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Improvement of observable degree analysis method based on SVD
and application in integrated navigation
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Abstract: To solve the problems existing in the observable degree analysis method based on the SVD of the
observable matrix of linear time-varying systems, such as the inconsistency of state dimensions and the
nonuniqueness of singular value reference, an improved method was proposed. First, the relationship between
linear time-varying system and piecewise linear constant system ( PWCS) was expounded, and the PWCS
observability analysis theory was introduced. Under the condition of satisfying the theorem, the complexity of the
analytical calculation could be effectively reduced by the stripped observability matrix (SOM) instead of the total
observability matrix (TOM). Then, the SVD of SOM and its singular value as well as the corresponding singular
vector were extracted by the system. Next, the observation equation of the system was deduced, and the
observability index of each state of the system was obtained according to the longitudinal comparison of the
observation degree of the same state under different maneuver conditions of the carrier. Finally, the SINS/DVL
integrated navigation system was used for simulation verification. Simulation results show that the observability
index calculated by this method was consistent with the Kalman filter state estimation error characteristics, which
proves that the improved method can predict and accurately describe the state estimation effect. Meanwhile, the
system adaptive feedback correction was performed according to the calculated state observability, which could
effectively improve the navigation precision.

Keywords: SINS/DVL; PWCS; observable degree; SVD; Kalman filter

R RG T, R M A IARE R BRERTE R
45— Bint ] By 2 45 L, i R AR T
FRLL S By R AR B . AT WL A B R AR R
GEAE— B ] N BT AR BRI A AHERR A3 R 4t
NERRASHYRE ST X TRIEE W RGN , 7l HHEGE

W EH: 2019 -01 -16

HEMmMB: BEHABEHEE(61503090)
TEEE I B (1981—) 5, Bl
BAS1EE: APE13E , shaojb@ hrbeu. edu. en

o T ORI A R A 4 iy 2R 9 1 T ORI . (ELX T2k
PR AE ZR G, AU PR R TR A A, PRt T sE
Goshen-Meskin "' Y B i A BE XK U EH R 5
(PWCS) R UL 44 73 Ay B8 , LA 4 B w] S0 0 4 o o
(SOM ) A1 AT 00 i P4 %6 4 ( TOM) Xt & Gt #k 47 AT
UK s TSI N g e

BT FR G AT UL A R R 1 Y T R GRS R
AT, (EE T B RR AR W A THRCR , T
AR 5 HARE R A2 TR L. Fan , BT



A

A9, S§: SVD UL EE 2} 8T 77 vk ek B 204 S rh g R 53

5 R G5 ) I R v AR R B R TR 5 2k
FA IR TGS BE A AS R B0, BV ] S0 14 4 e
FIRRAR ] , 25 IR A B il T B2 RS B vl BB ). (A
bR R X VR I, DU 5 % 6 S ME fR AE AR [A] 45 I
TGRSR B AR AT AT s TEBEA T RGBT, 2
BT RS B NS E, &%
HARGIRE R, WP RERAETHECR, R B
N7 AR T T A R TR 2 T . AT sk %o R 285 1 ik 1
MORBATER ST EAEER L.

Ham 25 411 T — A0 2T Kalman 383377 1%
22595 P N RRIE (A R Al A 5 HARPAE ) AR I PR
T £ B ZR 20 B B R ORI B . LSk o 2 T B 8
Kalman 383 515 213 =22 1, Ak BRI
FR LA BB I AR AT A . DR R — Rl
B R B UN R el R (B e Y s A BV
Rk R TR WA b KRR 0PI IEIN
DEMEA AR AT IR B (B ik R ae iR R s A
B B EL UL BE T AN 2 A S R A B R U B AR A1
A4 R R A R e A R T O e A
KR8 M AT BT R GERY AT MR BE /N, T e X A 2R T3
FE T (SVD) By AL BE 4347 5 B AR AR 3
TR

ACHE A BT PWCS 2 25 AT 08 44 46 1
SVD Al W BE 3 A T ik AT, e B AP EE R 2
ZAb 3% 07 v AT Bk, A % 7 1A X SINS/
DVL ¥ Kalman 38 2% , #E47 7] WL BE 434, SR
A FPLBPRE T S REE MRS T 2
LTI B IE.

