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Full Scale Data Depended Statistical Estimate of the Parameters
in the Equation of Ship’s Oscillation
——Application of a Continuous Auto Regressive Model——

by Kohei Ohtsu, member Genshiro Kitagawa, member

Summary

The correlogram method through a discrete auto regressive (DAR) model is powerful to estimate a
damping coefficient and a natural frequency of ship’s rolling and pitching motions using the sampled
time series of their motions under navigation. But it is difficult to extend the method to a coupled
motion, a nonlinear one of ship’s oscillation, an input-output motion like maneuvering one and so on.
However, nowadays, the development of stochastic identification technique of model is remarkable.

In this paper, we propose a new stochastic approach using a continuous auto regressive (CAR) model
not only to gain more precise linear parameters of ship’s oscillating equation representing roll and pitch
under navigation but also to extend the model to the above mentioned more complicated problems in
future.

The new approach begins with a transform of the equation representing a ship’s oscillating motion
to a CAR model which will be transformed in the last step to a state space model in accordance with
the Kalman’s frame work. The likelihood value is calculated by the Kalman filter using information
square-root algorithm and the parameters are searched so that the likelihood value takes numerically
the maximum value, using the Davidon-Fletcher-Powell optimization technique. The goodness of the
model is evaluated by using AIC (Akaike’s Informaton Criterion) of the model.

The data fitted in this paper are two sets of the roll’s and pitch’s records which were observed by a

" container ship under the PNW route in winter. One of them has a single peak and the other one has
multiple spectral peaks due to strong rough sea.

According to the results, the CAR model proposed here fits well to the actual rolling and pitching
data than the conventional method using the correlogram in the viewpoint of the AIC. The estimated
natural frequncies of the ship’s roll and pitch motion are fairly well but the damping coefficients by a
low order’s model are not stable especially in the data under rough sea conditions.
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SEBEEZ, EROENRETE N BROET—5%
ST, #EE»SHMEETIZETHEDLN T E ! Froude
DORBEE A BERDY ORBEHNICHE T 2 0RFF
HHERY WL 2F L FERRTIETH 5,
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EBO w(n) i, BEOESEFOE LML L OFHEA
BThslL, oT#itl DOHECERARE L TER
TELIEERLTVS, 22TWE uln) 3RE20E

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

KT — 212 & B BE/ST A — 5 OIFHEIHEE 183

cEFEAELE L,
u(n)+bu(n—1)+bu(n—2)=v(n) (5)
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¥ (maximum likelihood method) #FV:72/87 X — 5 #
TBEERT,

WE, (U RBIBIRAVITA-FERT bV
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L(8)=2(g1, v, -5 ynlO)=0(21 [6:)DC 02 /1, Or)+

< p(ynfin, 0y Yn-1y 6x) (26)
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KBTI, 4ETRLL 2 CAR EFVOHETED, FER
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REBRKB) M/ A —F 6 L THEKMTH LD
T, BARE 2522 6 BEFENICF oLV, LIzwio
THRERCIESHRE B FEERAVT 6 25X T LE
D55 2, KX TlE, ~> 7 ~ (Hessian) D#TTF] 2 EHEK
» 3 HED W, Davidon-Fletcher- Powell 35 (DFP &)
»Fwiz, DFP %ix, e~ 7 bV (Gradient) 2F|FH 3 2
HEDD BT, BRLEMRAELEbNSH, FHItE
W2 5 (Aoki'™, Himmeblau™),

(28), (29) ® Kalman filter DEHEIZIZ, 7TV X A8
DTS L8372 — 8 DI, BERSE< MY 7
A Vains Vo DIEEME, SHRMESRRELBRL B EFD
TREBRSELVBRbN S, ZORERFRT 5729, Potter
WBAEE - TEATIICOBL T, RREERTR2D
square-root (SEAAR)filter ZIE L (I D LT B L
MEXNE=AT5E, EETRZEDBBWVN), ZD7 4V
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T)EHFEL, INREOFHITEI B 2 PuEHEICH
WBOENTWVLEIO KRBT HHEHE LOLEREFED
728, ISF 2R L7, ISF OFRREEE 2RISR T,

