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% Elijah Alker

% Humza EKhan
& Md Tanzim Bhsan

%% Initial Orbits Information and Calculations

close all

clear
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EEELLELLLLLRRHLEL L2255 %2 General Info EE%R5L22%50%5%%
mu= 398600.4418; % km~3/s"2

R Earth=6378.137; % km
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EE2% $%% Parking Orbit 22%%%%%%%%%
a park= 7028; % km, semimajor axis
& park=0.0; % unitless, eccentricity
i park=deg2rad(10}; % radians, ineclination
w_park=deg2rad(0); % radians, argument of perigee
O_park=deg2rad(30); % radians, right acension of acending node
nu_park=deg2rad(0}; % radians, true anomaly at time=0Q

r park= 7028; % km, constant due te circular
v_park= sgrt (mu*((2/a park)-(1/a park)}}:; 5% km/s, circular orbit
SemiR park= a park*(l-e park~2); % km, semilatis rectum

BpN park=[ cos (0_park) *cos(w_park)-sin(0_park)*sin(w_park) *cos(i_park), -cos(0_park) ¥
*sin{w_park)-sin (0 park)*cos(w_park)*cos(i park), sin(0 park)*sin{i park) ; ...

8in (0_park) *cos (w_park)+cos (0_park) *sin(w_park) *cos(i_park), =-sin(0_park) ¥
*sin{w_park)+cos (0O_park)*cos(w_park)*cos(i_park), -cos(0 _park)*sin(i_park) ; ...

sin(w park)*sin(i park) y Cos(w park) ¢
*sin{i park) ; cos(i park} 17
r P park t0= [r_park*cos(nu_park): r_park*sin{nu_park); 0]:
r N park t0= ApN park*r P park t0:

v P park t0= [-sgrt(mu/SemiR park}*sin(nu park); sqgrt(mu/SemiR park)* (e park+cos ¥
(nu_park)); 0]1;
v N park t0= ApN park*v P park t0;

FEEERLIRELLLELELLLLEHHER999%% Target Orbit 333535 ERHRRERL2L253250995%%
a _tgt= 42164.0; % km

e tgt= 0.0;

i tgt=deg2rad(0); % radians

nu tgt tl=degZrad(180); % radians, true anomaly at time=0

P tgt = (2*pi*a tgt A{3/2))/sgrt{mu); % seconds

r tgt= a_tgt; % km, constant becasue circular

v_tgt= sqrt(mu*{(2/a_tgt}-{1/a_tgt}}}; 2 km/s, circular orbit

SemiR tgt= a tgt*(l-e tgt”2}); % km, semilatis rectum

w_tgt= v_tgt/r_tgt; % Angular Velocity
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BpN tgt=[ 1, 0, 0 ;...

0, 1, 0 z...

0, 0, 11;
r P tgt t0= [r tgt*cos{nu tgt t0); r tgt*sin(nu tgt t0); 0];
r N tgt t0=ApN tgt*r P tgt t0;

v_P_tgt_tl= [-sqrt(mu/SemiR_tgt]*sin{nu_tgt_to}; sqrt(mu]SemiR_tgt}*{e_tgt+cos "4
(nu_tgt _t0)); 0]
v N tgt t0= ApN tgt*w P tgt t0;

% Theoretical Orbit 1 - Compares parking to target orbit ¥

r _per_theol= r park;
r apo theol= r tgt; % km
a theol= .53*(xr park+r tgt); % km

v_per theol= sqgrt(mu*((2/r per theol)-(1/a theol))); % km/s
v_apo_theol= sgrt(mu*((2/r_apo_theol)-(1/a_theol))); % km/s

delta v _maneuvorl= v_per theol - v_park;
delta v maneuvor3= v _tgt - v_apoc theol;

SEEFESEH LR Transfer Orbit 1 - Maneuvor 1 &
TEERE

$8% %%
EEEFESEER 3%

5% 3
F555%5%
r per transl= r park; % km

r N _per_transl= r N park t0; % We do the burn here instantaniously at time=0, or«
possible k parking orbit periods after t0, same position réguardless

v P per transl= v P park t0O + [0;.468;0]; % Delta V from single burn to determine new¥
speed at periapsis, km/s

BpN_transl=ApN park; % This 1s abselutely true, I dent have te justify it, I am a¥
genius

v_N per transl= ApN transl*v_P per transl; % km/s

v_per transl=norm{v N per transl); % km/s
h transl= r per transl*v per transl; % angular momentum

SemiR_transl= (h_transl”®2)/mu; % km
syms a e

egl= SemiR transl == a*(l1-e"2);
eg2= r per transl == a*(l-g};

sol transl=sclve(eql,eg2,a,e):
a_transl= double(sol_transl.a);
e transl= double(scl_transl.e);
FRELHAEERARERRT RN SR LSRR Transier Orbit 2 - Maneuvor 1 ¥
R SR R R RN AR R S

r per trans2= r per transl; % km

r N_per transZ= r N per transl;
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v_P per trans2= v_P per transl + [0;.468;0]; % Delta V from single burn to determine &
new speed at periapsis, km/s

BpN trans2=ApN transl; % This is absoclutely true, I dont have to justify it, I am a ¥
genius

v N per transZ= BpN trans2*v P per trans2; % km/s

v_per_transZ=norm{v_N_per_ trans2); % km/s

h transZ2= r_per transZ*v_per trans2; % angular momentum
SemiR trans2= (h trans2”2)/mu; % km

sSYyms a e
egl= SemiR_trans2 == a*(l-e®2);
egZ= r per transZ == a*(l-e};

sol_transZ2=solve (eql,eqZ,a,e);
a_trans2= double(sol trans2.a);
e transl2= double(sol transZ.e);

Transfer Orhit 3 - Maneuvgr 1«

r N per trans3= r N per transZ;

v_P per_trans3= v_P per trans2 + [0;.468:0]; % Delta V from single burn to determine ¥
new speed at periapsis, km/s

EpN trans3=ApN trans2; % This is absoclutely true, I dont have to justify it, I am a«
genius

v N per trans3= ARpN trans3*v P per trans3; % km/s

v_per trans3=norm{v N per trans3); % km/s
h trans3= r per trans3*v per trans3; % angular momentum
SemiR trans3= (h trans3?2)/mu; % km

syms a e
egl= SemiR_trans3 == a*(1-e"2);
eq2= r per transd == a*(l-e);

sol trans3=solve(eql,eq2,a;e);
a trans3= double(sol trans3.a);
€ trans3= double(sol_ trans3.e);

55%%5%5%5%%%%%% Transfer Orbit 4 - Maneuvor 1 ¥

LLERTERELE

r per transd4= r per trans3; % km

r N per transd4= r N per trans3;

v_P_per_transd= v_P per_trans3 + [0;.468;0]; % Delta V from single burn to determine ¥
new speed at periapsis, km/s