1 PWCS 7 0 U 4 0 A7 22 i

i TR 5T 7 G AT UL A 2 B Ah i A 4
WO FRIR R GRS Ty B2 L m Wy kAT ihis B e,
LA RGBT

X(t) =A(t)X(1),

Z(t) =H(t)X(1).
KH1:A() eR"™;H(1) e R"™" ;X (1) e R". FH HIE
T o SR BT S R LA X R A AR R G AT T
SLIE 537, W7 235 4T Grammian 56 fFZ 5, 15
BE XK. HIb R, RGBT RS
By 0] (] B 2R A7 43 B, AR BB () BE i A (1) F
H(t) ARS8, v] 43 BBk 5 &, WA 2 s ] Bt
AT AR R 8 R BT, A B I el N i e P i AR
RGN AT A 43 Br sR etk e B R 48 (PWCES). 3%
IERAXTF RG0S B LA e R G o A B2 ma 1R/,
It ELRBAR X2 BE 9 7 4k 43 B i 72, (X 0k ] ] PWCS
B ARG AR IR 3 G A T ] WL 14 4 A

IR MERT AR REEITELAY PWCS AES 1 4~ [a]
BER5E r A~ a] BE PN 54 5 AT I 4 ( TOM) iy
0,

0, et

o(r) =
QreAr—lA:r,l .__e"lla:]

A, N @ IR BN R G RRS R E A,
RS IR BB @, B TR BN B
LR F R P AR P THELANE

0 = [H;r (H.:A.‘)T (Hx:A?)T'“(H.:A?_I )T]T-

H2H T Q(r) h i A HRBUE I, TR
hE 24y H S| A Goshen-Meskin #l Bar-Itizhack 32
Hh o B A H 2R 0 AT WL e A 2R

A oull(Q;) Cnull(A,) ,1<i<r,A

{mﬂl(Q(r)) =null(Q.(r)),

rank (Q(r)) =rank(Q,(r)).
R ] () S PR B9 2 23 (1] 5 rank () A 56 B B K 5
Q. (r) Ay 72 G 19 48 O] 0L I P %6 P (SOM) |, i+
LIRS

0.(r)=[0Q; &5 - Q71"

# PWCS 1 /2 120 2, 0] & {42 JBCRT 0 44
HEEQ, (r) U B AT LI PEAE FE Q (r) X RGEHEAT
AL AT, 3 — 2D R A A AR RERR I R G
— AR A E A AT S Q, (r) R
O (r) AT, RGN T A

Y=0.(r)X, (1)
Kb, Y=Y, V] K Y, =[Z2(Z)"
(Z, (n-1))"1". % 0 (r) BT RLENE n BT,
W] FRGE A 1] B 9 0 2 0 et L B % B e
— i RGN TR, BV R GOR A 58 4 nl W ; 24
O.(r) IB/NT RLEBE n B, HABH & # R AE
B FRERAS, REREAZ LRI

2 FETE LI A FE SVD By
JE S H7
2.1 SVD AW ESHAE
(1) g @, (r) AT A A M AT 15
Y = (USV)X = (iuio'iv?)X. (23

J_ZQEF':U=[U1 ”2"'urm]\V=[T’1 ”2"'%1%%‘]%
mnx rmn 48 F onox n 4E ARG T SR B Z =

[0 ZO ’ 20 = diag(O'],O'z,"',a'n),,ﬂ\:FP 0-12

(rmn-n) xn

0'2:3"'-20'm-:30,0-m+1 =t =y =0ﬂ‘jQ;(r)E4JJFﬁ.E{E'



.54 MR

T Ok ok % % M

8552 %

MRAE(2) ZEH AT
X = i (u,Y/o,)v,, (3)

ELRERE X WE—TTE X, MMM ERE o,
AL (w0 Yo )v }y, (=1,2, - ,m) BURRKMER
A FMH o, AT X, WA FH o, 5, 8 SGZARET
WL B2 A
N =0,/0,, (4)
K o, AT EHBHINPR GBS B MRES &
X or f) A S A
2.2 SVD AIMAEAEEEESH
2 (2) PER BRI R A E R U, WA
UlvlTX
crzv;X
U'y=U"U3V'X=3V'X=| *

o v.X
KPR o, WRERHES VX BR,BRT VX
fE U'Y T G AR, o, MK, IRESNENGER Y
ARBEVER R vi X, T ) R v, XA R K
BTG FrXd b AR S 4 B AR 12007 I R ok, 1R
iz TT 1) L BRIPRES. I o, BIR/ANE—E TR
b S BT KL R 2 T R R B T AT L ek Ak
R I A2 AR S R 5 4 WU, 0K L R A A
FEAER HACRS B8 20, d0 5HLER
Bl AR R Y AL VLR B
2.3 2% SVD ATl E S EFERNE)E

