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Attitude Parameters Determination by the Skylight Polarization Pattern
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Test and Measurement Laboratory, North University of China, Taiyuan 030051, China)

Abstract: To address the issue of attitude determination for the autonomous navigation of the unmanned
vehicles, an approach to define the pitch and roll angle of the vehicle by means of the stable distribution of
skylight polarization pattern was proposed. Firstly, based on the Rayleigh scattering theory, we establish
the theoretical and practical detected patterns of the polarized skylight. Secondly, through optimization,
we obtain the data of the astronomical marker—the location of the sun based on the polarization data
detected. Then, with respect to the relatively consistent space-time relation between the sun and the
zenith, the location of the zenith is thus figured out. Finally, the coordinate of the zenith is adopted to
establish the attitude rotation matrix and by which to work out the pitch and roll angles. In addition, by
setting up a simulation vehicle platform to acquire the theoretical and practical polarization data, the
effectiveness of the approach is tested. The calculated root-mean-square errors of the pitch angle are
0.002° and 0. 0031° respectively for the theoretical and practical simulation test, and errors of the roll
angle are 0. 0236° and 0. 0227° respectively. The results show that the approach to attitude determination
through polarization detecting has advantages in easy handling and high accuracy.
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Fig. 1 Pattern of polarized light in the daylight sky
1.2 ZTEHEZHESMLERFERRN

TE R IR 200 A5 23 A R KB B A LR L
ANFFAIE s ) 658 Je 38 5 b)) i 3% B2 R % 5 o) B~k 8 ] UK
S ik LR i R B2 AR D R 2R 2 B0 M L KR i I T A
ST BRI 1 1) i 9% 5 R %L 9 EL O IR JEE i = T 7
T CHU #1328 838 0O LU [ /Y 5 =X 4 . 78 5 K FH
FAEE 907 Y 037 B 1K 3] die R Clie IR i 41 B8 40D . 34 i 41 32
Bl T RMBAE S po= 05 o) fE N BISH M G, 8
PE A S IR M 75 R 0 B s 0T BT X IO BSCHE R0 v B A
0 MIThifa o, HATRIEG=1,2---N) .

KRBT 4y B 2R SR I X AR 4 14
Iy E-R a4 3 U7 ok CBIMm 4R F1 =907, B T il
PR TR A o <<y<90° LA K —90° <y <y
oo F BB 1 E-26 5800 3 — 0,0 @) FE
REMX R N HEEM 0 MITAL A o AT R K
Wbt JE X PR 45 R AT M2k 005 L 1 HoAE T2

0912003~ 2



FE A L 45 < R R A 5

LESEWITE

SRR S S % A BRI, BT AR 45 SRRk BT A
K BHF AR 2R 0 B O R 22 9 B /b H s iR 3

J= 230" d,) D
H,d, B8 MEAESEIE o PO, p, N
Pim o, BT KRB, LRI T 4 v 28928
A

N
> )",
=1

b v=1,2-k 2

)"
A4 A6 072 s A3 BIAE R BT SR K BH AR BH A7 £k 25 )
o7 B
2 REANWE

RIER AR G S H R T KBS
R TO0 A T8 2 B 255G 22K T 1) 7 K PR A b 5 46 R R
TOU A5 AR A o F T 37 8 AR 4 R I R L R RS A

2.1 #IRRREFRTIR

23 [A) 22 35 ) RAT AR AR A R AT T M T 25 &R 1Y
e g C R E. TSR EBURIL KA bR RAE R S
ZZR S RIE A O, 2y w5 R Can T & 5 R
O D L X, BSR4 LY, B e de . Z, AR
) b AR R T AR AR AR RS R AT g % R A O, IETE
AL X, O R A R IE Y, iR G e
RIELZ, Bl e L R A TR

BEMUIMZH RBME RN =Wl &k
IEMERIRRES KRS E RN Z i o .5
AL A L FESE X Bl o R BRI AR FEE Y Al
Bead ¢ fA L FROMIRE . B R FEIE Xl

