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The GPS accelerations with B-spline Differentiator

-component (m'szj

I VY

T T

I
3.926 393

D] Jgl 553192y 30 Jbeid yiul @92l 50 B-Spline yu8 gt 31 ooliiuw! b vl cawd 4 GPS Gl Z adgo :

0.6

0.4

o
N

o

 componentims.s)

08 1

! 1 !
393 3.932 3934 3.936

3.9
Tim

gt o

3.938
GPS Time(s)

35
e{Gps Time)

1
3.24 3.946

1 1 1
3.942 3.944 3946 3.948

x 10°

Js' 63‘5}!‘,).‘.‘""“)" B—Spline )’fd"’*"“ﬁl"‘fw PRy u*’b,rl'-".r'” 99 3 oélﬁ’a’..w‘[gGPS uL;uZMJ,a J..alm\\ JS<%

UL&-&JJ z c\.an,c Jg‘ )‘5)) e 6‘1.: ] OJAT Cewddy
s (\Y) iy a8 ol ks Jleel 51 LS INS
g il glao oy L 38 0l il Jlesl 5l as
el o ooy ioles (VYY) UG o B-spline o3

(% 9A 5V ‘?‘a cf GY’GY)J5|\ ?)Q

e INS bl Z adlge os5lgm e 4 sl
s b calidee sloo,miy b ,38 ol 52k Jlos!
el 000 T aglie o L B-spline ils Jlec!
Jlesl 51 18 GPS s 7 adlge Jsl 5l yomns (sl
o s OF) IS0 o 0 Sl S
Ly calidee sloo,ony L a8 mly ks Jlos!
ol 00 o0ls ioles (VO) JSCi 0 B-spline =L
OV 580 AF AT AY ) O e) Jolo > o
31 as GPS Gt 7 adlse s3ly e sl
s bl sloo,ziy b 38 by 2k Jlos!
il 0000 5 aglde o L B-spline L3 Jles!
Gl e sloo, o U a5 0l il Jles!

208 wlie ol 4 yonie 35 Y 9 X (sloadlge

169

L INS 9 GPS slaolii po—i i -Y-¥

Slpo iy Lo jaF (ol (sl pilid 51 ooliciw!
w

Lo oy (ml 51 S 2 51 oy 0 250 (5o
w2319 INS 3 GPS I ol slactis (s,
&3, — B-Spline , =3 o ioy Loag—dod )
Sls coly o 5 eus Jlesl INS 5 GPS glacls
el saal e wsa sy JLS o oo Ly
oo,y 51 S o Jlasl 5l oy oo (ol o 1
B-Spline g, Lo a ot dLaclid ol g5, ,—
Nalhs gye eSilin 4y SRl 1335 o0 mlie
ISe e Jlesl b Gkl liee (o) 2 <
40,5 eolaiwl B-Spline g, L azes b lae ey
35 syl sz, > ;5 GPS 4 INS sLacl s

