex3f(xd[8],yd[8],70);
glVertex3f(xd[5],yd[5],70);

glVertex3f(x4,y4,0);
glVertex31(x7,y7,0);
glVertex3f(xd[8],yd[8],0);
glVertex3f(xd[5],yd[5],0);
glVertex3f(x4,y4,70);
glVertex3f(x7,y7,70);
glVertex3f(x7,y7,00);
glVertex31(x4,y4,00);
glVertex3f(x7,y7,70);
glVertex3f(xd[8],yd[8],70);
glVertex3f(xd[8],yd[8],00);
glVertex3f(x7,y7,00);
glVertex3f(xd[8],yd[8],70);
glVertex3f(xd[5],yd[5],70);
glVertex3f(xd[5],yd[5],00);
glVertex3f(xd[8],yd[8],00);
glVertex3f(xd[5],yd[5],70);
glVertex3f(x4,y4,70);
glVertex3f(x4,y4,00);
glVertex3f(xd[5],yd[5],00);
glEnd();

/* glBegin(GL_QUADS); //rehandle 1
glColor4£(0.33,0.06,0.2,0.8);
288



glVertex3f(xd[4],yd[4],70);
glVertex3f(x4,y4,70);
glVertex3f(x7,y7,70);
glVertex3f(xd[3],yd[3],70);
glVertex3f(xd[4],yd[4],70);
glVertex3f(x4,y4,70);
glVertex3f(x4,y4,00);
glVertex3f(xd[4],yd[4],00);
glVertex3f(x4,y4,70);
glVertex3f(x7,y7,70);
glVertex3f(x7,y7,00);
glVertex3f(x4,y4,00);
glVertex3f(x7,y7,70);
glVertex3f(xd[3],yd[3],70);
glVertex3f(xd[3],yd[3],00);
glVertex3f(x7,y7,00);
glVertex3f(xd[3],yd[3],70);
glVertex3f(xd[4],yd[4],70);
glVertex3f(xd[4],yd[4],00);
glVertex3f(xd[3],yd[3],00);
glVertex3f(xd[4],yd[4],00);
glVertex3f(x4,y4,00);
glVertex3f(x7,y7,00);
glVertex3f(xd[3],yd[3],00);
glEnd();
glBegin(GL_QUADS); //rehandle 2
glColor4£(1.0,0,1,0.8);
glVertex3f(xd[7],yd[7],70);
glVertex3f(xd[4],yd[4],70);
glVertex3f(xd[3],yd[3],70);
glVertex3f(xd[6],yd[6],70);
glVertex3f(xd[7],yd[7],70);
glVertex3f(xd[4],yd[4],70);
glVertex3f(xd[4],yd[4],00);
glVertex3f(xd[7],yd[7],00);
glVertex3f(xd[4],yd[4],70);
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glVertex3f(xd[3],yd[3],70);
glVertex3f(xd[3],yd[3],00);
glVertex3f(xd[4],yd[4],00);
glVertex3f(xd[3],yd[3],70);
glVertex3f(xd[6],yd[6],70);
glVertex3f(xd[6],yd[6],00);
glVertex3f(xd[3],yd[3],00);
glVertex3f(xd[6],yd[6],70);
glVertex3f(xd[7],yd[7],70);
glVertex3f(xd[7],yd[7],00);
glVertex3f(xd[6],yd[6],00);
glVertex3f(xd[7],yd[7],70);
glVertex3f(xd[4],yd[4],70);
glVertex31f(xd[3],yd[3],70);
glVertex3f(xd[6],yd[6],70);

glEnd(); */

glBegin(GL_TRIANGLES); //coal rib
g1Color3£(0,0,0);
glVertex31(xd[0],yd[0],150);
glVertex3f(xd[0]+ribx, yd[0]-riby,150);
glVertex3f(xd[0]+ribx/2, yd[0]-riby/2-+st,150);
glEnd();