[Stepl] 77V A4V ORI Voo KU Q, R< Y
7 AD {15 % 3 v X % — (Cholesky) FMEIC & D,

Vid=RY0ORA(0), Q '=R{R., R"'=RLR.  (34)
E EZA, TERATIICHET 2, 27 RA0) 25T,
x D77V UHEME £(0) KROMEEIT .
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Table 1 Principal dimensions of a container ship
“HKT Maru”
Loa 200.605 m
Lpp 196.00 m
Breadth 32.20 m
Depth 21.35 m
Draught molded 11.50 m
Cb 0.57
G.tons 35,309 tons
J(O)=K’;(0).§(O) (35) Displacement 41,264 tons
[Step 2] (Measurement update) zpeej Eservice) 20'90 k:t
KDE>7% Z< b Y7 REHRT 5, peed (nax) $10 K
Ro(k): d(k
[( -------- i )] (36)
R.,G Rwy(k)

FLTZID< MY 7R Z 27 A KNS5 (Householder)
T 2 EMSHEAKEL, Z 2 E=ATET %,

R:(k) i d(k)
T-Z= [0_--6(./65] (37
D E, xaw=R:(R)d(k) (38)
Vklk=Rx(k)—]R;t(k) (39)
TH5,
(Step 3)  (Time Update)

RMVIRZ*FERD LS THEKT 5,

&@) f 0 {0
e RS SO Y S
Z [ d(k):l (40)
Z D Z* = Householder x‘ﬁ’i’EiF 5L, Z* 2 L=
AT 3

—_ [Re(?i.l)-_.&r_ﬁ{f_fll ...... ZJ .

DL &,
Zarn=R:(k+1)d(k+1) (42)
Viee=R:(E+1)R:*(k+1) (43)
[Step 4] *— Z T T Step 2, Step3 KT,

BRI, (21 B 21795 e OFETH 2,
FRHCEH DHEERD S, LrL, Jo— 1 VIZRVEA
TS OFEND, = 2Tk, ABERIEE(Z o= X
BE)rLTw3dZexBAVWT, A% Jordan EERICEHL
THET 2 HEEB LI NS E s

6. BtEAIEER

AETIEH, ERERIC L > CEsNIERRETOEIE
7212, CAREFNVEHTRDILHERT, FRTHD
NP & D WEERE 5 1F, HEROEBRND B VI TUEIFN
FEEZEID ZZITHOWTWAEE N7 A—FfEESNT
WHMERVLEINETH L, TOLHI T —FDF
FEHODOTIZITR, Z0&5REEREITI R, L
Do THLNEROEETHE, RELSOERLDET

Table 2 Weather and sea conditions of HKT 18 and

HKT 25 data
Data HKT18 HKT25
Ship's Course 100° 260°
Speed 19.5 k't 15.7 k't
Steering Auto Manual
Wind
Grade 6 10
Dir.{rel.) Stbd 30° Stbd 120°
(abs.) 145° 35°
Force(rel.) 45 k't 37 k't
(abs.) 27 k't 50 k't
Swell
Height 2m 10m
Length 100 m 200 m
Period(enc.) 9 sec 12 sec
Wind Wave
Height 2m 4 m
Length 30m 60 m
Period 5 sec 6 sec

DHEE{TRIITED D,

72720, RBXOBNE, H< FTEROBETHESN
T EMROEFIRE TORRY T — 5 LT, HEHHISIE
HEODOITEHL SR LD S LIS X~y DHEEERD
HOTHY, WEROMMRENFHHAERL IHOE» L
TR AKE B > TwaaEMO L2 Z L ICBREET
NETH D,

