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Overview AUBURN

 GPS consists of 24+ satellite vehicles (SVs)

* The orbits are:

— 6 orbital planes

» 55 degree inclination angles
— less coverage at poles

— Approximate circular orbits

— 12 sidereal hour orbits
« SV position repeats approximately every 23:56 hours
« 20,162 km from equator
« 26,561 km from center of earth
* Travel at approximately 2.7 km/sec
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GPS Satelllte OVGFVIeW A[AJB_/URN

GPS Satellite Orbits

* 24+ satellites
(space vehicles or SVs)
* 6 orbital planes
* 55 degree inclination
* (Mostly) circular orbits
* 12 sidereal hour orbits
* 26,561 km from earth’s center
* 20,162 altitude (equatorial)
* 2.7 km/second

How do we figure out where the satellites in view are
right now (i.e., how do we get a good estimate of X?)



GPS Sidereal Time 3
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* 24 sidereal hours: Farth rotates
once 1n inertial space '

* 24 hours (solar hours): Earth
rotates 1.002738 times in inertial
space

* 12 sidereal hour GPS orbit -->
GPS satellites follow (roughly)
the same ground tracks every
day!

24 sidorecd  hoors



Newton vs. Kepler AUBURY
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Newton vs. Kepler AUBURN

Earth —

« Taking the difference In SV
the two equations:

2 2
M " M .o —GMgmg, , GMgmg,
EMgyTs — MMy TE = 73 r— 73 r

* Provides the relative position vector:

5 _ - 2 2
MEmsvr — r3 T(MEmsv + MEmsv)

T = T-_SF(ME + msv)
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Newton vs. Kepler AUBURN
s GMyor
r + ;Ot r=20
r
« 61 order non-linear homogeneous differential
equation

— Requires 6 Initial Conditions
e 7(0) and #(0)
* The solution to the differential equations results in
Kepler's 3 Laws of orbits

1) Elliptical Motion
2) Motion is faster when closer to the orbiting body
(i.e. Earth for SVs)

3) tgrbit — kdgtvg
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Position of the SV in orbital plane AvnORN

e i Orbits (2 of 5)
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Definitions of the orbital frame AUBURN

ARt e Orbits (3 of 5) i 1 )
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Position Variables in the Orbital Plane  .vwoss

 Mean angular velocity:

2TT GM
_n:_:_
T a3

—where M Is the mean anomaly

* The angle from perigee and an SV at constant velocity
In a circular orbit with the same focus and period as
the real SV (i.e. they cross at perigee and apogee at
the same time)

MSV = ESVcircular orbit
M = n(t — tperl-gee) = E — esin(E)
— Must solve for M iteratively until AE < 1 x 10712
E=M+esin(E)
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SV Velocities 3

« Taking the derivative with respect to time
results in:

M =E(1—cos(E)) =n
e = R3(8)1; + R3(0)7;

b= —nasin(E) b= nacos(E)V1—e?
x 1—ecos(E) y 1—ecos(E)

e Taking the derivative again results in:
_GMtOt 7:)

73

r =
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Rotation Matrices AvnORN

* We have to move the SV positions from their
orbital frame to the Earth Center Earth Frame
(ECEF)

 This requires rotating the position from one
frame to the other

— This i1s done through rotation matrices

— NOTE: Order of rotations is critical (i.e. the order
changes the answer)

« Ex: roll 90, pitch 90, yaw 90 vs. yaw 90, roll 90, pitch 90
A couple of good resources:

— http://www.chrobotics.com/library/understanding-euler-angles
— https://phas.ubc.ca/~berciu/TEACHING/PHYS206/LECTURES/FILES/euler.pdf

12



http://www.chrobotics.com/library/understanding-euler-angles
https://phas.ubc.ca/~berciu/TEACHING/PHYS206/LECTURES/FILES/euler.pdf

Rotations from ECEF to Orbit Frame 6

* From Inertial to Body Frame

7 X

15t 6,, and Q, (x; = x) ?2;
2"d: i (z; - 2)
39w, (x = x)

X Perigee
Z

a\_o(-\a\
Toward
Vernal , .
: ! Ascending 17
Equinox s
AF
X
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Rotate the Position about z-axis AUBURN

Orbits (4 of 5)

- X 7

V4= ¢
| ©: argument of perigee (rad) ! X'z rea &
| §: argument of latitude (rad) v’z Csindd
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Rotation about x-axis