glBegin(GL_QUADS);
glVertex3f(xd[0],yd[0],150);
glVertex3f(xd[0]+ribx, yd[0]-riby,150);
glVertex3f(xd[0]+ribx, yd[0]-riby,-100);
glVertex3f(xd[0],yd[0],-100);

glVertex3f(xd[0]+ribx, yd[0]-riby,150);
glVertex3f(xd[0]+ribx/2, yd[0]-riby/2-+st,150);
glVertex3f(xd[0]+ribx/2, yd[0]-riby/2+st,-100);
glVertex3f(xd[0],yd[0],150);
glVertex3f(xd[0]+ribx/2, yd[0]-riby/2-+st,150);
glVertex3f(xd[0]+ribx/2, yd[0]-riby/2+st,-100);
glVertex31f(xd[0],yd[0],-100);
glEnd();
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glBegin(GL_TRIANGLES); //coal rib 2
glColor3£(0,0,0);
glVertex3f(xd[1],yd[1],150);
glVertex3f(xd[1]+ribx, yd[1]-riby,150);
glVertex3f(xd[1]+ribx/2, yd[1]-riby/2+st,150);
glEnd();
glBegin(GL_QUADS);
glVertex3f(xd[1],yd[1],150);
glVertex3f(xd[1]+ribx, yd[1]-riby,150);
glVertex3f(xd[1]+ribx, yd[1]-riby,-100);
glVertex3f(xd[1],yd[1],-100);
glVertex3f(xd[1]+ribx, yd[1]-riby,150);
glVertex3f(xd[1]+ribx/2, yd[1]-riby/2+st,-100);
glVertex3f(xd[1]+ribx, yd[1]-riby,-100);
glVertex3f(xd[1],yd[1],150);
glVertex3f(xd[1]+ribx/2, yd[1]-riby/2+st,150);
glVertex3f(xd[1]+ribx/2, yd[1]-riby/2+st,-100);
glVertex3f(xd[1],yd[1],-100);
glEnd();
x=-2%cw- 20;
if(x> xd[11]-10) x=xd[11]-10;
glBegin(GL_POLYGON); //dump
glColor4f(1.0,1.0,0.0,0.8);
glVertex3f(x1,y1,150);
glVertex3f(x-70,-x*tan(rad*dip),150);
glVertex3f(x-70,yd[2],150);
glVertex3f(xd[8],yd[8],150);
glVertex3f(xd[5],yd[5],150);
glVertex3f(x4,y4,150);
glEnd();
glBegin(GL_QUADS);
glVertex3f(x1,y1,150);
glVertex3f(x-70,-x*tan(rad*dip),150);
glVertex3f(x-70,-x*tan(rad*dip),z-100);
glVertex3f(x1,y1,z-100);
glVertex3f(x-70,-x*tan(rad*dip),150);
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glVertex31(x-70,yd[2],150);
glVertex3f(x-70,yd[2],z-100);
glVertex3f(x-70,-x*tan(rad*dip),z-100);
glVertex3f(x-70,yd[2],150);
glVertex3f(xd[8],yd[8],150);
glVertex3f(xd[8],yd[8],z-100);
glVertex3f(x-70,yd[2],z-100);

glVertex3f(xd[8],yd[8],150);
glVertex3f(xd[5],yd[5],150);
glVertex31f(xd[5],yd[5],z-100);
glVertex3f(xd[8],yd[8],z-100);
glVertex3f(xd[5],yd[5],150);
glVertex3f(x4,y4,150);
glVertex3f(x4,y4,z-100);
glVertex3f(xd[5],yd[5],z-100);
glEnd();
glBegin(GL_TRIANGLES);
glColor4£(0.55,0.46,0.05,0.95);
glVertex3f(xd[9],yd[9],150);
glVertex3f(xd[10],yd[10],150);
glVertex3f(xd[11],yd[11],150);
glEnd();
glBegin(GL_TRIANGLES);
glColor4£(0.55,0.46,0.05,0.95);
glVertex3f(xd[9]-70,yd[9],150);
glVertex3f(xd[10]-70,yd[10],150);
glEnd();
glBegin(GL_QUADS);
glVertex3f(xd[9],yd[9],150);
glVertex3f(xd[10],yd[10],150);
glVertex3f(xd[10],yd[10],0);
glVertex3f(xd[9],yd[9],0);
glVertex3f(xd[10],yd[10],150);
glVertex3f(xd[11],yd[11],150);
glVertex3f(xd[11],yd[11],0);