6.1 BW3bTF—%

CITHERTATF Sty bid, PNW CEEL MM L
TwaRB a7 ETEE, FHRERCHbE VRSN
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7229wy b SRAEE, BET -5 TH5, Tablel i
AMROFETEETT,

Mt E RO EENE 2 HAF OB » S REET 5 1<
it, HRZPFELDTF—F DD TEOBLETH 5,
HBEYHE24) TR, INKEDET—FDARY b T b, HE
FERY BFENoNTWVWSE, ChEOEEI DR LED
AR, EMRROBIEO (FCERo) EEREROME,
HERCEFEOBROES T E» R D ERECHETE 5,
9, ChED7—7 b oRENCER - BH2 29 2%
HUCAR EF N5 HTiEDI, 2T, ThsDEr S
SHIEN - BHEL T ODOF - 2BV 2T D
iz 2 T K. Ohtsu®™ H %),

Table 2 WM SRE LT —F €y F BRI R
R-BHRRFERT, ARIcH 5 HKT 18 77— 1%, &
BRSO RBRT BN, Soili»oHEERT 5 IRE
TOEMBEOEHFTH 5, %72 HKT 25 ZEMRETRV T 2
Y EAEREEH & 0B, BT 35 BT ZRMEIRET
D= a7 NIRRT -5 ThH5,

6.2 EtE&EH

FEF—2 W CAR EF NV EZHERT YD,
DEIZEELU T,

1)F— 8% N=500 S & Uiz, dt=2sec TH 5, 2)
ISF OHE KL, EER BRI 22077010 %%
T EBEK OIS ST, ) BREOERER—ICT 7
®», DAR EFVOREELT(9)%, CAREFTVORLE
LT3RV, 4)HERE S LT3 7:0, DFP kO
HERT 2237 2 —F OAEBEEET 2 585 0.1 L
Teix @A E LT, 5) WS (gradient) i3, BHEATITKD
7o 8, BHE A OMBEOENO T2 L VBER RO 1.
6)CAR EFNVOREM 2R T 27:%, DFP K BT %
1 RTEROBE TEE L2 Fzv 7L, BHTZETV
ERFAT 4B L OEIBR Uz, 7)(13) ORI,
Newton-Raphson & % 72,

6.3 BHET—IBAFOH X

NMRETZ TR, £FIVvaSIh, ANRZ}
NWESEL, BRVIZEKT 2 BRE, BEORE, AN
77 ADE—7MBECHET 2BROBE 2T,

FEER

n

DI BAXY b T LDEEIZIR, ARETNVIZ LS Hg%
AuwsY AR ®7 13, &5 20 )R TRA AIC B/NRE
PREEFLEL, AT bTLAREET D,

@, @ DHEE@E»ELINE,

(U=27l’f=vaz—((11/2)2 (44)
W& oT, BIERAEEE, 12
e=a /2, x=2¢lw (45)

REoT, BEGRH e 20t o XLk >THEBEE R
BRB x REET 292,

8 CAR £7)Vid, SHEIEOEE THRE 6 IRET NV
FCHE T2, BOHEFERCIZ L, #RECELT, %
Ex AICOLEENROAZDRESIKER L EN S
28, FHERMOTETSEIR, B4 61RE L,

Fig.1 kPl LD FEkiz & YRz HKT 18 7— 5 O
BERINODTRIOBERDO 1 BE2FRT, Bicd3L>
2, ZOROREREIZS Thb, ZOMOMBIIHEE
F—5 DO—&, NABEB 2 KR 5 K CAR 7NV T, &
{LETHBRLTIE SN LREE 7T VK BJ 3 Kalman
filter 2» 6 DFHFZOHEMETH %, CARETNVIEZHT BT
TYFY 587 A - BT RSV E» O HFEL
T2 Zbhdrbsd, EEINMROMEIE, K7F—75
DEEER B> TWD,