Orbits (5 of 5)

i inclination (rad) ,
Qi longitude of - ) LEEE
 ascending node (rud, ! X
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Position Translation (w/ Rotation Matrices)  suvzos

* To calculate the position in the orbital frame
from the inertial (ECEF) frame iIs done by:
— Spin by Q deg about z axis
 This rotates the x-y axis around the earth

— Then spin by | degrees about the x axis
 This rotates the y-z axis to the orbit inclination

— Finally spin by w degrees about the z axis

 This rotates the x-y axis about the earth to place the
ellipse “centered” correctly

7 = R3(w) R1(i) R3(Q)7
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Rotations from ECEF to Orbit Frame EN

7 = R3(w) Ry (i) R3 (V)7

X Perigee

Toward
Vernal . ; :
: ! Ascending Y
Equinox s
xr
X

17



Rotation Matrices 3

* In reality, the SV position is defined in the
orbital plane and we must calculate the
position in the ECEF Frame

» Using properties of rotation matrix inverses

R™(0) = R(—0) = R"(9)
—results in: 7 = R3(—Q)R{(—i)R3(—w)T

* Then rotating to the Greenwich Sidereal time:

rr = R3(6)7;
— Note this last rotation Is about the same axis as

the RAAN angle. GPS definitions combine these
two rotations!

18



GPS SV Position Calculation 3

 GPS also calculates the position from the
ascending node:
¢ =w-+v
— Therefore we do not have to do the last rotation
about the z axis.

 Position iIs then calculated as:
x =rcos(¢p)

y = rsin(¢)
* Rotating the position from the orbital frame into
iInertial frame:
T = R:’»(—Q)Rﬂ—i)?7

19



GPS SV Position Rotation g

AUBURN

* Rotating the position into inertial frame:
T = R (=R, (D)7
* As mentioned previously, GPS uses Longitude
of Ascending Node (LAN) which combines the

Right Ascension of Ascending Node (RAAN)

and the Greenwich Apparent Sidereal Time
(GAST) rotations as:

Q= Qan(t) = Qraan — Ogast(t)

— This makes it easier to go to WGS84 ECEF Frame

20
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GPS Position Rotations

 Calculating the SV position in ECEF:
x’] ¢l —sQ O

X
H = Rs(=R; (D) |y'| =[sQ cQ [
Z A L0 0 0 si
cQ —=so 01 x| [x'cos(Q)—y'sin(Q)cos(i)
=|sQ cQ 0] y'ci| = | x'sin(Q) + y'cos(Q)sin(i)
0 0 U)y'si|] | y'sin(i)
— Where

x' =rcos(v+ w)
y =rsin(v + w)
z'=0
Q= Qpan 21



Orbit Pertubations &

* Orbits are perturbed
— Rocket firing interventions
— Non-central (uniform) gravitational force field

— Equatorial bulge
* Produced torque on SV
« Harmonic pertubations (twice per orbit)

— Gravity of Sun and Moon
— Solar radiation pressure

GM;,:
Lot 2 + Fyio¢ (1,7, 1)

7= _
3

GMtOt - >> F . . £
r3 r dlSt(r' r, )
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GPS SV Positions 3

GPS Ephemeris, cont’d.
vk) _ y(k) v (k)
X T X Broadcast + dX
_..\/\__/
Eccor ~ smadl

But again, GPS does not broadcast its position but rather
ephemerides and ephemeris correction terms (curve fits) to
calculate the correct SV position (from Kepler orbital mechanics)

23



GPS Ephemeris AvTORN

GPS Ephemeris

* “Ephemeris” = Orbit data
* “Ephemerides” = Individual parameters of orbit

You provide: [

GPS provides: A oe

...and nominal

ephemerl‘dés.' _ B V a,e,‘MODO)O’l.(),QO
...and pertubation effects: An, (]DOT), Q, gfecufw"

Per vhation
(1) Non-spherical Earth tubatio
(2) Tidal effects C C C
¥ Cos? Harmon i ¢

o ucos?® ~ysin
3) Solar radiati ressur
(3) Solar radiation pressure Portubation
ISin

c..C

rsin?® ~icos?
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SV Position Subtilties 3

* Note that “t" is transmit time (i.e. time at SV
transmission), so it must be corrected for transit
time. This is done by taking the range/c.