//dump triangle

//dump triangle 2 by vaibhav
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glVertex3f(xd[10],yd[10],0);
glVertex3f(xd[9],yd[9],150);
glVertex3f(xd[11],yd[11],150);
glVertex3f(xd[11],yd[11],0);
glVertex3f(xd[9],yd[9],0);
glEnd();

glBegin(GL_QUADS); / dump triangle 2 3d by vaibhav

glVertex3f(xd[9]-70,yd[9],150);
glVertex3f(xd[10]-70,yd[10],150);
glVertex3f(xd[10]-70,yd[10],0);
glVertex3f(xd[9]-70,yd[9],0);

glVertex3f(xd[10]-70,yd[10],150);
glVertex3f(xd[11]-70,yd[11],150);
glVertex3f(xd[11]-70,yd[11],0);
glVertex3f(xd[10]-70,yd[10],0);
glVertex3f(xd[9]-70,yd[9],150);
glVertex3f(xd[11]-70,yd[11],150);
glVertex3f(xd[11]-70,yd[11],0);
glVertex3f(xd[9]-70,yd[9],0);
glEnd();
glBegin(GL_TRIANGLES);
glColor4£(0.55,0.46,0.0,0.95);
glVertex3f(xd[9],yd[9],00);
glVertex3f(xd[10],yd[10],00);
glVertex3f(xd[11],yd[11],00);
glEnd();
glBegin(GL_TRIANGLES);
glColor4£(0.55,0.46,0.05,0.95);
glVertex3f(xd[9],yd[9],150);
glVertex3f(xd[10],yd[10],150);
glEnd();

glBegin(GL_QUADS);
glVertex3f(xd[9],yd[9],150);

//dump triangle 2
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glVertex3f(xd[10],yd[10],150);
glVertex3f(xd[10],yd[10],0);
glVertex3f(xd[9],yd[9],0);
glVertex3f(xd[10],yd[10],150);
glVertex3f(xd[11],yd[11],150);
glVertex3f(xd[11],yd[11],0);
glVertex3f(xd[9],yd[9],150);
glVertex3f(xd[11],yd[11],150);
glVertex3f(xd[11],yd[11],0);
glVertex3f(xd[9],yd[9],0);
glEnd();
glBegin(GL_TRIANGLES);
glColor4f(0.55,0.46,0.0,0.95);
glVertex3f(xd[9],yd[9],00);
glVertex3f(xd[10],yd[10],00);
glVertex3f(xd[11],yd[11],00);
glEnd();

glColor3f(1, 1, 1);

//bench side

glBegin(GL_QUADS);
glColor4£(0.0,0.0,0.0,1);
glVertex3f(x1,y1,150);
glVertex3f(x2,y2,150);
glVertex3f(x5,y5,150);
glVertex3f(x4,y4,150);
glVertex3f(x1,y1,-100);
glVertex3f(x2,y2,-100);
glVertex3f(x5,y5,-100);
glVertex3f(x4,y4,-100);
glVertex3f(x1,y1,150);
glVertex3f(x4,y4,150);
glVertex3f(x4,y4,-100);
glVertex3f(x1,y1,-100);
glVertex3f(x2,y2,150);

