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A Study on Unmanned Surface Vehicle(USV) performing
a repeater

Lee, Sang Seob

Department of Mechanical Engineering

Graduate School of Korea Maritime University

Abstract

Nowadays, USV (Unmanned Surface Vehicle) is gaining a lots of attention on
marine research and surveying exploration in costal area. This paper presents an
experimental study on USV performing a repeater for mission with AUV
(Autonomous Underwater Vehicle) and ROV (Remotely Operated Vehicle). To
operate USV and AUV safely, an accurate localization and navigation system
are essential. This paper describes an implementation of an autonomous
navigation system for a USV performing a repeater. To improve the
performance of the propulsion and control USV was selected for the appropriate
propulsion module, was equipped precise sensor system. Using a independent
battery to avoid the influence of noise generated by the propulsion module and
the driver. By applying a VHF communication module and tested at a distance
of about S5km. And the performance was confirmed. This USV was applied
multi-GPS algorithms to overcome the limitations of GPS errors. And it can
control waypoint tracking and position fixing control algorithms using GPS-INS

integration, which is designed with three fixed thrusters to flexibly orient and to

- vil —



maintain at a desired position. Moreover, a repeater mission for limits of AUV
is developed and is presented and verified through a number of simulation and

experiments.

KEY WORDS: Unmanned Surface VehicleUSV) 215741, Unmanned
Underwater Vehicle F%173<+4; Waypoint tracking 7 = F2; Position fixing
A 117; Navigation system ¥ A28 Multi communication % F4l;

USBL(Ultra short baseline) =%Ag 714
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Australia CSIRO9IA= 37 BEUHYS HHOFE 3= ASV(Autonomous
Surface Vehicle)E #|2tstal <

352 M Elrt A2E Starship ASVE ©
Alojet AARE FAARE 7We 2 =4 ud
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Smogeli, &. & Fossen, T. I, 2004; Fossen, T. 1., 1994)

fl°]¢] NTNU(Norwegian University of Science and Technology)

NTNU® CeSOS(Centre for Ships and Ocean Structures)ol| A= 3l A <
durel 2AQE REPET F JEEFE MSS(Marine System  Simulator) 2t
Matlab / Simulink ToolboxE W= MSSEY 3424l Marine GNC
Toolboxe Z*| A|2~®l-& Guidance, Navigation, Control®] 4| R&EO0E =&
3} st Alz=®l AA D AlEEolAdS FaAST NTINUY 31 #H A4
A A9 2ol /dE MSS ToolboxE 7|HFC.Z Cyber ship M9 &2 2
Aukg o] gete] F2AFH AFE FAstal U Th(Marine Systems Simulator,
2004)



Table 1 Research case of the USV

Figure

Feature / Duty

ASIMOV « kst ZA}
Project « AUVe} USVZF dAIdHF 538
Flg 1 The DELFIM ASC
Chalie = GPS % Compass AlA A&
Usv = A2 AE, Ao
« Y=g AERER T
San Diego = dloje el 7t AL
USv ol E 39, AR AY
L& g
= GPS % Vision AlA A&
Australia * Docking <]
CSIRO = Virtual force fields& ©]-&3F

Fig. 4 Autonomous Surface Vehicle
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Fig. 5 The concept of USV Operating



A 2 USVY 7]+% 74

USVe] AdAl= FRPE o] &35t 7MH &3 =2 A&, A& #Hads /AL
A B E e 23 AR AAHAN. Fig. 6 3 o] AFHE Aw|7kA
A= A8 Sle 29 2 F99 93-S =9 Rolling 3 Pitching ol
F7] §1gk o2 A AAHATG SFESE W3yt Ag viok 9ol A
AA fFAE Tl Ao &olFs o W FX EHE HIR
E A& F /9 BHE AAE FHeE 44 JFRE 50cm HAoZ wjA
ot AAe] FAIGES d4ste Surge ¥ Sway WFo = USVE

FEE FYo| AU

o
oo
ol

=
o2l
it

do
32

Sensor Box, Control Box, Battery Box, Driver, Motor %9 7|¥ FAAAEZ=
obgz oz Mxgd 4 9 A9 Sonar AlZ Al~H, USBL, LED Comm.
Housing &9 AvE F712 FA/E F JUESF AASATE USV dA9 AdS
ol2] Table 2 o A3t}

