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Applying Simply Constructed Inertial Navigation System in

Trajectory Prediction

Student : I-Fan Yen Advisor . Dr. Jih-Hua Chin

Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

This research is about applying SCINS (Simply Constructed Inertial Navigation
System) in vehicle trajectory prediction, base on INS (Inertial Navigation System),
combine with vehicle dynamic to know the vehicle’s trajectory and posture, use
MATLAB to simulate and prove the theory, build up a SCINS and numbers of track
to test the accuracy, only needs a gyro and two accelerometers, present a coordinate
transform by Eular transform that can use in SCINS, and present a method that can
predict vehicle’s trajectory by using the information from SCINS, and proved it by

experimentation .
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L R R ek S 2R ik Rehifal gL R T féij%”l INS

Forgr GPS H 1 B H @ ek s & ok id Bl el Lk o

Bk e S AT A LA - 48755 IR % 5 (gimbal) > ¥ 1
FAR] 5 T2 3 (strapdown) o Fg2E 58 % ST Sesd R0U R AT R AR T R L
LRSS R R kehd s R R A FES FARE G KA A 3T LA
YUE S H 2 Rk e

SE LR SR & ST R CE AE g S R R L
Zehiz ¥ o Fl S AR ek R R R LR T Ap b 2 o A g d
b AR EF g B RIS N AP RATROREN O
Ui L 3R - B LT o (stable platform) ¥ ¥ f T L bR 4eik Y

5Pl o B3 5 - R BB et A o
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Azimuth motor \

Accelerometers

Pitch motor Mounting frame

FERBT 5L 2 B enT S HENEA L s R TR Bk AR
WL A R ] 20

RS AT G R

g o

DB EEIE | = tesps |-
| i R
H CHEE ;
ThER || FEEE EEpa——— ¥
3;\—5\ - FEFRE RS
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322 FEN R

B R HT - BREFEALST SEREINPL L E TG AN BA

Jml

G BT AT - BRI S B34 TS FE S
ii-

IR R 2 PEA B o iTE K FicEd T (Micro Electro-Mechanical System, MEMS)
e o I e T WA RF AE R A B RSt fpt ek

AR PR RBHAE O LG JITEES LD E o

W 3.4 FESE g R

B AR S AL d T E R e S VE
SR B RS RS R L B EES R T AR
B R R RE S ORI S AE R AR > R RE RIS A F T

P8 AT R E R LS TR R SR e e -

\T&r

AR IE 0 R i@ Ak BF LRt RIEL oo §] 35 5 HAS
PR R B2 2 BBl o » FlA Aot BN AR R PRGN T

S R R E KR PR 0 R AKE R~
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"
IR EE | WA | A -
T
A
Ay
Fizd o W | ZREEE -
BET B

B 3.5 HANREER R

3.3 4F P A SR HOY

3.3.1 47t Ak s R

A R - BN A 0 Bl 2 R T Ao R P AR 7O 1R
oo ¥ LRkt B 2 2T O e 3R (direction cosine matrix) ~ £ 3 &
(Euler angles) ~ 2 - % ;* (quaternions) ~ g% & &£ (rotation vector) ~ % 4x4 7 =X
(homogeneous) % #& 3¢ o &G %@ * £ f & 2w L E 2 BEER[IS]|[17][18]

SR do T
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rﬁ;] 36 i\"?g)ji ’ ““#E%“J'*/\;%»?ﬁ‘f /J “"“—T :bgl

Bl 3-6 477 7 - UM kB AR ¢ Ap g 0k o B R Rk - M AR XYz
A e TR B X Y Z, £ Sl - BFR LS E R AT AR

vvvvvvvvv

EXYyZ o oazZ Bz BiAeRFESaPry RS > FR T R - Bk

FEC o #E
x] [x
y|=Cly" (33)
YA Zm

AT AR AR - kAl e AR ST HENC OB @S =
Bgh > owfdBuagigiaed A piEkeler s A d@gigErd o
B R AR R XYz SEXh iR PR A g - A R o WIS

FIRIEXYZ 0 4oB) 3-6 % ¢ vt 0 BT (F 5
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x] [1 0 0 x
y|=|0 cosa —sinaly (3.4)
Z 0 sina cosa | 7'
1 0 0
He @giELC =0 cosa -sina (3.5)
0 sina cosa |

¥R AR K XY Z Sy kRS e - &R B W RIS 1
R XY Z o 4oW) 3-6 § ¢ AT 0 BIF @ F

X cosff 0 sinp X
yl=| 0 1 0 |y
,

(3.6)
—sinff 0 cosf|z
cosff 0 singf
He @gHEHELC,=| 0 1 0 (3.7)
—sin 02 cos /3

PZH R f XY 7 Sz ghiR S e - ARy TS

vvvvvvvvv

X cosy —sind 0 X'
y |=|sinA cosy Ofy"
,

(3.8)
0 0 1| z"
cosy —siny 0
Ho f@iEeLC =|siny cosy O (3.9)
0 0 1
d 58(3.3)~ 3.5~ 03B.6)F uEF T
c=C,C,C, (3.10)
1 0 0 cosf 0 sinf||cosy —siny O
=|0 cosa -sina 0 1 0 siny cosy O
0 sina cosa |[|—sinff 0 cospf 0 0 1
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cos ffcosy —cos fsiny sin
=|cosasiny+sinasin fcosy cosacosy —sinasin fsiny —sinacos ff

sinasiny —cosasin fcosy sinacosy+cosasin fsiny cosacos B

Rw V@B D)TE E

X cos fcosA —cosfsinA sin # X
Yy | =|cosasind+sinasin fcosd cosacosA—sinasinfsiny —sinacosf ||y
z sinasiny —cosasin fcosy sinacosA+cosasinfsind  cosacosf ||z

