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(54) Title: TRAJECTORY INITIATION METHOD AND DEVICE FOR THREE-DIMENSIONAL SPACE TURNING MANEU-
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5101 Respectively select one position measurement data
from position measurement data sets at three different
moments of a three-dimensional space tuming
maneuvering target to constitute & position measurement
data group; determine a coordinate transformation matrix
by using three pieces of position measurement data in the
position measurement data group, transform the three
pieces of position measurement data to an xoy plane by
means of the coordinate transformation matrix, and obtain
three transformed pieces of position measurement data;
and transform an error covariance matrix of the three
pieces of position measurement data by using the
coordinate transformation matrix, and obtain an error

covariance matrix after the three pieces of position
measurement data are transformed

Test whether the three transformed pieces of

position measurement data simultaneously meet three
preset conditions; if the three transformed pieces of
position measurement data simultaneously meet the three
preset conditions, form a tentative track by using the three
transformed pieces of position measurement data, and
enter $103; otherwise, enter 101 1o select the next
position measurement data group for testing

Obtain tuming rate estimation of the three-

dimensional space turning maneuvering target by using
the three transformed pieces of position measurement
data; and obtain target initial state estimation and error
covariance estimation of the transformed three-
dimensional space turning maneuvering target by using
the three transformed pieces of position measurement data
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and the turning rate estimation of the three-dimensional
space turning maneuvering target

Perfarm inverse transformation on the target initial
state eslimation and error sovariance estimation of the

S104
transformed space turning maneuvering
target by using the coordinate transformation matrix, and
obtain initial state estimation and error covariance

estimation of the three-dimensional space tumning
maneuvering target

After tests of three pieces of position measurement
data in one position measurement data group are
completed, enter S101 to select the next position
measurement data group for testing until all position
measurement data groups are tested
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(57) Abstract: The present invention relates to the technical field of multi-sensor information fusion, and disclosed is a trajectory initi-
ation method for a three-dimensional space turning maneuvering target. The method comprises: by means of coordinate transformation,
trajectory detection, state and error covariance estimation, and coordinate inverse transformation, finally detect a target existing in an
observation space, and obtain the state estimation of the target. Further disclosed in the present invention is a trajectory initiation device
for the three-dimensional space turning maneuvering target, so that a problem that the trajectory of the three-dimensional space turning
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maneuvering target is difficult to start is effectively solved. The present invention can be used in the field of multi-target tracking and
has strong practicability.

G HE: REURTT T —FH T =4 MBI BRI POERETi%, ¥ R 2 RS E B S HoR U,
AR BRAR R ORI RS TR E T E MG, RARR AR, BRI WIS [ R A AR B AR, IF
A BARICIREAG . AR ATIT T — MM T == WS a0 B AR 0L IR 3 E, ARk 7 =
Y (R LN B PRI LRI L, A A W aT T2 B PRERER U, BT IRBRA S HPE



WO 2020/006672 PCT/CN2018/094175
1

— Y= Fe B ML) B AR PR IE TVE MR E

BRI

AR g T 2 AL REGHE R R G BRI, JUHW e =4 A E HLE) H AR i ah Jy
ERHE,
BREA

Wt BHEBOR IR, 45 B S il DL R 22 REHE B R & BOR SUgUBOR 2 13 I 210
A E] AT H AR LRI, 1 A S A 2 2 U BB T B BRI T

PO ERAR R BT S5 R A AR IRASAE 22 AN RIS Z0SRAT 0 22 2R 0 I W00 == 1)
T H b, JFRRGHEEE. HAT, AR A E W S T BOE H Al S s sy n i
BRI, (BRI BT MG T IE R ANE ] T H S L3I B b i udiels .
PRI, e A R = 4 = (B S L3N H b RO E 4 17 R H T 5 EEAR B NI AR — A SR
ENEE

BRI
A BT BRSO el RO R A — Tt = 423 (B B S ML 3h B AR R S 4R T 1% S
B FEAR R = 42 (R 3 5 B2l H AR PR 46 B 1]l

BARMERTTR

AR IR T R =S (R S LS H ARG T 1%, BTk A

AR A= (RS LS H bs =S R Z0 0 A7 B S s b & B G —
AT E M E e, WA B R AR, AT IR BN R 4 A i = I A A
ARBRAS AR, JFE I TR AR AR AR HE R AT e =AM BN B HdE AR 2 xoy P E, 53]
AR5 I =ML BB A, P iR AR b AR A o i T =AM BB 8l B iR 2 W T 2
MEREAT Ae e, 45 2 Frid =AM E I S B R 5 iR 7 Z 8

HEAMPROSE: BT =4 (MFE S P30 H brde = AN R 20 ) A B S by
Ve =20, ) s Fl k=123, t, ZFRER NI, 7, =050805, 7t Fnt
P AR TR =4 (AE TS L) B ARAE & N 20 L E B HAR 1 x 0 &, y 208 2 738

enl=n.-nl, nl=n,-n, nl=n.-n, Kb, i=1,23%;=12,3; FfE
SEH = AR 200 IR p, = (2.1) « 9, = (25.0,) B py = (2.1,) SRAE TR =4

RS HARIEE) TS xoy PHIRAN o, b =4 FMESHLE) A brizsi- T i
55 xoy P LA x RN B, FTRZLRS x BM3E 54X, 0,01 ;
'/E;‘:P’

77217732 _ 77327721
x 'y x 1y
\/(77;177232 _ 773277221>2 + (7722177)?2 _ 772327751)2 + (77)?17732 _ 77)?27751 )2

0(0 = arccos

Q
I
IA
NN oy

a,, a,

3
|
K
R
\%

21,,31 31,21
P/ N/ N

214,31

o - + Gy

B, = arccos

21)2

-



WO 2020/006672 PCT/CN2018/094175

2
T
IB _ IBO’ IBO < 5
T
7= B, B, > >
. n,mXnl - i) + 0l - i)
0 X

77217731 _ 77317721
y 'z y 'z
Ebr T Hom B BOE R AR E
%Uﬁﬁﬁﬁﬁ%ﬁ a%ﬂﬁ)ﬁi%ﬁ%ﬂ’ j‘JFEXal =, O,=-O,; ﬂl :,B’ ,82 :_,B’ *@@ﬁé
BB F,

1 0 0 cosf§; —sinf3; 0
Hip, F,=|0 cose —sing, |X|sinf, cosf, 0 i=12H;=12;
0 sing, cose, 0 0 1

T FI AR AR AR F LU ITAZE #71%,, 0,017, 5M BB B ¥ 2, 7, Bz,
JEAT AbR A AR S A e i BB 20 = (). 0%.00 )+ 22 = (00l m% )
2 =(nhnl )

7731 77JIC X0
K, nl =F) | my |—| O
7731 77z1 0
_7732 | _775 | Xy
77;{2 = (F:j )T 77)2; -1 0
_7732 ] _77z2 ] Lo
_7733 | _ﬂi | o |
77;{3 = (F:j )T 773 -1 0
7% | .| 0]
FIR AR B RS 2« 2 Mzl Ris, =%+ nh|+nf], Hhi=12%

J=125 M, i=12/ j=12 Pk SE/MEX MRS 5, Eﬂ(il,j1)=argrlgn;n(sij);
IR 515 Chy, jy )% BRI AR bR AR PR TR FE F, L, BUF, = F, ., R 515y, j)
o BRI B RAE L 20 20 SRR R A E R 2 . o5 Rlzg, B

LW W .
,

=50 7y =g Mgl =g

L, R L . 2 2 2
Wz, MRZEM T ZEMEAR, = 0., 0., 0., | HPol,. o, o~
2
Gk,xz Gk,yz Gk,

Ol 0L\ O, NRENIT A R L% 8 FIRFTAAE S F, 44 R, #7284,



WO 2020/006672 PCT/CN2018/094175
3

BRABSE R Y T EERE R, KA R =(F) RF,, k=123

PR 2. MNRASHE 1) =7 E I R 2 15 R =SB A AR Ry A2
=AY, TR A I =AM N B EHE R IR R, R AP 35 S
FeNBIR 1 BUT — 47 E s AT

PR 3L M TR s =M E N B HHR S 2 AR =482 R S HLE0 H SIS
AT R AT IR AR S 1 =7 B R H R AN A I = 4 (S LS H SRS R Al
2R [ =4 2= [R5 WL B AR IR RS Al TH AR Z 1) 5 24 1