Table 2 Specifications of the USV system structure

1.9m X 0.9m X 0.7m
Max. Speed : 4 knots
Endura C2 50 : 1 EA
Endura C2 30 : 2 EA
Processors : TMS320F28335
VHF module : RD400

Hull structure specifications

Propulsion module

Control system module

Material Fiber Reinforced Plastic(FRP)
GPS_AsteRX1
Sensors IMU_MTI

9 Channel OAS(Sonar)




Fig. 6 Unmanned Surface Vehicle(USV)

AA oA &3 o]F 3 Surge W] AAMAE Q& XF WEFo=
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i



2.1 USVe| A A2A

AAe] mge 1933 2o FRP(Fiberglass Reinforced Plastic : #28] A+
23t ETt2E)ete EXIEYAZHEFAE A Fete] A3} rhaete] AAE

E]
FHgor 5o FRP w9 JHSEAS Fst 45n Bgy 2 WE

0.9m, =°] 0.3m<e] e}
A

Fig. 7 Concept design of USV hull



2.2 FA7] AR 2 HiA

2.2.1 F37] &F AA
Usvel &8l 7Hsdt Ho &74<= 05 m ~ 1.25 m 9] i FHE 2= Sea
State 3 02 7}AET o 3J__.4 287 52 480z shAsdr) ol et

A~

&S S5 st 4=E(2.572m/s)¢] %“—E—ﬂ.g 3 5
A5 A7oA AASATE olg] Table 3 & Sea State 3 o
@3 YeRH Aolth

[e]]

A HES

rr
i

FA

Table 3 WMO Sea State Code (Step 2 ~ 4)

WMO . .
Wave Height Characteristics
Sea State Code
2 0.1 to 0.5 metres (3.9 in to 1 ft 7.7 in) Smooth(wavelets)
3 0.5 to 1.25 metres (1 ft 8 in to 4 ft 1 in) | Slight
4 1.25 to 2.5 metres (4 ft 1 in to 8 ft 2 in) | Moderate

FEE AAHRo = #£7]8H



R=R;+R +R, @

ojt}. 7] A,

Rf : Frictional resistance

R, : Residual resistance

R, : Air resistance

o)},

AAZE AL LA AAFL npEA o] 80%, YAATC] 20%2 B, &
YA drH o wEAFe F oHlE FAAFoE AT B AFCdAME

UsVel S dfF SAS sty A% 23 %< 83

A ge obelsh 2tk
1 2

A 71A,

p : Specific gravity of sea water
S : Area of watted surface

V . Velocity

£ Ye, O FEASRA olelet 2o,



0.075

R, & Holszsa ofue} 2ok

VL

R, =— (4)
1%

V . Velocity

L : Length of ship

v : Coefficient of kinematic viscosity

>

1@, 3, @ o oJaA, oz, FEAs AT e Lol 7
=

A
1l

i

R, =3.079623077 < 10°

C; =3.722710597 < 10 °

R, =18.075kgf

WA G 5& FASES w AAVE BEZ = 4A-EQ £5E A7) 9
A& oF 20 kgf o] A3FES oAUk st} wabA 22.7 kegfo] S
& Endura C2 505 AMA3AT =& obd Fig. 8 3 291 Table 4
FxIA o] Abo)t.

o4y 2



Fig. 8 Propulsion Module

Sway W&k FA e g#S 2o mdo] Endura C2 302 AH&3a &9
A AL 99k Tt AAY Aolvt thEA HEstH 2 (2), (3), 4) o ¢
A, Holsz, FHA S, A EgS oS3 Zo] ALtdE

R, =1.538461538 < 10°

C; =4.277966 < 10 °

R, =20.7703kgf



b, 13.6 kgfel F2& ¥ 4 3l& Endura C2 30& 27] Azstoh
Ael AYe obel Table 4 9} 7

2t

Table 4 Specifications of the Propulsion modules

=
T

Model Endura C2 50 Endura C2 30

Max. Thrust 50 = (22.7 kef) 30 sE= (13.6 kfg)
Max. Current 42 A 30 A

Input Voltage 12 VDC 12 VDC

Max. Boat Length

20 I E (¢F 6 m)

14 I E (2F 4.2 m)

Z

-



2.3 USVY 593

Earth-fixed
coordinate system
XOJ xr¢ Y
Sway v, Y .
Pitch : g, M Body-fixed
Yo,,0 coordinate system
Zo, 2,
X
Surge:u, X
Roll : p, K Z
Heave:w, Z
Yaw:r, N