ApN transd=ApN trans3; % This is absolutely true, I dont have to justify it, T am a ¥
genius

a

v N per transd= ApN trans4*v P per transd; % km/s

v_per transd4=norm(v_N_per_transd); % km/s
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h transd= r per transd*v_per trans4; % angular momentum
SemiR_transd= (h trans4”72)/mu; % km

Syms a e
egl= SemiR transd4 — a*{l-e"2);
eg2= r_per_ transd == a*{l-e);

sol_transd=solve (eql,eqg2,a,e);
a _transd= double(scl_transd.a);
e_transd= double(scl_transd.e);

-

ransfer Orbit 5 - Maneuvor 1w

o
i
by
=

r per_ transb5= r per transi;
r N per transS5= r N per transd;

v P per transb= v P per transd + [0; 0.457328723782171;0]; % Delta V from single burn¥
to determine new speed at periapsis, km/s

ApN transS=ApN transd; % This is absolutely true, I dont have tc justify it, I am a¥
genius

v_N per transS5= BApN transS*v_P per transb; % km/s

v _per transS=norm(v N per trans3); % km/s

h transb= r per trans5*v per trans5; % angular momentum
SemiR trans5= (h trans5°2)/mu; % km

Syms a e
egl= SemiR transb == a*{l-e"2);
eg2= r_per_transh == a*({l-e);

sol transS=solvel(eql,eqg2,a,e);
a transb= double(sol transi.a);
e transb= double(scl trans5.e);

r_apo_trans5= a trans5*(1 + e_transb); % km
v _apo trans5= sgrt(mu*((2/r apo trans5)-(l/a trans5))); % km/s

nu_ape transS=deg2rad(l80); % radians

r P apo _transb= [r_apo_trans3*cos(nu_apo transb); r_apo_trans3*sin{nu_apo_ trans5); ¥
01
r N apo trans5= ApN transS*r P apo transh;

v_P_apo_trans5= [-sqrt (mu/SemiR_trans5)*sin(nu_apo_trans5); sqgrt(mu/SemiR_transS)* &
{e_transbS+cos (nu_apo_trans5)); 0];
v_N_apo_trans5= ApN trans5*v_P apo transh;

delta v maneuvor2= 2*v_apo trans3*(h trans5/(r apo trans5*v apoc trans5))*sin«
(i_park/2); % Required delta v for inclination change
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h N trans5= cross(r_ N per trans5,v N per trans5);

h N trans5 unit= h N trans5/norm(h N trans3);

%% Maneuvor 2 Orbits

EEEHEHERTHLERSLSRLESSH5955%55%% Theoretical Orbit 2 F543355550 0855505500085 055%%
r_apo_theoZ= r_apo_trans5;

r N _apo_theo?= r N apo_trans3;

BpN theo2=[ cos (0 park)*cos(w_park)-sin(Q park)*sin(w_park)*cos{0), -cos(0 park)*sin ¢
(w park)-sin(0 park)*cos(w park) *cos (0}, sin(0 park)*sin(0) ;.

sin (0_park) *cos (w_park)+ces (0 _park)*sin(w_park) *cos(0), -sin(0 park}*sin ¥
{(w_park)+cos (0O_park) *cos (w_park) *cos (0}, -cos(0_park)*sin(0) ;...

sin(w_park) *sin(0) y cos(w_park)*sin ¢
(0} ; cos(0) 1:

v N apo theo2= ApN theo2*v P apo transb;
a theo2= a_trans5;

v_apc_theoZ2=norm(v_N _apo_theo2);

delta v _maneuvor2 N= v N apo trans5 - v_N apo theol;

FREERELLERLLRLRLLY LSS ER%%%%Y Transfer Orbit 6 - Maneuvor 2 &
EEEErEE Rt E e b L E R b R e e e

r apc transb= r ape trans5; % km

r N _apo_trans6= r N apo _trans5; % km

BApN trans6= RApN theol;
pro_Brun transé= .177435223300000;

v N apo transé= v N apo trans> + -1*[-0.0124845713703247; 0.0216239119241222; ¢«
-0.285398607480736] + ApN_trans6*-1*[0; pro_Brun trans6;0]; % Delta V from single«
burn, fixes inclination and raises perigee of orbit as much as possible

v_ape transé=norm{v_N apo trans6); % km/s
h transé= r_apo transe*v_apo trans6; % angular momentum
SemiR_transé= {h_tran56‘2)/mu; % km

Syms a g
egl= SemiR transé == a*(1l-e"2);
egZ= r apo transé == a*(l+e);:

sol_trans6=solve(eql,eqg2,a,e):
a_transbt= double(scl_transé.a);
e transe= double(scl trans6.e);

EERRRHEEELAEERES LSS58 %%% Transfer Orbit 7 - Maneuvor 2 &
FEEEHHHES LSS

SEE%E%

r_apo_trans7= r_apo_transﬁ; % km
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r N apo_transi= r N apo_transb; % km
ApN trans7= ApN transé;

v_N apo_transT= v _N apo transt + ApN transi*[0; -.468; 0];
v_ape_trans7=norm(v_N_apo_trans7); % km/s

h_transV= r_apo_ trans7*v_apo trans7; % angular momentum
SemiR_trans7= {hﬂtrans?‘Q}/mu; % km

Syms a e

egl= SemiR trans7 == a*(l-e"2);

egZ2= r_apo_transi == a*(l+e);

sol_transi=solve(eql,eqZ,a,e);
a trans7= double(socl trans7.a);
€ trans7= double(sol trans7.e);

~ Orbit 8 - Maneuvor 2 ¢

Tr_apo_ transS- r_apo_ trans? %t km
r N _apo_trans8= r N apo_trans7; % km

ApN transB8= ApN trans7;
v N apo transf8= v N apo trans7 + ApN transB8*%[0; -.468; 0];
v_apec_trans8=norm(v_N_apo_transB); % km/s

h transB8= r apo transB8*v _apo trans8; % angular momentum
SemiR_trans8= {hﬁtran58“2)/mu; % km

syms a e
eql= SemiR trans8 == a*(1-&"2);
eg2= r_apo_trans8 == a*(l+te):

sol transB=solve (eql,eq2,a,e};
a transB= double(sol_trans8.a);
e transB8= double(sol trans8.e);

EEEFE TR FEARESSF TS HTE93%5%5%5% Transier Orbit 9 — Maneuvor 2 ¢
e e R R R R e
r_apo_trans9%= r_apo trans8; % km

r N_apo_trans%= r N apo_trans8; % km
BpN trans9= ApN trans8;

v N apo_trans9= v N apo trans8 + ApN trans2*[0; -(delta v maneuver3 - ¥
{pro_Brun transé6 + .468 + ,46B)); 0]:

v_apo trans9=norm(v N apo trans9); % km/s
h trans®= r_ apo trans?*v_apo trans%; % angular momentum

SemiR_trans9= (h_trans3°2)/mu; % km

syms a e
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€qgl="SemiR transh® = a*{(l-g"2);
eg2= r apo trans? == a¥*(l+e};
sol trans9=solve(eql,eqZ,a,e);
a trans9= double(sol trans9.a);
e transB= double(sol trans2.e);

%% Phase Orbit Maneuvors
- HEFFEEHRELHEHEES
Rt E Rt e e et e e e

O phase=deg2rad (0} ;

w_phase=deg2rad(30);

i_phase=degZrad(0);

BpN_phasel=[ cos(0_phase} *cos (w_phase)-sin (0_phase) *sin (w_phase) *cos(i_phase), -cos ¥
{0_phase) *sin(w_phase)-sin(0_phase) *cos (w_phase) *cos (i_phase), sin{C_phase)*sin ¢

%%%%% Transfer Orbit 10 - Maneuvor 3 ¥

(i phase) ;...