//coal seam partl
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glVertex3f(x5,y5,150);
glVertex3f(x5,y5,-100);
glVertex3f(x2,y2,-100);
glVertex3f(x1,y1,150);
glVertex3f(x2,y2,150);
glVertex3f(x2,y2,-100);
glVertex3f(x1,y1,-100);
glVertex3f(x4,y4,150);
glVertex3f(x5,y5,150);
glVertex3f(x5,y5,-100);
glVertex3f(x4,y4,-100);
glEnd();

glBegin(GL_QUADS);
glColor41(0.0,0,0.0,1);
//front
glVertex3f(x2,y2,150);
glVertex3f(x3,y3,150);
glVertex3f(x6,y6,150);
glVertex3f(x5,y5,150);
//back
glVertex3f(x2,y2,-100);
glVertex3f(x3,y3,-100);
glVertex3f(x6,y6,-100);
glVertex3f(x5,y5,-100);
//left
glVertex3f(x2,y2,150);
glVertex3f(x5,y5,150);
glVertex3f(x5,y5,-100);
glVertex3f(x2,y2,-100);
//right
glVertex3f(x3,y3,150);
glVertex3f(x6,y6,150);
glVertex3f(x6,y6,-100);
glVertex3f(x3,y3,-100);

//bottom

//coal seam part 2
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glVertex31(x2,y2,150);
glVertex31(x3,y3,150);
glVertex31(x3,y3,-100);
glVertex3f(x2,y2,-100);
//top
glVertex31(x5,y5,150);
glVertex31(x6,y6,150);
glVertex3{(x6,y6,-100);
glVertex3(x5,y5,-100);
glEnd();
glColor3f(1,1,1);
s="F/D";
glRasterPos3f((x16+x7)/2,(y4+y7)/2,70);
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY_13,s[i]);
glBegin(GL_QUADS); //irst dig
glColor4f(1.0,0.0,0.0,0.7);
glVertex3f(x4,y4,70);
glVertex3f(x17,y17,70);
glVertex3f(x18,y18,70);
glVertex3f(x7,y7,70);
glVertex3f(x17,y17,-100);
glVertex3f(x18,y18,-100);
glVertex3f(x7,y7,-100);

glVertex3f(x4,y4,70);
glVertex3f(x7,y7,70);
glVertex3f(x7,y7,-100);
glVertex3f(x4,y4,-100);

/* glVertex31(x17,y17,70);
glVertex3f(x18,y18,70);
glVertex3f(x18,y18,-100);
glVertex3f(x4,y4,70);
glVertex3f(x17,y17,70);
glVertex3f(x17,y17,-100);
glVertex3f(x4,y4,-100);
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glVertex3f(x7,y7,70);
glVertex3f(x18,y18,70);
glVertex3f(x18,y18,-100);
glVertex3f(x7,y7,-100);
glEnd();

glBegin(GL_QUADS); //first cut
glColor4£(1.0,0.0,0.0,0.7);
glVertex3f(x17,y17,70);
glVertex3f(x15,y15,70);
glVertex3f(x16,y16,70);
glVertex3f(x18,y18,70);
glVertex3f(x17,y17,-100);
glVertex3f(x15,y15,-100);
glVertex3f(x16,y16,-100);
glVertex3f(x18,y18,-100);
/* glVertex3f(x17,y17,70);
glVertex3f(x18,y18,70);
glVertex3f(x17,y17,-100); */
glVertex3f(x15,y15,70);
glVertex3f(x16,y16,70);
glVertex3f(x16,y16,-100);
glVertex3f(x15,y15,-100);
glVertex3f(x17,y17,70);
glVertex3f(x15,y15,70);
glVertex3f(x15,y15,-100);
glVertex3f(x17,y17,-100);

glVertex3f(x18,y18,70);
glVertex3f(x16,y16,70);
glVertex3f(x16,y16,-100);
glVertex3f(x18,y18,-100);
glEnd();
glColor3f(1,1,1);
s="K/C";
glRasterPos3f((x8+x16)/2,(y16+y5)/2,70);
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for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_8 BY 13,s]i]);