Fig. 9 Body-fixed and Earth-fixed coordinate systems

AT 64T =S A2 o) AduEAnt. OH3 Zo] A 1
#A(Body-fixed coordinate system)?l X, Y, Z ¢ A+ 1A z3EA(Earth-fixed

coordinate system) X Yy, Z, & Aestool 3t dvtAow FAH 1173

Y

Lo @S vAA Fevtal JHEsth AT 1R HEAE B4 1A FHRA
(Inertial-fixed coordinate system)&}ilx= 3tc}h weEkA F5A2 Yx9 AAM+=
A4 1A HIAS B ZIHIH, £5AY Ay &5

R #EAe o5 £@HAT



Table 5 6 degree of freedom motion of the USV

) Force and Linear and Position and
Motion of 6 D.O.F .
moment angular velocity Euler angles
Motion in the x-direction
X U x
(surge)
Motion in the x-direction
Y v Y
(surge)
Motion in the x-direction
Z w z
(surge)
Rotation about the x—axis I é
(roll) b
Rotation about the x—axis
M q 0
(roll)
Rotation about the x-axis N ”
r
(roll)

AT 14 HFZA N e 54 1FH FIEAY A= 2de ZHEuler angle)
o ¥y 4L J|E HuA F, B =54 AT 2 JFIAE
o

7o

Zk ol tiste] 3 AAIA FA L FHFA N LAANZ = 4

2 31312 Yaw(y), Pitch(f), Roll(¢p) ¢ o2 Atk o4y zte] A5 FA)

o AAIZE Aol ZIHAIE A E BHS  jle FAE JHA L Ao
dojUA FoBgE ALEEto T

off
o

USV Ze Hute] A% 2 ke &



USVel 58 the 4o MEER BAY % 9k
n= [x,y, w]T )
V= [u, v, ?“]T ()

A7NA (z,y) & AF 18 FEANAM B e, ¢ & AAY B9
(

7+ vepdth 283 (u,v) & 54 3 ABANMY A Lxoln » & 3

AT g #HEA L FA A FHEA Abole] M FEo| i WAL ot
21 (1) 7 o] EdFh.(Fossen, T. L, 1994)

n= R @)

A 1 HuEAL AHE AA ] isteE FACP)) o AATE FH-¢-
A olmg FAFAHCO)E XF Aol AXsA Ao 288t 3A-FE HlA
@ 9 AN ofyf 43 Zo] xdE + AH

m[ﬁ—vr—i—wq—xg(qg+r2)+yg(pq—7'")+zg(pr+'q)]ZX 8)

m[{)—p—f—ur—yg(rg—f—pg)—f—zg(qr—]')) —i—xg(qp—f—?'")] =Y
]ZH— (]y—]x)pq—i—m[xg({)— o+ur) —yg(it—vr—f—wq)]

4 43l E 98] Surging
Yawinge 1#3tH 3% HIAY WA S ot A3 o] HE Ao =



Y]= 0 m—=Y mz,—Y ||, |+| 0 —Y,—Y, ll/} )
N 0 mz,—N, L—N. ||r 0 —N,—N,|Lr
A 71A,

m : Mass of vehicle

X, Y,Y. ,N,N. : Added mass and moments
X,,Y,, Y ,N,N. : Hydrodynamic coefficients

z, : Distance of the center of gravity along body axis

X, Y : Generalized external forces

N : Generalized external moments

& 2o wt=H USV o] #-<A3k Surge, Sway, Yaw A& {siA 3 7 F
AA7F Basty F1A49 #xEs Yol AF3 vl e wix|7b 2 s}



Al 3 & USVY Ao R FYPAXH 74

3.1 AN 2" T4

3.1.1 Sensor Box

USVe) FHA2E 75 sl GPS 2 IMU 59 A7 B5dow 2
ZrEojof Fth BFA|WF GPS9F IMU AlAlE wolzo FHeFaslr] wjio] F317
2 g g SolA Y F Qe kol2EHE HIE7] st Control Box
ol HEE AZste AU FFS WA ZFe A wiA AT Sensor
Box © W& FA4& Fig. 10 7} 2t