oo aaf ol a >gi Lo Z gy g X g aw

! Root Mean Square Error: RMSE



z-companent {mfsz}

S0 ilellbl (5,9l uwsigo — g fu yole oyl

1P9§ lisoj @ p)lg> o lods @ paiy Jlw

The INS accelerations before applying Low Pasas Filter
T 1 T T

1 1
X EXE 5235 594 5245

Time(Gps Time) e

Jol il ymme 59 335 iy yiked Jlas! 51 o8 INS bt 1Y Yo

'ﬂ The INS accelerations after applying Low Pass Filter with Rectangular window in comparison with B-spline Filter
Es
= 1
s = — \_
3 | | | | |
3 392 3.925 3.93 3.935 3.94 3.945 3.95
~ Time(Gps Time) < 10°
% The INS accelerations after applying Low Pass Filter with Bartlett window in comparison with B-spline Filter
8
= 1
7 ~ \,
3 | | | | 1
3 3.92 3.925 3.93 3.935 3.94 3.045 3.95
~ Time(Gps Time) < 10°
% The INS accelerations after applying Low Pass Filter with Hamming window in comparison with B-spline Filter
Eg
= T
7 = \,
3 | | | | 1
3 3.92 3.925 393 3.935 3.94 3.045 3.95
~ Time{Gps Time) % 10°
% The INS accelerations after applying Low Pass Filter with Hanning window in comparison with B-spline Filter
Es
= 1 ] I ] I
7 \_
| | | | 1
3 3.92 3.925 393 3.935 3.94 3.045 3.95
~ Time(Gps Time) % 10°
'E The INS accelerations after applying Low Pass Filter with Blackman window in comparisen with B-spline Filter
Es
= — | —— ___._._______.____.J_________,.___,_______________.l,_.___,_Q
7 = -
5 | | | | |
392 3945 393 3983 394 3945 3985
N Time(Gps Time) o’
i The INS accelerations after applying Low Pass Filter with Kaiser window With Beta=0.1 in comparison with B-spline Filter
Eg
= N [ _______I_______l______d__:Lzzjq7Q
7 = -
3 | | | | |
392 3928 393 393 394 3945 395
N Time(Gps Time) i
i) The INS accelerations after applying Low Pass Filter with Kaiser window With Beta=10 in comparison with B-spline Filter
Es
= —_ | — ___._._______.____.J_________._,__,_____.__________J,,_____._Q
7 = -
|5 | | | | |
392 3928 393 393 394 3945 395
A Time(Gps Time) o’
i) The INS accelerations after applying Low Pass Filter with Hanning*Blackman window in comparison with B-spline Filter
Es
= -l —_— e T
7 = -
5 | | | | |
392 3945 393 3983 394 3945 3985
N Time(Gps Time) o’

(LSJ u_ii)) B-spllne yidod g (30,8 &))Mduo)z»b)ﬁwbﬁuu]m‘ﬂm INS VIR L i (V)

Jol 631951 yammo 50

1970



... valizo slao 2y jl oslaiwl b JlSuwl 2lge Guw Jd5

G ReuoskuSsl Mo20 (bole Gl jy (o2ué ool

¥y 9 oS oyiy b jaS el b dnslilo : F Jou

631932 o daw 5 (39wl

RMSE(Gal) | @l awo s [ oyloss yuumno
14 AAYY )
VBT A F4 Y
APy AAFA Y
VY A £ Y il

Lypb oy b jdSoml ydid amslio: ¥ Jouo

63192 o dow 33y Ml 2 09 9 B =0.1 sl

RMSE(Gal) Gl sy 0 3Lody puino
4 YYva AV AR \
<YYoy AVA- Y
< YYVY A oY Y
< YYOY AV YOYY Sl

Lol oy b jdSimly wdd awglio 1 A Jau

631932 oo dws 30 (Ml 2 959 =10 el

RMSE(Gal) &by ws 0 0)Loslt im0
< VAY AAYA \
SRR\ g RYIN4 Y
LR A0 Y
<V F4 AAfF - UL ¥] W

O pabol> 05y b j3S el yilld duolilo 18 Jou
oo A 33 (w9 Mol 2 (95 9 cresidy 9 S (slvo iy

S5lax
RMSE(Gal) Gl o0 0 )losd o
ERRAY AATY \
oYYV - f Y
IR ¢4 AAFY Y
< YAD AAYAYY Sl

171

9 hbsmo 0 2y b a5 oy pild d b : ¥ Jgoor
G319 o duw 30 (9ol o3 g5

RMSE(Gal) Gl sy | ol jumeo
< YYMN AV AN \
AR AY 20 Y
RN AY)- ¥ Y
< YYYA AY A oSl

995 9 =il oyiy b 535 sl Jild A lio 1 Y Jguer

S3lap yrwo dw y3 (3Dl 2

RMSE(Gal) &l sy 0 )Losdy pinno
- YOFF YA~ )
< YOrY Ya,£A Y
- Y0¥ va,fY Y
< YOFY Yaeyey Sl