glBegin(GL_QUADSYS); //key cut

glColor4£(0.0,0.6,1.0,0.7);

glVertex3f(x15,y15,70);

glVertex31(x5,y5,70);

glVertex31(x8,y8,70);

glVertex3f(x16,y16,70);

glVertex3f(x15,y15,-100);

glVertex3f(x5,y5,-100);

glVertex31f(x8,y8,-100);

glVertex3f(x16,y16,-100);

glVertex3f(x15,y15,70);
glVertex3f(x16,y16,70);
glVertex3(x16,y16,-100);
glVertex3f(x15,y15,-100);
glVertex3f(x5,y5,70);
glVertex31(x8,y8,70);
glVertex3f(x5,y5,-100);
glVertex3f(x15,y15,70);
glVertex31(x5,y5,70);
glVertex3f(x5,y5,-100);
glVertex31f(x15,y15,-100);
glVertex3f(x16,y16,70);
glVertex31(x8,y8,70);
glVertex31f(x8,y8,-100);
glVertex3(x16,y16,-100);
glEnd();

glBegin(GL_QUADS); //lower bench part 3
glColor4£(0.8,0.8,0.8,0.9);
glVertex31(x5,y5,150);
glVertex3(x6,y6,150);
glVertex31(x9,y9,150);
glVertex31(x8,y8,150);
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glVertex3f(x5,y5,-100);
glVertex3f(x6,y6,-100);
glVertex31f(x9,y9,-100);
glVertex3f(x8,y8,-100);
glVertex3f(x5,y5,150);
glVertex3f(x8,y8,150);
glVertex3f(x8,y8,-100);
glVertex3f(x5,y5,-100);
glVertex3f(x6,y6,150);
glVertex3f(x9,y9,150);
glVertex3f(x9,y9,-100);
glVertex3f(x6,y6,-100)
glVertex3f(x5,y5,150);
glVertex3f(x6,y6,150);
glVertex3f(x6,y6,-100);
glVertex3f(x5,y5,-100);
glVertex3f(x8,y8,150);
glVertex3£(x9,y9,150);
glVertex3f(x9,y9,-100);
glVertex3f(x8,y8,-100);
¢lEnd();
glColor3f(1,1,1);
s="T/C";
for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT _BITMAP_8 BY 13,s[i]);
glBegin(GL_QUADS); //top cut
glColor4£(0.0,0.8,0.0,0.7);
glVertex3f(x10,y10,50);
glVertex3f(x11,y11,50);
glVertex3f(x14,y14,50);
glVertex3f(x13,y13,50);
glVertex3f(x10,y10,-100);
glVertex3f(x11,y11,-100);
glVertex3f(x14,y14,-100);
glVertex3f(x13,y13,-100);
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glVertex3f(x10,y10,50);
glVertex31(x13,y13,50);
glVertex3f(x13,y13,-100);
glVertex3f(x10,y10,-100);
glVertex3f(x11,y11,50);
glVertex3f(x14,y14,50);
glVertex3f(x14,y14,-100);
glVertex3f(x11,y11,-100);
glVertex3f(x10,y10,50);
glVertex3f(x11,y11,50);
glVertex3f(x11,y11,-100);
glVertex3f(x10,y10,-100);
glVertex3f(x13,y13,50);
glVertex3f(x14,y14,50);
glVertex3f(x14,y14,-100);
glVertex3f(x13,y13,-100);

glEnd();

glBegin(GL_QUADSYS);
glColor4£(0.8,0.8,0.8,0.9);
glVertex3f(x11,y11,150);
glVertex31(x9,y9,150);
glVertex3f(x12,y12,150);
glVertex3f(x14,y14,150);
glVertex3f(x11,y11,-100);
glVertex3f(x9,y9,-100);
glVertex3f(x12,y12,-100);
glVertex3f(x14,y14,-100);
glVertex3f(x11,y11,150);
glVertex3f(x14,y14,150);
glVertex3f(x11,y11,-100);
glVertex3(x9,y9,150);
glVertex3f(x12,y12,150);
glVertex3f(x12,y12,-100);