6.4 WET—9~DHTIED

MR HKT 18 7 — & R UMEfHBE HKT 25 77— Do
vay s A, ARZ T A% Fig. 2~Fig. 5 W&WRd, 2hd
U35 L HKT 1813, BHISEELR b HoT, #
WMzavaZIaeky, BIZBRIEEDARI VT LTH
ZDExtL, HKT 25 &, HEEH 100 sec 1T WEDHEL
BOBBLZIR-E IV S S A, FLTREEDR
NTPTAERSTVE, 298y FDET —5F i O
kB, WT—FIDARZ VT ARBEDhEZNZFh
0.064 Hz(HKT 18) % 1} 0.053 Hz(HKT 25){JiL D & —
758, HROBROBERMTHS LilEESh 2,

Table3, Tabledix, #h 2 HKT 18D CARK U
DAR 71V DH Tk DFER, Table 5, Table 6 ix HKT
BLOWMETNVOHTROERTH S, ThFORZBW
T @, @3 A0H2VIR ()BT S (), x(1) bW

s 1 A | ¥ .
- WAL
: ) WAL
e vl I v

& 8} - 60 120 180 240

300

Time ( sec )

Fig.1 The actual pitching time series (light line) and its filtered one (bold one) (HKT 18

data ; Model's order 5)
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Lag Time (sec)

Correlatlion

Fig.2 Correlogram of Roll in HKT 18 data

Nlax apec. . 4l4
o~ r do- K. 0.064

—

SPECTRUM (db)
0

Y TV S S S TN ST S SR
0.00 o.03 0.10 a.1s o.20 0.25
Frequence ( Hz )

Fig.3 Spectrum of Roll in HKT 18 data

Table 3 Estimated value of Roll’s parameters by CAR
model (HKT 18 data)

Model CAR

Data HKT18

Motion Roll

Order 2 3 4

ATC 6.315684 6.319780 6.323728
Exp(t?) 5.277766 1.852094 0.112478
Exp(c?) 3.893752 1.941378 1.713130
ay 0.101977 0.102796 0.107372
a, 0.183741 0.184862 0.183161
by 2.886507 2.853928
b, 4.616303
Danp-. Coef'. (€){ 0.059476 0. 059771 0.062721
Normalized

Damp . Coef'. (k)] 0.279485 0.280043 0.295442
Nat.Freq. (Hz)} 0. 067736 0. 067940 0.067576

it x(n—1), x(n—2) DEFEH by, - BHEFHORETH 5,
exp(7?), exp(0®) BHREEMEB Q) B I 2 HBMEFD
B, 2 THDL (DT HERIE), 272, 6,1, 013, o,
@ SEHELBHEARRONNS A—FIREL T 5,
#565 CAR,DAR 7D AIC 2 HRZ L BT -5 &
b CAR EFVD AIC /&, 2D Z kid, CARET IV
DOHFBRLTF—FCHTREY, LrbEREREE CAR
ETVTR2REDZATCEDIEERL TV S, X,
HKT 18 F— % DET LTI, wi3iZi¥ CAR, DAR T&
BLTws s, BRERBDETRZ 5, CARET VDT 4
Ny —DMBEEZOND, LBEDTEE DRV CAR
ETFNMEDOWTETOERRITE S,

Correlation

Fig.4 Correlogram of Roll in HKT 25 data

tax spec. J. 458
~do- K. Q.008

3

1

SPECTRUM (db)

IR ST S U S T v
0.00 0.05 0.10 .15 0.20 .25
Frequence ( Hz }

Fig.5 Spectrum of Roll in HKT 25 data

Table 4 Estimated value of Roll’s parameters by DAR
model (HKT 18 data)

Model DAR

Data HKT18

Motion Roll

Order 5 6
ATC 7.587518 7.591412
ay ~1.205767 -1.208187
a, 0.855736 0.857598
by -0.088638 -0.085538
b, -0.089303 -0.088097
b3 -0.119547 -0.120245
by, -0.007851
Damp. Coef. ()| 0.038949 0.038405
Normalized