AL ERAR AR > X B R

V4 V4
—-rmfasn > ——<pf<—> —x<y<nxm
2 2

TAE Y ABEAET P RHAES - AHEER 0 APT Y T N AR

@,
a)V_ o, (3.11)
2

£ o, B RABE R RPMAR ISR R S
C

@, a 0 0
o, =|®|=C,|0|+C C,|B|+C,C,C, |0
0 .

cosffcosy siny Of|a
—cosfBsiny cosy O||f

sin 0 1|y
g
a . cos —sin 0 o,
A= sinycosff cosycos/f 0 @, (3.12)
cos
14 —cosysinf3 sinysin S cospf || o,

FPOAREORE G AT A G108 2 APk BB AT i AR o

22



BESPrAZ2 d9re Azl AP bak o Hre BEER @

it enE BT AR T RUEART AR REI(FEIB)UE AR

@gﬁ=£ﬁg$%£%@@mmwﬁéii%%°

2
FETMAE R AR - R B - FE R P ERIRE R

FQo AP0y E AR B AR Axyz

q, :sin900s¢
2
ad, :sinzcosﬁ
. Q
g, =sin—cosy
2
MR kA om g AR C S

q02 + ql2 - q22 - q32 2(q1q2 3 qoqs) 2(Q1q3 - QOqz)
C= 2(Q1q2 - q0q3) qo2 = Q12 + q22 - q32 2(q2q3 + q0q1) (3-13)
2(q1q3 + quz) 2(q2q3 3 qul) q02 - ql2 - Q22 + q32

HeYe ZARAPEFEU G i%ﬂ”ﬁ = BAd R F A B IR R E T R
2 2 2 2
d, +9, +0, +0;" =1

I3A B Ak AP HE R T R BN e 2R AT R

0 -0 -0, -o,
dg_fer 0 e men, (3.14)

dt ®, -, 0 o,

0, 0, —o 0
do
gaq=3
2
0,

23



332 JF Mk hiEE S fR S

TR A 0 A PR BT RE AL RS B

e e ?90w 0 4R B - P AFHAGE R PG

hon o] AP eqlrd RBO, 2 P2 s BF3 gzt » A F 7 457 3

V =1C +C, +1,C, (3.16)

a=rIc, +1,C, +I;C, (3.17)
AP kAR Y kAl Su.s ) v It d RBO, I PLwESE
0,202 %8 RA Uit A S™A7a

S =S8 +5,6, +5,6, (3.18)

s A

Fr=R+5 (3.19)
FHRE AR AT AE R - AR R 0 0 R

de,

— = 0§ 3.20

dt ! (3.20)
Rle &5 752 @8 > Tpies - < F5)

d§ o = o = P =

P $,6, +S,€ +$,€, +5,6, +5,8;, +5S,6, (3.21)
BEHV AT

d—S:§e+c?)><§ (3.22)

dt
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S, + @S (3.23)

S, +@xS+dx(dx5) (3.24)

[\S}

e =R+ S, +20xS, + @XxS +dx(Dx53) (3.25)

FRPPRERRAE AR e R S R p AR LN LA A

20xS, - & BB i R4 L 2 < (Coriolis)4rif B > @xS B 5 & 4cid B o

3.4.1 8 5 AR

AT T2 § 5 4R HE %4k (Simply Constructed Inertial Navigation
System, SCINS)#-4*4¢ = ‘8T 5 i@ do 2 §U08 KK 3- > 97 * 2 R AR T 5 ~
S & < i SRS SRR S o B ;j&{};; MR R R SR S B TR B AR X
KEpH2Z dE R T ERIEF €7 R (Roll) frgg gt (Pitch) 2 # iF » 7]
YR B AR K S - SR dhw, F B[ i BT AP o @ TR
B AR % SR 2 BxyzZ fhd T 0 4oB 3.7 o o FIR @ it - AR @S 2

AR
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a cosf —sind O

ay |=|sin@ cos® O (3.26)
a, 0 0 1] a
He 97T d IR R W, BRI N A ERAEHA S T i 2P ET RS

d G D)@ w2 5 d Rt SRR RFIEER SRR

27 LR AcR 3.8 45 o B P 2 B H s TSRk f R R

W, 2 BRIE - @ T 23 e s R R e R RN 2 ZRRIE -

T X
/\

TG

3J"

B 3.7 SCINS & & & &

® 3.8 SCINS & #&77 & R
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3.4.2 FLi TR R