— You can use the corrected pseudorange/c
« Will have some small error

— Or you must solve for the SV positions iteratively with
your position to calculate exact transit time.
« Additionally you may want to account for the fact
that the earth has rotated during the transit time

— Some code (including what | share on the website)
does this.

— Blue book and Akos SV calculator do not.

25
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SV Calculation Equation

UNIVERSITY

Y1 Jo 3pis 1ySu ay) ojut yoeq anjeA 1ey) Snjd uayy “pis yaj s uo g Joj aAjos ‘uonienba ay jo apis WS 2 U0 =7 %

YA LBIS (F)uts,a+py=7 uorenba ay) uo ajeran Afduus ‘astaroxa sy 10§ Ing ‘S1y op 0} skeam Sunsazaiur Auew aze
a1y, (JA uaAId 7 1oj AAJOs 01 “3°1) ‘A[ewouE JL1UI2II Ay J0] uorenba § 13day] 2A[0S 0} LI ISNULNOA IOy

71 015 (08'%09 PPE 'S 00Z0E We $53] 1% J1 4 WOz § 08'p(9 198Nq0S ‘S 00'70E
wey) Jayeald s1 ' )1 'St IBYL ‘SISAOSSOID N33 JO Pus Jo FutuuiSaq Joj Junodoe Jsnul pue ¥ awm
yooda ay) pue 7 awn 2§ USAMISG SOURIRYIP WY [£10) [EN30R B3 3q [[eys ¥ ‘arounaypng “(ydy jo
paads/aSues) awn JIsuen Joj PajoaLIod W SO 31 {UOISSTWSURY) JO W) 8 SWn WASAS SJO) I 1

fus X =2
SQJBUIPIO0D e

paxy-yurey ‘palajuad-yureq ur uonisod afjares

Ty uis 11800 1 — 1y s00 v =%

apou Suipuose jo apnjiduo] pajaLo) 1y — U (Y -~ U) + _.c =1
aueyd rengio ur uonisod ayyjale =i
— —.wu.nm v ...—. u.= A m .«3 S0\t = .aR
uoyeul[oul pajoaLIoy) o+ + % ="
STIpeI PajIaLo) U + (17 s008 -~ )Y =1
apmjje] Jo juswngre pajaLo) Mg +ip="n
suonequniad UOI}0aMOD uonewipou]  'pz-s00 ") + Iz wIs "y =19
JuouLrey uonoauIod snipey  'H7.s0d M + 'pr us ¥) = g
puodag | UONIAL0d Ipmne| Jo WewNdry 'y 00 ") + Ypz wis ") = g
apmypef Jo Juswndry 4 ="p
¥
uwoo.» + 1 s00 =7
ATewoue oLUS0Y 4503 ¢
A[ewoue U303
! a4 Jo F.suoca (*7 5002 — [)/(2 - 7 509) = 1a 502 L =Y
esen Apwoue oy | (F 002 — [)fFuIs 2 — f s
pel ‘(uonelan Aq paAjos aq
Aeur) ¥7 A[ewioue o102 Ay Joj uonenba s Jajday Tusa - g ='W
4L 1o} on[eA prepuels 4D 868CESITOSIYIE = L
A[eurour ueap W4 W =W
UONOW UBSW PJOALI0) W + % =u
yooda souarajar suawayda woly swy, 1 =-1=1
s/pes-uopow ueaw pandwo) yp = u
sIxe Jofewiuag d % =V

ajed uoNLIOl S, YLeg auy) Jo an[eA HB-SOM  S/Pel ¢ 01 X LIPISIIT6TL ="
Iayourered jeuonejiAeid

[ESISAIUN S 41T U JO MEA H8-SOM S/ 0T X S00986€ = T

;suonyenba [apowr sudwAYds Jo sjudMIALY  § AJqBL

HF HIM UGS T T 8l




SV Clock Data Corrections B

GPS Satellite Clock Fovor Al
FrapmA{

B — g p®

Broadcast

Uepe Ervor 5 S‘maM\ bot ks Aot Rocavse ot \S‘A
i (Busd o 6% T

Rot2 T rpaNsmESI ZON

~ %ﬁ?’@
By = >sz + a‘fl (Ttr—Toc) +

Broadcast
+ 7

af,(Ttr—Toc)” + AT W~

rel

\-(.'10 \ Tr« C_aRKeC‘Fl:\ Rased ow oRBZT

Q

CLeC\’< B

Don't forget that this term must be used to
correct the pseudoranges in the PVT solution
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Ephemeris Updates AvnORN