IMUMI A Sub GPS

Main GPS
Antenna
Communication
Main GPS converter module

(232 to UART)

Fig. 10 Sensor system of the USV(Sensor Box)



(D GPS

GPS@ Global Positioning Systeme] <Fzlolw, mj=oll A AR 2 AF=},
Aul g2 So W A AlLS BRoz xol 28 ALK S oL,
AA AAE A = Ae Alz"olr. tiddl whe} L1, L22 YA, o
WA o8 AR 7hed g2 L1 tidelm 92 47F 10 ~ 20 m B= o
L2 & oA 2 AW Z98 tigo=zA dukAbga= L2 g oA =

Ag A BT
GPS 41717} 2 14 9) mlekdt A58 wol ASE FEste] 2 A%
q7h AEE BA, @A AAE ANG BED PHSA ALE e GPS A
FA7 @A wol BHFHol gov, AL TAEHW] oY WAFORE
gol #853 ok
B Aol A Usv4 A5l YR W F BAY + e FFH Az o
st a171e] 1Ad-s GPS?U AsteRx-m-& Main GPSZ A3}l Sub GPSZ

H]

= A7te E%f‘é GPSQl LS2003DE AMAskel B3t GPS Alz~ElS 7jurahgith.
53 GPS Alz="Hof| tiaiA s FHel AAgE A& gty Main GPS9} Sub GPS
o] AMX 3} AP o}y Fig. 11, Fig. 12, Table 6, Table 7 3 7t}

Fig. 11 Main GPS (AsteRx-m)



FelLte] A-¢- MRS FF A= Teflon coatinge ©]-&3 #<=(3000ft 7}
H e el ¢HHYol7le MEe] A5 W3 AX] I Qi)

LN

Table 6 Specifications of Main GPS

Latitude
Longitude
Output
Altitude
Time
Position Accuracy(Horizontal) 05 m
Specification
Position Accuracy(Vertical) 09 m
Digital interface RS-232
Interfacing Operating voltage 3.3VDC £ 5%
Power consumption < 1IW

Fig. 12 Sub GPS (LS2003D)



Table 7 Specifications of Sub GPS

Latitude

Longitude
Output

Altitude

Time

Position Accuracy(Horizontal) 25 m
Specification

Position Accuracy(Vertical)

Digital interface RS-232
Interfacing Operating voltage 3 ~ 4.3 VDC
Power consumption <03 W

(2) IMU

E Ao AH4E RTxQE 95 B4 AAME UAT 2vtE AAMEZA 641F
v 34 ZAAIMU) e AAMEE Fx A|2EIAHRS) 02 2454}, 3387
2ol olFste EAY A, M, &= F HE AFste=d AHEE
ofyet 25, VIAAA 9 A AYUE SAHs = AT F e Al
t}. 16 Bit ADCE %3 JE|® H &4 dolElE AHYUA /
298 33 A4 Y EY deRE ZWIHE T =& 249 Rol,
Pitch, Yaw Z =& A F3td, TP L] 24" FHAZIANMY X, Y, Z 7}

&% 4R 29 AU

=

[‘-l‘é

Fig. 13 IMU(RTxQ)



Table 8 Specifications of IMU

Minimum Normal Maximum | Unit
Operating voltage 4.0 5.0 9.0 VDC
Current consumption 21 30 35 mA
Temperature range -40 25 85 T
Axis acceleration range x2 G
Nonlinearity 0.2 DFS
Max. angular velocity 250 500 2000 °/sec
Altitude computation 256 Hz
Output settling time 30 80 150 ms

3.1.2 Control Box

USVe] Control Box&= =A Control Board, VHF Communication Module,
Battery, Power Board, ON/OFF SwitchZ 4= o] )t} Control Board= Main
processor¥} Sensor processoro.Z U0 X]=H| Main processor< Main GPS<}
IMU9] Hle|HE o] &3t A= F32 g DP A& f3] ZEHE &3 AHE
ket BA1E7] 919 9S4} Sensor processor< Sub GPS?l 1.S2003D
2 749 53 GPS A" BAY dyugsES Tt ASXERY dHe
Golzl oA AFFAS fsted AAgFAle HF Communication

| 7Fs %t
Modules ARSI F3A F&A TAHALE F e AU =o|=2=HH
|

rzi <

Control Box®} Sensor Boxell ¥H3le d¥<s HIE37] 95t EE<9] Battery
E MASA AA e BE Fo ¢2Re FsdYgs =9 9 FFsh] st