LT AR FTR R AL bR AR AR B F, 322405 0 = 425 [ H S L3 B s A6 IR Al it

FNRZE W T Z AT T AR, B3I AT IR =4k 2= (RS L3l B AR GRS A T RLRZE ) 77
ZEAtTE

WIR 5, M ENEFIAN =M BN EEIE NG, BASE LT
— A E N SR AT, EERATE A E N S8R AT IR,

A BRI 7 —Fh =4S S HIB) B AP LG 3 B, Frid e E afE:

ARFRAER, F T N = 4R B (MR B HLEN H s = AN R B 206 Bl E 8z 2 h & H
B — AN B s, A p i B e BE A, A B S5 A A g =AM B 24
P 1 2 ARAR AR HH B, HEE I T IR AR AR R B TR =AM B 28R R 0 2 xoy I E,
13240 5 1 =AM ZI B F BT IR AR AR 4R B o iR =7 B 2 3R iR 22 1 7
ZERERAT AR, 152 FTIA =AM BN B S RR ZE T 5 ZE R

HBAAT: &R =473 M SHL3) B AsE =R 2046 B E&£dE N
Ve =20, ) s FHl k=123, t, ZFRER NI, 7, =008 05, 7t gl Fnt
IR ITIA =2 AL B YL H AR k B2 BN EEIEN x 8. vy 58N 2 57 &;

enl=n.-nl, nl=n,-nl, n?=n.-n, FHh, i=123Mj=123; FH%
S AN 2L E SR y, = (2,,1) ¥, = (20,1) Bl py = (2,1,) SRIFHTR =4
L PE HbEs) P S xoy FIHFRA N o, ik =4 Z P30 H brias) i
5 xoy SFHIFIE LN x BlE AR B, A5 x Bifss oA [x,,0,0]"

Hr,

ni'n? —nrn)

\/(77;177232 _ 773277221>2 + (njlniZ _ 772327751>2 + (77517732 _ 77)?27751)2

0(0 = arccos

IN

&,

NN N

\Y

r—-a,

77217731 _ 77317721
\/(7722177)?1 _ 772317751>2 + (772217731 _ 773177;1)2

B, = arccos

Ay p<%
,B =
T
T = B, ﬂ)>-5
Con et =)+t - el
X, =1+

21,431 31,421
't -l



WO 2020/006672 PCT/CN2018/094175

EART Fom ) BB PR E
FHTd R aIss B, o =a, a,=-a, B=8, B,=-F, HHELRE
IR F, 5
1 0 0 cosfB;, —sinf, 0

Hip, F,=|0 cosa, —sing, |X|sinff, cosf, 0|, i=12%j=12;

i
0 sing, cose, 0 0 1

TR TR ASASBAENE F, , LURITA S (6, 0,007, MBI G Bl Bt 2, 2,
HEAT AP A A et B B 0 2 = (w2 = (bl ) A
2 =m0k )

7731 n. X0
K, nl =F) | my |—| O
7731 77z1 0
_7732 | _775 | _xo |
77;{2 = (F:j )T 77; -1 0
17 | ] L0
_7733 | _ﬂi | _xo |
77;{3 = (F:j )T 773 -1 0
7% | .| 0]
FIR AR B RS 2 2 Mzl Ris, =+ nb|+ 5], Hhi=12%

J=125 Mosy s =120 j =12 Pk Bl MEX MR G5, BRI, /) :afgffl%n(sij) ;
I B Gy, MR F A AR R I BIERE F, B F, = F,, 318 Ci,. )
o LA EL B 2 L 230 A2 A AR R AL E R R ) o Rzy, D
=g, zo =g gl =g

2
Gk,x Gk,xy Gk,xz
L] L Vo N N 2 2 2
Wz, MRZEM T ZEMEAR, = 0., 0., 0., | HPol,. o, o~
2
Gk,xz Gk,yz Gk,

O O 0L NRZEWIT 20 R, MR FIRFTAAHERE F, X R, 347460,

BEERSFIRE T EHER,, X R, =(F) ' RF,, k=123

PUB TR, TR S B =M B I B s 2 15 R e = ATk
RE R 3 R =ANPIBES A, FH TR AR 6 F5 1) =N B B A T i — R PR, IR IR
EHREWITEM AR S AN AR — 4147 B I 2 A AT 0

WESREWN T ZM RS, TR B AR5 1 =7 Bl Hdn 15 2 frid =4k



WO 2020/006672 PCT/CN2018/094175
5

SRR L) FLARIN 75 35t PR AT 5 0 =/ B A 8 = 4 7
B EL RIS S8 01, 4 AR 1 = S IR L) E RS AR s 2
i

SRARHARTL, T A TR AR AR AR, AR 5 1 =4k 22 [ S HLh H An )

ST RIRZE D)7 Z AL T AT AL, 152 ik =4 23 [A) 5 25 HL3h H AR BRI A T A
RZEWITE M.

AR

AR HIERA — P T =4 (RIS P30 B s PO IR T VE M A E, I AR bR e, 31
RN ARG S REW I, SARbR R A, HeA& R I =4k 2= (6] P AR RS HLE) H
br, IR =4E 2 (R B HLE0 H AR IPIRESA T EUBGRZE W 5 Z Ml ik, A ROt g s 1 =4
2 (A1 25 LBl H AR PZE R AR ) 1o A, AR B AT 22 H b R4, B R sR M Se Al

B Pl B

B A B St B AL 08— M A T = 4R = R B HLE) H AR S0 ah 7 i iR s i
A

B 2 A S B S 4 ) — Rl T =42 (AR B B0 H b i i i 3 E i R Gom
=K.

AR R SEH T

PERNA I — A S, anlEl 1 s, AR B Sy SR g — R T =4 (R 5%
D R=IRE R AR hES by et G RrS LN ey S Y PR W R SRR LR

AR 101, 53 BN =2 (S MLBN H bR =N (R 2 fe 5 5 ) o s B b %
M E R, MR BRI A BN AR A ) = N R A e A
PRASHRAERE, JFIE R ASHR AR R R =AML B I B e A 2 xoy Pl L, REIEHERI=
AN E N EEAE, FARAR B = B e R 2 W T 2R AT A, 15 3=
AN I A AR R IR W T A

TR 101 192 H R A = AN RN 0 S B Bt R AR AR IO K, 15 21
ARUE I =M B EE, PR AR

W= RS NS H AR AE =R 20 AL E R EAE A y, = (2,01, ) » Hoh,
k=1,23, t Rk AT, 5, =000, nF . nt gt g s e
BHLE) A bR AE k2O BB x &, v 28N 2 &,

enl=n.-nl, nl=n,-nl, nl=n.-n, Kb, i=1,2,3M;=1,2,3; FHE
B ="PA R ZI AL E N EEIE y, = (2.0) ¥, =(2,,5) W p; =(25,.1) IR =40

HENS ARSI S xoy FHEIKIIMAN o, =42 B E NS HFRIE30 I 5 xoy F
E%T%ﬁx%@%%ﬁ%ﬂ,T%Sx%%iﬁ%h@&ﬂi
'/E;‘:P’

77217732 _ 77327721
x 'y x 1y
\/(77;177232 _ 773277221>2 + (7722177)?2 _ 772327751)2 + (77)?17732 _ 77)?27731)2

0(0 = arccos



WO 2020/006672 PCT/CN2018/094175

77217731 _ 77317721
\/(775177)?1 _ 77317751>2 + (772217731 _ 77317751>2

B, = arccos

T
IB()’ IBO < E
.- ,
0’ 0 2
. n,GXnl - + 0l - i)
0o X

77;17731 _ 773177221
Ehr TR EBOERE I E
%Uﬁﬁ%ﬁ Ofﬂ:ﬂ%ﬁﬂ7 j‘JFEXal =, az =—a, ﬂl :,B’ ,82 :_,B’ *@@é&*ﬂ?&ﬁﬁ

W F, s
1 0 0 cosfB;, —sinf, 0
Hrr, F,=|0 cose; —sing; |X|sinf, cosf, 0, i=12/j=12.
0 sing, cose, 0 0 1

TR A FFAS AERE Fy DL AS 05 [y, 0,01 5rBUAHEI L At 2, 2, B 2, 4T 4
PRI L B EHE 2 = (007000 ) 2d = (0l nlyanh )
zéj :(7733’7733’7735);

7731 77JIC Xo
ij 1
o, H{l =(F)"||n, |-| 0
77;/1 77z1 0
_7732 | _775 | _xo
77;{2 = (F:j )T 77; - O
72 | 7| [0
_7733 | 77i | _XO |
77;{3 = (F:j )T 773 -1 0
7 7] 0]
FIR AR B RS 2 . 2 Mzd, Rits, =i+ b|+nh], Hhi=12%

J=125 Mosy s =120 j =12 PR ElR/MEX R RS 5, Eﬂ(il,j1)=argrlrl)1;n(sij);
FREER 515 Gy, % B AR AR BB FEAE ORI F, U F, = F, %515y, i)

o LA B 2 L 230 A2 A AR R R AL E R R ) o Rzy, D



WO 2020/006672 PCT/CN2018/094175

zlc = zliljl . z; :zgjl ;F[] ZSC — z;]jl .