(o}

DY RS- gk =LA ii’ﬂ’# WA REN LS G ALY @ AT
;1&m&1&%5¢&2%¢’a&i%ﬁ@ﬁ@ﬁ%@*%ﬁW§@%%
FREanfst > a B M AT P 1 R F B2 LB F 2 kA B A Rl

FI B gRPFE 9 R - T R R Rl TR BERS LR A
Beif o b R FEZ TR 0 G[14]° & T IR IERIE ~ H B U TR
FAA 2 MEAITERIE 0 F AR 2 78 F B S SR & KIER
AR R L DR TR LGRS AL B AT R

1 SCINS 3 I 2 e o UM AR PBRM TR 1 i@ B~ AR > A K

=

\

d

o
-

FRF 0 - FERIFLES 07 % 0 T BT B et kv BRI MR
ALY gt R A 0 T e Fok L deeh i Bt A g G RA R R PR A © )
3.9 % G e 4% BRI E 2 F AR L S W R

LI PME TR CER R e E BT E R 2 F
EX SRR FIER: PO TR N

AL 2 4o BV 40N (3.26)% 7 =

a cosf —sinf 0| a;
a=|a |=|sind cos® 0|2 (3.27)
a, 0 0 1 aiz
HAT 4D
VX
V= J.adt = Vy (3.28)
VZ

O VI3 SRl 2 S
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X, v, a

P=|y,|=[cos® sind 1]|v, t+%[cost9 sing 1]| a, | t?
Z, v, a,
_ . -
thc050+5axt cos@
= Vytsin9+%ayt2 sin @ (3.29)
vzt+lazt2
i 2

FGB2)TAT T A RIPEF D E AR B L S

A S EEA  §-
P ende 4] % e (sampling time ) F & #-t 12 2> TR mfﬁFé*:T‘*ug PR Hl4rt=0.3
Bl & 75 TR A& K 0.3 £ pE el o

4

Y
e
¥
[

It g@%{f@m ;
R e e I L =

h 4

AR

e B I s

r

aTaR
Bl 3.9 $u R Bl R
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PR FRENH

*FE Y E-L T HER 08 MATLAB 2007a 2 f;‘é Vhe B 3.9 mE 2 ff Ak

Suk R R 2 B o JEHES 2 - MATLAB 2 25535 5 B 425

AN G300 ForrE 2 Rl M AT - SR Y B AT

’:ﬁ” ‘FK'—’ llxi 'J

’:"-i—'% o
B AL R 41(F %RA ) ¥ - ) § P @2 D)% R- B RE
Fam o W B ER - AR - BRRREDTE & DERT

5%

o P ERIFRE ST RS2325 42 efd RGBT e AT RIE 0 K - ) &

(422)¢ 1= W F T SR o PUE A ] A el OB 2 U AR 18 %
PRPAIFERXTT L2 P& BHHREF VR TSI PR ARERLE RS

2 BEER A B RIERE R Bl s

F %R
T & 1 2 Hets
4.2.1 ZEZR 3 % INS k3L 3.4 BhHENG
W$ﬁ¥INS?%i%i}??#ﬂﬂ4ﬂﬂﬁb
422 KL T 5 (] 4.34~4.38) 4.1.1 Bkt i () 4.1~4.3)
: ?k INS i SL2R >t g & 1 (] 4.33)
RISHE B B PEE T & R B
4.3.1 BHEE LT 4.1.2 iR A
432 FHER TS 4.1.3 g S %31 H%h

4.1 4%

4.1.1 ¥t &
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PR R AOTRE A Y PUPIERI D 2L Bl Flpt Rt = B A
Ol R R D R R Y BRI B2 B d AR 2 O E R
AL IR R W i R R R R 2 L 0 2 SR B R B
Wt = BREEA W L PP R Yy =X s sin Sk y=sinx ~ X jEr 2
Rar y=vr’—x’ > #9 2 (x,y)™5 2 Rtk Famitd 2 Ak KAk
BB Tt - PR b2 T o ATIIX s YR G- R S Bl AP

TECER T S TRy QS

- S FFRAP y=X
X(t) =t

y(t) =x*(t) =t°

PR A TG

X(t) t

=l (4.1)
y | |t
FRTEd A s o uE TR R i R P5d - S BRI

A

]2l )l
A==~ 4.2)
t 2t 2 2cosd

= ~sin S HedB Y =sinX

et iz (2 7% B &5 I B e T

x| |t
[y(t)} B Lint} e

RS TR &

t dt 1 dt 0 9 [_sintsin®@
) —> —> ) —> ] (4.4)
sint cost —sint —sintcos@
=L Erzfap y=vri-x°
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o dode RBLEF 2 (Fj2 0 ¥ % B A 7 AL P e T