 Ephemeris are updated every 2 hours

* Issue of Data Ephemeris (IODE)

— Change in IODE indicates an update to the
ephemeris

* Ephemeris are good for 4 hours
— Will maintain GPS spec for up to 4 hours

* Ephemeris refers to the group of data
(each are called ephemerides)

* Must check for time rollover of t — ¢, at
beginning/end of week

28
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Broadcast Ephemeris

So How Do We Get Broadcast Parameters
in Real Life?

* Navigation message: Data stream broadcast from
each satellite

* You can only get the data from satellites you are
tracking

* Opverlaid on GPS code (the “chips™)

* GPS C/A code repeats 20 times per bit

* 50 bits/second

* 1500 bits = 1 “frame” --> 1 frame = 30 seconds

* Frames “repeat” every 30 seconds

NOTE: Takes 30 seconds to receive all the ephemeris to compute the SV
potions (but after 30 seconds, the data is good to be used for 4 hours!)

29



Overview of Sub-frames

Subframe
Number

Frames and Sub-Frames (1 of 5)

Ten, 30 bit words forming a six second subframe

™ The five subframes form a 30 second frame with 1500 bits total. il
TLM HOW Block 1 - Clock Correction
TLM HOW Block 2 - Ephemeris
TLM HOW | Block 3 - Ephemeris (Cont.)
TLM HOW Block 4 - Message
TLM HOW Block 5 - Almanac (25 frames are required for the complete almanac)

(from Global Positioning System: Theory and Applications by AIAA)

.UV 3 ®
AUBUR

UNIVERSITY
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TLM and HOW QQN

 TLM begins with an 8 bit synchronization
pattern

— 10001011 (Ox8B)
— Occurs every 6 seconds
« HOW Is the 17 MSB of the 19 bit Time of

Week (TOW) count
— 6 seconds of resolution

« GPS Time is 29 bhits
— 10 bits for week (1024)
— 19 bits for TOW (1.5 second increments)

31



Overview of Sub-frames

Frames and Sub-Frames (2 of 5)

* Subframe = 6 seconds (300 bits)
5 subframes per frame
Subframes 1-3: “Repeat” every 30 seconds
Subframes 4-5:
* 25 “pages” for each, repeating after page
number 25.
* Pages increment each 30 seconds
* Thus, it takes 25 x 30 seconds = 12.5 minutes
to guarantee reception of all 25 pages for
subframes 4 & 5 (assuming continuous
navigation data signal)

32
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Overview of Sub-frames AvTORN

Frames and Sub-Frames (3 of 5)

* Subframe 1: Info. and clock parameters for satellite being
tracked:

* Subframe 2: Epemerides for satellite being tracked.

* Subframe 3: More ephemerides for satellite being tracked.
* Subframe 4: Information for GPS system or almanac for |
satellite (not necessarily the satellite being tracked).

* Subframe 5: More almanacs for I satellite (not necessarily
the satellite being tracked).

33



Sub-frame Detalls 8 e

UNIVERSITY

Frames and Sub-Frames (4 of 5)