2

Gk,x Gk,xy Gk,xz
L L NN N . 2 2 2 2 2 2
VO 7, MREW T EHMENR, =\ 0,,, 0., O, | H£H o 0r,~ 0

Glf Xz Gk ,¥Z Gk s
07\ 0L\ O, MW R, MILE (i FFHASERE F, Xt R T4, 4

SRR IR N T 24 RY, Jorh R = (F)TRF,, k=1,23

APR102, PIRARHE 0 =7 B I R H R T RN = NP A BEIRI
REATBEAAE, HI2E = B S IRRERE, JRF AP B 103; I
FeNBIR 101 BUT — A7 & I B Hod 4L AT Mt

APE 102, TER A =PI IS 1 =L E B, PR L =1
BRI S I =AM E IR E AR R IR, R AP TR

PLzy = (05150 10) ~ % = (5010502 1050) R0 25 = (1153, 17,5. 155 ) B A8 fr B

BdE, WA ENEEE 7). 75 M z5 BRI E T 7 =A B AT
T AEAT 1

c c
Viia (1 —1) =0, <175 — 2 zgvmax(tZ_tl)-i_b];
c c
Vain (13 =1,) =b, <25 — 2, zgvmax(tS_tZ)-i_bzi
T A 2:
c c c c
s, -z b, b
2 _ H<a  (t,—1,)+| —2—+—2 :
t, -1, 1, -t | t,—t, t,—t
T A 3:
¢ _ e 2+ ¢ e 2_ ¢ e 2
2,3 5 2, zzz z; zZz 1
7 areeos S_a)max (tk+2 _tk)"‘C ;
oo -z <[z -z], | 2
2 2

Hot Vo Vs BT, YIRS . BOCHRRE RRHERRK
i, |, w2 s b bR RS RARKI S DAV, R
BE RS TR BT (Cholesky) SMBHERE, HIV, =chol(RY), BAV,,. V., MV, #rsf

RV, R LI EATEE, b, k=12,3, WZHb . b, Flc R0

b, =b, (\/‘/121 +V1,22 +V123 + V22,1 +V22,2 +V22,3 )



WO 2020/006672 PCT/CN2018/094175
8

b, = b, (\/ V22,1 +V22,2 +V22,3 + V321 +V3?2 +V3?3 )

2 2

Hep, by EHIS L, HEUEGER D, =1~3.

LT 103 R A5 B =N BN A 15 2 =4 == R F S HL3N H s e 25 24k 1t
M FHAS S J R = A7 B e M = 2 (R S L3l H e RO 58 R i, 13 2138 A 1 =4
2B IS H AR IR RS AT AR E ) U7 1. RO RO

TP C R U S HS B AL B RO 20 . 20 A1 28 (51 =t e iy
L3 BRI S Ay

2 2 2
c c c c c c
zZ _zl + z?, —z2 - z?, _zl
2| & —arccos 2 2 2
. 2|z = |, X||7 — 2,
&=sgn(a)x
L—h

c c

Febs a=(ms, =05 ) (15 =15, ) = (15, =5 ) (s =15 ) > sgn(a) WU R A 1755, H

1, a>0
fisgn(a)=40, a=0;
-1, a,<0

A CTR BRI EPUR I AR S5 0 = EI e 2y 2o A 2y TR m

BB, =[5 T T T T o1 |

P& =[x e ezt 2 | o r NSRS R 1 = e [ TS LB H AR A A
P By S SRR X AR,y R 2 S, 1L 3R 2 R
R X SRRy 4 i

SET B m SRR A O BRAME r AR 10 = 47 R B L) AR A
né = @D)'d"m, ;

14
Hr, @=|9,
)
1 Sll’l(a)(l} —1)) 0 COS(CU(ka_ 7)1 0 0
w w
0, =|0 l—cos(ai(tk —1.)) ! s1n(a)(tAk —1.)) o o |’ k=123
w w
0 0 0 0 1 1, -1t




WO 2020/006672 PCT/CN2018/094175

£ 1IN 202840 5 R ZE W) U5 ZE RN

Prc — (ddej)fl djTRcdj(ddej)fl

R 0 0
H¥, RR=| 0 R 0
0 0 K

R 104, BT R I F, S AR 5 i) =45
RZEEW T AT AR, BRI =4
HEAMD R
Tl ASHERE F, 675 405 () = e B 25 B3 B RRA A EC b B e, PSR =
YIRS BLBh FARAE r I RIBIR SR & =[x, %, y,.5,.2,.2, ]« FIFAEBAERE F, %t
AR WIRZE W T M P AT AR, 52 A bRAE r 2R IR Z 0 5 Z 8N P,

SRR L) B AR PR RES Al oh AN
S[R3 L) B AR AT IR M T RTRZ W 7 Z Al 1T

ESNEN xf
X 0 i
O c
/\‘:P7 }‘}r — +QX yz
Y, 0 Y,
z, 0 z,
1] O] L 2
P.=QP Q'
[Fa) 0 F@22 0 F@33 0
0 F.(Q) 0 F.(2,2) 0 F.(33)
o- FLl) 0 F(22) 0 F.(3,3) 0
|0 F@QD 0 F22 0 F(33
FLl) 0 F(22) 0 F.(3,3) 0
0 F.(Q) 0 F.(2,2) 0 F.(33)

Hrb, F (i, ) &M F RS AT5 j 5T R.

ST 105, 75— ML EARAL =AU E BRI RUS, BB 101
YL U B M L TR, % A 0 B B M SLARHEAT T R
FEAIR T — /NS TSR B i — BT T = e VR 25 B3 bR B 77 s, it
s, BRI KA SR I E, S bR R A S, B UL 2 ] o 77
O E b, FR3608 B BRI A Aih, T RO AR Y T =7 R 25 B3 bR LA
UL W T E bR, AR SR S0 b

(AR R BIR 3 — NSRBI 2, B 2 oA RSO IR B — T = 4%
L AR RS T I RO R R R

AR 10, T4 5 =2 AR b A = AR IR 22000 R M e %

ELEUH— AL RS , e R 2L, P B R 20 o g = A R U
WAL B, TR AR A A = A R B RSO A %S xoy I |, 49515
B A B A PR ASBRAE MO R = 0 0 0352 77 2 AT M
= AL B R A 5 1 525 W 7 2 M

FEGRAIT: B e A L) FARE = AR RN 200 6 B R y, = (2,.7,) -

PR —



WO 2020/006672 PCT/CN2018/094175
10
Hp, k=123, 1, FmtEkSZNETE, 2 =@000.00) . gt ny Rl s RRoR =g
23 [ 25 L0 B FRTE k I 2006 B B SR x & v R 2 A .
Snl=n,-nl, n=n,-n), n'=n'-n’, Hh, i=1,238,;=1,2,3; FHE
BRI AR 2 RORLE T REEE p, = (2,1) ¥, = (2,.0,) Bl p, = (2,,1,) $8 = 45505

NS HAREE)THS xoy THIKFEAN o, =42 MBS HFEI T EHS xoy F
LR A x HRIRIIA A B, LS x HIfEE AR [x,,0,0]" ;
;H\:EP;

77217732 _ 77327721
x 'ty x 1y
\/(77;177232 _ 773277221>2 + (7722177iZ _ 772327751)2 + (77)?17732 _ 77)?27751)2

0(0 = arccos

214,31 314,21
mn, -,

B, = arccos

J(nzﬂnil _ 772317751>2 + (772217731 _ 773177;1)2
T
IB()’ IBO < E
.- ,
0’ 0 2
. n,GXnl - + 0l - i)
0o X

ot =t ’

Ebs TRoRAEBIEFEE.