5in (0 phase)*cos (w_phase)+cos (0 _phase) *sin(w phase)*cos{i phase), -sin ¥
(C_phase) *sin(w_phase) +cos (0_phase) *cos (w_phase) *cos(i_phase}, -cos(0_phase)*sin ¢
(i_phase) ...

sin(w_phase)*sin (i phase) ; GCos ¥
{w_phase) *sin(1i_phase) + cos(i_phase) ¥

17

r apo translO= r apo transd;

P transl0O= P tgt + [deg2rad(-.5)]/w_tot;

a transll= (P translO* (sgrt(mu)/(2*pi)}}~(2/3);
e transl0O= (r _apo_ transl0/a translQ)-1;
SemiR_transl0= a transl0*(l-e_transl0"Z};

v_apo_ translO= sqgrt(mu*({(2/r apo transl0)-(1/a transl0)}};
nu_apco transl0O= degZrad(180);

r P apo translO= [r apo translO*cos(nu ape transl(O); r apo transll*sin ¥
{nu_apo transl0); 0];
r N apo translQO= ApN phasel*r P apo transl0;

v_P_apo_translO= [-sqrt{mufSemiR_tranle}*sin(nuﬁapo*translﬁ}; sqrt{mufSemiR_tranle} ¥
*(e_translO+cos(nu_apo_transl0)); 0];
v N apo transl(= ApN phasel?v P apo transl0;

5% %

0. oue OO G
200 ]

s Transfer Orbit 11 - Maneuver 4 &

L coanaoe e
TETTTEES

O_phase=deg2rad(0) ;
Ww_phase=deg2rad(210);
i phase=deg2rad(0);
ApN phaseZ=[ cos(0 phase)*cos(w phase)-sin (0 _phase) *sin(w phase)*cos(i phase), -cos ¥
(C_phase) *sin(w_phase)-5in(0_phase) *cos (w_phase) *cos(i_phase}, sin{(0_phase)*sin ¢
{i_phase) :.
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8in(0_phase) *cos (w_phase)+cos (0_phase) *sin(w_phase)*cos{i_phase), -sin ¥
(O phase) *sin(w phase)+cos (0 phase)*cos(w phase)*cos(i phase), -cos(0 phase)*sin ¥
(i phase) ;...

sin(w_phase)*sin(i phase) , Cos ¥
(w phase) *sin(i phase] + c<cos(i_phase) ¥
T

r per transll= r apo transl0;

P transll= P tgt + [deg2rad(.35)]/w_tgt;

a transll= (P_transll* (sgrt(mu)/(2*pi))}~(2/3);
e transll= l-(r per transll/a transll):
SemiR_transll= a transll*{l-e_transll”2};:

v _per transll= sgrt(mu*({2/r per transll)-{l/a transll)}}:

nu per transll= degZrad(0);

r P per transll= [r _per transll*cos(nu_per transll}; r per transll*sin¥

{nu_per transll); 0];

r N per transll= ApN phaseZ*r P per transll;

v P per transll= [-sqgrt(mu/SemiR transll)*sin(nu per transll); sqrt(mu/SemiR transll) ¥
*(e_transll+cos(nu_per transll)); 0];

v_N per transll= ApN phaseZ*v_P per transll;

%% Loops feor pletting orbits

%

i

SHHIBEEEE29%55%5%5%49%%%%% Parking Orbit Plotting $%%5%%%43335%333%55%%%5%4%4%4%4% v

= oe

el
r= r N_park t0:

rdot= v_N park t0;

tf = (2*pi*a park”(3/2))/sgrt (mu);

g =13
nt = ceil (tf/dt);
#x1l = zeros(6,nt);
t = 0;

x1{1:3,;,1) = r;
%1 (428,10 rdot;
for k = l:nt-1

¥ k=x1(:,k};

kl = twoB EOM(t, = k, mu};:

k2 = twoB_EOM(t + dt/2, x_k + kl*{dt/2), mu);
k3 = twoB_EOM(t + dt/2, = k + kZ*(dt/2), mu);
k4 = twoB EOM({t + dt , x k + k3*dt, mu) ;

x kpl = % k+ (de/e)*(kl + 2*k2 + 2%k3 + k4);
x1(:,k+l) = x kpl;
end
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oo

%%%%% Target Orbit Plotting %F%%533%%%%%

r= r N tgt t0;

rdot= v N tgt t0;

tf = (2*pi*a tgt™(3/2))/sqrt(mu):
dt = 1;

nt
®x2

ceil (tf/dt) ;

zercs(6,nt) ;
= 0;

®x2i41:3,1) = 3

x2(4:6,1) rdot;

for k = 1l:nt-1

x k= x2(:,k};

kl = twoB_EOM(t, x_k, mu);

k2 = twoB EOM(t + dt/2, = k + kl*(dt/2), mu);
k3 = twoB EOM(t + dt/2, = k + k2*(dt/2), mu);
k4 = twoB_EOM({t + dt , x_k + k3*dt, mu) ;

x kpl = x k + (dt/6)*{kl + 2*%k2 + 2*k3 + k4);
®x2(:,ktl) = x_kpl;

%%% Theoretical Orbit 1 Plotting¥
$5% - 23

[0;v_per theol;0];
tf = (2*pi*a _theol”™(3/2))/sqrt(mu);
1;

dt = 1;
nt = eceil {tf/dt) ;
%3 = zeros(6,nt);

t = 0;
x3(1:3,:1) =
%x3(4:6,1) = rdot:
for k = 1l:nt-1

x k= x3(:,k);

kl = twoB EOM(t, x=_k, mu);

k2 = twoB EOM(t + dt/2, = k + kl*(dt/2), mu):
k3 = twoB_EOM(t + dt/2, x_k + k2*(dt/2), mu);
k4 = twoB_EOM(t + dt , x k + k3¥dt, mu) ;

X kpl = x k + {de/6)* (k1 + 2*k2 + 2*k3 + kd);
x3(:,k+1l) = x kpl;

end

SRR TSNS SER%%55%% Transfer Orbit 1 Plotting ¥
LEELLLLL2L 2L EL e %: - x4

r= r N per transl;

rdot= v_N per transl;

tf = (2*pi*a transl~(3/2})/sqgrt (mu);
dt = 1;

nt ceil (tf/dt) ;
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x_k + kl1*{dt/2),
x_k + k2*(dt/2),
x_k + k3*dt,