Damp. Coef. (k) | 0.180958 0.178596
Nat.Freq.(Hz) | 0.068512 0. 068449

33, BERESEMC OV TR, HKT 18, HKT 25 7
—FrY, KEOYDCRRILT—F oML ER
BLABRLTWS,

iz 2 FE COEIIC L 2 E—RINCHT, BWRHRE «
i, FA/NEGEEHET0.15~0.20 »» 5 KAE#ERET
0.60 BEET, BERNYH S BECRBIRLLETIL
KELRBEEDRTLEPY, CARETFVIZ LS HKT
BF =IO xlHRIOBEBMTHIBKRBEBBTH D
HKT 250 x  HKT 18D Zh & /NS HTV» S, <
DEOKIELE S LV HEABORYY 2 Y 2R, O
#8100 sec SEVABHO VL bIE & — AV IRED S OEFETD
D PABTCORAERE L IBTFNREZ>TRDEbEZ
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Table 5 Estimated value of Roll’s parameters by CAR
model (HKT 25 data)

Model CAR

Data HKT25
Motion Roll

Order 4 5
AIC 7.4363u2 7.429619
Exp(t?) 1.905653 0.654577
Exp(c?) 1.475203 0.016328
a, 0.090718 0.070021
a, 0.122311 0.120733
by 6.256623 0.259801
b, 0.747135 2.360304
by 0.202698
Damp.Coef'. (€)} 0.045359 0.035011
Normalized

Damp.Coef’. (x){ 0.261601 0.202550
Nat.¥req. (Hz)} 0.055191 0.055020

40 5o
Lag Tiae (sec)

Correlation

Fig.6 Correlogram of Pitch in HKT 18 data

Hax spec, -. 163
~do~ Hr. 0.000

0
¥

SPECTRUM (db)

3 S S S S S ST W SO S
0. oS 0.10 0.15  0: 0%
Frequence ( Hz )

Fig.7 Spectrum of Pitch in HKT 18 data

29, HEOBRREHIIZE 5 12% OFENOBRBLLET
H3,

CAR ®FLHTRHDBORBOERC & 2 REE,
Enobir b X HKT 18 DANE L, A T0OHEHNE
W HKT 25 TREEENEL R >Tw5, I3 P LBKRT
HELAICHEL HZ EFVOBEDOTREE L E 2 51
208, EEED 2 VIEIEFEEOEALEZ SR, WAD
E» 6 SHBET L7z,

6.5 HHET—9~DHTIE®H

Wiz, BIC22D7F—% &y b ERET -5 XT3

Table 6 Estimated value of Roll’s parameters by DAR
model (HKT 25 data)

Model DAR

Data HKT25
Motion Roll
Order 6
ATC 9.185900
a) -1.510951
a, 0.923488
by -0.711195
b, 0.013756
b3 -0.040629
b M -0.158293
Damp.Coef.(e)} 0.019900
Normalized

Damp.Coef. ()| 0.119473
Nat.Freqs(Hz)| 0.053018

Correlation
-1 [
T
3
Lo
2
=
a
a
2
o
2
8

Fig.8 Correlogram of Pitch in HKT 25 data

rflax spoc, 2.387
- ~do- Hr. 0.010

SPECTRUM (db)

PR T S G 5
0.00 0.05 0.18 0.15 0.20 0.25
Frequence { Hz )

Fig.9 Spectrum of Pitch in HKT 25 data

CAR, DAREF VDI TR OHERE R T, Fig 6~Fig.9
¥, HKT 18, 25 7 -9 oftEmavu /5 4, A7 b
FLRRDLTWS,

BLAsh T3 ki, BEREMEEOEEDORED
BMOEEIT, EF S BLWTHARY b7 AE,SHHE
EEANrRETERR#ETH 2. BFEOEEEREM(T,) %
K ZEPRE LT, B2 ITHEOERE