//lupper bench part 2
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glVertex3f(x9,y9,-100);
glVertex3f(x11,y11,150);
glVertex3£(x9,y9,150);
glVertex3f(x9,y9,-100);
glVertex3f(x11,y11,-100);
glVertex3f(x14,y14,150);
glVertex3f(x12,y12,150);
glVertex3f(x12,y12,-100);
glVertex3f(x14,y14,-100);
glEnd();
glBegin(GL_QUADS);
glColor4£(0.8,0.8,0.8,0.9);
glVertex2f(xpos+10,y14);
glVertex2f(xpos-10,y14);
glVertex2f(xpos+10,y14+5);
glVertex2f(xpos-10,y14+5);

glEnd();

/Istring A1,A2,A3,A4;
xpos=x14- cw/4;
glBegin(GL_LINES);
glColor4£(0.0,0.8,0.0,0.7);
glVertex3f(xpos,150,30);
glVertex3f(xpos,y14,30);
glEnd();
glBegin(GL_LINES);

// glColor31(0,0,0);

glVertex3f(xpos - reachl1,150,30);
glVertex3f(xpos - reachl,y7,30);

glEnd();

/lupper bench part 2

//Top cut highwall side axis
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glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xpos,145,30);
glVertex3f(xpos- reach1,145,30);
glEnd();
glBegin(GL_QUADS);
g1Color3d(0,0,0);
glVertex3f(xpos-15,y14,0);
glVertex3f(xpos-15,y14+5,0);
glVertex3f(xpos+15,y14+5,0);
glVertex3f(xpos+15,y14,0);
glEnd();
glBegin(GL_QUADS);
glColor3d(1,0,0);
glVertex3f(xpos-15,y14+15,0);
glVertex3f(xpos+15,y14+5,0);
glVertex3f(xpos+15,y14+15,0);
glEnd();
glBegin(GL_TRIANGLES);
g1Color31(0,0,0);
glVertex3f(xpos-15,y14+15,0);
glVertex3f(xpos+15,y14+15,0);
glVertex3f(xpos-reachl,85,0);
glEnd();
//here is dg code above
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xpos-reach1,85,0);
glVertex3f(xpos-reach1,80,0);
glEnd();
glBegin(GL_LINES);
//glColor3£(0,0,0);
glVertex3f(xpos-reach1-2,77,0);
glVertex3f(xpos-reach1,80,0);
glEnd();
glBegin(GL_LINES);
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//glColor31(0,0,0);

glVertex3f(xpos-reach1+2,77,0);

glVertex3f(xpos-reach1,80,0);

glEnd();

glColor3f(1,1,1);

s="D/L-Le A1";

glRasterPos3f(xpos,150,30);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_HELVETICA_10,s[i]);

xpos=x14- 3*cw/4,; //Topcut Axis2

glBegin(GL_LINES);

glColor4£(0.0,0.8,0.0,0.7);

glVertex3f(xpos,140,30);

glVertex3f(xpos,y14,30);

glEnd();

glBegin(GL_LINES);

//glColor31(0,0,0);

glVertex3f(xpos-reach1,140,30);

glVertex3f(xpos-reachl,y7,30);

glEnd();

glBegin(GL_LINES);

//glColor3£(0,0,0);

glVertex3f(xpos,135,30);

glVertex3f(xpos-reach1,135,30);

glEnd();

glColor3f(1,1,1);

if(mode==1){
s="D/L-La A1";