3008ITS, & SECONDS o
fo— WORD 1 —f— WORD 2 —<}+— WORD 3 —+j~—— WORD 4 ——fs— WORD 5 —+}-— WORD & —=j—— WORD 7 ——~f— WORD 8 ——fo— WORD 8 —}-—WORD m—:‘
SUB-
FRAME PAGE 7
No. No. 1 n {2 73§77 | B LAl 2 RE Rl 197 211 218 248 1248 2N
wN Teo| -2
1 NA M HOW by A . =3 foc » a5y A
(Ciock & 2 ans =i 28S " -::s r ZWTS. ’ 26 W4TS.. r 2607S... | ars.. .35 4 e 5] aie [ . b r
Guaiity) C/ACR #ONLZ-2B1TS _] L2 PDATA FLAG - 1 8IT
BY ACCURACY - 4 BITS 2uSES "LSES
SV HEALTH- s BNTS 40DC - 10 BITS TOTAL
A n " e L 107 AF4) 15 7 AL tall 7 241 7 287
2 NA e How Wl e an [ Cuc » Cue s on
(Ephemeris) 2o Pl zens [1] 7| 5o seers | 7| reots jurs] P | veens Pl enys |ersi”] o *|omrs fars] P %™ 7] eans e
: / FITINTERVAL FLAG - 1 8IT
M, - 2 MTSTOTAL L ® - 32 LTS TOTAL L ~A. 228ITS TOTAL SPARE - 8BITS
1 n L 77 Lad > AL1 5t . 21 24 271 279
a N/A ur HOW Cic [ C, ] s a DOT
(Ephemaris) zos 7| zmrs || 7| wons fovs| 7] 225 | 7] ewis fus] | 4mrs " ‘.c:n ss| ” asans: (P 2487 P leirs] orsl ®
M, - 32 BITS TOTAL y lo - WWTS TOTAL “- nons*lotuy
" 278
1 3 |83 |80 L1 L] i 97 m m 21 2 271 (278 280
1
s THRU M HOwW . loa 3 .4 . va ng © M,
{(Aimanac) : 28vs 4 zers ['|* waors | ° ais] e .:“ ? 1 sans {urs|” 248TS ° P ’ 2¢817S L 2emiTS r Vs
DATAID-28TS — — svio-emTS L svieam ruse,“auss, 1 5ee
B¢ - 32 BITS YOTAL
P 84y N BITSTOTAL 2
1 31 o jee |77 91 1.1 2n 241 271
& ton |WNa SV HEALTH SV HEALTH SV HEALTH sV H'TEALYN SV;‘EALTH
LM HOW L - soTEsy o s W, .4 5} -OIESY, _ S4OTVSV 1. | SBIASY _
S et zens [|*]| =z=zews [|” s |3 IPlisvisvisv) © S v isv] ” [ovisy v sv] T [svisvisvisv]l” [svisvisvev] T | Zere I]°
(Almanac) miTs|8TS 1328314 5'8°*7°'8 B 11011 12 13 114115 118 1718019 20 2% 122 123 24
DATA ID-28ITS | iy {PAGE) - 6 8ITS
-+« AESEARVED - DISCUSSED LATER
T = TWO NONINFORMATION BEARING BITS USED FORA PARITY COMPUTATION (SEE PARITY CHECK ALGORITHM) P = SIX PARITY BITS
#1=PAGES 2, 3, 4, 5, 7, 8. 9. AND 10 OF SUBFRAME 4 HAVE SAME FORMAT AS PAGES 1 THROUGH 24 OF SUBFRAME 5 C = TLM BITS 23 AND 24 ARE RESEAVED

(from Global Positioning System: Theory and Applications by AIAA)
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Frames and Sub-Frames (5 of 5)

300 BITS, 6 SECONDS
— WORD 1 —4—mmz—-§——wmoa+mno¢—-f—mnbs—+— WORD 6 —+f~— WORD 7 “—f+— WORD 8 —+}+— WORD 3 —|+—WORD 10—
SuB-
FRAME PAGE ki
No. No. |1 [ 53 (80 13 21 151 mn 21 241 |24 2n
1,690, . HOW 3 .| seare SPARE
4 1sa21| e [ - N woars.. | p| mts. el aers. |el amns. | p| aeems.. | o acams. e fars| AR fe|  STARE »
R2g 5
DATA D - 2817 —] SV (PAGE) ID- 6 BITS
91
1 31 163 e 91 2 181 181 2n 241 (249 271
12,19,20 »
o oW SPARE
4 2;.: 2ens " 287S I » agrs.. |, 24 BITS ... P 24 MTS... [ 2a87S... r 248BITS... ’ 24BITS.. P {BiIS| 8BTS { P 22 BITS 5 P
DATAID -2 BITS L svirmaero-saims
[ 3]
1 3 g 77 " 199 107 12V j12¢ 137 . 1 ) 299 227 241 (248 j267 27y 27
&1
HOW oo | az os | fo Bu|Bz|h A o | W™ ays) o~
o 1 zes *) zers f°” o s lrlo s |ofrlsfel|olr] L g Pl zemrs. elafs| 5 | s o lans] ® [ ¢ lads| wans | »
birs fairs ars| lairs|eirs]ens] ars{eTs|  |ais ois] (&S
oATAK.2BTs —) L sv (PacE) D-s BITS wSns vsal Twnesr
2" aAp3zmiTS
81 227
Al <] 163 100 " n 229 2
A -8POOF & I~S’w6‘ AZROOF & SV HEALTH
e HOW pv conrial | SvconFG el 8 08 . 88Ty
* 2, 2zens | amans r vavisvay] P Blsvisavaves| * boaravi] [l " Fad oot s r
1:2¢3e6] :Jsi6:708:8:%0 02| |25 26027020429
oATAI-28iTs — L sv pace) 0-s 8iTs SPARE -28TS — L svreALTH- seane - anrs —1
onirs
o1
1 i 3 148 91 (ki) AL 1 2n 2a 27
1‘:‘.' 1‘5 zers Hr M- ¥ wens... | A 2e07s.. | 2] 2¢mns. for 2¢m1s.. {p| zamns.. r] ze8us. |r 2¢80s.. |p forgooed "