1) ZYORAEY WM BEJR F R4 B FHE T, b
AR AT, H i (3) ATHL, X FRAR
JIT XTI £ 7 S ) W e A M 5 S

2) RGN A RSB B A [ BOL R R
92T A A B AT Ee e R RE LU AR S 1
AT R EE.

3) AR RN R RS ER RN L=
FRKN, 2B E14& B XA S E WA ER
K AR (4) PR HUE— 1 o, VB Ho At W B2
) e L.

3 T SVD HHNE T ENK

ST (2) FEAT AR ] 1

Y=0]Y1+U2Y2+-"+G'nyn, (5)
A, Y, =uv'X,(i=1,2,,n). {05 H =uy N
REWRERBE X BALEM H, #0258 Y. i H, =
[Hy Hy- H, ], W3 & H o R R TIRE S
87X SR RAY, TR, W 5, oK/

W X, 76 Y, R 5 AU BN BRAE bR A T
5E X
0,=H.H,, (j=1,2,-,n)

B HH, % H 85 H S, WA

HTJHu H:rlHa“z : H;Hin
T T T
H'H. = Hszu Hsziz ’ HQHm (6)
H:iHn HIeHiZ : HiTnHin
X u, AR U A &, 8E
H;rHa' = ("s";r) g "iviT) = "'i"sT”iv;r = viv;r ,
EE v, = ['Un Up*** ’U,‘n]T %Lﬁ%ﬁﬁfﬁ
”?1 UVaUn 70 Uyl
H'H. = V¥ v?z et Vpty, 7)
Vily  VUplp = T"?n

PR (6) ((7) HATH L, A
0;=H;H,; =vj, (j=1,2,",n)

0, WL T X, 46 ¥, HRERUEIN, X 0,80, 48 ¥,
A X0, 8 FRE, X, 48 ¥, fULF AR
L. [, 0,7 /INTT FESIHA X, 6 7R IR W50 F AT 8
R L. LR (5) M, ¥, FE285E o, B
SRAFAGE] ¥, BORA R X, 75 ¥ TP AU/
0,5 o, FRIPE , HILSE X

0= 3 oty = 3 o0t
0, i MURA T RGALAIRA T X, 897 000
BREMAE, o T E X, BT 000 B, ) 7 B
X, eI AE Y BT & BUEL R KON, 6 HAE
R REHE(E AT LA,

SCHRL13 - 14 ] 58 40 07 T 2044 19 45 R iz sl <
ZGUIRAS AT R AR . 58RI, MR A S B
HLahT , FEBART I A0 5 0 1 25 RS 3 T 75 B A g
T PRI X, BT ORI

0;=0/0,, (F=1,2,,n)
X 0, R BARTEM S AR X, 46 ¥ T 5
A IE RN

i R RS Bl L BE , AT AN
B R, AR R GE A REM AR V 5515
R TR AN, 7] 15 2] 2 TR 28 59 /] UL
K&, IR ERF R T g, ffoe T
TG AN ] B L v AN P — (14 [ .

i F Kalman J8 25 MZRMHEIE AR , B — R HE
A ARG XK AR AT SIS H0R 2=
AT, E LM TR W S S S B TR E.
LUE U AR XHR AL T ER A, S TS BT LS 2



A

A9, S§: SVD UL EE 2} 8T 77 vk ek B 204 S rh g R 55

WAL IE , H 2R AR T4 22 A, A 78 1 U] ] fig S 3
MBS ER. Eh THRAEREN NS
B, T BRI A X IR A T HERR R R )5
MR T vk 2 75 X TR 22 HE AT B S RO A2 BE R/,
Vi) 22 3 30k P R A UL R B R IR A
BB, AT kAR AR 2 0 B N, 75 2 SRS v
SR04, B

X =X, - pAX. (8)

K X N SRS B B AL X, S SINS 5
SHAX KU I H B BR 2 n WIRA IR
bty T R .