(dt/6)* (k1 + 2*k2 + 2*k3 +

e

Transfer Orbi

%4 = zeros(6,nt):

£t = 0;

ad (e Fply = s

#4(4:6,1) = rdot;

for k = 1l:nt-1
x k= x4(:,k);
kl = twoB_EOM(t, x_k, mu);
k2 = twoB_EOM(t + dt/2;
k3 = twoB EOM(t + dt/2,
k4 = twoB EOM(t + dt ,
Xx kpl = x k +
x4(:,k+1l) = x_kpl;

end

SRR YETLASE92555595555%

R ET R AR R RS ERRE

r= r N per trans2;
rdot= v_N _per transZ;
odii

dt = 1;

nt = ceil (tf/dt);

X5 = zeros(6,nt);

t = 0;

#5123,y = r

®5{4:6,1) = rdot:

fer k= lint-1
x k = x5(:,k);
kl = twoB EOM(t, x_k, mu);
k2 = twoB_EOM(t + dt/2, x k + kl=*(dt/2),
k3 = twoB EOM(t + dt/2, x k + k2*(dt/2),
k4 = twoB_EOM(t + dt , x_k + k3*dt,
¥ kpl = x k + (dt/6)*({kl + 2*k2 + 2*k3 +
x5(:,k+tl) = x kpl;

end

FETFLTRLRLRERELSRRES58%%%55%%% Transfer

FEEFTLHITTLLATELASLSSSEERELSYE — ®6

r= r N per trans3;

rdot= v_N_per trans3;
tf

dt = 1;
nt = ceil (t£/dL);
%6 = zeros(6,nt);
to= B;
¥l 1) = ¥
%0(4:6,1) = rdot;
for k= 1l:int=1
x k = x6(:,k);
kl = twoB_EOM(t,

0 g

CLE
o

|

4

K2

(2*pi*a trans2”(3/2))/sqrt (mu);

(2*pi*a trans3” (3/2))/sgrt(mu);

x_k, mu);

mu) ;
mu) ;
mu) ;
ki) ;

t 2 Plotting ¥

mu) ;
mu) ;
mu) ;
kd);

Orbit 3 Plotting

10 of 24
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k2 = twoB EOM(t + dt/2, x_k + kl*(dt/2),
k3 = twoB EOM(t + dt/2, x k + k2*(dt/2),
k4 twoB EOM(t + dt , x k + k3*dt,

I

x kpl = x k + (dt/6)* (k1 + 2%k2 + 2*k3 +

x6(:,k+tl) = x kpl:
end

mu) ;
mu) ;
mu) ;
kd);

FEEELLHEILELELLE LR 554555 %%%%%% Transfer Orbit 4 Plotting ¢

e
r= r N per transd;
rdot= v_N per trans4;

TREREEE - x7

tf = (2*pi*a trans4”(3/2))/sgrti{mu);
dt = 1;

nt = ceil (tf/dt) ;

®7 = zeros(6,nt):

to= 0;

2T (L3 1) = g

x7(4:6,1) = rdot;

for k = 1l:nt-1
x k =xT(:,k);

kl = twoB EOM(t, % k, mu);

k2 = twoB EOM(t + dt/2, x k + kl*(dt/2),
k3 = twoB EOM(t + dt/2, x k + k2*(dt/2),
k4 = twoB EOM(t + dt , = k + k3*dt,

¥ kpl = x_ k + (dt/6)*(kl + 2*k2 + 2%k3 +
®x7(:, k+l) = x _kpl;

r= r N _per transbh:

rdot= v_N per transb5;

tf = (2*pi*a_trans5™ (3/2})/sgrt (mu);
g =13

1]

nt ceil (tE£/dt) ;
®8 zeros(6,nt) ;
t = 0;
x8{1:3,1) = r;
%8(4:6,1) rdot;
for k = l:nt-1

x k= x8(:,k);

kl = twoB EOM(t, = k, mu};:

k2 = twoB_EOM(t + dt/2, x_k + kl*{dt/2),
k3 = twoB EOM({t + dt/2, x k + kZ*(dt/2),
k4 = twoB EOM({t + dt , x k + k3*dt,

% KBl = 3 K GELEy* kL T2 F2ckE +
x3(:,k+l) = x kpl;
end

ma) ;
mu) ;
mu) ;
kd);

Transfer Qrbit 5 Plotting &

mu) ;
mua) ;
mu) ;
kd);
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&

%%% Transfer QOrbit 6 Plotting &

= &8
tf = (2*pi*a trans6” (3/2})/sqgrt (mu);
dt = 17
nt = ceil (t£/dt) ;

%9 = zerocs(6,nt);
t = 0;

Ot 3,1 = T3
®9(4:6,1) = rdot:

fer k= 1l:nb=1
x k= x9(:,k};
kl = twoB_EOM(t, x_k, mu);

k2 = twoB EOM(t + dt/2, = k + kl*(dt/2), mu);
k3 = twoB EOM(t + dt/2, = k + k2*(dt/2), mu);
k4 = twoB_EOM({t + dt , x_k + k3*dt, mu) ;
x kpl = x k + (dt/6)*{kl + 2*%k2 + 2*k3 + k4);
x9(:, ktl) = x_kpl;

Transfer Orbit 7 Plotting ¥
= el

r

rdot= v_N _apo_ trans’;
(2*pi*a trans7" (3/2))/sgrt(mu);

dt = 1;

nt = ceil (tf/dt);

x1l = zeros(6,nt);

t = 0;
®%11(1:3,1) = r:
x11(4:6,1) = rdot;

for k = 1l:nt=-1
x k= x11(:,k);
kl = twoB EOM(t, x=_k, mu);

k2 = twoB EOM(t + dt/2, = k + kl*(dt/2), mu):
k3 = twoB_EOM(t + dt/2, x_k + k2*(dt/2), mu);
k4 = twoB_EOM(t + dt , x k + k3¥dt, mu) ;
¥ kpl = x k + (dt/6)* (k1 + 2*k2 + 2*k3 + kd);
x11(:,k+1) = x kpl;

5% Transfer Orbit 8 Plotting ¥

- ¥312
rdot= v_N apo trans8;
tf = (2*pi*a transB~(3/2})/sqgrt (mu);
dt = 1;
nt = ceil (tf/dt);
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®x12 = zeros(6,nt);
£t = 0;
LS = 1) =
#x12(4:6,1) = rdot;
for k = 1l:nt-1

*x k= =xl12(:,k);

kl = twoB_EOM(t, x_k, mu);

k2 = twoB_EOM(t + dt/2, x k + kl* (dt/2), mu);
k3 = twoB EOM(t + dt/2, x k + k2*(dt/2), mu);
k4 = twoB EOM(t + dt , x k + k3=dt, mu) ;