MTA!D~Z.75—’ . SV (PAGE) ID - $ BITS

«*+ RESERVED - DISCUSSED LATEAR
1= TWO NONINFORMATION BEARING BITS USED FOR PARITY COMPUTATION {SEE PARITY CHECK ALGORITHM)
11=PAGES 2, 3,4, 5,7, 8 9. AND 10 OF SUBFRAME 4 HAVE SAME FORMAT AS PAGES 1 THROUGH 24 OF SUBFRAME 5
P = SIX’PARITY BITS
C = TLM BITS 23 AND 24 WHICH ARE RESERVED

(from Global Positioning System: Theory and Applications by AIAA)

T w . .. N
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Example Ephemeris QQN

UNIVERSITY

Example: Navigation data for PRN 6

SUBFRAME
TIME ¢ (page) MESSAGE
0 1 Info, clock for PRN 6
6 2 Ephemeris for PRN 6
12 3 More ephemeris for PRN 6
18 4(18) lonosphere, week number, etc.
24 5(18) Almanac for PRN 2
30 1 Info, clock for PRN 6
36 2 Ephemeris for PRN 6
42 3 More ephemeris for PRN 6
48 4(19) More GPS info....
54 5(19) Almanac for PRN 3

36
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Reference Guide AvnORN

 GPS Interface Specifications:
— 1S-GPS-200D (revised 2006)

https://www.gps.gov/technical/icwg/IS-GPS-200D.pdf

— Appendix Il (pp 65-136) provides detalls on
broadcast data

« Table 20-1V (pp 97-98) provides the SV position
calculation details
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https://www.gps.gov/technical/icwg/IS-GPS-200D.pdf
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Ephemeris Data Repositories AUBURN

UNIVERSITY

https://www.igs.org/products#precise orbits

» https://urs.earthdata.nasa.qov/oauth/authorize?client id=gDOnv1I00{902xXdwS8KMQ&res
ponse type=code&redirect uri=https%3A%2F%2Fcddis.nasa.qov%2Fproxyauth&state=aH
ROcDovL2NkZGlzLm5hc2Euz2921L 2FyY2hpdmUvZ25zcy9wem9OkdWNOcy8

 https://cddis.nasa.gov/Data and Derived Products/GNSS/orbit products.html

 https://cddis.nasa.gov/Data and Derived Products/GNSS/broadcast ephemeris data.html

* https://www.ngs.noaa.gov/orbits/

Some of the above contain “precise” ephemeris
(1.e. correct ephemeris)

38


https://www.igs.org/products#precise_orbits
https://urs.earthdata.nasa.gov/oauth/authorize?client_id=gDQnv1IO0j9O2xXdwS8KMQ&response_type=code&redirect_uri=https://cddis.nasa.gov/proxyauth&state=aHR0cDovL2NkZGlzLm5hc2EuZ292L2FyY2hpdmUvZ25zcy9wcm9kdWN0cy8
https://cddis.nasa.gov/Data_and_Derived_Products/GNSS/orbit_products.html
https://cddis.nasa.gov/Data_and_Derived_Products/GNSS/broadcast_ephemeris_data.html
https://www.ngs.noaa.gov/orbits/

GNSS Planning Tools (and Skyplots) ﬂN

« Sky plots show the satellite %
locations with respect to the .. i
user in elevation (fromthe =% » .
horizon) and azimuth (from ", % ¢
north) A

W esey

https://www.gnssplanning.com

http://gnssmissionplanning.com

https://www.mathworks.com/matlabcentral/fileexchange/25557-sky-plot-3d
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