%Uﬁﬁﬁ"]%ﬁ%aﬂ]%ﬁ%ﬂ’ j‘JFEXal =, az =—, 181 :,87 ,82 :_,B’ *@@é&*ﬂ?&jﬁ%
S F

1 0 0 cosfB;, —sinf, 0
K, F,=|0 cose, —sing, X|sinfB, cosf, 0|, i=L2Hj=12.
0 sing, cose, 0 0 1

R A FRASHAEE F, o LRSS D, 0,007+ 40 B BB IS 7, 5, 1 2, HEAT A
FRAEH A SV R B R 2] = (.l n%) « 2d = (nh.n.nh ) A
2l = (.0t )

7731 nx xO
Hep, |l |=FD [y || 0
n 77z1 0
n, 775 Xo
77;{2 _(F:'j)T 775 - O



WO 2020/006672 PCT/CN2018/094175

11
7733 ﬂi Xo
77;{ 3= (F:j )T 773 -1 0
2 7.] L0
FIRAS SO A E R 2 . z) Azl REUs, = |+ |nh|+ k|, Hhi=12H

j=12: Bsys i=120 = L2 BRSEMHRNES S, 1)) = argmin(s,)
FRERZAN S iy, j XA A SRR MRS RN F, BV F, = F,, %315, j)

o LA AL E T HEE 2 20" B2 SRR I E R EE o . 2 Rlzy, B

hh

=gt =t =g

2
Gk,x Gk,xy Gk,xz
&m”% zk E‘Ji%%m‘jj%%ﬁ%j“j Rk = G]ixy G]iy sz,yz ’ ;H\:EP G]ix N G]iy N sz,z N

Glf,xz Gk,yz Gk
OF v O\ O, NEWITEENE R, LR A FFHAHIERE F, Xt R T4, 4

SHUR RE W2 R, SR R = (F)' RF., k=123.

PUBTRIAER 10, AT 4 J i =7 & 0 B e 2 15 FR) e s 2 = PR A
F RE R I3 R = AN TSR, AR UG =M B I B R 8 B — R T, R IR
HIRZEW T7 Z TS 75 M NAR ARG — 407 I ER 43T I PR
B 10 BARHT

BLay = (.05, 000) ~ % = (o150, 115y) B 25 = (1155, 10,5, 1055 ) B AR5 (L 22 )
B2HE, WA ENSEEHIE 2« 2, Mz R E RIS N =AWkt
s AR AF 1:

Vain (& —1) =Dy <125 — 27 ngmax(tZ_tl)-i_bl;
Voin (3 —1,) =D, <25 — 25 ngmax(tS_tZ)-i_bZ;
T2 2:
C C C C
LG5 % b b
z H<a, (4, -t,)+]| ——+——|;
t,—t, f, -1, | —t, -t
T2 AF 3:
c c 2 c c 2 c [ 2
zz_zl2"'7'3_7'22_7'3_7'22 1
7T —arccos — — Saa)max(tk+2—tk)+c;
2 zZ_zl X z3—z2 ‘
2 2




WO 2020/006672 PCT/CN2018/094175
12

FE Voo s Vi~ G P @y P BBV . B L I P A K2
%, ||, #mmii 2 s, b bR REASWITEER RAHKNSE: UV, #RE
BE RS (7R L (Cholesky) MRAERE, IV, =chol(R)), LAV, . V., MV, #FHR

RV, R LA TEE, b, k=123, WZHb . b, Hlc s RIH0N

b, =b, (\/‘/121 +V1,22 +V123 +\/V22,1 +V22,2 +V22,3 )

b, = b, (\/ V22,1 +V22,2 +V22,3 + V321 +V3%2 +V3%3 )

2 2

Jorh, b EIS s, JIUEEEND, =1~ 3.
RAS AR P Iy Z TR 30, FH TR AR 19 = A G B MO 4 5 — o7
LY F BRI S 2 Al A BR 1= R MO = 42 A B 25 W30 ARG 2
Atk 13 FAEHR 1= 47 V2 BLE) BRI IR A A R 0y 2240 . R 5 iR
P A TR 30 P& T
TP C R U S HUR B AL B RO 20 . 20 A1 28 (5 =t
LEh B AR S A

2 2 2

-5 | FHlz -l -z -3

2 2
2 ><|| -z
X% T %

2| - —arccos

c c
%% 5

= X
sgn(a) —

Yot a=(n5-n0 )8 -n5 ) - (1 -1 ) (- n5,) > sgn(a) AIAERA WS, H

1, a>0
fisgn(a)=10, a=0.
-1, a,<0

TP E B R PSS A5 1= B AR 27 . 25 0 25 TURes i R,

ZH c c c c c c c c CT
BE e, = 1505015 T T T W 0 |
T ,. . , _ N B —un
FEC =] A0, yE, 30,2020 | 3 r I AR AR 1 = A 5 VR A 3D H AR A
Pk Hob xS, ORI B BIRORAE R X bRy MR 2 A, XL YO 2 BRI
BE) X SrRAN y Sh

BETHI R m, JFS AT @ FRALE r N 20205 I =4 A S B30 HARIRES A



WO 2020/006672

I =(@'D) ' D m,

13

14
Hep, d=|og,
)
Sin(a,\)(l:\k B tr )) 0 Cos(a,\)(tk,\_ tr )) - 1 0 0 ]
w w
0, =0 l—cos(ai(tk —-1)) 1 s1n(a)(tAk —-1)) 0 0
w w
0 0 0 0 1 1,—t,

1E r I 202845 R Z WD 7 ZHERE Y

Prc — (¢T¢)71 djTRcdj(ddej)fl

R 0 0
;H\:EP’ RC: 0 ch 0
0 0 K

PCT/CN2018/094175

s k=1,2,30

RAEHAFELRE 40, FI TR B ABDR AR HAERE F, 0 AR5 1 =425 (R e S L3 H s Rl 4G
R RERZE T 7 Z Ak T AT OB 4, 19 B = 47 (R 3 0130 B AR R ARG fl v AR 2=
I EM T RAARE 40 BARF T

Tl ASHERE F, 675 405 () = e B 25 B3 B RRA A EC b B e, PSR =
SR BLBh FARAE r I IR SR & =[x, %,,y,.5,.2,.2, ]« FIFAEBAERE F, %t
AR5 IR ZE W) 7 2R P AT AR, 192 HASAE r N2 iR Z W T 2N P,

X, X, X<

x| o i

O C

Hr, y = +0x y i

¥, 0 ¥

Z, 0 Fal

%] L0 2

P, =QP:Q"

(F(A) 0 FQ2

0  F.(l 0
o-| 4D 0 QD

|0 Fan 0
F (D) 0 F.(2,2)

0  F.(l 0

seop, Felod) gmmpe Fe s i

0 F (3,3) 0
F(22 0 F(33)
0 F (3,3) 0
F(22 0 FG3|°
0 F (3,3) 0
F.(22 0 F.(33)]
7 s,




WO 2020/006672 PCT/CN2018/094175
14

A A S A SR S — A T =R (R S HLE) B AR PO R AR E , I8 AR
PRARARER . P ERIIAER . RS S IRE T ZEM TSR, ARhR S AR DA R IR A L
R ZAR I HOW 22 (R R AR B B b, JESAT B ARBRIRGES Al Th, AT ROt o 7 =4 (R 5%
B H A LU AR R, T T2 HARBRER AT, B MR R A ST

VERNA R BRI 8 =Sl , HER A 10 B3R 88— st prde S A 7 i x5 R 8 AT
TSRS . RS 32 B 8 R AE = 4R (8] PR S E S B B b, Hir | ISR

HNo=-5°s, HYEREN

BRSNS yO,ZO,ZOT = [-866.8 m, 259.8 m/s, 969.2 m, 150.0 m/s, 207.0 m, Omv/s] , FifE
=0+ =T H=2T KNZMESH1%[-866.8 m, 969.2m,207.1m]",

