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A Study on Attitude Control of a Streamlined Cruising Type Autonomous Vehicle

by Hisashi Ishitani, Member Yasuko Baba

Summary

A three dimensional attitude control system for a streamlined cruising type autonomous
vehicle are studied. A streamlined vehicle are appropriate for deep sea investigation in a
wide area for its high efficiency of energy consumption, converting potential energy to velocity
energy. Authors studied a simple altitude control system for such autonomous vehicle, based
on distance observation by four ultrasonic fan beams to differeat directions. The system is
based on two dimensional pitch control, and if it is applied to this type of vehicle, it is
shown that interference between yaw and pitch motion causes serious velocity decrease by
large sideslip angles due to small lift in the side direction. In the paper, effective three
dimensional attitude control method based on so-called Bank-to-turn control, which is named
Roll-Pitch-Roll control in the paper, is proposed. And the system performance is investi-
gated by simulation study for various cases, from which the following results are obtained.

(1) For large yaw angle rdtation, RPR contro] improves rotating speed remarkably with-
out decreasing cruising velocity, which can be hardly realized when each axis is controlled
independently due to the motion interference.

(2) Improvement of speed decrease for large rotation angles both in yaw and pitch direc-
tion.

From these results, it is concluded that the proposed system is utilizing strong lift force
in pitch direction effectively, and appropriate for attitude control for this energy saving type
cruising vehicle with asymmetric shape.

NOBHMAE L, pitch, yaw FI##E T TEXFR & 7o
DREDREMEMET T 5, KEBEME 2 roll A%
0CEES ) 12ikH o0, pitch BOAETET 5 2%k
TRIT2EA L T55, BEEOESH A RTEMC
EBE, HCEEEECK LT —EE CIEERT
T BIHIIL, yaw-roll EIfHl% &1y 3 kTSI
BLitho R WU, IESHCERES 2>
ERMATE K fER W& & LT, pitch-yaw-roll D
EFEBEER LICET, 3R 3k TH RS HSE
ZBHL COFLUME VI v—v, VIR I DEHEL

1 #&

BB OBERRE Y B &35 BROMTE O GEER
KEEE LT, MfT=Fr ¥F—2EHTorbEN=51
F — R HRNCKFEAREND CERT 5 AR EX
NTHBVD, ZDX 5L FOEMNbASEN
PRLETH Y, M & RAFELRR OGS cHER I X
BEBHEC L » TRITEERTT S LB TH 5,
i CHEEERECEV TRELEEOHET, —E0
BEELERE LOOBEEROBRYAFTILERS

)

B, BV CHEENRSRE 2 RTHTIEY fgBrounTlRET S,
DEEISEEMEF PRI Z LRI R, EL 4 )

TIRE BT pitch, yaw FEDEE FEO iy itk 2 BHEDH Y OHEEM
RV TREYHRILCHET S, w3 skid-to- 2.1 FHHEFILOEE

turn FIEIIC X h LT I ETAE IS & L ST X
NTb,
Ths LTXR D, 2) i &k 5 BIER oG EER
* HEAETEN

MXTHRETHEFALRIED, D L 3BRkD
B 2 B AT BB TH > C, FOlH L X EET
ik Fig.1, Tablel 1z, EHF R R 145110723 R
%o Fig 1 WRENB L 51, F OFaEs D pitch

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

194 HEERFELHNE

. rudder

elevator

y pitching R yawing vc

!