DC/DCE 28 Power BoardE A|#}ste] Ab&-3t3itt.
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Fig. 14 Control system of the USV(Control Box)

(1) USV Control Board

Usve] wlAloje} MAdlolE] 35 98 TMS320F28335 =&

o EEo g@AlE TMS320F28335 2 Texas InstrumentsAte] 45 MCU Al
d<¢l DelfinoTM Algol] &3] 9loH, &3 HolHE stegojzios 14
218 4 9+ FPU(Floating-Point Unit)e} wlo]gl X glo|A CPUY RIS =

= 4 U= DMA®Direct Memory Access)E WWAs T Atk A
150MHz/150MMACS®] <d4bsdS 77X glow, W& HHolsE T3 Hu
300MFLOPS9] 444 dlolg A7} 7Fsshoh &35 16xd 9 12Bit ADC(H T
12.5MSPS)¢} +¥H 8] 2 E(Enhanced Peripherals, EPWM / ECAP / EQEP) , SCI /
SPI / I2C | CAN / McBSP EAIZEES zH31 9lon, 16Bit & 32BitZ &
€ 7ted oF vy dEFH)~E WASt Aok I TR ARE
H Code Composer Studio= TIAL A mlo]A2Z 2 QA S Malr] 93 AZ
Edol E2, ARLY, &2 FE dyE, Z2AE Y= 47, T29dy,
AEGCIH §o Udd 7es A3t dA & dagEs wAL F 9
7] wj&o] Control Board® FA3FH¥ 3 TMS320F28335 =E<9 #|¥x Control
Boarde] Azl th&3 zt} Control BoardE =LAl Main GPS 2 IMU9 Hlo]
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A3 FRAE A o)st= Main Processor, £33 GPS A]

Processor, FZ1 Ao &ute FFHAEE WHEAZ|= DAC

o] A

Table 9 Specifications of the processor(TMS320F28335)

Parameter

Value

CPU

32bit Integer C28X Core + 32bit FPU

Computing ability

150MHz / 150MMAC / 300MFLOPS

Memory

RAM : 68KByte / OTP : 2KByte / Flash : 512KByte

External interface

16bit/32bit EMIF, Max 4MByte

32bit Cpu Timer 3EA / 8bit Watchdog Timer 1EA /

Timer 32bit CAP Timer 6EA /32bit QEP Timer 2EA /
16bit PWM Timer 6EA
PWM 12CH (ePWM 6EA, 6.67ns)

PWM HRPWM 6CH (Each ePWMxA, 150psec)
APWM 6CH ( eCAP module —> APWM mode)

ADC 12bit / 16 CH / Max 12.5MSPS

GPIO 88 EA

Communication

SCI 3CH / SPI 1CH / eCAN 2CH / McBSP 2CH / 12C
1CH

Voltage

Core : 1.9V, 1/O : 3.3V

Temperature range

A 1 -40C~85C / St -40C~125T




DAC / Main Sensor
Level shift Processor J Processor

- ew mEmEEEEE

Fig. 15 USV Control Board

(2) VHF Communication Module

ofell Fig. 16 & Al&xF HFHERE USVel dFHGd A 2 A8 52
tolE 4S5 9% VHF(Very High Frequency) Communication Module©]t}.
UHF W<l o] dlol] A8 FAZIZIZA FAS 8718 53t 448 dlolE
FAlol AHRE & AEF AAE 77]olv. ZF @Er]$h RS-232CE AAs
o, ZtF Ao 59 &xol AR B AFoAE AAgAAY dF FHS
V535 A S USVel ARE Aex AFEZ A4ste] USVe Al 2 AA
o] HlolHE ARtz g2l 2 Aloj & 4 Qvh. VHF Module®] &4 F3<
g2 450~470MHzolH FAAE = HAAY dHUE A& A+ A
bkme]t}. VHF Modulee] AFAIGH A Y2 Table 10 3} 2t

N



Table 10 Specifications of VHF module

Parameter

Value

Frequency range

450MHz ~ 470MHz

RS-232C data rate

2,400bps ~ 19,200bps

DTE Interface

RS-232C

Temperature range

-20C ~ +60TC

Service area

MAX 20km(With 9dB Yagi ANT)