# kpl = x k + (dt/6)*({kl + 2*k2 + 2*k3 + kd):
x12 (:,k+1l) = x_kpl;
end

gaa
GRS
298

e

of oF

40
o e

t3%5%% Transfer Orbit 9 Flotting ¥
$5%% - x13

r' 1-.0
)".f 1

FIHEEES
EEFLFRERRERRR
r= r._ _apo_transB;
rdot= v_N_apo_trans9;

a0 oo

el
ol

tf = (2*pi*a trans9™(3/2))/sqgrt (mu);
dt = 1;
nt = ceil(tf/dt);

%13 = zeros(6,nt):
t = 0;
%13{(1:3,1) = r;
®13(4:6,1) rdets
fer k= lint-1

x k = x13(:,k};

kl = twoB EOM(t, x_k, mu);

k2 = twoB EOM(t + dt/2, x k + kl*(dt/2), mu);
k3 = twoB EOM(t + dt/2, x k + k2*({dt/2), mu);
k4 = twoB_EOM(t + dt , x_k + k3*dt, mu) ;

¥ kpl = x k + (dt/6)*(kl + 2*k2 + 2*k3 + k4);
x13(:,k+1) = x_kpl;

end
ETHEEELTRLETRARLLERLHERRRER%E%%% Transfer Orbit 10 Plotting ¢
BRI ETSSELLREREE55S — ®1d

r= r N apo transl0;
rdot= v_N_apo transl0;
tf = (2*pi*a transl10”(3/2))/sqgrt(mu);

dt = 1;

nt = ceil (t£/dL);
®l4 = zeros(&,nt);
to= B;

x14(1:3,1) = r;
®%1l4(4:6,1) = rdot;

for k = l:nt-1
x_k = xj-q{::k};
k1l = twoB EOM(t, x k, mu);
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k2 = twoB_EOM(t + dt/2, x_k + kl*(dt/2), mu);:
k3 = twoB EOM(t + dt/2, x k + k2*(dt/2), mu):
k4 twoB EOM(t + dt , x k + k3*dt, muj ;
x kpl = x k + (dt/6)*(kl + 2*kZ + 2*k3 + k4);
x14(:,k+1) = x_kpl;

end

I

FEEELLHEILELELLE LR 5L 5%%%%%% Transfer Orbit 11 Plotting ¢
EETLLELRLLRE R L LR85 - x15

r= r N per transll;

rdot= v_N per transll;

tf = (2*pi*a transll”(3/2))/sqrt{mu);
dt = 1;

nt = ceil (t£/dt) ;

%15 = zeros(6,nt);

to= 0;

x15{1+3,1) = r;

x®15(4:6,1) = rdot;

for k = 1l:nt-1
x k = x15(:,k};

kl = twoB EOM(t, % k, mu);

k2 = twoB EOM(t + dt/2, x k + kl*(dt/2), mu):
k3 = twoB EOM(t + dt/2, x k + k2*(dt/2), mu);
k4 = twoB EOM(t + dt , x k + k3*dt, mu) ;

¥ kpl = x_ k + (dt/6)*({kl + 2*k2 + 2*k3 + kd);
®¥15(:,k+1l) = x _kpl;
end

%% Plot Earth, Orbits, and time points
TE3353%%%% Code to plot the Earth 3%%3%%3%%
imData = imread('Z no _clouds_4k.jpg'):
[25,¥S,28] = sphere(30):

earth radius = 6378.1370;

%3E earth radius*xS5;

ySE = earth radius*y5;

z3E = earth radius*z35;
surface (x5E, ySE, z5E) ;

axis egual

grid on

I

xlabel ('Inertial x (km)")
ylabel ('Inertial y (km}"')
zlabel ('Inertial z (km}"')
ch = get (gca, "children');

set {ch, 'facecolor', 'texturemap', 'cdata',flipud{(imData), 'edgecoleor', 'none');

33335%5%%% Plot Orbits 33%33%%%%%
hold on

% Theoretical Orbits
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Fplot3 (X3 (X, o) HINZ, 0) e B33 ) ', 'Colex', V[0 I 0]y "Iinewidth?®, 2)
plotd (xd 0l ), #LOH2 0y, #1003, v), *—v'@elex, "Bl 0], ‘Linewidth', 2

% Maneuwver 1 Orbits

pLot3 (e (1) %202 8)w 2E{F ) "="; "Cokox*: 11 0 0] *Lirdewidth',. 1)
PLEESIREUL, i) EEE2, 5., XEUBE . 5, Eler™., i1 B 97C, MLinewidth",. T
plot3fxe (1, 2}y 602 1)y #¥6{(3p3) s "= "Celexr' V[l O 4]1"; "Himewidth, 1)
plat3fxT (et )i 2762, v)y xW{Fe2) 5 =" "OGelex! ,'[1 0 9%, TLinewidth'; 1)
plot3 (x8 L1y ) =812, 2)y ®xB(3y:), =" '"Ealox',Y[1 @ 0], 'Linewidth';, 1)

% Maneuvor 2 Orbits

plet3fa il ) e wBlE; o)y ®DET ) g Bt "Eolex V0 1 81" "Lanewidth's 1)
plot3 (x11(1,:), %11(2,:), %11({3,: -, 'colexr’,"[0 1 01", 'Linewidth', 1)
plot3 (x12( ;2 ) , 212(2, 30, BL2(3p2)y "' '"Coler"; "0 1 81", "Linewidth"', 1)
PLer BRIl ), BERCE A BIFEE, 50, Y= 0eler™, V19T BFY, "laonSwigEnt, 1)

—
-

% Initial Orbits
pletd{xl (L 2062 o) L {3e2) e "= Ylalox' VIO B B)", "Idrnewidth'; 3)
PLaEF 2 cn ) e Z20Z, 83 H20Eea)e =", "Coler' VL I 83", “"LimewddihY, 3]

% Interception Orbits

plot3(xld (1, 1), =14(2,1); ®L4(32)e "="'Colex!; "[0 O 1]1"; '"Linewidth';, 1)
plotd (w1501, 20, 215(2,2) . 2L5(3,20), '=','"Coleit', "[0 8 1]1'; '"Linewidth', 1)

% Points

plot3(r N park t0(1l), r N park t0(2), r N park t0(3), 'o','Color','[1l O 1]',#¥¢
'Linewidth';, 2) % Chase pesitien at t0

Blat3(r W tgt BOi(1), PN B&t Y02}, TN tat E013), Y&, "Geldr, [0 1 Q%=
'Linewidth', 2} % Target position at t0

plot3(r N apo transB({l}, r N apeo trans9(2), r N apo trans8(3), 'o','Color','[.B 0 .¥
8] ', "Linewldth', 2) % Chase pasition at tl

plot3(r N apo translO(l), r N apo transl0{Z), r N apo transl0(3), 'o','Color','[.6 0¥
.6]"', 'Linewidth', 2) % Chase position at t2

plot3(r N per transll(l), r N per transll(2), r N per tramsll(3), 'o','Color','[.4 0¥