Z

Fig.1 Configuration of the vehicle

Table 1 Parameters of the cruising type
vehicle model

items notation value
mass n 90 kg
moment 1y 0.3 kgem?
of 1, 27.38 kg+m?
intertia Iy 3 kgem?
An 35 kg
A2z 18.34 kg
added Aza 226.2 kg
mass Aca 1.635kgm?
As=Ass | -32.02 kgem
Ars =Ag2 -3.018kgm
length L 1 m
width B 0.5 m
height )] 0.3 m

B b 0B EFIEIAAE L, pitch BB LT+
KEEHAEEYR 2. chiew LT, yaw J7 & o i
HE Oimit) dREREEEZF > OTHEE— 4 v
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(1) Switch line of the control system

(@) 1A6,12A0,
§=Kkgs (K10AD+w)

b)Y 146,1>08,
S=kg (KiA0+ Kk (sien(AB)) +w)

(2) Control logic

Fig.2 Basic attitude control logic

Table 2 Step responses of the basic attitude
control for various parameters

control parameters

control 8¢ min. max.attack | time

Iy Ko K axis (rad) | velocity | angle (sec)
0 0.3 4 P 90° 0.625 12.09° 8
0.2 0.15 4 P 60°" 0.807 7.21° 8

0.2 0.15 4 P 80° 0.624 10.50° 6?
-0.1 0.3 4 P 920° 0.719 9.74° 10
0 0.2 4 P 90° 0.743 7.12° 8
%-0.05 0.2 4 P 60° 0.861 5.86° 8
%-0.05 0.2 4 P 90° 0.794 6.31° 12
%-0.05 0.2 4 P 120° 0.750 6.63° 17
0.02 0.05 2 Y 60° 0.769 8.54° 15
0.02 0.05 2 Y g0° 0.567 12.92° 20
0.02 0.03 2 Y 60° 0.847 5.35° 22
0.02 0.03 2 Y 90° 0.730 6.95° 23
0.01 0.02 2 Y 30 0.863 3.97° 45
0 0.03 2 Y 20° 0.839 4.67° 12
0 0.04 2 Y 90° 0.766 6.50° 32
0 0.035 2 Y 60° 0.868 4.984° 25
0 0.035 2 Y 90° 0.803 5.504° 38

* 0.3 0.5 S R 90° 0.988 0 2.5
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(5) MT=FNF—%HHTHID, EHNHOBK
FRWTE LI F — THRITT 50, —ERET
b EEEEECEETSE T, RN D, F
FeZ OEET L Y HIEERSIET T 50T, BEYED
T BEEREE L,

3RIEHATICE Tk roll, yaw, pitch 3 & Hif
TWThE LTONETHY, EoEEL2ERLT, K
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roll & elevator angles ohase plane trajectory

(1) Roll control
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. .
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(2) Pitch control

attack angle
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(3) Yaw control

‘Fig.3 Step responses of the basic control system
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(2) contour for equal minimum velocity response

Fig.4 Controllability configuration
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Fig.5 Coordinate transformation in the attitude
control system
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Fig.7 Flow chart of the bank-to-turn control
(RPR)
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Fig.8 An example by the RPR control
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Fig.9 Controllability configuration of the
RPR
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Fig.10 Improvement by the RPR control
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CxZ(n)=—0.0780 »?
CzE(9)=-—0.2657
Cuxf(1)=0.143 79, —0.143 7
CuyF(n)=-0.7937
CMZE('U) =0.176 772, —0.176 772
LT, AARESI LB, KN hET %,
v, CxF,C.E, Cuyy? WER LI RFA—DER L %,
CuxZ Cuzf &, EATHENEDLSOT, MAAK
T E0&7B0
Fo X ERERCESWT Fr 2Bl &,
EETEIE Cux, Cuy, Cyz E BB TEFZ0HE
CEERLOT, AR HEENRENOFHZR VT
Who

1% 2 EERERORR

2.1 EZRETIICLDIRE

X #BEROEERTSTBX7 brkl, ZhiE
BEE LCEEEERED X7 v ARG EXE E DT
B,

X=T3(P) T T () Xe=TX,
CERREEhDB, it l, To T Ty W Eh#Fh roll(x),
pitch(y), yaw(2) £Eho M X 2B RITFITH » T,
cos¢ sin¢g 07
Ti()=| —sin¢g cos¢ O
0 0 1

[cos@ 0 —sin 6]
To@=| 0 1 0
L sinf O cos 0|
1 0 0 7
Ts(p)={ 0 cos @ sin ¢

|0 —sin¢ cos @ |
EERbEb, T
Tt=T"1, Tyt=T,"!