[-324.6m, 1224.0m, 193.5m] #1[251.6 m, 1383.7m, 153.4m] , Atz 2 (#2550
0=5"°ls, HHERAN[-733.1m, 242.5 nvs, 1203.8 m, 140.0 nv's, -310.6 m, Om/s] , 3t
tEr=0. t=THr=2T NAESHH[-733.1m, 1203.8m, -310.6m]",

[-274.2m, 1523.2m,-323.2m]" #1[123.8 m, 1914.4m, -360.7 m]" . K30 & H AR E,
HORFER Iy T=2s, A& MELHI B EN ENERS, o, FonERa8E x J7H L
MR bR, o, FMERAE y I LRI ER S A, o, TRt
2 J7F) R RS R, EATMEUES: o, =0, =0, = 1m, Wi%EEk TR, . o,
Mo, BB ANo, =0, =0, =0m. FE&EMEr=0. =T M =2T X HIrME, 5513
BB MEHAE. B HARE =0 s IEPRASED FER 1z

® 1 AHIREL =0 s I HPRESE

x (m) X (m/s) y(m) | y(m/s) | z(m) z (m/s)
Hir 1 -866. 8 259. 8 969.2 | 150.0 207.0
Hix 2 ~733. 1 242.5 1203.8 | 140.0 -310. 6

N TR BEAR RIS AR RS, W NEE v, =450 m/s . RAGER

min

Vo =20000/s « BRI a,, =3 m/s>, BRHEE @

max

=12 °/s (Hp

@ =0.2094 rad/s), FHIZHb, =2.5. FHIUAR BE —SOHE0 TR IR
SRR AT AR AT AL B, T B AR I S 2 R A E bR, SRS ELE A H



WO 2020/006672

15

PCT/CN2018/094175

PRAEL = 0 s IFHPIRE Al WA HARE t = 0 s I EPIRSA T 3% 2 s

R 2 —RRBARI A HASAE = 0 s B RRRES

x(m) | x(m/s) y (m) y(m/s) | z(m) z (m/s)
Hix 1 -868.0 | 260.9 969. 3 148.3 207.9 1.1
Hix 2 ~731.0 | 240.4 1202. 8 142.4 -310.4 -1.3

KA A I B S — SEH B TR BL A U7 1%, BEAT T 100 IRE2EF « RP GIFBERE:, 53]
EARPABARAE =0 s B RS TH 3R 3 Frw:

*3: 100 RS « RE G BAARIR P HEsfEt = 0 s IS PR AT

x(m) | x(m/s) | y(m) y(m/s) | z(m) z (m/s)
Hix 1 -866.9 | 259.8 969. 2 150. 1 207.2 0.1
Hix 2 ~733.3 | 242.6 1204. 0 139. 8 -310.5 | -0.1

SR 1 FR B H AR RPIRAE, % 2 FIR 3 fscin s RERY], ARIIFriefhn =4k
AR LS H ARG T 1%, TSRS BOR AT SER HARIRS M 2 HARRIR
SATHEE B EN L RS E.

FHIRBHAR

P A AR R B B B S 470 2, AN F ABR A B, FLAE AR BH R R i U2
FrAERATAME L S5 R & i FI ol &, YRS 70 A R B AR 2 N o

FEA G FTR AL JLAN SR , ROZERE R, T ss 3 BN, v Do e
TP Blan, DL A i e B St A R R = R, AN, BRIy, AU —
MBI ae R 5, SEERSEIET T DUE 54803377 2, A0 an 22 MRl 4E o] DLgS & ElEE T
DL — ARGt Bi—RpfEn] DLZBS, BT, 09—, PTR st A B (8]
FIFE G B BB GO A E S DU — e O, 2 E s iy iR & el 5k e, v
DL, BB & rIE .

VE 943 S50 150 B BB R T DI Bt v DUAS @ 3 53 R0, A BB R o IR A o]
DL B R AT DUAS B3k, B er DU, T-— N7, B mT DL A 31 22 S Ak |
AT AR S s 11 75 e 3 )30 70 B A SRR SR S AR S 31 5 2 1 H 1Y

TIAh s AEAR B A S b ) Dh R 0] LR RlAE — AN A EEAR A, tHnT DL &
BRI BRAEAE, 0] DL B AN DL BB R pliAE — M. IR S R B S B vl A
SKAREAR SR, T DR A AT e 82U

B AR AR G0 5 LA Dy BB AR SR I S BI FRAE b sy 1 7= it A 5 B4 AT T, BT DA il
FE— MNP RN S AEAE A T o 2 T IR IR, AR BRI AR T A0 F B i A
F AR B TTHRIES 73 B R R T7 SR A el 20 o] DLCL AR 7= i T SR B K, &t &
B2 AR £ — R i, BFEE TR H DR — &R E (TRl At
HHL, MRSsas, BE MRS PATA K &S] 77 i A st s DI mRTiA R
RN ETE: UL, Bohffift, HiE{7iEe% (ROM, Read-Only Memory). FHMLIFERA7fike%
(RAM, Random Access Memory). RAREEH Yefl & Fhul DAAAEFE SIS A IR .

VLR, ST RTAR S T E ), Jy 7 EERER, SOl HAEIRR N — RN E)
YEHE, (HRAGIREARN JRAZZ, KA Z IR s R RR ), FOYRYE



WO 2020/006672 PCT/CN2018/094175
16

AW, FL T DR A e P B R 3T . R, AGURSAR N G B RZHAE,
;;;4”343Fﬁ?ﬁﬁ%iﬁ@ﬂﬁdi@)@?ﬁtiﬁiﬁﬁfﬁﬂ, It B AR AR G — 52 B2 A R BT AL AR
FE EIRSCHE] o, KSR IR A S A ML, B St T B TR,

A2 WL H 8 St 51 AR AR SR A I

LA A B TR L B — T =4S A1 R S5 WL3D F AR IR da 7 v S R B R, X
TAGUSIBARN 1, AR YE A S B St 1 S8, B AR S 75 30 BBl 38 A 2
ZHb, gR b, AU A AR R R A S B BRI



WO 2020/006672 PCT/CN2018/094175
17

BRI LR A

L —F A TESHE) B AR 777, HEEE T, ridrisass:

B RN AR HLE) B b = AR ZI0 A 2SR S b S 5 I —
A E N AR, MRS B B AR A, TR A I e A g M I SR A
APRAR YA P, I8 I T AR AR 8 R R TR — AN B B R AR R 2 xoy SFIH L, 152
AR 0 =AM B E R, TR AR BR AR AR PR TR =N B B O iR 2 T R
FEEAT AR, 45 2 AR =AM 2 S HE AR S 1R 2 W 7 ZE 5

HEADIRAYE. WATR =48 7= W FZ P30 H AnsE =N R 20 1947 B0 & 5dE 4
Ve =21, ) Fl k=123, t, ZFRER NI, 7, =080 05, 7t gl Fnt
AR AT IR = 4 = (B F S YIS B AR k B2 A BN EHIE R x &, vy 2 EMN 2 8

enl=n.-nl, nl=n,-nl, nl=n.-nl, Hd, i=1,2,3%;=1,23; A%
S =R EN RO B REE p, = (2,1) ¥, = (2,,1,) M p, = (2,.1,) FAFHR =2
L PE HbEs) P S xoy FIHFRA N o, ik =4 Z P30 H brias) i
5 xoy FHIMAZ LA x BRSNS, FriReks x Bitse [ x,,0,0]";

Hr,

n'n? - nrn)

\/(77;177232 _ 773277221>2 + (7722177)362 _ 7723277)?1)2 + (77;17732 _ 77)?27751)2

0(0 = arccos

/4
o, o, < =
2
o =
n— 0(>7Z-
_ R —
0 0 2

77217731 _ 77317721
\/(775177)?1 _ 77317751>2 + (772217731 _ 77317751>2

B, = arccos

T
ﬂo’ ﬂo < E
IB - T
V/ 0 o > E
. m ol — ) ) -t
o — Uk

77217731 _ 77317721
y 'z y Iz
Ebr T Fom B BOE R R A E
%Uﬁﬁﬁﬁﬁ%ﬁ a%ﬂﬁ)ﬁi%ﬁ% ﬂ’ j‘JFEXal =, O,=-O,; ﬂl :,B’ ,82 :_,B’ *@@ﬁé
BB F,