.4]1', 'Linewidth', 2) % Chase position at t3

%% Keep Track of Time

P park = (2¥pi*a park ~(3/2))/sqgrt(mu);
P _tgt (2*pi*a tgt ~{3/2)) /aqrt {mu} ;
P transl= (2*pi*a transl”(3/2))/sqgrt(mu};
P trans2= (2*pi*a trans2”(3/2))/sgrt (mu);
P trans3= (2*pi*a trans3”(3/2))/sgqrt(mu);:
P transd= (2*pi*a transd4”(3/2))/sqrt{mu};
P transb5= (2*pi*a_ trans5°(3/2))/sqrt (mu);
P trans6= (2*pi*a_tran36“L3/2]]/5qrt£mu};
P trans7= (2*pi*a trans7"(3/2))/sqrt(mu);
P transB= (2*pi*a transB8”(3/2))/sqrt(mu);
P trans9= (2*pi*a trans9”(3/2))/sqgrt (mu);
P transl0= (2*pi*a transl0~(3/2))/sqrt (mu);

Il
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P transll= (2*pi*a transll”(3/2))/sqrt(mu);

TN T T T il BT R
BL2LBLREA0E855545% t]1 math 245530848 4550554¢

for k=T7:7
ManeuvorTime tl= k*P park + P_transl + P_transZ + P_trans3 + P_tranzd + . ¥
5*P trans5 + P_transé + P_transi + P_transg;

theta tgt tl= (w_tgt*ManeuvorTime tl + nu tgt t0);
nu tgt tl= 2*pi*{theta tgt tl1/(2*pi) - floor(theta tgt £1/(2*pi}});
nu_tgt tl deg= rad2deg(nu_tgt tl);

r P tgt_tl= [r_tgt*cos(nu_tgt_tl); r_tgt*sin(nu_tgt_t1); 0];
r N _tgt_tl=RApN tgt*r P tgt tl;

v P tgt tl= [-sqrt{mu/SemiR tgt)*sin(nu tgt tl); sgrt(mu/SemiR tgt)*(e tgt+cos ¥
(nu_tgt_tl)); 01;
v_N_tgt _tl= ApN tgt*v P_tgt_tl;

$2L395%%%% Plotting $H%%%3%%4%%

plot3({r N tgt tl{l), r N tgt tl(Z), r N tgt tl(3), 'e';'Coler','[0 .8 .8]',¥
'Linewidth', 2) % Target Position at tl

end

hold off

TETETTITRLLDRTEHTEET 2 math IFTLEHRTFTLLITIHEERSR

ManeuvorTime tZ= ManeuvorTime tl1 + P_trans9 + P_transl(;

theta tgt t2= (w_tgt*ManeuvorTime t2 + nu tgt t0);
nu_tgt t2= 2*pi*({theta tgt t2/(2*pi) - floor(theta tgt £2/(2*pi}});
nu_tgt tZ deg= radZdeg{nu_tgt_ t2}:

r P_tgt_t2= [r_tgt*cos(nu_tgt_t2); r_tgt*sin(nu_tgt_t2); 0];
r N tgt £2=ApN tgt*r P tgt t2;

FE5FL53E%Y Plotting %33%%3%%%%%

hold on

plot3(r N tgt tZ(1), r_N tgt t2(2), r N tgt t2(3), 'o','Color','[0 .6 .6]',¥
'Linewidth', 2) % Target Position at t2

held coff

o os 00 g

o 5o -
B % 55555 %

5T ERRRHYEES L3 math %%% :
ManeuvorTime t3= ManeuvorTime t2 + P_transll;

theta tgt t3= (w_tgt*ManeuvorTime t3 + nu tgt t0);
nu tgt t3= 2*pi*(theta tgt t3/(2*pi) - floor{theta tgt t3/(2*pi}});
nu _tgt t3 deg= rad2deg(nu_tgt t3);

r P_tgt t3= [r_tgt*ces{nu_tgt t3); r_tgt*sin(nu_tgt t3); 0];
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r N_tgt t3=ApN _tgt*r P tgt_ t3;

5%%% Plotting $%52%3%%%%

plot3{r N tgt £3(1), r N tgt £3(2}), r N tgt £3(3), 'e';'Color', [0 .4 .4]',¥
'Linewidth', 2) % Targel Pesgsition at t3
hold off

%% Delta V and Elapsed Time Calcualtions

% Burn 1
deltaV_Burnl= abs(v_per transl - v_park):
elapst Burnl= 7*P_park;

% Burn Z
deltaV BurnZ= abs(v per trans2 - v per transl);
elapst BurnZ= elapst Burnl + P_transl;

% Burn 3
deltaV_Burn3= abs(v_per trans3 - v_per_trans2);
elapst Burn3= elapst BurnZ + P transZ;

£ Burn 4
deltaV Burnd= abs(v _per transd - v per trans3);
elapst_ Burnd= elapst_Burn3 + P_trans3i;

% Burn 5
deltaV_Burn5= abs(v_per transb - v_per transd);
elapst Burn3= elapst Burnd4 + P transd;

% Burn 6
deltaV Burné= abs(norm{v N apo transt - v. N apo trans5)):
elapst Burné= elapst Burn5 + .5*%P_trans5;

% Burn 7
deltaV Burn7= abs(v_apo trans7? - v_apo transe):;
elapst Burn7= elapst Burn6 + P_transb;

% Burn 8
deltaV Burn8= abs(v apo trans8 - v _apo trans7);:
elapst Burn8= elapst Burn7 + P trans7;

% Burn 9
deltaV_Burn9= abs(norm({v_N_apoc_ trans9 - v_N_apo_transB)};
elapst Burn9= elapst Burn8 + P trans§;

% Burn 10
deltaV_BurnlO= abs({v_apo_ transll - v_apo_trans9);
elapst_BurnlO= elapst Burn9 + F_trans9;
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% Burn 1l
deltaV Burnll= abs(v per transll - v_apo translQ);
elapst Burnll= elapst Burnl0 + P transl0;

% Burn 12
deltaV_BurnlZ2= abs(v_per transll - v_apo_trans9);
elapst_BurnlZ= elapst Burnll + P_transll;

DELTA V TOTAL= deltaV Burnl + deltaV Burn2 + deltaV Burn3 + deltaV Burnd + ¢
deltaVv BurnS + deltav Burné + deltaV Burn7 + deltav Burn@ + deltaV Burn? +«¢
deltaV_Burnl(0 + deltaV Burnll + deltaV _Burnl2;

deltaV vector= 1000*[deltaV Burnl deltaV Burn2 deltaV Burn3 deltaV Burnd ¢
deltaV BurndS deltaV Burné deltaV Burn? deltaV Burn8 deltaV Burn® deltaV Burnll ¥

deltaV _Burnll deltaV Burnl2]';