Thbdo &
T'=[vy, v, v3]=T"!

EEDLL, 2L LTREERERO s BARBEML<7

x,=(1, 0, 0)¢
HEDE

Xo=Ttx=v,
Litho THPHLPEBEIhALEERX  TOBEER X,
Pl

Xo=T'X, ¥t X=TX,

LEBExhLE, XFoxhir X, % (BERKS) T
3 Tt oF|<z7 v, ThbbToff () <7 rrie
%0

i+ 2.2 ¥4 ED Euler (2L 3FKR

rtoEHCIBTHREZLRERR, X REBF 2
EEREER X 252 % Euler 5,0, ) (ERR D ER
FREFLRREEORCHT 5 HENFTE) BKO X 5k
dbhbhbo

(1) n1x#0 oFE (Thbb 0£1n/2, ho ¢+
+7[2)

¢=tan~'(v;y[v1x)
f=tan~1(—vz/(v1x/cos ¢))

ZDBPE O, % cos OENREORTIEY EBDT,
1,x<0 OB, WIFhh—FOXNREMEL &5, &L
Ay PN FTBZENERHTHELD, T2 TR

vix>0 b ¢, 0 13 & bIESME,
v1x<0 72 b ¢ ixEME, =047 %A\ 5,

(1.1) v3z#0 0% H&

P=tan"1(vyz/v3z)

=321, vyzc08 0<0 DBAIWE cosP<0 THbh, =
¢+ ko

(1.2) v3z=0(p==%7[2) OHE

¢ =sign(vyz-cos 0)-7/2

(2) v,x=0 04 (cos =0 AND/OR cos ¢p=0)

(2.1) viy=0, T7shb% cosl0=0 B4

(2.1.1) viz=—1, Thbd 0=n/2 0B4

vox=sin(p—¢)
vyy=cos(p—¢)

FThbb ¢—¢=tan ' (Vyx[vyy) TH B0 ¢=0 &
LTPRED Do BT y=0 T ¢=n/2, v,y<0 Tk
¢:¢0+”o

(2.1.2) viz=+1, THbb 0=—r/2 OBA

A ¢+¢=tan~'(—vox[voy) X D P& T 5,
0oy <0 TIX ¢=0o+7 TH %0
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(2.2) viy#0, Thbd cosl0+0 D4
cos ¢=0, ¢g==+x/2
IDBA cosbvy; OFBRRETAHZLICLD,
O=tan"*(—vyz/v1y),
p=tan"'(v,2/v3z)
¥rhrthEHELT 3L

UIY>0 UIY<0
o=nl2 |¢g=—n[2| ¢=r]2 |P=—7/[2
7 0+ 0+ 0
Va7 >0
¥ ¢ bp+7 | Pz ¢
0 O+n 0-+n 0
v32<0
¥ p+7 ¢ ¢ b+

Thbb, 1y, OFERISTEELTEZMZLS
TERI B, D —ATIE v32=0 OBIX vyz=sin¢
cosB,cos 0>0 & & 50T vy DHFBRIELT dp==%71/
2 Thhbo