X(t) sint
_ 4.5)
y(t) cost
K NI A SR 818
sint] % [ cost ] % [—sint] ¢ [—sintcos&—costsin@
—> ) —> —> ] (4.6)
cost —sint —cost sintcos@ —costcosd

d % & * MATLAB % #3459 % o
B Lt MATLAB fiost ! = BRI 4o fl 4.1 B 4.2 B 43 2 5407

e S0 sin AR 0 E RGBS o

Parabolic trajectory
100

Y oaxis
&
I
|

Bl 4.1 $&4 R R i B
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Y axis

¥ axis

Cicular trajectory

B 4.2 = {17 ™ §)

Sinwave trajectory

X axis

Bl 4.3 sin & 2 f# it Bl

412 e % 4 47

do b & iR % Rk BRI TER] 0 @ R A > 2 iR
BN LR B T de R B 2 (5P A RS B R B
RIS (%I PE) 6 (F4 =479 (d FA42) 12 (%4 2 42) BpF
R BE1S 2 B k33 @ U SRR A B Y epE ¢ BBV ET A 4 5E B2 TR R PP

¢ AP > T RS WG AU R % o
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Y axis

120

100

a0

B0

a0

20

s yed @ y=x

TR R d T R BT A Bl A BT REL T X i
By phz B R B B RO R PRSI DS ] o A R R R X fh s |
10 BHE= > yohE RS 13100 BE ok 2 5 100 BB B> 7
BEREEF BEFHREFEREFZ 011 2= BEFEEL 0.1 ) (sampling
time = 0.1s)> £ 4 % 100 B~ 2t > 4 %{REX%J R FEERED
o oy B AERFIL y=X b il B e o F B E S R S
vid RiEE o (LT RS F RIS R E T 0 b4cR 44 5 Trajectory e
Predict trajectory(after 3 sampling times)2. ‘* &> ¥ % ¢ 7 sampling time % 6~
912 2 FERILEs > B 4.5 (5 Lk Bl 2t 5 )

e R

1. SR 3 0B P R Bk 2t

Sirmulation result of parabolic trajectoy

T T T T I T T
——+—Trajectary(parabala) : : ‘ : : E
—5—Predict trajectory (after 3 sampling times) : :
—=— Predict trajectory (after & sampling times)
—&— Predict trajectory (afler 9 sampling times)

—E— Pradict trajectory (after 12 sampling times)

Bl 4.4 304 57 FU HoRT Rl B3 B PF A BL 1)
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Y axis

Y axis

2. FEIR 6 1B PE YRR 2 Lt

Simulation result of parabalic trajectoy

120 T T I I I
—+— Trajectory(parabola) i ] : :
—&— Predict trajectory (after 3 sampling times)
“— Predict trajectory (after & sampling times)
~—&— Pradict trajectory (after 9 sampling times)
—&— Predict trajectory (after 12 sampling times)
[ | ST e =
I e S e —
60— =
40—
20 . —
b ! :
o . s | | | ] | i
1 2 ] B 7 8 10 1
X axis
5 Yo 281 217 """..7} w-}}; T“—'- B . |l 4
Bl 4.5 $o 4 507 FU-HEEETIRIGE SR (6 P I B 0)
— — g1 L
r | = i L
E . =
- N A N -
Simulation result of parabalic trajectoy
120 I T T T T
—+— Trajectory(parabola) :
—&— Pradict trajectory (after 3 sampling times) i
Lo Predict trajectory (after 6 sampling times)
—&— Predict trajectory (after 9 sampling times)
—HB— Predict trajectory (atter 12 sampling times)
00— : ‘ -
80— 1
60— —
40 -
mf- 9 =
5 | | | | i |
1 2 3 B 7 8 10 "
Kaxis

B 4.6 Po4 7% i HHR R

P 5 (O 1B PE R BL1S)



Y axis

4. TR 12 B pE R RS 2. gt

Simulation result of parabalic trajectoy

120 T T T T T T
—+—Trajectory(parabola) : : i : : 3
—&— Predict trajectory (after 3 sampling times) i * : 5
— Predict trajectory (sfter 6 sampling times) : i i
~—&— Pradict trajectory (after 9 sampling times)
—&— Predict trajectory (after 12 sampling times) ; ¢
e S P B T Y D T B U D o o 0 TR S R R s O s ]
80— =~
60— =
40 |
20 =]
) s I | | i | ] | | i
1 2 ] 4 5 B 7 8 9 10 1"

X axis

Bl 4.7 peie 2 pubr iRl & S (12 B P RS

5. PUMTRRIGEA

Simulation error of parabaolic rjetory

Unit

BRI T T T (T e o o -
-Predml errar (after 3 sampling t\mea)

| I Predict error (after B sampling times)
-F’red\ct error (after 9 sampling times)
-F’red\cl errar (after 12 sampling times)

10 20 30 40 50 =] 70 a0
Sampling point

Bl 4.8 $dr R PLi W TR RIRE- A B

2B % T INS Jk SLEHEIT N E AR 2 Ho e SRR SR L 3R

g
o

3

ORGPl e 0. B E )2 o A TERERA R Y T o A F G TER S
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¥ axis

Y axis

1k}

-05H

-05H

B ARE EA E SR 4 (J 900255 F 2 901).