X, =R, .. X, =R, (R, (DR, (P X, (3)
Horfn

[ cos ¢cos ¢—sin Isin ¢gsin ¢
R, .,= —cos Jsin ¢

| cos ¢sin ¢+ sin Isin geos ¢

sin Jeos ¢gsin ¢+ sin geos ¢
cos Jcos ¢ sin ¢ 4
sin ¢sin ¢ — sin Jcos ¢cos ¢

—cos Jsin ¢ |

Fon th 275 2 B IR A 0 e e 0 1
2.2 RMMm=iE 6B THE

S R TR AE T 2 75 2 b A W] 9 LA 4 AiE
bR ) AR A B EEA S5 8 AL TAESE
P S L XA B i A £ B A B — kL R A
0 4 175 8 A IO A S B0 — o R e, 5 B EI K
5 R T A7 AE [ 7 BRI 28 56 28 (R — I 220 B8 K B 5
JEE 13 A 5 8 A AT pl RSO THR A D L 2 AL 2 i R 't
A TR ARG N i 41 £ S % I3 A A bR R T B A B Ao
FE IR T A K Ao ] S I A OC 28R IBCR T AT AL A

H2 AKMEZEHAERTANLALE X F
Fig. 2 The geometrical relationship of the solar

projection and zenith
IR IF R R T [ s 1) I 25 G 2R M A K B 7 2 A O
AL @5 BIZEAL B 2). i K BHEER A& S SRECK
T Z A0S It LR WA 9B R e T OS 48 Z,
WL D5 1 B s AL RS X, s I B 5 ) B

%—05 1 JE T YR B 3 X O 1) @ A LI 43 )

cos Jcos ¢ |
cos s —sings 0
R,=|sings cosgs O 5
0 0 1
1 0 0
Ry=1|0 sinfs —cos b (6)
0 cos O sin s

P (O @s) 0 BEAE K B AL &L 0] b K BH o iF 3315
H LT R OB R R TH A 3 R [ O AR k1 R 7
PR B 1) 5K T A58 1) % 2 R 1
cos ¢s —sin ¢ 0
—cos Os | (7)
cos fscos gs sin s
b — B — A m B AR bR B E L I 5 — R AL ARl AT
ZHE.
WAEAR AR R T RIS Z 45 8 (N, N,
NOT KB S bR R (S, .S, SO W #H Z 1 1Y
N, cos @5

Rs.,=RR,= | sin ssin ¢s  sin 0scos ¢s

cos fssin ¢

v/

—sin @s 0 S
—cosOs| |S,
S

<

N, | = | sin 0ssin @5 sin Jscos ¢s €))

N, cos Ossin @5 cos Bscos ¢s sin s
38 5 i i 17 SR SR AR B R BH 4% 5 R Ak AR S L B AT
H X C8) B i K T AL A,
2.3 MAXTMALRTHRBEES

TE QAT AR A2 Bl 72 v AL 280 i 41 % J% i S s G 0 K
SAmIRAE BIE M R IOR 25 B R IE S A B (5 2. I
RIGURAE R K25 b 3R o 38 o A6 0 K 2 i 41 £ U238

0912003~ 3



e F

EE

S H AR bR AR AL ST SR T R R RS S
W Z(Z s Z,»Z) HNZ % F IR bR. N
(N, N, NO R HRAAR R T B “H R FR N

M TS HRT RIS 0.0, 1), F
Pl

N, Z,
N,|=Ri.;|Z, 9
N, Z.
N, [ cos ¢cos ¢—sin Isin ¢sin ¢  sin Jeos ¢gsin ¢+sin gcos ¢ —cos Isin ¢| |
N,| = —cos Jsin ¢ cos Jcos ¢ sin 9 0 (10)
N. | cos ¢sin g+ sin Isin ¢geos ¢ sin ¢gsin ¢—sin Jcos Jeos ¢ cos Jeos ¢ | |1
JEIT A
JNJ = —cos Jsin ¢
N,=sin 9 an
1]\7::005 Jcos ¢
BN i RSV A R 5 #0120 51
Y=arcsin (N,) (12)
$=arctan <_7\}N‘ ) (13)

2.4 EEMEEEHR

TR AU R A A0 283 A AR O i R AR
i A A DAy i A 30 o A A A A e A AR T 1)
PR A2 3R Y (07 227 Ak P 308 i o 2% () B 3 R AE ARG
A AR AR I SRS Y SRR B R Y S A A 5 BT R AR

E A 3.
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