D993 9 S 05y b A5 ol il Ao 1 F Jgu

6319y yrweo dw y3 (3Dl 2

RMSE(Gal) &l vy 0 )lods o
DEARE ANy \
+[+YA4 ATy Y
< \YA AAYA Y
RN QA YYYY UL 0

9y 9 Sowed 0,y b 535 (el pild duglio 1 O Jgur

631958 yomnn dw 3 (09 Mol

RMSE(Gal) Gl woy0 | o loid o
e YVE WAL \
e YVE AN \
Y] A ) s
YOy QY ETYY oeileo




S0 ilellbl (5,9l uwsigo — g fu yole oyl

1P9§ lisoj @ p)lg> o lods @ paiy Jlw

=}

2-component [mu‘52|
. <]
- o
I

The GPS accelerations before applying Low Pass Filter
T T T

i ‘J»|l.', | L] Y
A, i i it AL A

16 ! -
2
2 I 1 1 | 1 ]
&) 3925 393 3935 3.94 3945 395
Time(Gps Time) x 10°
. \E . ol & . a o s B3
'g The GPS accelerations after applying Low Pass Filter with Rectangular window in comparison with B-spline Filter
£ T T T T \
0 vﬁw_——“‘—_—‘ﬁvﬂ—
4 | | | | |
392 392 3.93 393 394 3.845 3.95
~ Time(Gps Time) w10
T The GPS accelerations after applying Low Pass Filter with Bartlett window in comparison with B-spline Filter
£ T T T T \
o+ cwi\—
3 1 1 1 1 |
392 3925 3.93 3935 394 3945 395
N Time(Gps Time) vl
% The GPS accelerations after applying Low Pass Filter with Hanning window in comparison with B-spline Filter
£ T T T T T
o e\f—v«_,—_m—ﬂf
3 1 1 1 1 |
392 3925 3.93 3935 394 3945 395
" Time(Gps Time) wie
% The GPS accelerations after applying Low Pass Filter with Hamming window in comparison with B-spline Filter
£ T T T T T
o V"‘\”‘_—‘mn—‘“@‘\*
3 1 1 1 1 |
392 3925 3.93 3935 394 3945 395
N Time(Gps Time) vl
“‘Q The GPS accelerations after applying Low Pass Filter with Blackman window in comparison with B-spline Filter
E 1
< T T T T T
0 W_—m“ﬂ —
= 4 | 1 1 | |
3.92 3.925 3.93 3935 3.94 3.945 395
~ Time(Gps Time) % 10°
TE The GPS accelerations after applying Low Pass Filter with Kaiser window With Beta=0.1 in comparison with B-spline Filter
=1 T T T T T
- ﬂ B
3 | 1 1 | |
3.92 3.925 3.93 3.935 3.94 3.945 395
~ Time(Gps Time) % 10°
) The GPS accelerations after applying Low Pass Filter with Kaiser window With Beta=10 in comparison with B-spline Filter
E 1
< T T T T T
0 Wmﬂ —
3 | 1 1 | |
3.92 3.925 3.93 3935 3.94 3.945 395
~ Time(Gps Time) % 10°
T The GPS accelerations after applying Low Pass Filter with Blackman®Hanning window in comparison with B-spline Filter
£ \ T T \ \
0 vﬂ’_——————————_—‘—aﬂ —
= 4 I 1 1 | I
3.92 3.929 3.93 3939 3.94 3.949 399
~ Time(Gps Time) % 10°

o 35 (ot S5,) B-spling il ¢ (0,8 K5 y) ciliseo gloe yoxiy b 535 omly yild Jlos! 5 an GPS Gl 1 18 JsCi