182 3 RPR #I#cH 548

ff 3.1 RPR #|#HowERAE
SEHERCET RS X o Xy ~NEE8%® R, Py,
R; CXVWEETHLERELZ, ThEthTh
XQI:TQXQ, Xf‘—:-TfXO
EELTIOETH, Ty % Xy 0T THEbT &,
TT0=Tf )
Xh
T=T;Ty™?
Z OB roll(¢y), pitch(®), roll(¢s) & B EI® %z
EEEZBHEZTFEX (~ TREND),
Lo yOa 29
o PRGOS
= 23(=2 ), Ys(— Y1), 23(— 25)
LHEEE D0 Tiebb, Y1l yLzy X b pitch [E
EHTHD Y B—BRET %,
&, Hx0EBEKR X BERTI%,
Ti(py) LEHBThE, £thomEER
T=T,T,T1=(v,,v2,03)°
EFbTLENTED, Lo TTEEZLRTZ A
EWETD 61,0,0s BRBTHZ LB BERIE
FORED R LEMSIEEE, o & 2 [Pl +H10]+ |l
OFNLDEZESLEND B,
{#+ 3.2 R-P-R 0it®
HEOTOEERYEZORICEBT, Th2ERET
5 ¢,0 BAKCUTRRTEBATLEREEh B,
(1) v1z#0
¢ =tan"!(~v;y/v,2)
O=tan™!(—v,z/(v;x-cos ;)
foi2l, 011x<0 OB 0=0+7
Foti L, €0Sp,=—vz/sin 0<0 DB b/ =¢,+n(n
—AHEE) Lo C, RERHAEMT 0D, EE
(cos P >0) DLZwEXL B, Lich T vy DECIET
T sinf %FE+ 5,
s=tan"*(v,x[v;3x)
72751, vyz=—sinfcos ;0 D Bk sin 00, 7

Tl(gbl)’ TZ(o):

b c0s0<l T 5T 05 Py=vyx/sin 60 7B Py
=¢;+7 TH b0
ik vy3x=0 D% cos ;=0 TH B M,
V3y = —sin @z cos ¢y, cos P; >0 X b
by=—sign(vsy)-7/2
(2) vy2=0  (sinfcos p;=0)
(2.1) v;y=0 (sinf=0, FTibs cosf==+1)
0=0(vx=1) ¥t O=n(@x=—1)
+1 0 0
T=l 0 cos(pspy)  Esin(Pytp,)
0 —sin($sx¢) =Hcos(Pyxe,)
Z DB roll Mgk P/l TR ¢;=0 L33,
Lo T ¢P3=0,0=0, ¥+ixxThh,
¢1=tan™'(—v3y [v2y - cos O)
2L, Voy=0 Tt vy=—sin@,-cosd DF B X b
¢y =2
(2.2) vy#0 (cos p;=0, d;==+7[2), s> sinb
+0)
sing,==+1 x b,
f=tan™!(v;y[v,x-sin ¢;)
oL 0x<0 oBg, 0=0+n
v1x=0 T3 O=sign(sin ¢, -v,y) /2
ps=tan" (vay[vsx)
e L sin 00,3 <0 D4, Ps=Ps+7
v3x=0 T, Py=sign(sin b-v,y) 7/2
(3) 0,0y kD5 BHEHTATY XA
BB v 2bRD DB, O, v;7#0(cos p#
0 oBEAIIX
¢=tan"'(—v;y[v,7)
O=tan"'(—v,z/(v;x cos ¢))
EEREZREBEERTIOLTE (P=¢; 2EDT),
1) v;x=cos >0, O iIxTEOEL
PORXY vi70,y<0 THW 1, 3 KIE,
01201y >0 TP 2, 4 G/ LB,
XbiT cos p=—vyz/sin @ X b sign(v,z/sin 6) iz x
hoix 1, 4(EfE), Exix 2, 3 HfBLi D,
Lo T Uiy, vz, 8in 0 OFS L) ¢DHREIRK
EZERENIN S,

vy >0 vy <0
sin@>0 | sinf<0 | sind>0 | sin <0
v12>0 2 4* | 1* 3
v12<0 .1* 3 2 4*

LicdoT, iy, 0z DFFICID, EED * ofR
HEepBPrRAVhE (PDEERLS) BHED I WK
mHEind,e

2) 1x<0 oF4

0 047
PEDWTIRA L,
3 vix=0 04
QLRI RE S,
0=+mr/2, sinf==+1
L vy, Uz OFFHLERTEDOR D,

NI | -El ectronic Library Service