¥

else{
s="D/L-La A2";//changed here

H

glRasterPos3f(xpos,140,30);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_HELVETICA_10,s[i]);

xpos= (x8+x16)/2; //Axis on keycut
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if(mode==1){
s="D/L-Le A2";
posx=reachl;
}
else if(mode==2){
s="D/L-La A1";
posx=reach2;
}
glBegin(GL_LINES);
glColor4f(0.0,0.6,1.0,0.7);
glVertex3f(xpos,120,60);
glVertex3f(xpos,y8,60);
glEnd();
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xpos-posx,120,60);
glVertex3f(xpos-posx,y8,60);
glEnd();
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xpos,115,60);
glEnd();
glColor3f(1,1,1);
glRasterPos3f(xpos,120,60);
for(int i=0;i<s.length();i++)
glBegin(GL_LINES);
glColor4£(0.33,0.06,0.2,0.8);

glVertex3f(xd[ 10]+reach2,130,60);
glVertex3f(xd[ 10]+reach2,y7,60);

glEnd();

// Dragline 2 here

glBegin(GL_QUADS);
glColor3d(0,0,0);

//DL2 Axis rehandle

glVertex3f(xd[10]+reach2-15,y7,0);

glVertex3f(xd[10]+reach2-15,y7+5,0);

glVertex3f(xd[10]+reach2+15,y7+5,0);
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glVertex3f(xd[10]+reach2+15,y7,0);
glEnd();
glBegin(GL_QUADS);
glColor3d(1,0,0);
glVertex3f(xd[10]+reach2-15,y7+15,0);
glVertex3f(xd[10]+reach2-15,y7+5,0);
glVertex3f(xd[10]+reach2+15,y7+5,0);
glVertex3f(xd[10]+reach2+15,y7+15,0);
glEnd();
glBegin(GL_TRIANGLES);
glColor3£(0,0,0);
glVertex3f(xd[10]+reach2-15,y7+15,0);
glVertex3f(xd[10]+reach2+15,y7+15,0);
glVertex3f(xd[10],80,0);

glEnd();
//here is dg code above
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xd[10],80,0);
glVertex3f(xd[10],75,0);
glEnd();
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xd[10],75,0);
glVertex3f(xd[10]-2,72,0);
glEnd();
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xd[10],75,0);
glVertex3f(xd[10]+2,72,0);
glEnd();
glBegin(GL_LINES);
//glColor31(0,0,0);
glVertex3f(xd[10],130,60);
glVertex3f(xd[10],y7,60);
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}

glEnd();

glBegin(GL_LINES);

//glColor3£(0,0,0);

glVertex3f(xd[10]+reach2,125,60);

glVertex3f(xd[10],125,60);

glEnd();

glColor3f(1,1,1);

if(mode==1) s="D/L-La A2";

else if(mode==2) s="D/L-La A3",

glRasterPos3f(xd[10]+reach2,130,60);

for(int i=0;i<s.length();i++)
glutBitmapCharacter(GLUT_BITMAP_HELVETICA_10,s[i]);

//glFlush(); //display the frame buffer

glutSwapBuffers(); /Ito swap the front and back buffers for animation purpose

void reshape(int h, int w){ //callback fn for glutReshapeFunc, called whenever the window is
reshaped to change the clipping area so that there is no distortion of the graphics

/Iviewport- the rectangular area inside the window where the graphics are displayed

glViewport(0, 0, (GLsizei)w, (GLsizei)h); //parameters- (origin bottom-left x of the
viewport, y, width, height of the viewport)

gIMatrixMode(GL_PROJECTION); //to change into projection mode

glLoadldentity();

GLfloat aspect = (GLfloat)w / (GLfloat)h;
if (w>=h) {
// aspect >= 1, set the height from -1 to 1, with larger width
glOrtho(-250.0 * aspect, 250.0 * aspect, -220.0, 250.0, -400, 400);
} else {
/l aspect < 1, set the width to -1 to 1, with larger height

glOrtho(-250.0, 250.0, -220.0 / aspect, 250.0 / aspect, -400, 400);
}

glMatrixMode(GL_MODELVIEW); //to change into modelview mode. you always need to

be inside modelview mode in order to draw

H

void init(){
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glClearColor(0.0,0.4,0.3,1); // parameters- R, G, B, alpha -- to change the background color of the
graphics window