Jol silex

19P



... valizo slao 2y jl oslaiwl b JlSuwl 2lge Guw Jd5

G ReuoskuSsl Mo20 (bole Gl jy (o2ué ool

93 9 oS 0y b a5l pild A Ul 1V Jgu
631932 o daw 5 (39wl

RMSE(Gal) Gl woyd | ojleds pro
.oNaf VAR \
VPP V22 \
AR YR v
1+ VOA AAOY CSilee

Lopl oy LSl pld auslio 110 Jouo
631932 oo dws 30 (Ml 2 o959 S =0.1 palyly

RMSE(Gal) Gl sy 0 3Lody puino
<1 YAY v fy \
AR avy# Y
< YYA aY,Aq Y
<o YYY avihe Sl

Lopl oy b5 ml il dulio 118 Joua
631932 o dws 30 (Ml 2 G959 =10 yalyly

RMSE(Gal) &by ws 0 0)Loslt im0
< YAA AAYD \
< \oF AABO Y
SERR R AAAY Y
ERTAN aA64 Sl

@ ypadiole> 0oy b 3wl yidad awslie 1Y Jguor
A 30 oMol P9y 9 (resly 9 S slve yxiy

Silgn ymne
RMSE(Gal) Gl o0 0 )losd o
SRR AAY . \
AR Ay Y
IR ¢4 AAFY Y
< YAY AAY - Sl

9 (oo 052y b H3S (il Al 1 Ve Jou
G319 o duw 30 (9ol o3 g5

RMSE(Gal) @i sy | ojlod puno
< YAY v, £y \
AR av,¥Yo Y
<+ YYA av,AQ Y
<o YYY av,0v oSl

o9y 9 clisboymiy b HaS il pild dglio i )Y Jouo
Silap yrwo dw y3 (3Dl 2

RMSE(Gal) | gl woys | oyl oo
<Y AN )
feNaY AANY Y
e VE NSO ¥
< VAY AATA Sl

D993 9 S 05y b A8l il A lio 1Y Jour
S31933 o 4w 53 (Ml 2

RMSE(Gal) &l vy 0 )lods o
e YYY RVNEIN \
SRR aAYY Y
<+ \Y74 AA VY Y
<+ VYA AAYO Sl

9 oo 0,2y b 535 (puly yilid dwglio 1 VY Jou

83195 o dow 30 (33 el 2 (9

RMSE(Gal) @l ao o 0 )lods o
RN aA-N \
EARYA VAR Y
oYY AAVY Y
< YAY AATY Sl




(V-V) pisv 0 aS o bl on o b a ul=e
sdal Cwoan JISu! &5 olis g 1,5 7 ke
5 w85 pf olpie i pd 5 o)l Glalas 4 il
O S oo o97)lr 4y sl 5 meolis
aS cwl p¥ I ool o oy 0oz L=
59,90, Lalls ol polie el il 5l eolawl b
olie @bz (e (abed ol bl 0TS b
ol palS (doey S polie 5 & Sl Glugs
00 dwloe JISl a8 Slids legs (VF) S 5o
ot A B 5 a8 il el 51 3
03— 4.......:[.2.4 ).J&m‘ J._.CU uL...u uL..:y s().aJB s_i)))
A B 51 8 5 a8 il el
A el 5 ey B it g (o] 5 ol
Ol 5 G S5y ol (Lo Bl 5 ells
2 (ezbhs e 5 Jau8 by Jas ol
J.n.: u_:l.».w UL""}’ ol 00l o0l ul-MAJ J}‘ )15).: e
3o g Jud calizee gloo e b ool aulxe WIS
Sed Gl 5 2l b BLS 5 elS il Jloe
V) 63la s e yo S bl JS ol &
(Yf 5YY’ Y XYY N AA ‘\V) Jb‘ )Q
S ols lwg Cuizen Gl oald ool ioled
Aul 85 olis lwgs 9 B-spling g, JSl

sl 0as ooy Hlad (YO) JSKo jo a8 bl

S0 ilellbl (5,9l uwsigo — g fu yole oyl

1716

1P9§ lisoj @ p)lg> o lods @ paiy Jlw

L a5 0wl ,aibd ool cwsan mwls a azgi b
SRMSE (3,28 f=10 yol,ly Ly j5lS oponty
Ly oMl = b9, Lo Bldal ooy (i
oyt L ;38 0mly ,ild o5l Gy ol lo
Gl ao ) iy s RMSE Jlaie 0 ieS oSy