4 5 BRI AT

A SCHE SINS 5 DVL [y B 22 2248 S &
{58, ¥ 8 Kalman JEPAF , BEHARIL K b B AL bR 2R
X=[ov,80,60,0 0,0, V.V, V.8, 8,6]"
KA 8, S, B, TRIAEEIRZE 0, .0, @, 751 H
EHRWERV,V, VAR INEE T T e, 2,

&, s R N BB IR SRS
2 1| ForndE— g i 1] BE N 43— 2% WL HL3h 3h
YE (WU IR A B4 B 45°, 20 BF 126° ;571 100 m/s;
INE#IESN @ =0. 1 g; 555 AP 3°/s) MR LRy
PTG BIRAS 43 B A ] LI B
F1 BB AT E

Tab.1 Observable degree of the body under typical maneuver

conditions
R3E ik AEsk dbmini R
v, 1.000 0 1.000 0 1.000 0 1.0000 1.0000
év, 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
& 1.000 0 1.000 0 1.000 0 1.0000 1.0000
@ 0.858 2 0.858 1 0.945 4 0.7436 1.038 2
®© 0.900 5 0.900 3 0.784 1 0.986 0 1.068 2
Pu 0.000 2 0.000 3 0.3320 0.3474 1.1711
v 0.101 7 0.1017 0.1103 0.1227 0.991
v, 0.119 1 0.119 1 0.186 5 0.1833  0.460 1
Vv 1.001 9 1.001 9 0.812 8 0.8101 1.0011
£, 0.3198 0.3197 0.8325 0.8251 0.2471
£, 0.928 1 0.928 1 0.696 3 0.6929 0.1676
&; 0.000 1 0.000 1 0.289 1 0.3022 0.693 6

HRAER 1 AT, 6, v, v, TEAFARBL T B 7]
WL BE R 0 1, X 2 Tl BE IR ZE AR 0L T 1
A] i1 Kalman 383 83700 5 845 21 , BopR 4 Al Wi
R 0. v, EAFHLENE BT B BE AR R = AT
I BE 38 X b AT A B, BILAAR B8 e i o F K

SO AR XL Bt 7 A S T 1.2 SRRk AR
FRTTHRZE T 2 28, R IR XA, MR B AE 1) AR
] DB SE Bl 253l W] T 1) 7K 2 o A B Al T H RO
I ELINE RO, AT ROR . HURE N
BE TR @, RO EE, 4N 3 pirs , A i %
Tiasht W 2R E v, AV, B AT LI B, A 4 FF
7 AL BZR s 3l AT 3 e e, B AT , {5 )
Hmah—r, SFEE &, BATOLINEE , W0 5 fT7m.
s, 2 1 530K 14 - 15 ]/ B o i B9 LA [RIAL
SBPEX T RGNS TR R R AR — 3, &
W3 dot 2% J7 1 TG 6% T L0 2 4 A7 AT L) Kalman 3§
AT T RS B A TR, D EL T ABER MERf B9
filiid PR S B UE PR

Sk

20

i """" SR B
nt — —Abmhni
; S (1) 1P
| s
o 3 E
= i
& Ll .l
iY
1 \\". _____________
050 100 150 200 250 300 330
t/s
Bl o fiHREMAEHLZE
Fig.1 Estimated error curve of o,
SR E R
— —dkm s
"""" RGPS
& - ETEY
< \
o N
.
R
L‘"“-.,_ —
7150 200 250 300 350
t/s
2 o, HITREHAFEME
Fig.2 Estimated error curve of ¢,
60 ¢
T SITEEE
50} — — AR
: o HEIET)
40!
s I
= 304
o i
I
|

10§

150 200 250 300 350
t/s
B3 ¢ HiHREMHTEME

Fig.3 Estimated error curve of ¢,

0 50 100



* 56 - ®oROE L Ik ok % % i 52 &
100 foemn _ 757
§
80 1 50t
|
60 . 25
~. ‘ — — FEhn = i
O T Lt 9
\ B —-—-SHEHLEN A i
G pgl RS 3 i ey i
20 b o 2.5 ’,‘w;, s f]‘fﬁl
0 L - “' _______ 1 50 1 ‘ 1 1 1 --"“-.ﬂiﬁ2 ]
100 200 300 400 i) 100 200 300 400 500 600
t/s t/s
B4 V.HTREHAFERSE B7 &EEE
Fig.4 Estimated error curve of V, Fig.7 Longitude error
0.020 [
= 0015 o
= =
- s
: <
20010
iR
0.0050 1 0‘0 260 3 60 406 0 100 200 300 400 500 600
t/s t/'s
5 & HIHRERFEMS B8 MmmfmiRE
Fig.5 Estimated error curve of &, Fig.8 Heading angle error
By ORI A BTSSR () 5 & B