= ~sin S Hedr Yy =sinX

TR B A P X yih 6 E LR R XS 15 10 B E
FooydhE ARG 1 F-1 BEETTRE o fLE R~ L 100 BEjREL (TR R
& BEHETIEFR S 0.1+ (sampling time=0.1s) > = %{EX%J 2 iR G
EFRTE yih2Z F AR FL y=sinXPMH GERIFFR I 02 (5L 4o &
SR > TR e FINMEROERER S RERER o

W % 4o

1. SR 3 0B PR EL1S 2

Simulation result of sinwave trajetory

e

—+— Trajectory(simvave)

—=— Predict trajectory (after 3 samplimg times)
—=— Pradict trajectory (after B samplimg times)
—&— Predict trajectory (after 3 samplimg times})

H —E5—Predict trajectory (after 12 sampling times) [«
T

2 4 B g 10
X axis

Bl 4.9 sin A 2 B IE RS S B B ELS)

2. FER6 T PERERTS 2 FLEh

Simulation result of sinwave trajetory

—+— Trajectory(sinvave) X i
—&— Predict trajectory (after 3 samplimg times) N
Predict trajectory (after B samplimg times) :
—&— Predict trajectory (after 9 samplimg times) :

H —&—Predict trajectory (after 12 sampling times) i |.
2 10

X axis

B 4.10 sin & 27 P TR R 5 W16 1B v FF BH12)
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Unit

o5

3. RO B PE A BRLS 2 L

Simulation result of simwave trajetory

—+— Trajectory(sinwvave)
—&— Predict trajectory (after 3 samplimg times) |

“— Predict trajectory (after B samplimg times)
—&— Predict trajectory (after 9 samplimg times)
—&— Predict trajectory (after 12 samphng times)

2

X axis

Bl 4.11 sin 25 Fuf™ Begg 75 P55 % B9 B PF Y BL1S)

4. FER] 12 TP BLGE 2 A

Simulation result of simwave trajetory

o5

—+— Trajectory(sinwvave)
—&— Predict trajectory (after 3 samplimg times)

“— Predict trajectory (after B samplimg times)
—&— Predict trajectory (after 9 samplimg times)
—&— Predict trajectory (after 12 samphng times)

025

2

W] 4.12 sin 475 #n BRI % F(12 B r B 1)

Simulation errior of sirwave trajectory

024

o1sH

0.05H

I L
l I Fredict eror (after 3 sampling times)
I Predict error (after 6 sampling times)
I Fredict eror (after 3 sampling times)
-Pred\ct errar (after 12 sampling times)

ik

40 a0 B0
Sampling point

B 4.13 sin ;& 25 L $EEE TR R R £ B
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Y axis

B R % 3 U INS % SL¥T sin A58 3 iU 7) 38 B0 2 fER Bt
Rl ERL B A3 E 6B 2 TR L PR R 0.1 B H
T s R 9 R 12 PR ERLS 2 JUA SRR A B C R B e e o

bR L s [ PR Y MEERTEREARY > R R B ARG %
Ao R Hee ko A L EREFIRRIFF R S T - B

B4 o s R R A AR R Ol T

=~ EErz e y=+r’-x?
TR 2 B R A R B X y ph2 v B S D R Y X G R
oL BRI AIMMAAAEF R R R AL U T L S H

2 EFIR B X5 35535 BEH (L 52 70%)2 Fl5% > @ yvink & R &R R

?

TR o LR F] 5 B BIR Rat Fl R 100 2 70%-~ %&{70 B2~ 8k

#REF BB ERFRE0.1 §) (samplingtime=0.1s) > » i&{’ﬁtxﬁa’vi

2 HRAEERPE yILERTL Y=V M BEREER S D 02

1. SR 3 0B PR EL 1S 2

Simulation result of circular trajectory

! = | g ol | f !
- : g : 5
: : s~ T : 1
: : e

—— Trajectory (arc)
—<— Predict trajectory (after 3 sampling times)
—=— Predict trajectory (after 6 sampling times)

—&— Predict trajectory (after 12 sampling times)
T I

3 -2 -1 o 1 2 3
X axis

Bl 4.14 Flon2 #ui B sg Rl S B3 B P A BE12)
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Y axis

Y axis

TEIR] 6 B PF R BLIS 2. P

1 e

—+— Trajectory (arc)
—&— Pradict trajectory (after 3 sampling times)
Predict trajectory (after 6 sampling times)
------------ G| 48— Predict trajectory (after 9 sampling times)
—&— Predict trajectory (after 12 sampling times)
T T

-1 g 1 2
X axis

B 4.15 15835 o s 7 B % % BI(6 B P 7 BL1S)

TER 9 B pF R BE1S 2 FLEh

Simulation result of circular trajectory

26—

—+— Trajectory (arc)

—=— Predict trajectory (after 3 sampling times)

—=— Predict trajectory (after B sampling times)

—=&— Predict trajectory (after 3 sampling times)

—E— Predict trajectory (after 12 sampling times)
T T

2 =1 1] 1 2
X axis

Bl 4.16 F1552 b Hst TRl e % B9 B BE)
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Y axis