L< ‘“'a« g?)l nlaly-jsf

i ols oy oo |
Lol 51 55l )18 0ymmy 95 (ol 5l o (peSh 5o
su_l.»)l: ‘&‘.Ja._‘u.a duc)_?b.: OHG_A 03—
g Bl as,yo S B=0.1 al,b bl oz
aS Hlizen .aiil oo )l |, RMSE jlaae oy i

b o p3 Al b @l cpl ded 358 o0 om0
Syl gl dai o & S e Lo lwo, >y
@l gl o L 4,05 ol ld Jlael L
Lacag> ;550 ,5 GPS 5 INS sy g9, 5 o ,S3
oot &l ol B-spline Lig, b )] avslie 4
Jdls Ly el 53 08, S oo Jolo @l
e J—if b5 INS 3 GPS slacli

23,5 o Jol>

e 2Bl g (S il Jles! -Y-Y

JE ol ey
Jra8 blss 5 ol ol 45 oLl |l
Sl 2l s amlie lp W adl oo 35290
5 ol s ol o] cossay 85 lis ol
o Ly la GPS b o INS ol Jslis
csmlr o yml ool jl Claiie pi
Jo—=s8 5l a8 Jlay Qs g 00l 035 (5 b
olossi B 355 o o5 (T 51 T oo sy ULl s
Sacie )5 cpl pbul LDVY] 08,8 ailons Ja5 Sl
S ozl Yu-‘-'l-’ bl yo J&8 ol olug
g g o3l JS ol L85 Sld Glwgi S

! Somigliana Formula
2 Down Direction



... valizo slao 2y jl oslaiwl b JlSuwl 2lge Guw Jd5

G ReuoskuSsl Mo20 (bole Gl jy (o2ué ool

500 T T T T T T T T
400 - A
300+ b
S
£ 200- b
=
o
[=]
1005 . b
s
N 77N
= e - ~ s
ANV - - ’
ol o \‘ ’l' \_! s\ / ]
\ S o

=100 L L 1 L 1 1 L 1 1
3.928 3.93 3.932 3.934 3.936 3.938 3.94 3.942 3.944 3.946 3.948
Time(Gps Time) x10°

s lgi (5058 S3p)stles (ot LT 5 oallS 5ibed Jlost 51 5 ook dmslone ISl 5 QUi lgi 17 SO
5 oIS yied Jlos! s 85 olid plugi (o S5p)atled o B 31 S 5 ollS yiled Jlos! 51 s o aslone ISl

Dg(mgal)

120

100

80

60

40

20

o

20

-40

o 1 1
Tozs 3.93 3832

J9l 3lgy s 5o (o bad (Sl SUy) Jyis b S lid plwgs 9 (o K5)) (o ld (b yBLS

L 1 L | 1
3.934 3.936 3.942 3.944 3.946

3.938
Time(Gps Time)

3948
x10°

llS il Jlae! o abiano 0,25y b 53 cmly sl 31 ool b oo dloe YUl 5 obcd olwgs 1 1Y JSCi

Dg{mgal)

Jsl 3la s e 53 (50,8 S5y) s bl Ji5 b lugd 3 (o S5)) s 2l BLS 9

100 T T T T T T T T T
N\ e
VY
™. Tl
AN
\ \\
\ /4 ,
50 s W\ -
- '\.
\ -~
B e, i~ ) i \
by \\ ) o g
VAR AV ‘
% — Y
°r | N \\\ / i
// b/
i
0 1 1 1 1 1 1 1 1 I
ezs 3.93 3.932 3.934 3.936 3.938 3.94 3.942 3.944 3.946 3.948
Time(Gps Time) ~an®