B R R R IE 7k e AT 0 . 3R s il B AR R R
SeiEAT 120 s NBEEER 0.1 g Wb mmtiz s, 405
L 3/ fff i BE 225 30 s 525 fdifi 1) 1) 4%, LA
BRI SRS T 450 s. i E 1 MEREE 6 AHE
St Rt R B TR, 4 B 2 AReR A AT UL
FEAE R AL TR 22 89 R A - AL AE , BPAE 5] 3 E
LR, @, AR AL 1R N BB B A, o, 5 AT AR B
0.332 0 HHFELEXT RGEHATIIE ; BB I @, 52
& st RS s 1 7 A HH . nE 6 ~ & 8
7w , 2R FEARCHR BT UL B B 19 38 IR A 1E 7 =X, T
FE—ERE LIRS RI RS E.

AL/m

300 400 500 600

t/s
Be HERE

Fig.6 Latitude error

0 100 200

1) EA [3T PWCS A] WL o446 (% SVD [ a]
AR BE S A it B B P A E RS E WA
AT AL AN E — S5 (0] B, 41X 30 2 ] B4 4 —F
HGHE Y T PWCS R S PE AR 4 SVD E4 AT 3 B2
SR

2) % AR Y PWCS 40 ml L0 P4 6 e B
SAE LA KOG L 9 45 A R I R T R A RS R ]
AL E. 38 SINS/DVL & SRS B, % bk
AR AL BE 5 R G452 00 Kalman JE
AR ZEAG TR A AIAT , EARYE Kalman [A] 428
A2 T JEHR, R RS T ORI B 1 F R 45 H S R R
TRICIE.

) PFHEGE AN, R SVD Al
FETT AT AR B 9 B AR A BT L0 B, AT LA g A A
(75 0, B 2 iR RGeS - RS WA RGR. KT
WL BE 1 A R 45 R 1~ PR S e I ), AT A — g 7
RS S EON B, S BT 5 G B 1 o R
H 18 I B A 1S5 T B Sk I X

5% Xk

[1]GOSHEN-MESKIN D, BAR - ITZHACK 1 Y. Observability analysis
of piece-wise constant systems-Part I: Theory[ J]. IEEE Transactions
on Aerospace and Electronic Systems, 1992, 28 (4): 1056. DOI.



A

A9, S§: SVD UL EE 2} 8T 77 vk ek B 204 S rh g R 57

10.1109/7. 165367

[ 2] GOSHEN-MESKIN D, BAR-ITZHACK I'Y. Observability analysis of
piece-wise constant systems-Part II; Application to inertial navigation
in-flight alignment ( military applications) [ J]. IEEE Transactions on
Aerospace and Electronic Systems, 1992, 28(4) . 1068. DOI.10.
1109/7. 165368

[3]HAM F M, BROWN R G. Observability, eigenvalues, and Kalman
filtering [ ] |. TEEE Transactions on Aerospace and Electronic
Systems, 1983, AES-19 (2): 269. DOI: 10. 1109/TAES. 1983.
309446

[4 12 %, 2 fE. W EE R HAE R /R B A it R AR [T ]
rh PR AR 2, 1999, 7(2) : 18
FENG Shaojun, YUAN Xin. Observation and its application in
Kalman filter design[ J]. Journal of Chinese Inertial Technology,
1999,7(2) . 18. DOI:10. 13695/j. cnki. 12 - 1222/03. 1999. 02.
005

[STRRMLL, T8, k. SEIPAT S 2 e mr S o A a] il 52
WigEl)]. AR, 1997, 27(6): 6
CHENG  Xianghong, WAN Dejun, ZHONG Xun. Study on
observability and its degree of strapdown inertial navigation system
[J]. Journal of Southeast University, 1997, 27(6): 6