To=2.01/(0.77C5+0.26)(0.92+0.44B/d)d  (46)
D3b B2, RARIC YO FHRA(FEM 9.87Tm, EMH
7.8Tm) % H Tiz 3 Lk, FEMB.06sec(0.124 Hz)E M
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Table 7 Estimated value of Pitch’s parameters by
CAR model (HKT 18 data)

Model CAR
Data HKT18
Motion Pitch
Order b 5
AIC 6.983932 6.983643
Exp(t?) -2.795541 1.498370
Exp(g?) 2.095736 2.107763
a; 0.461463 0.307765
a, 0. k420421 0. 447874
by 0.135616 0.543017
b, 3.580106 1.570790
by 0.574800
Demp.Coef. ()| 0.230732 0.153883
Normalized

Damp.Coef. (k)| 0.7615u46 0.472538
Nat.Freq. (Hz)| 0.096441 0.103658

Table 9 Estimated value of Pitch’s parameters by
CAR model (HKT 25 data)

Model CAR

Data HKT25
Motion Pitch

Order ' 5 6
AIC 7.486955 7.482769
Exp(t?) 2.840363 5.42233Y
Exp(o?) 1.694849 2.092394
a; 0.207863 0.195160
a, 0.139470 0.818508
by 0.437237 8.428726
by 1.133087 1.722290
by 0.107634 1.125897
by 0.065086
Danp.Coef. (e) | 0.103932 0.097580
Normalized

Damp.Coef. (k) | 0.579481 0.216980
Nat.Freq. (Hz) | 0.057090 0.143150

7.73sec(0.129H2) & % 2, ZDEDOAI A HE K
0.11~0. 14 Hz {2 DV T, €F—F DARZ b 7 L
Lo THDBE, BN YFERE—IH, IO
BR< 1952 Zenbhosi, Fig 1l DEF—y PV
a7 5 A (Fig6) Kbl @ AR INS, Th
5D EHOMT —F ORIZEEEEIHE 7T~9sce DL
EZzohb,

Table 7~Table 103, 2 >2DHFET—5~D CAR T

Table 8 Estimated value of Pitch’s parameters by
DAR model (HKT 18 data)

Model DAR

Data HKT18
Motion Pitch
Order 7
ATC 8.327500
a,‘l -0.890317
a, 0.668884
bl 0.318642
b2 0.190616
b3 -0.362407
by, -0.186052
b5 -0.323699
Damp.Coef. ()| 0.100537
Normalized

Demp. Coef. ()| 0.405390
Nat.Freq. (Hz)] 0.079199

Table 10 Estimated value of Pitch’s parameters by
DAR model (HKT 25 data)

Model DAR
Data HKT25
Motion Pitch
Order 7
AIC 9.289740
a; -1.468748
a, 0.856971
b, -0.390117
b, 0.087588
b3 -0.297425
by -0.1861k2
by -0.072080
Darp. Coef'. (e)| 0.038588
Normalized

Damp. Coef. (k)| 0.235798
Nat.Freq. (Hz)} 0.052091

7, DAR EF VDB TROEREZRT, 2 TH CAR
E7FND AICIE, DAR & D 2 bl > Th& <, Lig
CAR =7 VORRC LV EFOEER2EA S,

FTHKT B7—YOBEBEREEEFEETNVTDHS
SIRETFTAMTRS &, 0.103Hz TRAEII.6sec BETH
%, ZOMER, LEOHEMEOEHE X 2R BEEUIEL,
A7 b2 A(FigDD0.075Hz £ 0.12Hz D E— 27 D
ik D REEA R AL Twd, HKT 25 TiE, 5&K