9 ool il Jloel 51 am iyl o yzs b 538 ol il 1 ooliiul b oo duulone YISl 5 obcd olwgi 1 VA JSUs

J31 3195 s 33 (50,8 K3 )) S blis Ji5 ol ylwgi 9 (o S5y) 2ld b BLS

190



Dg(mgal)

S0 ilellbl (5,9l uwsigo — g fu yole oyl

1P9§ lisoj @ p)lg> o lods @ paiy Jlw

100

T T T T
W L e
\\‘__‘f‘/_ ‘\; \ i
'y Y
s s \\
= \ -
E \ =, / )\ .~ e /
5 - A2 = /
\ ' - Sy /
o h\/) \ \\/" \\v / —
N/
/ \. /
/ W/
_%0 1 1 1 L - 1 1 1 1 L
928 3.93 3932 3.934 3.936 3.938 3.94 3942 3.944 3946 3.948
Time(Gps Time) x10°

IS il Jlas! oy Koo 0,2y b 3ol yiled 51 eolicin! b o o ISl S5 Glid ylwgi 114 JSUs

Jsl 3la s o 53 (58,8 5y) s bl J&5 b pluwgd 3 (o S5)) old 2l B 5

Dg(mgal)

?928

1 1
3.934 3936

1
324 3.942

1
3246 3.948

x 10"

ollS il Jlasl 1 oy ooad 02y b 38 by yiled 51 o0bicias! b oo oo Pl S5 Gl oylugi £ Yo Sl

3.938
Time(Gps Time)

sl 3194 s 35 (308 K5 J i bl Ji5 ol g 3 (o 50)) (stled ol B 5

00— 1 [ 1 1 [ [ .
b Y -
Sy
AN
4 A
N
so o RN
W
N fauut N, AN
y y, \\ / \_\\_ i — R, i
/ = \ Y, Ny /
o o \.'\ \*: . / —
N,
N \_/
_ 4
\/
L 1 1 1 - 1 1 1 1 Il
i EXE] 35832 3034 3936 3938 394 304z EX-T7 3046 EX-TT)
Time(@ps Time) P

oIS il Jlos! 5oy oSl o2 s 335 ol il 51 osbiint s s rslone JISeul JB5 ol olvgi V) S

Jsl 3las e 33 (30,8 S5 y) s bl Ji§ b lugd 3 (o S5)) (ld 2l BLS 9

199



... valizo slao 2y jl oslaiwl b JlSuwl 2lge Guw Jd5

G ReuoskuSsl Mo20 (bole Gl jy (o2ué ool

100 T T T T T T T T

S0 L ’ \ \
W

Dglgal
&\‘

| 1 1 1 1 1 L L 1
‘%?BZB 3.93 3932 3.934 3.936 3.938 3.94 3842 3944 3.946 3.948
Time{Gps Time) x 10°

oSy g Kb 5l oy o pabols 0 2y U HaF el il 5l ool b oucd dnmwlne JUSwl 5 obcd olwg 1 YT JSUo
J31 3195 yrmd 33 (50,8 K3 y) J 8 bl S5 ol ylwgi 3 (2 K3)) (s (b BLS 9 cpodlS ided Jlosl 51 oy

120 1 1 [ 1 1 1
100 —
80 —
60
= a0
% zo0 —
(]
-20
-0 [ 3 |
7?‘0 L 1 1 I L 1 1 1 |
.928 3.93 3.932 3.934 3.936 3.938 3.94 3.942 3.944 3.946 3.948
Time(Sps Time) x 10%

Jlast 3lazs B=0.1 yiolyl b 1325 0yms b 138 cpmly yild 31 ooliuwl by s dwmwlino Pl S5 Gl ylug : VY JSCi
Jsl 393 o 33 (50,8 5y) J S bl Ji5 ol lwgi 9 (2 S5)) s (U BLT 9 allS pidd

