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Kyeong Ki Kim
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Graduate School, Korea Maritime University

Abstract

This paper is mainly concerned with the development of a remotely operated
vehicle for investigation of the coastal sea. For this, we have designed and
constructed the vehicle called KMU-ROV(Korea Maritime University Remotely
Operated Vehicle), for purpose of investigation mission under 50m of the sea
surface.

We have designed six independent waterproof actuators and the housing of
the controller for underwater operation. For six degree of freedom motion, we
have analyzed the dynamics of the KMU-ROV and have designed a new
composition of six actuators including the driving system. For motion control,
we have composed a concurrent velocity control algorithm for controlling the
speed of all the actuating motors. The control system for the KMU-ROV is
composed of the master DSP, DSP for the motor control and various sensors.
We composed the PID control algorithm and a network for controlling motors
using the CAN communication.

The performance of the KMU-ROV, we was shown by testing the developed

control algorithm and control system under the water.
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Fig. 3.1 3D modeling of the KMU-ROV

Fig. 3.2 Outward form of the KMU-ROV

13



ol&)gt KMU-ROVY A& HHE o]F7] $13 7|34 AleF2 Table 3.1

Table 3.1 Mechanism specification of the KMU-ROV
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T A 50 kgf
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F217] 90W DC motor X 6
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Table 3.2 Total and modular resistance force for KMU-ROV
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e
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Flg. 4.2 Motor controller

Table 4.1 Specification of the motor controller

o= e ., 71 &
PWM, Encoder counter,
MCU TMS320LEF2407A )
UART, Timer, GPIO
Level
) TALVHTA4245 3.3V < 5V
Shifter
Dead Time Dual Precision
CD4538
Generator Monostable
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Fig. 4.3 Sensor DSP board
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Wotor-Driver

07/09421 K.D.M.

Fig. 4.4 Motor driver
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4.2 CAN ZA1& o] &3 Aojr]e] VEYT T4

ofe] 7he] RE A& DSPet o|ZA& #Eldh= dhihe] Master DSPRFY
4% A fA= MESAA S4lo] Zastt st AHE 4S9
wob FAA e F2le s

B A FeA = 4 B2E Alo]r]el gk B HE wAoR QA
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TE Aol dole oF % eEAY Ao WA €k £ B =R

il

|

CAN(Controller Area Network)> Z7|o AbgxF A tofe] 4 -83}7]
Aa metdE Algd WEHA FA2oln o= At FoHET oy
2k AR A Jokell FEA AEHa vk AHT = A|2El A dukrH o

CAN W& upo]| AR I 2 A XA AlololA] TS FAdstH, 27199 gl
A(Twist pair wire)2 & AZAFo] Hio]FEAl W2log e uA|AE A}
ot &S EA =R AFslrh EIk o 8RIQl wol= Fol A
7HAIAL Qlo] B4l e Es HAastel] & AFAES Bt

% &2 (Multu master communication)®] &< 7}Aal 3= CAN &

AL 271X 9] Ao R BEREHAEH EFE 2E9 CAN 2.0AS AFE-3FS
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Heof = CAN ZAEEZHE ulge=z CAN HEEYH Ao~
SN65HVD231DEH= 3.3VE EAAHZS AF&-313i T
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1170e] HER F4% AEa 93 640 Ee] dHlolE 9oz FAHM
AWzt go FAZ9 s AEAID)7F FAEO HolHE dd Z2A

A= A%ar fo(7]

25



Transmitter
Receiver

S50F ACK

Field g
L Message Frame Flﬁm : :
s | Comirol Data {, EOF ! ! BUS
' Field ! Field ' ' Field INT ¢+ jdle
1 7 3

T Delimiter
Slot
Delimiter

He Hoa [1:

Fig. 4.5 Message frame of CAN 2.0A
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Bit Values

CAN EA1& 13] £21 A 753 dlo]g ¢ %48 G4H]Eo|n 16H|EHX 1}
7ol 4709 WA AE o] g8te] F4Alsktt, KMU-ROVe AU E Y A
= DSPEZAA 2™z}, By A2 BY S% T8l3 A4 dolHE

kA
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Acceleration Slew Deceleration

Fig. 4.6 Reference profile for motors
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Fig. 4.7 Velocity change in acceleration profile
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NS FETES AH FFES L T 5 AED AEH AN A9

g off-lined| A A% AARSE RE Q) 7|#E£LEE HolERE W=t of7)

A A Eol 2 AAT SEdo RS v AHYEIY Hiatel 44Tt
Fig. 4.79) 7% T 3= 93 A4S SAPe AAZRA=H

2 (4R AT o] A& mlolamZ 2 A A83t7] fIsiA 512719
AA AR Ade Adsla, S v JHPE AR Ims Well A vEst

o = g3tglet.

y= a+ bt+ct*+dt*
y= b+ 2ct+ 3di*

y=2c+ 6dt (4.4)