£% Ground Trace
hold off

EarthRoatichalSpeed= 7.292123516990375e-05; % rad/s - calculated from 23hr,
day rather than 24hr day

lat_xl= asin(xl(3,:) ./ a park ); % Parking Orbit
length xl= length(lat =xl);
lon_xl=zeros([1l,length_x1]);
for i= 1l:length x1
lon =1(i}= atan2({x1(2,i),x1(1l,i})) - EarthRoaticnalSpeed*(i + 0);
if lon x1{i) < -pi
lon_x1{i})= lon_x1{i) + 2*pi:
end
end

lat x4= asin(x4(3,:) ./ a_transl }; % Transfer Orbit 1
length x4= length({lat =x4);
lon_x4=zeros([l,length =x4]);
for i= 1l:length x4
lon_x4(i}= atan2Z (x4(2,i),x4(1,1}) - EarthRoationalSpeed* (i + T*P park);
if lon x4(i) < -pi
lon x4(i})= lon x4(i} + 2*pi;
end
end

lat x5= asin(x5(3,:) ./ & trans2 ); % Transfer Orbit 2
length x5= length(lat x5};

lon x5=zeros([1l,length x5]);

for i= l:length x5

S5émin,

lon_x5(i)= atan2 (x5(2,1i),x5(1,1}) - EarthRoatiocnalSpeed* (i + 7*P park + «

ds ¢
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P_transl):;
if lon x5(i) < -pi
lon =5(i)= lon x5(i) + 2*pi;
end
end

lat_x6= asin(x6(3,:) ./ & _trans3 ); % Transfer Orbit 3
length_x6= length(lat =6} ;
lon_x6=zeros([1l,length x&]);
for i= l:length x6

lon _x6(i)= atan2 (x6(2,1),x6(l,1)) - EarthRoaticnalSpeed*(i + 7*P park + P_transl ¥
+ P_transZ);

if lon_x6(i) < =-pi

lon_x6(i})= lon_x6(i}) + 2*pi;

end

end

lat_x7= asin(x7{3,:) ./ a_trans4d ); % Transfer Orbit 4
length_x7= length(lat_x7);
lon_x7=zeros([l,length x7]);
for 1= l:length x7

lon x7(i)= atan2(x7(2,1i),x7(l,1}) - EarthRoationalSpeed*(i + 7*P park + P_transl ¢
+ P _trans2 + P _trans3;;

if lon =x7(i) < -pi

lon_x7{i}= lon_=x7{i} + 2*pi;

end

end

Hh

lat x8= asin(x8(3,:) ./ a trans5 }); % Transfer Orbit 5
length xB= length(lat x8};
lon_x8=zeros([1l, length_=x8]):
for 1= l:length x8
lon_x8B(i})= atan2(x8(2,i),x8(1,1})) - EarthRoational8peed* (i + 7*P_park + P_transl ¥
+ P trans2 + P trans3 + P transd);
if lon xB(i) < -pi
lon x8(i}= lon =xB(i) + 2*pi;
end
if lon x8(i) < -pi
lon_x8(i})= lon_xB(i} + 2*pi;
end
end

lat_x9= asin(x9(3,:) ./ a_transé ); % Transfer Orbit 6
length_x9= length(lat x=9);
lon x%9=zeros([1l,length %9]);
for 1= l:length x9
lon x%(i})= atan2(x9(2,1i),x%(1,1)) - EarthRoationalSpeed*(i + 7*P park + P _transl ¥
+ P_trans2 + P_trans3 + P_trans4 + .5*P_transbj;
if lom x94{i) = =pi
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lon x9{i)= lon x9{i} + 2*pi;
end
if lom xB{i) < —=pi

lon_x89(i}= lon x8(i) + 2*pi;
end
if lon_x3(i) < -pi

lon_x%(i}= lon_x9(i} + 2*pi;
end

end

lat_xll= asin(xll(3,:) ./ a transT }; % Transfer Orkit 7
length_x1l= length(lat_x11);
lon_xl1l=zeros([1l,length x11]);
for i= l:length x11
lon x11(i)= atand(xll{(2,1),x11(1l,1i)) - EarthReoationalSpeed*(i + 7*F park + ¥
P transl + P trans2 + P trans3 + P trans4 + .5*P trans> + P transé);
if lem x11(i) < -pi
lon_x11(i)= lon x11 (i) + 2Z¥pi;
end
if lon_x11(i) < -pi
lon x11(i)= lon x11 (i) + 2*pi;
end
if len x11 (i) = —pi
lon x11(i)= lon =11 (i) + 2*pi;
end
if lon_x11(i) < -pi
lon_x11(i)= lon x11 (i) + 2¥pi;
and
end

lat_x12= asin(x12(3,:) ./ a_trans8 ): % Transfer Orbit B8
length x1lZ= lengthi{lat x12):
lon _x12=zeros([1l,length x12]);
for i= l:length x12
lon %12 (i)= atanZ{x12(2,1i),x12(1,i)) - EarthRocationalSpeed*(i + 7*P_park + ¢
P transl + P transZ + P trans3 + P transd4 + .5*P trans5 + P transt + P _transi):
if lon_x12(i) < -pi
lon_x12(i)= lon x12(i) + 2*pi;
end
if lon x12(i) < -pi
lon x12(i)= lon x12(i) + 2*pi;
end
if len =x12(i) < -pi
lon_x12(i)= lon x12(i) + 2*pi;
end
if lon xlz2(1) < —-pi
lon x12(i)= lon x12(i) + 2*pi;
end
end
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lat %x13= asin(xl3(3,

lon x13=zeros([l,length x13]);

for i= l:length x13

1) ./ a trans9 };
length x13= length(lat x13);

lon_x13(i)= atanZ(xl3(2,1),x13(1,1)) - EarthRoationalSpeed*(i + 7*P_park + ¥
P transl + P transZ + P trans3 + P _transd4 + .5*P _trans5 + P_transé + P_trans7 + &

P trans8);
if lon x13(i) <
lon x13(i)=
end
if lon_x13(i) <
lon_x13(i)=
end
if lon x13(i) <
lon x13(i)=
end
if lon x13(i) <
lon_x13(i}=
end
if lon x13(1) <
lon_x13(i)=
end
end

lat x14= asin(x14(3,

lon xl4=zeros([1l,length x14]);

for 1= l:length x14

-pi
= 2 i o T

_pi
lon x13 (i)

—Pl
lon x13 (1)

-pi
lon x13 (1)

_p‘l
lon: 31 3E4)

&

i don ]

ik

2*pi;

2¥E

2*mly

1) ./ a transl0 );
length_x14= length(lat x14);

;. Transfer

Orbit 10

lon =14 (i)= atan2(x14(2,1),x14(1,1i)) - EarthRoationalSpeed*(i + 7*P park + ¥
P _transl + P_transZ + P _trans3 + P _transd + .5*P trans5 + P_transé + P_transi + E
F transB8 + F trans9);

if lon_x14(i) <
lon x14 (i)=

end

if lon xl4(i) <
lon xl4{i)=

end

if lon_x14(i) <
lon x14(i)=

end

if lon x14(i) <
lon_x14{i}=

end

if lon x14(i) <
lon x14(i)=

end

if lon_x14(i) <
lon_x14(i)=

-pi
lon =14 (i)

_pi
lon x14 (1)

_p,l
lon x14 (1)

_pi
lon x14 (1)

_pl
lon x14 (1)