(6], Ar3cia, FEA. Has i Jo AL SINS/CNS H &5
ARG EATSE[T]. fias2Edi, 2006, 27(2) : 299
WU Haixian, YU Wenbo, FANG Jiancheng. Simulation of SINS/
CNS integrated navigation system used on high altitude and long-
flight-time unpiloted aircraft[ J |. Acta Aeronautica Sinica, 2006,
27(2): 299. DOI.10.3321/j. issn:1000 - 6893.2006. 02, 027

(712640, PhEME, Han, . T SVD Jrikid INS B xhEi T
WAPERE T[T ]. S REBERR 2R, 2005, 13(6) : 26
WU Junwei, SUN Guowei, ZHANG Ru, et al. Analysis on
observability of INS transfer alignment based on SVD method [ J ].
Journal of Chinese Inertial Technology, 2005, 13(6) : 26. DOI;10.
3969/]. issn. 1005 — 6734. 2005. 06. 007

[8]#I/NE, X%, S5¥EMHE. MSINS/GPS 4414 & &5 i WLl 1 457
[J]. F PR AR, 2011, 19(1) : 38
HU Xiaomao, LIU Fei, WENG Haina. Observability analysis of
MSINS/GPS complete integrated system [ J |. Journal of Chinese
Inertial Technology, 2011, 19 (1) 38. DOI. 10. 13695/j. cnki.
12 =1222/03.2011.01.024

[9] 5 1%, SINS/GPS £H 5T 28 4 el WL HE 204 KRS BEVFEAG O ik

BFELD]. BRIREE AR T K4, 2007
GONG Chuanjin. Method research on degree of observability analysis
and precision assessment of SINS/GPS integrated navigation system
[D]. Harbin: Harbin Institute of Technology, 2007
[10]0sk, 2232, A, S5, LT SVD A SINS o0 B i o] 0 1k
L], P E R A SR, 2008, 16(5) ; 523
ZHAO Lin, LI Liang, SUN Ming, et al. Analysis on observability
of SINS multi-position alignment based on singular value
decomposition[ J]. Journal of Chinese Inertial Technology, 2008,
16(5) : 523. DOI.10.13695/j. cnki. 12 - 1222/03. 2008. 05. 009
[111sR254, TKI8E, 4895 08, 25T LIl o 434 1 B £F F 4R SINS/
AL RGBT T]. hEB PR AR, 2011, 19(1):
50
ZHU Lanwei, ZHANG Yan, CAIl Chunlong. FOG SINS/
Speedometer integrated system technique based on observability
analysis [ ] |. Journal of Chinese Inertial Technology, 2011,
19(1): 50
[12] ThHa2T, W75 BT SVD Byl S o34 32 B LA~ BB
[J]. APEBHEE AR, 2008, 16(4) : 448
MA Yanhong, HU Jun. Counterexamples for degree of observability
a.nalysis method based on SVD thenry [J]. Journal of Chinese
Inertial Technology, 2008, 16(4) ; 448
(13 ] Fralp, JBL, WLHET. SEBCIR S 2 50 ol 5k A8 % o (0 ] AL 4
LI AEEALE ALK SR, 1999, 25(6) : 714
FANG Jiancheng, ZHOU Rui, ZHU Shiping. Observability analysis
of strapdown inertial navigation system on moving base[ J]. Journal
of Beijing University of Aeronautics and Astronautics, 1999,
25(6) : 714. DOI:10.13700/j. bh. 1001 —5965.1999. 06. 023
(1417788, DFEal. BHESHpGERELM ] B AR
fi4t, 1998
WAN Dejun, FANG Jiancheng. Initial alignment of inertial
navigation| M |. Nanjing: Southeast University Press, 1998
[15]) 0k, FRmer. Plshad SINS X s i R 240 T A 8
[T]. AsffeFI#8, 2007, 27(1) : 63
HUANG Xi, CHENG Xianghong. Effect of inertial instrument error
estimations with maneuvers during sins initial alignment[ ] |. Ship
Electronic Engineering, 2007, 27(1) . 63. DOI.10.3969/]. issn.
1627 - 9730.2007.01. 019

(58 K %)



	18周广涛CMYK00.tif
	28周广涛CMYK00.tif
	38周广涛CMYK00.tif
	48周广涛CMYK00.tif
	58周广涛CMYK00.tif
	68周广涛CMYK00.tif