A (4.4)= 97, £ 2 &L g2 UEeh) Y Fig. 4.837 #o] 221
;Mo 7 T3St

s
if (Int_time <= (unsigned long)lice time)
{
Aee passtime+d;
Velocity = (double) (Aoc * Acc passtime) )
Aee_position = [double) (Ace * Rec passtime ¥ Acc_passtime FERRY
Pre position = Lcc_position:
i

HEETT
else if(Int_time > {unsigned long)lec time £¢ Int time <= (unsigned long) (Uni_timet+dcc time) )
i

Uni_passtime++;

Velocity = Uni_wvelocity:

Uni_position {double) (Ace_position + (Uni_wveloeity * Uni_passtime));:

Pre_position Uni_position;

i

HTRETT

else if{Int_time > (unsigned long) (Tni_time+Ace time) && Int time <= (unsigned long) Total time]

{
Drop_passtimet+;
Velocity = (double) (Uni_wvelocity + Drop_acc * Drop passtime) ;
Drop_position = (double) (Uni position + (Uni welocity+Velocity) *Drop passtime b T i
Pre_position = Drop position:

Fig. 4.8 Program of the velocity profile
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3 ek Aaste] mEol A gk AHUE AZE koA FaEE A

void interrupt timer () ffperiod = 1ms*/
{
position = ReadEncoder () :
Err = Target position - positioin;
FID output = Ep*Err + Ki*Errswm + Ed* (Err - Err old):;
FWM DUTY = FID output;
Err old = Err:

Fig. 4.9 Program of interrupt routine

T3 E = T2 A AR Y= Ao)7]= Fig. 4.103} #9] Feed-forward

@& 2t PID Aloj7lE 48330t

Accel

Vel b

Kp + Kifs Plant

Xis)

+

Kd S

Fig. 4.10 PID controller with feedforward term
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4.3.2 A& Ao ¢1yg&F
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Fig. 4.11 System of the concurrent control
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Fig. 4.12 PID controller for the concurrent control

void c_intZ (void) //Tiwer Interrupt (Period = Zms)
{
/% Motor 1 %/
Err = (signed long) ((velocity — ENC1) / Reg welocity): HERETS WAl 522 F

Err_sum += Err:

if (Err_swm > 3000) Err sum = 3000;

if (Err_swm <« -3000) Err_swum = —-3000;

Outputl = (double) (Ep*Err + Ki*Err sum + Ed*(Err-Err old)):

/% Motor 2 %/
Errz = (signed long) (({velocity2 - ENCZ) / Reg wvelocityz): HERESES WA SE2

é#

Err_sumZ += Err2:;
if (Err_swmz > 3000) Err_ sumz = 3000:

if (Err_swwz < -3000) Err_suma = -3000;

Outputz = (double) (Ep2*Err2 + KiZ*Err sumZ + Kdi* [ErrzZ-Err_oldZ)):
ENC1 = 0; Siezms BT BlALSEE A7 e A2 98 258
ENCZ = 0O;

Fig. 4.13 Program of the concurrent control

BBy AXEgld el ZE £wel dele] Auglol 2ms
nhoh mE Y ol @A) Ry HASE HolHE gyl =gt} we
N Ag 2F/2YE ANA BEEE Q] el A A& Aol 7}

Fedtm ofel wElE BA) %A # 5 vk

i
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4.4 AA T4 2 A AA Ao dauZE

4.4.1 KMU_ROVY] AA T4

KMU-ROV=:= #9222 glo] 914 A 3 AAAIo S T54 s A
gttt YA f§A @ AAAE A FEA ] S Alo], o] Ao
2 gzt Aozt stk olefd AlolE g8 KMU-ROVE] $14 2 2
Aell ek FRE AA e R wolol gt}

KMU-ROVel &2te A4 Table 4.290 233t

&

Table 4.2 Sensor of the KMU-ROV

Sensor Model Output type
Tilt sensor SCA100T Analog (2 axis)
Depth sensor ECO-1 Current (4~20mA)
Magnetic compass CMPS_03 PWM
Camera Water eye 500 NTSC

AA(Tilt sensor)Z AFg3dto] AAY A3 =
g Aolg sk

AFEEE 71%7] AlA Sl SCAI00TE o2 ez 2% 7137 #S &
g3tk AN DSPe} <lEl#le]A3ks) 9 7187] AN WES Fig 414

A BE A gol ARl
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T ZHEoz 2 A JiYEE o] &5t 85 AT HI WEks
ot7] =) webd KMU-ROVE W8kzH(Heading angle)S &4 4 ¢l

+ Fig. 4.159F 22 &2 A3~ (Magnetic compass)E A8}t

Fig. 4.15 Magnetic compass

L)

FT A A0S 98 KMU-ROVE 4 60m7HA 54 7hsd o
&

“
AlA ECO-1& AHgste] 2] F4S e5dor xdsn] a4 $#4& &
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UE o & 9t Fig. 4.16%= A&k ghelaiA el Apzlolch