Unit

25

4. TR 12 B pE R RS 2. gt

Simulation result of circular trajectory

—— Trajectory (arc)
—<— Predict trajectory (after 3 sampling times)
—=— Predict trajectory (after 6 sampling times)

-] —&—Predict trajectory (aRter9 Sampling HMES) |-+« .eceueeeierermurmmtriesiiii s e besbe e smesni e s e e s

‘ | | —&— Predict trajectory (after 12 sampling times)
I T
3 -2 -1 o 1 2 3 4
X axis
25 L A= e 2o o 41 P ,4
Bl 4.17 {552 fuis 4R R % BI(12 B P R B8R 12)
) > EX b
5. JUEFRIERIEL
Simulation error of arc trajectory
o1 T T I I I
I Fredict error (after 3 sampling tirmes)
ool - Predict error (after b sampling times) 1
. - Predict error {after 8 sampling times)
I Fredict error (after 12 sampling times)
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2 42H RS E FL L L

PR R A (H ) PUR IR RIFEE (R A V)

P | R E | R E | THE | A E | k] E | THE

&4 451 0.0248 | 0.0248 0.0248 0.02% 0.02% 0.02%

TER 3 | sin A5 [ 0.0154 - 0.009916 | 0.50% 0.25% 0.12%

[F15%45 | 0.0082 | 0.0031 | 0.004002 | 0.16% 0.06% 0.08%

et 3451 0.0496 | 0.0496 0.0496 0.05% 0.05% 0.05%

FRRI6 | sin &35 | 0.0389 | 0.0014 | 0.023378 | 1.17% 0.58% 0.29%

[f15%45 | 0.0224 | 0.0059 | 0.00887 0.45% 0.12% 0.18%

&4 A5 0.0744 | 0.0744 0.0744 0.07% 0.07% 0.07%

FRRI9 | sinAA) | 0.1048 | 0.0018 | 0.061666 | 3.08% 1.54% 0.77%

F15%45 | 0.0493 | 0.0055 | 0.015486 | 0.99% 0.11% 0.31%

et &@A51 0.0992 | 0.0992 0.0992 0.10% 0.10% 0.10%

FEpL 12 | sin &3 - 0.0094 | 0.144596 3.61% 1.81%

f15%45 | 0.0935 | 0.0004 [10.024248: 1.87% 0.48%

- B IR R R
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PIC controller
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R B2 f§ 5 R 4k $i(Simply Constructed Inertial Navigation System,
SCINS)#2k 2+ 2 fif & % & » 7 A Bl4cB 419 #7n » B¢ & % 2 1T k(355 5
ADXRS300) % 4ci# 3+ (3] 55 5 ADXL320)4c 8] 4.19 fr B 4.20 » &5 fE R B B304

B RRIE Tl AR RN s R R g SR E

Bl 4.21 4@ 3+ (ADXL320) @ [22]

Fo U % i AT R Aok 43[20]0 Bt chk i RRE B S F £54-300 B L1
R AFHTFRZAFRRIPF Y P jdatasheet ¥ § PR 4.21[20]7 T &
¢PELL 25V A 025~475V R A RIT iR AER 0 P EEAZ S A B R

SCINS 3 - £ & F3 -

% 43 UK F AR £[20]

ADXRS300ABG
Parameter Conditions Min'  Typ Max’ Unit
SENSITIVITY Clockwise rotation is positive output
Dynamic Range? Full-scale range over specifications range +300 °fs
Initial @25°C 46 5 54 mV/°/s
Over Temperature® Vs=475Vt05.25V 46 5 5.4 mv/efs
Nonlinearity Best fit straight line 0.1 % of FS
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RATE RATEOUT
AXIS A

| VCC =5V
LONGITUDINAL |
AXIS | . : 4.75V
|
, 2.5V / _
/ RATE IN
S — 0.25V

- 1
A" ABCDEFG

LATERAL AXIS

GND -
B 422 142 Rk TR < B[20]

S RenFACRACE 44021 @ nf B B H-5g 0 4 EURE AR KRG

2_4vik )"}i# Bl > H ¢ Sensitivity at Xout,Yout e0® FF g 5 174mV/g > &% & 218

%% SCINS P& ¢ %y B s Bk 2 - € 8 73 o

% 44 b RF AR E[21]

Parameter Conditions Min Typ Max Unit
SENSOR INPUT Each axis
Measurement Range +5 g
Nonlinearity % of full scale +0.2 %
Package Alignment Error +1 Degrees
Alignment Error X sensor to Y sensor +0.1 Degrees
Cross Axis Sensitivity +2 %
SENSITIVITY (RATIOMETRIC)? Each axis
Sensitivity at Xour, Your Vs=3V 156 174 192 mV/g
Sensitivity Change due to Temperature® Vs=3V 0.01 %/°C

¥ SCINS fim i 4% 5 B A7 4] 4.22 0 15 00 REDScif 3 40% ¢ 4

CN2 #& & 5V R il > ik e
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rz fo L AR TRFEZ 0 EHRD AR