1 0 0 cosfB;, —sinf, 0
Hi, F,=|0 cose;, —sing, [x|sinf, cosfB, 0|, i=12R;=12;
0 sing, cose, 0 0 1

FUFF TR SRR AR F, » LU FTAZE 4 [y, 0,017 » 435Ut G B st 2, 2, A 2,
HEAT AL R s B B R 27 = (% nPnf) 2 = (nlontoml )
2l = (k)



WO 2020/006672 PCT/CN2018/094175

18
7731 77JIC X0
;H\:EP’ 77;{1 :(E-j)T 77; -1 0
7731 77z1 0
_7732 | _775 | _xo
n |=(F)' |17 |- 0
72 | 7| [0
_7733 | _ni | _xo |
77;{3 = (F:j )T 773 -1 0
7% .| 0]
FIR AR B R 2 2) Mzl Rits, =% |+ nh|+nf], Hhi=12%

J=125 My, i=12Mj =12 Pk BB/ MEXN RS S, B, j,) =argmin(s;) ;
ij

IR 515 Chy, jy )% BRI AR bR AR PR TR ARIRIEFE F,, BUF, = F, ., ®515 (i, j))

o BRI B RAE 2 L 230 20 SRR R E R R 2y L 25 gy, B

zlc = zliljl . z; :zgjl F z?f — z;;ljl :
2
Gk,x Gk,xy Gk,xz

W& 7, MIREM T ERENR, =| 0;,, 0p, O, | Hhol, .ol 00 -

Glf,xz Gk,yz Gk

OF .~ O« O, NIRFEWTTZHENE R, WG E (: FFIFTRASIERE F, %4 R, 4745,

BEEE R ED T ERER,, P R =(F)' RF., k=1,23;

AR 2, MRS B =AM E I BB TS R I R =N TR A BR IR A2
SANTRBARAT, AR AR S B =AM B BB TP R R E RS, R ER 3 R
DI BT — A E SR A AT

AR 3. R TR AR fE B =AML E T B R A B ik = 4R R S HLS) H AR S
FAtvts A ATIR ARG B =N B A A = 4 A S LS B AR B E A1,
1324 J5 B = 47 [0 5 B HLEh B AR RS A T AR ZE ¥ 07 Z ik it

AR AL R TR B AR BRI F, % AR 6 f5 1 = 487 [0 F S HLE0 H PRI e RS Attt
FRZEW 7 Z A TE AT RS, (53 iR =48 7% (R 3% HL3h H AR I A RS A T F AR ZE 0
ZEftitt

WBR S, fE— M E N EEAE AR = BN E RN RE, AP LT
— AL E N BRI AT, B A BB B A AT AT TR

2. MOAHER 1 T 77k, HAREAE T, Frid P IR 2 .

BLzy = e 50110 ~ %5 = (1517500 1050) R0 25 = (15,105,155 ) 805 A 67 L 1)



WO 2020/006672 PCT/CN2018/094175
19

BHAE, WRITRAENELIE ) 25 N gy 2GR 2 T =P
T AEAT 1

Vinin (tz _tl) _bl <

<v._ (t,—1)+b,;

2 max

Lo

c c
Vain (13 —1,) —b, <125 — 25 ngmax(tS—tz)'sz;
T AEAT 2:
%2 ||zc—zc b
3 7% 378
H<a,, (t,—t,)+ ——+—
t,—t, 1,1, | t—t, t,—t
T AT 3:
C_ C2+ C_ CZ_ C_ CZ
LT, 5 TR, T T, 1
7t —arccos < _a)max (tk+2 - tk) ¢
-zl <=, | 2

Hot Vo Vs BT, YIRS . BOCHRRE RRHERRK
s, |, w2 s b bR RSN RARKI S DAV, R
BE RS TR BT (Cholesky) SMHERE, HIV, =chol(RY), BAV,,. V., MV, #r4R

RV, R LA TEE, b, k=123, WZHb . b, Hlc s RIH0N

b, =b, (\/‘/121 +V1,22 +V123 + V22,1 +V22,2 +V22,3 )

b, = b, (\/ V22,1 +V22,2 +V22,3 + V321 +V3%2 +V3%3 )

2 2

Hrb, b EHIS L, HEUEERAD, =1~3.

3. BRI ESR 2 ATk 5k, HAWEAE T, Fridb ik 3 .

HH ETE B BRI i) iR AR 5 i =ML B B 7). 25 M 25 A9 B pTiR =4k
AT LS H AR S R4kt

2

c c 2 c c 2 c c
”zz 4 +||z3 “Lf, 1B T
2| 7 —arccos 2 2 2
2 c _ c c _ c
X 5|, X[ %),
&=sgn(a)x
;=1

St a=(me, =m0 ) (1, =15, ) = (5, = ) (=152 ) > sgn(a) WIUER A HH 5, A



WO 2020/006672 PCT/CN2018/094175

20
, a>0
fsgn(a)=40, a=0
-1, a,<0

HH OB BGRERERIL Y Frid R ¥ B =AM B EHEE 2 . 25 M zg TRl in &

V7 N c c c c c c c c c T
my7 {%i”my =|:77x1’nyl’nzl’an’ny2’7722’nx3’ny3’nz3:| 3
T . . . e B -
FEC =] A0, y0, 30,2020 | 3 v I AR AR R 1 = 4 5 VRS L3 H AR A A
Pk Hobx . YR 2 BBIRORAE R X Ry MR 2 0, XL YO 2 BIORE
FE X SRR y 40 Bs

ST FFA A B, TR A O 3RABAE r I 20 R (0 =475 R Ly
bRRA TR E = (0T D) D m,

?
Hr, @=|9,
?;
| SM@Gn) o es@ i)l
a) a)
p =0 1ZCOS@L L)y SN@G L) g o
a) a)
O O O O 1 tk_tr

£ 1IN 202840 5 R ZE W) U5 ZE RN

Prc — (¢T¢)71 djTRcdj(ddej)fl

S = R

>
R

4 WTRCRIEER 3 FRR 77, FORHIEAE T, Frid T 4 At

TR A A F, A H0R 1 = 47 2 B3 bR i & 3T RAE R, L3R
At R BLE RS IR RN €, =[x .5y, 5,.2,.2, ]+ FIFAATAAH
K F, XA A2 W7 220 P HAT IR A, 1) ELRRAE r IR 22 b Ty 20 R
P

r



WO 2020/006672 PCT/CN2018/094175
21
ESEN Ed
x| |0 X
O C
Hr, y +0x y i
Y, 0 ¥,
Z, 0 zr
1z LO] |2
P =QP Q'
[Fy 0 F@2 0 F@G3) 0 ]
0 F@) 0 F@22 0 F@33
o=|FGD 0 F@) 0 F3YH 0
| 0o F@D 0 F@22 0 F(@33)
FL) 0 F@2 0 F@33) 0
0 FQD 0 FQ2 0 F(33]

Hr, F(i, j) &R F NS iT58 j IR,

5. =TT HLE) bR GEEE, KA T, rdiEEasE.