KMU-ROVE] &8 &EX T slyrt a9 &g 374 xAlolu. dg 3
A FAE 93 #= A8|E Fig. 4.179 2L 54 200moAE &

59 W A2 418 2 CCD. AWPE AL,

Fig. 4.17 Waterproof CCD camera
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4.4.2 AAZE 53 PID Aol €agFE

KMU-ROV®] Ao &agFs 7
A Al AgAdo] =2 PIDAOIE A&t

KMU-ROVS] ®E 59 18 oz A&HAols 98 dzay2ie =
Blo] SH&E ARE vy wa FAe] 91X {2 2 A4 AojE 96

e
2
o
it
1-11
b

s A|o] o QAbA|RTel

PIDA013 £ R &% HolHE H&Ee &t}
FAlel = v PIDAlele] 1 From dIy=y¥E RE A

utgkA KMU-ROVE 83617 9al A22a7F 9
T AR 6AFES Ue S5 gl AW BEe) S8 AR 93
A= = 1o PIDA 7 AHeE= RS FEe AX7F 23 pIDA o]

ot E]ES Fig. 4.183 o] AA St

KMU-AUY System
Motor K, (5)
I
K(S) va + % + ‘Kd S
Sensor K ( S)

Fig. 4.18 Realtime hybrid PID controller
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Fig. 4.18°14 W3 g9 K9 A& ZZF7]dA KMU-ROVY] %41
st A 64FE 5 deld, % 71er], 8 F sldz aga
olef digt 7IEdH AzE YEhATh Eg, 7EgHE
KMU-ROVY] &#2ss U4oE K (95 =E dzd Ao 3d &%
grolth, Az E K (8)& 71&7] AMZEE ] V&7 AR, A A=
P & % 537 FHANRIE ZolgnE etk o7)A bl
Aol A K, AEAe] 35 K, vlEAe) 35 K= Table 4.33 o] A

4 3telct.

Table 4.3 Gain of PID control

Ao &, 4, K
Rolling Al o] 4.0 0.2 0.4
Pitching #| ] 2.0 0.2 0.3
Yawing #| ] 0.2 0.02 0.02
Depth #|©] 1.5 0.05 0.08
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= Fig. 4.199} 7t}

Operating the Joystick
About 6 ? D.O.F

:

Operating Control
Algorithm

I

Motor Velocity Data

Motor 1, 2 value

Compass
Flag

Add PID output
Velocity PID | to motor value

=l AA AXZ 53 PID Alojr]|E T2 Esty] e A

Compass
Sensor Data

A

Control

Motor 1, 2 ‘

Encoder data

Motor 3,4 &5, 6 value Tilt Yes

No Add PID output
to motor 5, 6
Velocity PID | value
Control

Yawing PID
Control
Tilt
Sensor Data
A
Rolling, Pitching
Pressure PID Control
Sensor Data

A

Encoder data

Depth
PID Control

Add PID output
to motor 3,4 & 5,6 value

Motor 3, 4
Motor 5, 6

Fig. 4.19 Flow diagram of the realtime hybrid PID control
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o}#l 9] Fig. 4.20% A A7 E3F PID Alo]7]9] AT we Tz a3ds)

SRR FolA 7197 A fA PR ek ol

void Tilt PID(int target roll, int target pitch)
{
ffrolling pid control//
Err = target roll - tilt wvalue roll:
Err_sum += Err:
tilt out roll = {int) (Ep*Err + EKi*Err sum + Rd* (Err-Err old));
Err old = Err;
//pitching pid control//
Err p = tilt target pitch - tilt value pitch;
Err sum p += Err p;
tilt_Out_pitch = (double) (Ep_p*Err p + Ki p*Err sum p + Kd p*(Err_p-Err old p)):

Err old p = Err_p:

Target wvelocity roll = Motor velocity 14+tilt Out roll:
Target wvelocity pitch = Motor wvelocity 3-tilt Out pitch;

Fig. 4.20 Program of the realtime hybrid PID control
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Fig. 6.1 Concurrent control with result (Input data 100)



Steady Velocity Control { Input Data 300 )
450 ; : : :

T T
Apmi| e ........... .......... .......... .......... .......... .......... 2
B0 karsviis ........... .......... .......... .......... ........... .......... 4

00k ........... .......... s ........... .......... .......... i

]
;]
=
T
i

8]
[
[
T
i

Yelocity
[ Encoder counting £ tirne)
=
=]
g

_— —
[ 3]
fom ] [
T T
] 1

m
=
T
]

0 1 1 1 i I 1 1
a 200 400 &00 800 1000 1200 1400 1600
Time {2 ms)

Fig. 6.2 Concurrent control with result (Input data 300)
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Steady Velocity Control { Input Data 500 }
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Hovering Control (Rolling, Pitching)
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Fig. 6.8 Depth control test in the sea
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