-pi
lon_x14 (i)

2¥pi;

g o

2*pi;

2*pi;

il U

2¥pi;
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end
end

lat x15= asin(x15(3,:) ./ a transll ); % Transfer Orbit 11
length x15= length{lat x15);
lon_x15=zeros([1l,length x13]);

for i= 1l:length x15

lon_x15(i})= atan2(x15(2,1),x15(1,1i)) - EarthRoationalSpeed*(i + 7T*P _park + «
P transl + P trans2 + P trans3 + P transd4 + .5*P trans3 + P trans6 + P trans7 + &

P trans8 + P trans9 + P transl0);
if lon x15(i) < -pi
lon_x15(i)= lon _x15(i) + 2*pi;
end
if lon_x15(i) < -pi
lon x15(i)= lon xl5(i) + 2*pi;

end
if len _x15(i) < -pi

lon_x15(i)= lon x15(i) + 2Z¥pi;
end

if lon_x15(i) < -pi

lon x15(i)= lon x15(1i) + 2*pi;
end
if len x15(i) < -pi

lon x15(i)= lon x15(i) + 2*pi;
end
if lon_x15(i) < -pi

lon_x15(i)= lon x15(i) + 2¥pi;
and
if lon x15¢i) < -pi

lon x15(i)= lon x15(i) + 2*pi;
end

end

lat x2= asin(x2(3,:) ./ a_tgt ); % yellowhammer Orbit
length x2= length(lat x2};
lon x2=zeros([1l,length x2]1);:
for 1= lilength x2
lon_x2(i)= atanZ(x2(2,i),x2(1,1})) - EarthRoationalSpeed* (i + 0);
if lon_x2(i) < -pi
lon x2({i})= lon x2(i} + 2*pi;
end
end

figure(2)
geoplot (0,180, ".y'", 'MarkerSize',20) % Yellowhammer Orbit
hold on

geoplot (radZdeg (lat_xl),rad2deg{lon x1),"'.',"Coloxr','[0 0 1]', 'MarkerSize',1l) %¢

Parking Orbit
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geoplot (rad2deg(lat_x4),rad2deg(lon x4}, '.','"Celor',"'[0 1 1]', 'MarkerSize',1l) %¢
Transfer Orbit 1

geoplot (rad2deg (lat x5} ,rad2deg(lon x5),"'.',"Colexr’','[0 1 0]', 'MarkerSize',1) %¢
Transfer Orbit 2

geoplot (rad2deg(lat xe),rad2deg(lon x6},'.','Color','[1 1 0]', 'MarkerSize',l) ¥
Transfer Orbit 3

geoplot (rad2deg(lat_x7),rad2deg(lon_x7}),"'.',"'Color','"[1 0 O]', 'MarkerSize',1) %¢
Transfer Orbit 4

geoplot (rad2deg(lat =8(1:19195)), rad2deg(lon x8(1:19195}), *.', 'Celeor','[1 O
1]','MarkerSize',1) % Transfer Orbit 5

geoplot (rad2deg(lat x9),rad2deg(lon x%), '.','Celeor',"[0 0 1]1', 'MarkerSize',1l) %¥
Transfer Orbit 6

geoplot (rad2deg(lat x11),radZdeg(lon x11), '.','Color','[0 1 1]', 'MarkerS8ize',1) %«
Transfer Orbit 7

geoplot (rad2deg{lat x12),radiddeg(lon x12), '.",'Celer','"[0 1 0]"', "MarkerSize',l) %¥¢
Transfer Orbit 8

geoplot (radZdeg (lat x13),rad2deg(lon_x13), '.",'Celor','[1 1 D]"', 'Markersize',1l) %¢
Transfer Orbit 9

geoplot (rad2deg (lat x14),rad2deg(lon_x14), '.','Celor','[1 0 0]', 'MarkerSize',1) %¥
Transfer Orbit 10

geoplot (rad2deg{lat x15),radddeg(lon x15), '.",'Coler','[1 0 1]°', '"MarkerSize',l) &¥
Transfer Orbit 11

-

-

-

geolimits ([-45 451, [-180 1801);

legend('Yellowhammer Orbit', 'Parking Orbit', 'Transfer Orbit 1', 'Transfer Orbit¥
2','"Transfer Orbit 3', 'Transfer Orbit 4", 'Transfer Orbit 5'; 'Transfer Orbite¢
6€'; 'Transfer Orbit 7'; 'Transfer DOrbit &', 'Transfer Orbit 9','Transfer Orbite¥¢
10", 'Transfer Orbit 11',Location="bestoutside"}

hold off

%% Relatiwve Motion Plot

BRI RREERS
from tl peoint £%% TRELLLELER%Y - xl6
% r N apo trans% is the starting point of %13, which occurs at same instant
% as starting point for this yellowhammer propogation
r= r N tgt tl;
rdot= v_N_tgt tl;
tf = (2*pi*a tgt”(3/2))/sgrt (mu);
dt = 1;
nt ceil (tf/dt);
%16 = zeros(6,nt);
t = 0Q;
®16(1:3,1) = r;
¥16(4:6,1) = rdot;
for k = l:nt-1
x k = x16(:,k);

kl = twoB EOM(t, x k, mu);
k2 = twoB_EOM(t + dt/2, x_k + k1*(dt/2), mu);
k3 = twoB EOM(t + dt/2, x_k + k2*(dt/2), mu);

. Test plot - Yellowhammer Position progogated started €
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k4 = twoB_EOM(t + dt , x_k + k3*dt, mu) ;
# kpl = x k + (dt/6)*(kl + 2*k2 + 2*k3 + kd):
x16¢(:,k+1}) = = kpl;

end

FERTRHIERHEISRRTESTIY3%%%% The rest of the RIC math
#¥ chase= [%13,x14,x15];

X target=[xl6,x16,x16(1:6,1:86128)];

X relative= X chase - X target;
dumbVector=linspace(l, 258456, 258456) ;
nu_closeenough = sqrt(mn / a_tgt"3).*dumbVector;

¥ relative = [ X relative(l,:).*cos(nu closeenough) + X relative(Z,:}.*sinw
{(nu_closeenough) ;..

-X_relative(l,:}.*sin(nu_closeenough) + X relative(Z2,:).%cos ¥
(nu_closeenough) ];

R EOf IR R A ERaaan
EEE B DB DD OO DO BT B0

%%%%%%% RIC plotting

figure (3):

plot (X relative(2,:),X relative(l,:}, 'k','LineWidth',2);

hold on

plot (X relative(2,1),X relative(l,1}, 'ro', 'LineWidth',2};
plot{X relative({2,end),¥ relative(l,end}, "rx','LineWidth",2);
plot {0;0, 'b+",; 'LineWidth"' ,2) ;

hold off

grid('minoxr"};

grid on;

axis equal

set (gea, "Xbir', "reverse');

#label ('In-Track [km]");

yvlakel ('Radial [km]'};

legend('InSat-1 Path', 'InSat-1 Start', 'InSat-1 End', 'Yellowhammer');