ARFRAER, F T N = 4R B (MR B HLEN H s = AN R B 206 Bl E 8z 2 h & H
B — AN B s, A p i B e BE A, A B S5 A A g =AM B 24
P 1 2 ARAR AR HH B, HEE I T IR AR AR R B TR =AM B 28R R 0 2 xoy I E,
13240 5 1 =AM ZI B F BT IR AR AR 4R B o iR =7 B 2 3R iR 22 1 7
ZERERAT AR, 152 FTIA =AM BN B S RR ZE T 5 ZE R

HBAAT: &R =473 M SHL3) B AsE =R 2046 B E&£dE N
ye=(z.0,), Hohy k=123, 1 ek WRIMETE, 2, =@0n.00), nk.on, M,
AR AT IR = 4 = (B F S YIS B AR k B2 A BN EHIE R x &, vy 2 EMN 2 8

enl=n-nl. nl=n,-nl, nl=n.-nl, Hd, i=1,2,3%;=1,23; A%
B =R I 2 B TR 3, = (2,0) 9, = (20, 1y) Bl py = (24,1,) SRABHTIA =4
L PE HbEs) P S xoy FIHFRA N o, ik =4 Z P30 H brias) i
5 xoy FHIMAZ LA x BRSNS, FriReks x Bitse 5[ x,,0,0]";

Hr,

ni'n? —nrn)

0(0 = arccos

\/(77;17732 _ 773277221>2 + (7722177iZ _ 773277)?1)2 + (77)?17732 _ 77)?27751)2
o, q)S%
o =
n— o, > 1
0’ 0 2

77217731 _ 77317721
J(nzﬂnil _ 77317751>2 + (772217731 _ 773177;1>2

B, = arccos



WO 2020/006672 PCT/CN2018/094175

22
T
ﬂo’ ﬂo < E
IB - T
V/ 0 o > E
. m o — i) ) -t
0o ~ x

77y2177z31 _ 77317751

bR T RR R BB R

MAFRISf o M f, oy =, oy =-a, f=4, f,=-f, W@zt
YIERE F,

1 0 0 cosfB, —sinff, 0
K, F,=|0 cose, —sing, X|sinfB, cosf, 0|, i=L2Mj=12;
0 sing, cose, 0 0 1

R R AR A B F , WUFTR AR [, 001 X506 BT B SR 2, + 2, A2,
HEAT A b A B AR B B R 2 = (ot ) 2 = (ol s )
2l = (.0t )

7731 n. X0
ij 1
;H\:EP’ 77){1 :(Ej)T 77y -1 0
) 77z1 0
_7732 | _775 | _xo
n% (=(FD | |17: |-| 0
_7732 ) _77z2 10
_7733 | ﬂi | _xo |
77;{3 = (F:j )T 773 -1 0
7% | 7] 0]
FIRAR SO A E R 2 . z) Mzl RELs, =\l |+ ||+, Hhi=12H

J=1L25 M, i=12M j=12 Pk BE/MER MRS, B3, ) :afgffl?};n(sij) ;
FREER 515 Gy, % R ARR AR BB FEAE ORI F, U F, = F, %515 (i, i)
X L 7 B R HE 2 . 20 R g0 S B AR RO B R 7 . zs Az, AP
=g, i =g gl =g

2 2
Gk,x Gk,xy Gk,xz
Wz, MRZM T ZEMEAR, = 0p,, 07, o7, | Kol o, o~
2 2
Gk,xz Gk,yz Gk



WO 2020/006672 PCT/CN2018/094175
23

07~ O« O, NIRFEWTTZIENE R, MGE (: FFFRASIERE F, %4 R, #4745,

BRGNP R, KA R =(F) RF,, k=123

SUBBRIBCSR, P T RRAEBR R =AM E R R S RN R =T
BRI 1 2 T PR HUS 0 A EL SC — RPERLS, IR AR
A RIS I AT — AL SR AL T IR

ARt 5 R Iy 2L, PR PR 0 B 0= O 6 B i = 4
SRR L) FLARIN 75 35t PR AT 5 0 =/ B A 8 = 4 7
B EL RIS S8 01, 4 AR 1 = S IR L) E RS AR s 2
i

SARIAEER, TR A AT IR AL RS AR R R F, 6 AR A 5 1) = 4 [ S HLE) B R IRAS

A THRTR ZE YT ZE Ak T EAT R, 45 3 Bid =47 R S LS B AR A RS Al THRT R 22
W EM .
6. WIBCMZESR 5 Frid e s, HAFILET, Ardful s B T

PLzy = (05150 10) ~ %5 = (010502 1050) R0 25 = (1153, 17,5. 155 ) A8 r L
AR, TRITR G BN ERAE 2« 25 B z) 21 R R T A=A A
PRAAE 1

c c
Viia (1 —1) =0, <175 — 2 zgvmax(tZ_tl)-i_b];
c c
Voin (i, —1,) = b, <23 — 25 zgvmax(tS_tZ)-i_bz;
TR SAT 2:
c c c c
) P b, b
2 H<a,  (t,—1,)+| ——+——|;
t3_t2 t2_t1 t3—t2 tz_tl
TR SAT 3:
c ¢ 2 ¢ ¢ 2 c c 2
zz_zl 2+Z3—z22—z3—z22 1
7T —arccos — — Saa)max(tk+2_tk)+c;
2||z2—z1 ><||z3—z2 ‘
2 2

A Vi s Vaan > Gonag W @ A E/NEE L OGRS S KR LA K%

min max

>$<
’

|, Forrui 2 Wk by b, M REAGHITEIEN R XM SE: DV, 5%
Be Ry 7R LML (Cholesky) SMARAIFE, BV, =chol(R), BAV,,. V,, MV, , #rsR

RV, R LA TEE, b, k=123, WZHb . b, Hlc s RIH0N



WO 2020/006672 PCT/CN2018/094175
24

_ 2 2 2 2 2 2
- bs (\/Vll +V1,2 +V1,3 + V2,1 +V2,2 +V2,3 )

b, = b, (\/ V22,1 +V22,2 +V22,3 + V321 +V3?2 +V3?3 )

Hep, bfEfISE, HEEEEAND =1~3,
7. WORCAIESR 6 TANAE, HAFLE T, FrRIRESIRE T E M THESLR A H]

2

T
HH SRR PR IERIL B T AR G R =AM B R 2 . 25 Al g, BEITIR =4
AT LS H AR S R4kt

C_zC2
1o

C_zC2
21l

||zc_zc 2
2 1>

2| - —arccos

c [
-2
22

W= X
sgn(a) —

serb - a= (5, =0 ) (s =152 = (m52 =5, ) (ms =15 ) > sen(a) AR A R9RS, B

1, a>0
fisgn(a)=40, a=0;
-1, a,<0

I OB RBARERERIL Y Frid R ¥ B =AM B EHEE 7 . 25 M z; TR lin &

T
my7 {%%Umy=|:77x1’nyl’nzl’an’ny2’7722’nx3’ny3’nz3:| 3
T . R = e ~ R
FAE =[x, ye, 3602020 | B r I ZUASKR AR 1= 42 1R 5 25 B3l H AR £
it M, YRS DRIFORAEI X R,y RN 2 R, XL YR 2 SRR

B X8y 58
HT RS R E m, SRS R AT @ IRAGAE r i 21205 ) =4 M S HLE)

FRRA R E = (07 D) & m

o
Hi, &=|¢,

2



WO 2020/006672 PCT/CN2018/094175

25
| sm(a)(tAk—tr)) 0 cos(a)(tkA—tr))—l 0 0
@ @
0. =|0 1—COS(ai(tk—tr)) | M 0 0 |, k=123
@ @
0 0 0 0 1 1 —t

£ 1IN 202840 5 R ZE W) U5 ZE RN

Prc — (¢T¢)71 djTRcdj(ddej)fl

N

&

[

S = X
>

0
0
R
8. WIBCRIZER 7 FR O3 E, LA T, Pk RSB EL A T
TR A A F, A H0R 1 = 47 2 B3 bR i & 3T RAE R, L3R
A=t R HLE RS N ZIOR S R N € =[x .2y, 5,.2,.2, ]+ FIFAATAAH
K F, XA A2 W7 220 P AT IR A, 1) ERRE r I R 22 b Ty 20 M

P

ERNEN ES

il |o i

O C

o, y = +0x y

Y, 0 ye

Z, 0 zr

2] L0 R
P=QPQ"

[F.(1,1) 0 F (2,2 0 F.(3,3) 0
0 F() 0 F.(2,2) 0 F.(3,3)

F.(1,1) 0 F.(,2) 0 F.(3,3) 0
0 F() 0 F.(2,2) 0 F.(3,3)

F.(1,1) 0 F.(,2) 0 F.(3,3) 0
0 F() 0 F.(2,2) 0 F.(3,3)

Hr, F(i, j) &R F NS iT58 j IR,



WO 2020/006672 PCT/CN2018/094175
1/2

ANV Z Y ) 455 S B AR AR B 2] 6945 B N B

P& ORE—/ M2 EMBHE, MARGEENTHEL, $101

1 B FHAB LA P 69 Z A5 B AFRABAE A AT LA,

Fal it A AR AR AN B B HIE T Exoy @ L

L ARBV RSB =AM BN HIB, AR R4 = A

15 B FHIE 0GR E 7 2 FEGERAT R, FE =AM E R
FHIE TG IR E T EEE

|

S102
mﬁﬁﬁészﬁﬁm%ﬁﬁﬁﬁmw%£54ﬁﬁ%ﬁ//r_
; ERER B R AR, A RREG /M E R EHK
B R—RIR M IIT, FEEAS103; FNEHEASI0II T —4
A% B B AR 48 AT IR