100 - 1 T T 1 T 1 T 1

B AT
LM
\X!p A/ ] \

NN

= \ - -
g \ SN £ e AT )
= " \ I N S, /
5 /S \ /N N
s , w .
ol ./ A Ny / ,
/ \\/
J ot
NS
1 1 1 1 1 1 1 1 1
‘%?BZEI 383 3832 3.934 3936 38938 3.894 3842 3. 944 3946 3.948

Time(Gps Times) x 10°
Jlos! 5l B=10 yielyly b 53205 o2 b 535 mly yibid 51 o0liius! b o dmmlinn Sl J55 i lvgs 1 TF JS
81 1952 s 33 (5058 3) JiS b5 Ja5 i g 3 (ol 555) (s2led (sl U 9 oallS il

120 1 T 1 1 T T 1

80
N,
R
e e N
5 4w \ ,
§ 20 \‘ - 7y . e -

Q
T
{
yd
.
T
/
p
s
|

% \ A
N / N
20| b, . / _
N
4o |- S -
1 1 1 1 | 1 1 1 1
?925 3.93 3932 3.934 3.936 3.938 3.94 3.942 3.944 3.946 3948
Time({Gps Time) x10°

rodlS ild Jlas! 31 oz B-Spling yil 51 eoliia! b ouds dmwlroe ISl Ji olid olwgi 1 YO S50

sl 31350 o 39 (5058 K5) JyiS b5 &5 i s 3 (ot 55) ot oty 3B 9

19V



B-Spline U"’ﬁ) l_> U] CLIL».‘ 9 oola @‘H
gy smn oo B-spline g, 5l —igo ol
sl )}.3.1_70)_7‘:.:.; bwu.,).‘.e‘; L{bo).?u;? UL.A)\
yd a0l 0 Byl A8 (g p0 a5 e
§ S g —aSLy lmo iy 00, F Ol sl
o2 oSl o S ip o ol e ixen
aos HplS oy Cuje S ol 1) o bl
shlo g0 ol o palols 5 Sl (Ssa sl
99l Ly (o el il 4 s Cuge
b ol Gl 455 32 ey 5 ] S o
)‘ oolaz__wl &5)-’)’ J_..S‘é__.o )—)uL—MJ—‘ ‘) L_.e)]
B-Spling g, a0 o J A Sl L8
oles 0o o5 ik Sl s (b (e, oo Sl
b g5 ol e 1 K0 (o el (T 62!
ks a5 e sl eslawl b ol gilep s S cod
S 090 oo L e old colys o bl e

20,5 Jol>

[1] R. H. Rapp and N. K. Pavlis, "The
development and analysis of geopotential
coefficient models to spherical harmonic
degree 360," Journal of Geophysical
Research: Solid Earth, vol. 95, pp. 21885-
21911, 1990.

[2] C. Jekeli, "An analysis of vertical
deflections derived from high-degree
spherical harmonic models," Journal of

Geodesy, vol. 73, pp. 10-22, 1999.

W. G. Heller and S. Jordan, "Error analysis
of two new gradiometer-aided inertial
navigation systems,” J of Spacecr, vol. 13,
pp. 340-347, 1976.

(3]

S0 ilellbl (5,9l uwsigo — g fu yole oyl

1A

1P9§ lisoj @ p)lg> o lods @ paiy Jlw

s oo sols iglas JS3l jo a5 5 biylan
L a8 ombs sleihd loasel cowsay Ja5 lis
B=01 zelly L j5nlS opomy s (ebaiwe o2y
o=l ede fpen il (YL L g il
4 Cos Lgl RMSE il )b oo oy ol 8590 50
OA) Jsozr &jgoa a5 33,5 apulre 08 LS
=k eSS (i L Jsozr ol mls el

Syl SlaF e 30,5 53 lao oy

“liseo slro iy RMSE  awuslio 1 VA Jou>

RMSE(mGal) oy
O ods b
f29 S
f,90 Sood
£AA oyeSbs
fAY oSk g S o palol>
FAY P10 mlbps
fAa. B-Spline L3
S ai —F

OS85 o,y b )35l ild 5l o ol 5o
w85 55 INS 5 GPS slaclis (s5lwpy sl

&l
[4] K. Schwarz, Y. Li, and M. Wei, "The
spectral window for airborne gravity and
geoid determination,” in Proceedings of the
International Symposium on Kinematic
Systems in  Geodesy, Geomatics and
Navigation, Banff, AB, Canada, 1994, pp.
445-456.