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

190 HAEMFERR
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FCOEF AL OTNRG EHEHEH L L T0.057Hz LI
DEBBHEBLTW AN 6 RICWVAY 0.143Hz(376.9
sec) £z D, AICHHBEINTWL S,
WEEAHC, HKT 18 ORBE 7 VTR 0.473TH
2, ZOER Rl DERED bR HKEL, BEDE
ZEREJRLTWVS, LrLass, MEEERCHET 2
Y, 0.742 L2 0, BENE2)CRENIETORDIEL
DS v, HKT 25 TR, »x EREEODOELL TR,
BINS L, XVBREFNVEORIEBLETHS, Ih
SRS, BMEADOHTREDIZ, EBOFEEI’ES,
NEDFELZIRPT VI LS, ERNCATHERELD
LEROHTROPLETH S L FRENDS, EREFOD
HBAZEDLETSBRIDFRTHENEED IV,

7. #& =

FRFRCB VTR, ERMECERE TV (CAR ETNV)
IR AERTIEFVEERLT, ko RIS h
T3 Froude OFBBNE HTER D, EMBESAERTIE
57— O &ICHTE L7 (data dependent) F LU WHREHRY
HTIEDEEREL 2.

IDFEBTR, BEESTERECEROEH FERRS
mibas iz L CEEWICIE, Kalman IZ X 2 BERAPREE
BigHsh, ZOEFTLVOREERRLIESLDLDI NI A~
v »BELFETER N, TFAVDOR S, Ko
AICETH S NBERBRBEFN(Z I TRERVICERER

ETEORBOVBIRE W, ZOFEBRERTHDLNS
Kalman filter O3 EI213, $BE O HV ISF (Information
Square Root Filter) # B\»7z,

REBCZOHFEZEBROXE 1 v 7 FROEMRECE
WTES Nz, BELRESLORB 2007 -2 H Tk
», RO &S BHERBB LI

1) kST LN & 2758 kb, AIC T
RTHEHNCRBET ARG S iz,

2) CAR ®EFNI X 3 HETRD IHEHE - BEOBRE
¥, BERAEKOMD > b, BEREHICOLTIIE
ARY DT LAREBRANADL SHEELEE BT 5, Ly
L, BERE x 3EX 6 RETO CAR £ 7 TRREEE
BRETF— I NDODTROEBVTEEL TR EEE IR
V3,

3) BEOFVEET -7 0HTRHDOHEY, CAR
EFNVIRBERTEEL, BESHEL ZOERALOEE,
AR TR 6RE T THLER T RIS RBRET NV
H2VIFEREOEA R EHEEND,

KA RO,

1) MOFBEROBEILIE BV GERSEN T &,

2) EWOBRRT -y »Bon3 LAEETHIHER

BEESIN TR L HAELNTAETHZ I L
3) mLEEWEOFOEAESHAVONATRE L,

ETH5,

SHBRETREHELTHE,

1) AUBERORERORENENT 70—-F L0
8 & A REOFEEOREE

2) AEESTIREBMIZC L > THELUIREYN

khHTiED,

3) BRoRMEEROERT - OB DHTIL

DI & B IRED L

4) EREHOIIR, FRIUEHDOEA,

EThd, PTHEHL DT~ \DHTiZDIZ L 2EFEME
DRIEBL N5,

KFROS> bDFD—HIR, EEDIABAY 2 —F
Ve vy RRFCEFRATR 72, BEPBHMER R
72 K. ]. Astrom &+, #2ED Mrs. Eva Schidt il /oL
THEWEARCHERRL T, XAPRE, HEHBE
JORR L EEBMRE L OfRFIRO-RE L TT o7 %
DEERE S, KEBVLEE 2IEC REHBERNT SRR
B« Fshkigt, EOEEEL, S 5ICEKRO A TRE
TERREE 2B BERERURRIE LI FEEOH
BErELE T, EEROER T, BAEMR K. K OARIE
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HREERCBVWTERRE7 R4 X « aX ¥ b EEWVE
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