AR BB RS 32 QR T - BRI K F R B e
PR 4230 TP FMET SRR AR > SIFR AT RS AZ R F b

FInE A FBRAed 357 8% RUTR G - 4% Tt AT BB 4 el

R aE s UG Fl A R BEY TR IR £y AR R B o
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/12A) 122 5V/0.8A i< TR f {* » M 4.24[]% 5 YZ_PIC_PROTO 2 Layout
Bl i d B2 BB AP B L FEE RGN CEL > P2 F S

ST B 0 TN R RS B F L T R A S
Wpd B Al Lo m pEL 1 B A AT ek 2 @+ RS232/USB

RER & | B g fe 242587 PIC C Compiler” #4258 W4k 3 34| B

pic. PROTO Board Layout V3.00
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B 4.25YZ PIC_PROTO Layout [

P i B2
I.  YZ PIC_PROTO #: 4] B (] 4.25)

IL. RS232 #ir#| % 2 #H5 (B 4.26 +)
T @ 35 3R 4.26 %)

IV. RS232 %t 7 #5 USB 2 # 2 57 (%] 4.27)
V. #4E T RR(E 4.28)

VI. %3247 %% IBM X61
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Bl 4.29 34 F T RAE

SCINS - 78 2K >S4 B+ 4o Bl 4.29 #7om » # Mg R 2 N g Pl Ak
oo m R T MBI AF B2 SCINS #fe il B 4@ 3 F HAF K E » 4oRl
430 * ZEN -2 T URRPIBES TGN F-ER ] > V- 2 a7 L
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¥ B
B 4.21 1o 40 2 g RI TR 3 R PF A k3
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B35 TR LA ERMIG R
B Y 3
K 0

B 4.30 SCINS % %%

49



B 4.31 SCINS g P B Rl o B

] B3R 2 _sampling time 5 0.1 Jf' %‘*’,lk 50 F52- 3 & > KighA W] 4
B LA A(M/S?)A IR R S & B (degree/s) BlRE S F IR y fhib X Hh2
Pt R & kent > RTFIEF S AR At pFy fh2 MELE R * CNI (7RA3
A R RO B A PR A TSI BRI R - R Fy
STELT R € S R K SR S B S AT T S 2 (S peds i

BEfiicx » Rigi 3 ¢ By RRIGTAR -
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#oP SCINS shf@ Tt » @ 73 PR iRl 4o l?]fi‘u{)ﬁ' RIB= TR BRIZFF @

R*FETL ARG FERY DB DERFEFFIT AR P FIR

Q’f%?i%éi%ﬂz'l s P T W ,ﬁ:‘ﬁ Lﬁdm.é’i’r#’%]ﬁ—l—/-ISgJ. T}‘ﬂ\

147m/s? » PR Renit * R 5 +- 150degree/s 5 # 4.5 7 1 f 147G BRI E

2 bﬁ?#%]u;‘f&l_ ] 500 '@F%Fﬁ%xwm"'li”ﬁ’rﬁ»"Zﬁblié’@_?'ﬂﬁ}éfﬁd%

s

Blvi s e R ok iR MAELF A o ded 465 HERIEL Y

B34 48 1420 0.6% > “700 & F B2 SCINS & & 52 R & (F 5 2 18 0 5%
% o
# 45 SCINS # 1} gt & £
INS # 1 peds @
B4 ol | TioE R iRl H
X fih(ax) 0.15 -0.15 0:0861 +/- 49 m/s"2
y #ih(ay) 0.25 0 0.026 +/- 49 m/s™2
Fe 47 i% (dsita) 2.4 2.4 0.0372 +/- 300 degree/s

% 46 SCINS ##

Ak RIEE £ 4

EmERsd | e pwes
X #h(ax) 0.08786% 0.58571%
y $h(ay) 0.02653% 0.17687%
Fe 4% 1% (dsita) 0.00620% 0.01240%
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Bl 4.37sin A 75 #uig 4R )

B 4.38sin 75 frLig AL AR B
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Y axis

100

43 F Rk S iT8HH

43.1 BB A

A& % SCINS 99 B % » B 4.39 - B 4.40 ~ ] 4.41 A %] 5 INS & si73s
Z ARG ¢ PR R (1 2 X AA T B b R R ehiupt

(" Ed Rk T ) peA 422 FH Y AT DRI 2 P B € B
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AT U R DR R %

Expenmentation result of parabolic trajetory

I T T

T
—+—Trajectory (calculate by SCINS)
—+—Theory trajectory (parabola)

—&— Predict trajectory (after 3 sampling times)
—=— Predict trajectory (after & sampling times)
—&— Predict trajectory (after 3 sampling times)
—E— Predict trajectory (after 12 sampling times)

X axis

B 4.40 SCINS % &L (¥4~ 57))
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Y axis

Experimentation resul of sinwave trajectory

—+—Trajectory (caculate by SCINS)
——Theary trajectary (sinwave)
—&— Predict trajectory (after 3 sampling times)
Predict trajectory (after & sampling times)
.| =% Predict trajectory (after 9 sampling times) |
—&— Predict trajectory (after 12 sampling times)

H axis

B 4.41 SCINS % 415 (sin 4 75)