$103

ﬂmiﬁé%iﬁﬁﬁm%ﬁ%ﬁﬁi%§@%?ﬂ%Eﬁ//r_

83T B4 AR TS 6 ZAME BN AR A = T )

HTHE) B ARG5S B45, FRA TG ZETNET
B A7 B A kA b i £ oy 2453t

|

S104
F) A b AR SR TS 69 Z 4 S R 45T ALE) B AR B AR /
IR AT iR Z W ZAS AT R R, 53] =4 7N
T E) B ARG dE IR BAE AR £ o 245

|

S105
e —/ME B F B4 =5 B AR MR ARSE //_
HASI01R T —4015 8 M F 4B A SATMR, B EPTH 6915
BN B AR AR AT T K




PCT/CN2018/094175

WO 2020/006672
2/2
/— 10 /— 20 30 /— 40
| S| | NOTRE |
T AR — W EAE T e R SR

*

Rk

A2



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2018/094175

A. CLASSIFICATION OF SUBJECT MATTER
GO6T 7/20(2017.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO06T; GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS, CNTXT, CNKL, ‘H %, BAIDU: =4k, fiilk, Puilk, £ 5888, Big, B 5, £IREREE, 18, &k, 1k, 3E, th
T ZEENE, SERE, A5, WRAE, (0 E, KM DWPL, USTXT, IEEE: swerv+, turn+, track+, trace, path, trajectory, data, position,
speed, error covariance, matrix, estimat+, start+, flight, coordinate

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A CN 107390631 A (SHENZHEN UNIVERSITY) 24 November 2017 (2017-11-24) 1-8
claims 1-10, description, paragraphs 70-140, and figures 1-2

A CN 106168943 A (SHENZHEN UNIVERSITY) 30 November 2016 (2016-11-30) 1-8
claims 1-6, description, paragraphs 43-104, and figures 1-2

A CN 104318059 A (SHENZHEN UNIVERSITY) 28 January 2015 (2015-01-28) 1-8
claims 1-10, description, paragraphs 60-122, and figures 1-2

A CN 106952290 A (SHENZHEN UNIVERSITY) 14 July 2017 (2017-07-14) 1-8
claims 1-6, description, paragraphs 56-114, and figures 1-2

A CN 104377447 A (BEIJING RESEARCH INSTITUTE OF TELEMETRY) 25 February 2015 1-8
(2015-02-25)
entire document

A CN 105719312 A (SHENZHEN UNIVERSITY) 29 June 2016 (2016-06-29) 1-8
entire document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited docurnents: «T> later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

. L . R R «3» document of particular relevance; the claimed invention cannot be

“E” eatlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

LT dpcgment Wkgfhhntlﬁy thfglv.v d‘?Ubtz on prflorltyhclz_un.l(s). or Wl_'uctl'lll IS «y» document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is

«A” document defining the general state of the art which is not considered
to be of particular relevance

special reason (as specified) combined with one or more other such documents, such combination
“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«<p” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
09 January 2019 15 March 2019
Name and mailing address of the ISA/CN Authorized officer

State Intellectual Property Office of the P. R. China

No. 6, Xitucheng Road, Jimengiao Haidian District, Beijing
100088

China

Facsimile No. (86-10)62019451 Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2018/094175
. Pat(.ant document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 107390631 A 24 November 2017 None
CN 106168943 A 30 November 2016 WO 2018/010099 18 January 2018
CN 104318059 A 28 January 2015 CN 104318059 B 02 February 2018
CN 106952290 A 14 July 2017 WO 2018/184181 11 October 2018
CN 104377447 A 25 February 2015 CN 104377447 B 29 September 2017
CN 105719312 A 29 June 2016 CN 105719312 B 27 July 2018

Form PCT/ISA/210 (patent family annex) (January 2015)



EFre R R &

[ R g =
PCT/CN2018/094175

A EEAST A
GOBT 7/20(2017.01) i

IR IR S A 2

(IPC) BRF [ I 4 IR B 28 2 SN IPC P i 7328

B. e E

TR KRR ARBR LSOk (BRI PR R S 25 5)
GOBT; GOBF

AL A AR AU A 09 B AR IR PR BE SCHR LA AR AR 2R SCR

FERE s R I 21 9 R it e (RO e R A4, A AR &RAA) . CnfE A )

“pr A BB F ERr 1 B AERF BT EsR A se B H S0

CNABS; CNTXT; CNKI; ﬁg Zé&r ﬁﬂﬁ7 i}‘l“/ﬂ% %{%@%&7 ﬁﬁﬁ %1@\7 %ﬁ{%/%\ﬁmﬁr %%7 ﬂ@ﬁﬁ7 ﬁﬁﬁ’ ig’i§7
T EHRE, M, ZoHe, HE, ME, M, DWPI, USTXT, IEEE: swerv+, turn+, track+, trace, path, tra—
jectory, data, position, speed, error covariance, matrix, estimat+, start+, flight, coordinate
C. FRICE
% A SIHCME, BER, JEEMECEE P IIETGIESS
A CN 107390631 A (FRHIAZE) 20174 118 24H (2017 - 11 - 24) 1-8
AFERL-10, PLAEHT0-140E K E]1-2
A CN 106168943 A (FRHIAZ%) 20164 117 30H (2016 - 11 - 30) 1-8
BAER1-6, HiH43-104 B K K12
A CN 104318059 A (JRHIIKZ%) 20154 1H 28H (2015 - 01 - 28) 1-8
AFERL-10, A H60-122 B K E]1-2
A CN 106952290 A (JRHIKZE) 20174 7H 14H (2017 - 07 - 14) 1-8
BFESR1-6. P EHH56-1148 5 E1-2
A CN 104377447 A (JLRIBME ARFSET) 20154E 25 25H (2015 - 02 - 25) 1-8
A3
A CN 105719312 A (JRHIKZE) 20164E 65 29H (2016 - 06 - 29) 1-8
A3
s 4 scpeeckargmsbam. VLR M
* AR RAEEE “r” EEE*EI&@E?EHEIZE/A » S5 EEATERAL, B4 TR
s N — . . . R IR E R TS S
“A” YA REERIAESR FIFRR T A B AR — R A& R S0 o oo . .
“xr HEE Bz y > HH A B
“p > [ R 2 JE A A RO G i B A X Ry PO, WERRRTMRATR
‘U7 TTHEIRSCRER MBI LA, R AR v RARRE ARt B R 6
b Eﬁfl%ﬂﬁﬁ%?ﬁﬁ%lﬁﬁﬁ@ﬁ%‘%Zm%%‘kiimﬁﬁélﬁﬁﬁﬁjcﬁ (@/uE=RLN %IEEDE?Z& I ARN G B g Ret, BERFEFRIA
S A
“0” WROKATF. . BRUBHAT AT “g”  [RIRE IS4

[l P28 SE R 2 e H 3
2019% 18 9H

I Bz 2 i 75 i H 1 340
2019% 38 15H

TSA/CNA) 42 FR FIHE 2 Hu ik

o [ [E 2R R ABUR (TSA/CN)
o LI 5 i M X IO 465 100088

tEHE 5 (86-10)62019451

ZE R
B Ll

FIESF 86— (20) -28950535

2 PCT/ISA/210 (5527) (20154E18)




Bl F 7 A
RFRBEERINES PCT/CN2018/094175
KBt i 3 G RIS e R R s
CN 107390631 A 20174 115 24H o
CN 106168943 A 20164 118 30H WO 2018/010099 20184 18 18H
CN 104318059 A 20154 17 28H CN 104318059 B 20184 28 2H
CN 106952290 A 20174 7H 14H WO 2018/184181 20184 108 11H
CN 104377447 A 20154 2H 25H CN 104377447 B 20174 9 29H
CN 105719312 A 20164 63 29H CN 105719312 B 20184 7H 27H

F PCT/1SA/210 (RIREFIFME) (20154FE1 H)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report