//glClearColor(0.37,0.2,.630,1);

glEnable(GL_DEPTH_TEST);

//glOrtho(-250,250,-220,250,-400,400);
b

static void key(unsigned char key, int x, int y)
{
switch (key)
{

case 32 :

case 'q":
exit(0);
break;

case 'a":
if(angley<90)angley+=10;
break;

case 'd":
if(angley>0)angley-=10;
break;

case 'w"
if(anglex>0)anglex-=10;
break;

case 's":
if(anglex<90)anglex+=10;
break;

case '1"
mode=1;
break;

case 2"
mode=2;
break;

case'e':

cw-=5;

break;
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case 'V
cw+=5;
break;
case 't":
bht+=1;
break;
case 'r":
bht-=1;
break;
case '":
st+=1;
break;
case j":
st-=1;
break;
case 'Z"
DL1prod++;
break;
case 'X":
DL1prod+=0.1;
break;
case 'M"
DL2prod++;
break;
case 'N":
DL2prod+=0.1;
break;
case 'B":
DL2prod+=0.01;
break;
case 'z":
DL1prod--;
break;
case 'x":
DL1prod-=0.1;

break;
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case 'c':
DL1prod-=0.01;
break;

case 'm"
DL2prod--;
break;
case 'n":
DL2prod-=0.1;
break;
case 'b"
DL2prod-=0.01;
break;
case 'k":
dip-=1;
break;
case i
dip+=1;
break;
case '3"
ha-=1;
break;
case '4"
ha+=1;
break;
case '1":
LeBoom--;
break;

case 2"
LeBoom++;
break;

case '3"
LaBoom--;
break;

case '4":

LaBoom++;
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// break;

case 'g'"

recovery-=0.01;
break;
case 'h":
recovery+=0.01;
break;
case 'C":
DL1prod+=0.01;
break;

}
glutPostRedisplay();

}
void Specialkey(int key, int x, int y)
{
switch(key)
{
case GLUT_KEY_UP:
/*Do whatever you want*/
a+=10;
break;
case GLUT KEY DOWN:
/*Do whatever you want*/
a-=10;
break;
case GLUT KEY_ LEFT:
b-=10;
/*Do whatever you want*/
break;
case GLUT_KEY_RIGHT:
b+=10;
/*Do whatever you want*/

break;
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glutPostRedisplay();
}

int main(int argc, char** argv){
glutInit(&argc,argv);

glutInitDisplayMode(GLUT _RGB | GLUT_DOUBLE | GLUT _DEPTH); //in double buffer mode of
animation, we just redraw the primitive in the back buffer and then swap it with the front buffer, and keep
on doing it. It eliminates the problem of distortion

glutlnitWindowPosition(200,00);
glutlnitWindowSize(1000,800);//window size in width x height format.

glutCreateWindow("Balancing Diagram for Vertical Tandem");

glutDisplayFunc(display); /fused to register a callback

glutReshapeFunc(reshape);

glutKeyboardFunc(key);

glutSpecialFunc(Specialkey);

init();

glutMainLoop();
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1.
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dragline operations by utilizing 3-dimensional computer graphics balancing
diagram: a case study. Journal Of Mines, Metals & Fuels, Vol.70, No.3, 2022.

Seervi, V., Signh, N. P., Kishore, N., & Verma, A. K. (2022). Critical Analysis of
Tandem Dragline Performance in Open Cast Coal Mines-A Case Study. Journal

of The Institution of Engineers (India): Series D.

(B) PhD research paper in international conference

1.

Vikram Seervi and Nawal Kishore (2021). Application of 3-Dimensional
Balancing Diagram for Effective Draglines Operating in Tandem. International
Conference on Opencast Mining Technology & Sustainability (ICOMS).

Northern Coalfields Limited (NCL), Singrauli.
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