[5] C. Jekeli, Inertial navigation systems with
geodetic applications: Walter de Gruyter,

2001.
(6]

J. Kwon and C. Jekeli, "A new approach for
airborne vector gravimetry using GPS/INS,"
Journal of Geodesy, vol. 74, pp. 690-700,

2001.



e gR020wS (3o (a1 g G93bad Glapblo

031 j3593T (530 «(5 4> yauzo

[71 T. W. Parks and C. S. Burrus, Digital filter
design: Wiley-Interscience, 1987.

[8] A. V. Oppenheim, R. W. Schafer, and J. R.

Buck, "Others, Discrete-time  signal
processing, vol. 2, ed: Prentice-hall
Englewood Cliffs, 1989.

[91 E. Cunningham, "Digital filtering-an
introduction, 1995," ed: John Wiley and
Sons.

[10] M. Senobari, "New results in airborne vector
gravimetry using strapdown INS/DGPS,"
Journal of Geodesy, vol. 84, pp. 277-291,
2010.

179

[11]M. Senobari, "Airborne vector gravimetry
Using INS/GPS", Faculty of Geodesy and
Geomatics Engineering, MSc  Thesis,
K.N.Toosi University of Technology, 2005.

[12]W. Heiskanen and H. Moritz, "Physical
Geodesy WH Freeman and Company San
Francisco", London Google Scholar, 1967.



Journal of Geospatial Information Technology
Vol.5, No.4, Winter 2018

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING

Scalar Airborne Gravimetry Using Low Pass Filter with Different
Windows

Ahmad Ghonchi', Yazdan Amerian?’, Mohammad Shakibay Senobari®

1- M.Sc. Student of Geodesy, Faculty of Geodesy and Geomatics, K. N. Toosi University of Technology, Tehran, Iran
2- Assistant Professor, Faculty of Geodesy and Geomatics, K. N. Toosi University of Technology, Tehran, Iran
3- M.Sc. in Geodesy, Faculty of Geodesy and Geomatics, K. N. Toosi University of Technology, Tehran, Iran

Abstract

In airborne gravimetry, the integration of Global Positioning System (GPS) and Inertial Navigation System (INS) is used
for Earth gravity field recovery. GPS position is noisy and the GPS acceleration which is the second derivate of GPS
position will be noisy too and noise amount of GPS acceleration exacerbates due to the computational errors of
differentiation process. The INS acceleration also has high amount of noise. Digital low-pass differentiator filter is used to
calculate the GPS acceleration from GPS position and reduce the GPS acceleration noise as much as possible. Then digital
low-pass filter with different windows have been used to smooth and reduce noise of the GPS and INS acceleration.
Gravity is determined by differentiating the smoothed GPS and INS acceleration. Gravity disturbance is computed as the
difference of computed gravity and normal gravity. The INS accelerometer and gyroscope errors includes bias, scale factor
and random noise affect the accuracy of calculated gravity disturbance. The gravity disturbance value as observations and
the error dynamic equations of the INS are applied in a Kalman filter for INS errors estimation. This paper has shown that
using low-pass filters with product of Hanning and Blackman window, Blackman window and Kaiser window with
appropriate parameter as a smoothing method will be rulted in gravity with the accuracy about 1 mGal which is comparable
with B-spline smoothing method which has been applied to this data before. Comparing low-pass filter and B-spline
smoothing methods, simplicity and less time consuming can be mentioned as low-pass filter advantages. Also the degree of

smoothing can be controlled using filter order.
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