Input power

DC 12V Constant

Input current

1.0A (Transmit) / 60mA (Normal)

Size

118mmX60mm X 32mm

(3) Power Board

1Ade =z wegdA g5 dd& DC/DCE °] &3t

]
AgE AY W

Aeds FFsIATE USVEY AojA| =H 9 g Aol A
Table 11 # 2t}
Table 11 Specifications of the DC-DC
COP30S-12-12 | COP30S-12-5 | LS3-12-033
Input 9~ 18V 9~ 18V 9~ 18V
Output(V) 12V 5V 3.3V
Output(I) 2 A 5A 0.7 A
Efficiency 82 % 78 % 73 %
Operating Temperature | —40C ~ 85T -40C ~ 85T -20TC ~ 70T




12V, 2A 5V, S5A 3.3V 0.7A

Fig. 16 Power Board

3.1.3 Battery Box

Usvel Azt dFF3S slixe &= OHLM%OI g @3ttt Sensor
Box % Control Box®] A 358 HiHZ et X4 Hd F5& Wede g
Y diEg AL ol&ste AR AN e AR &FH oF 24439
SEA7HS 1] 14.8V 80Ah / 14.8V 480Ah = A ATh Fig. 17 & #
T @ FU7E Mt e E HeHRl AolxE olgdste e FXA HY I

i 2o mgolth. AR He viE Ao Al ot Table 12 ¢ &

£ op



Fig. 17 Battery Box

Table 12 Specifications of the Lithium polymer battery cell

Nominal Voltage 3.7V
Max. Charge Voltage 4.2V
End of Discharge Voltage 2.75V
Rated Capacity 40A
Continuous Discharge Current 20A(5C)
Max. Discharge Current 400A(10C)
Internal resistance < 18mQ
Weight 760g
Length 3200mm
Cell Dimension Width 120mm
Thickness 10mm
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3.3 B3 GPS Al=H

GPSE ahsol | QU= 24709 GPS 4L ol gaTh o YHSL AT
2 QAP A=} 52 TS A o] Y4Sol NEWL Fa| S
Aol ofsl x| Te] AERe] GPS FAl7]E
olegt HHL AANE B SRS 2o s AXFYRA 277}

N
f

ol
rr

2L 23}
Hoh 40 GPS 9142 Al A=E AW S22 FsM ok st FxEe
A=Y £59 AFA FA Ydomz Aol AojAEld s FHo] o] F
o]Zof gt} olw] AE FA3e= DAlNA FAHE AERE FHde= AT
5737 A Joll %t

Aol A% HARE 7R3 Y GPS FA7] 7he] AR zfo
27F By & 5 AUk E=3F GPS 940l AEstE Anrl YAdARE AR
g wj7kA] AT di7]dE AYUA FHEd olu bl

a7 gt 54

d M= AT GPS F217] 7he] Al AgrEg o W AYE olF3dtd =
Zstez Q33 Ao Ao Wizt P} olgd eAee GPS Myt A
Aot BHrh Hag A E dr]de F=3)
A7]el =28 w GPS 4l7) FHe| A Fo)
AET date= A Folu AE o5 71#A GPS
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Fig. 26 Control Interface of USV
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4.1 A=E F37 A o)(Waypoint Tracking Control)
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Fig. 28 Waypoint tracking with heading control of the USV
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Fig. 31 Waypoint tracking control experiment



4.2 )X 1A A o(Position fixing Control)
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Fig. 34 Position fixing control experiment result

Fig. 35 Position fixing control experiment
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Table 14 Specifications of the TrackLink 1500 system(USBL)

Position Accuracy

3.0 degrees (TrackLink 1500LC)

Slant Range Accuracy

0.20 m

Targets Tracked

16

Operating Beamwidth

120 to 150 degrees

Working range with ship noise

up to 1500 m with TN1515 transponders

Maximum transceiver depth up to 20 m

Input voltage 12 to 24 V

Power consumption(transmit) 10 W

Power consumption(receive) 1.6 W

Dimension 24 cm (length) x 12.6 cm (diameter)
Weight 3.5 kg

L 4.6m(HIH) X 3m(E) x 3m(=o]) =7)
7
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Fig. 40 USBL performance test
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