Exprimentation result of cicular trajetory
T T T T T .
: ¥ H ' —=— Trajectoy (calculate by SCINS)
——+—Theory trajectory (arc)
—&— Pradict trajectory (after 3 sampling times) | |

7
—— Pradict lrajectory (sfter & sampling times)
—&%— Predict trajectary (after 9 sampling times)
i i ) i —H&— Predict trajectory (after 12 sampling times)
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Y axis
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Y axis

Y axis

sampling time % 6 ~ 9 ~ 12 2 Fgpl#ud™ > B 4. 44 5 I & 7 B 2 2t 4 4e)

1. FER 3 i pF R BRES 2 fupr

Experimentation result of parabolic trajetory

T
——Trajectory (calculate by SCINS) ! I I I
—+— Theory trajectory (parabola) :
—&— Predict trajectory (after 3 sampling times)
Predict trajectory (afler B sampling times)
—— Predict trajectory (after 3 sampling times)
—B— Predict trajectory (after 12 sampling times)
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Experimentation result of parabolic trajetory
120 I T T I T
—+—Trajectory (calculate by SCINS) E .
—— Theory trajectory (parabola)
—&— Predict trajectory (afler 3 sarmpling times)
—*— Predict trajectory (after & sampling times)
—%— Predict trajectary (after 3 sampling times)
i —E— Predict trajectory (after 12 sampling times) Wi
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K axis
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Y axis

Y axis

3. TER] O B PE R ELGS 2 BLE

Experimentation result of parabolic trajetory

120 T T T
—=—Trajectory (calculate by SCING) .
—+— Theory trajectory (parabola)
—&— Predict trajectory (afler 3 sampling times)
“— Predict trajectory (after 8 sampling times)
—%— Predict trajectary (after 9 sampling times) i
100 —E— Predict trajectory (after 12 sampling times)
B e B 5 e S D R e s b S R R g
B0
0
D
6 | I | I I
o 2 4 6 8 10 12
X axis
I - | o "
N Lk e 25 3 P iy 2 Fﬁ 24
2 s B % ;i
B 4.45 ¥od AR R IR R H % (9 B PR BELS)
[ — 5 B hadh Y
= - )
e H ]
5 g =
2 P ety | b -
4. FFRI2BREERLELRE o
E 5 - 1H5E o
Experimentation result of parabolic trajstory
120 : T T =
—— Trajectory (calculate by SCINS) e : = Erg‘{u
—— Theory trajectory (parabola) : i 5
—&— Predict trajectory (after 3 sampling times) ;
—=— Predict trajectory (after 6 sampling times)
—— Predict trajectory (after 9 sampling times)
_— —&— Predict trajectory (afler 12 sampling times)
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5. PURRRIGRE

Exprimentation result of parabolic trajectory

I I
I Fredict eror (after 3 sampling times)
I Predict error (after 6 sampling times)
I Fredict eror (after 3 sampling times)
_..| I Predict arror (after 12 sampling times) |

i
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i .1 | {iln |
10 20 30 40 a0 60 0
Sampling point
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Experimentation resul of sinwave trajectory

| ——Trajectory (caculate by SCINS)

——Theary trajectary (sinwave)

—&— Predict trajectory (after 3 sampling times) [
“— Predict trajectory (after B sampling times)

-| = Predict trajectary (after 3 sampling times)

—8— Predict trajectory (after 12 sampling times)

X axis

Bl 4.48 sin A A5 F KA RIEF G B ELY)

Experimentation resul of sinwave trajectory

2 3 ——Trajectory (caculate by SCINS)
E ——Theaty trajectory (sinwave)

—=— Predict trajectory (after 3 sampling times) [
—“— Predict trajectory (after B sampling times)
.| —#—Predict trajectory (after @ sampling times) H
—FH— Predict trajectory (after 12 sampling times)

X axis

Bl 4.49 sin & 25 # F SRR R (6 B PR ELTS)

3. TERIO B pE ELLS 2 B

Experimentation resul of sinwave trajectory

2 3 ——Trajectory (caculate by SCINS)
E ——Theaty trajectory (sinwave)

—=— Predict trajectory (after 3 sampling times) [
—“— Predict trajectory (after B sampling times)
.| ——Predict trajectory (after @ sampling times) H
—FH— Predict trajectory (after 12 sampling times)

X axis

Bl 4.50 sin & 250 F SRR RIE S (9 B PR ELS)



Y axis

Unit

4. TR 12 B pE R RS 2. gt

Experimentation resul of sinwave trajectory

—+— Trajectory (caculate by SCINS)

—— Theory trajectory (sinwave)

—&— Predict trajectory (after 3 sampling times)
Predict trajectory (after 6 sampling times)

| =% Predict trajectory (after 9 sampling times)

—&— Predict trajectory (after 12 sampling times)

A axis

Bl 4.51 sin A 2580 F SRIE R E % (12 B ELE)
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Experimentation error of sineave trajectoy

3 T
-Predlct error (after 3 sampling times)
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7~ -F‘radim error (after 3 sampling times) sl
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Y axis
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Exprimentation result of cicular trajetory
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