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Workflow

Hardware

Assembling &
Programming

Armg & Base
Station UI
Programming

Testing &
Simulation

Mathematic
Model

Sensor
Installing




Hardware

RS232
GPS Sensor
Digital .

commands

Il R5232 -
s >
Reporting (RF) Atmegai28 Rudder
:
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Hardware

Armg S3(C2440 processor
e Operating system: WinCE 5.0
e Program language: C#

e Input: GPS Sensor (position),
Digital Compass (heading),

Distance Sensor & water probes

e Output: Sending
Command to
Atmegai28 control board

e Data Saving to SD card



Hardware

Atmegai28
processor

e Program
anguage: C
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Hardware

* Navigation Components

e Digital Compass

e GPS

®. 5w TS
R

oml—m' l‘f

_n COMPASSDATA.dI
)_5| 1.0.3338.30555
COMPASSDATA

Cescription: COMPASSDATA
Compary: HEUST

File Version: 1.0,3335,30555
Date Created: 2008-12-29 11:58
Sizer 5.00 KB

ﬁ C-PSDATA 'd“. 1

Description: GPSDATA
Compary: HKUST

File Version: 1.0.3254.25918
Date Created: 2008-11-27 23:00
Size: 7.50 KB




Hardware

* Motor System
e Servo Motor: Rudder
e DC Motor: Propeller
e Motor Driver, Water Cooling System




PC Base Station

420D\r
85B\r
22.3415607N\r
114.233124E\r
29H

RF Interface
>

Antenna

Speed & Rudder Angle

Waypoint
Manager

Data Display

Excel Writer
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““Mathematic Model

3 degree of Freedom

Surge
Roll
Pi
Yaw
Sway
Heave
Earth fixed coordinate system
& Xcurrent T (longicurrent %2 longi origin ) X111
Ycurrent = (latl current latl origin ) X 11111 X COS(longi current)

L dis, =X, =X, (Y, =Y, )?



Motion Estimation

hr+.ﬂ.

- AL

X,_, +d(0,)xcos(wos, )/2+h, ) [+w,

Xy (X, +d(0,)xsin(win, )/2+h, )|
Xk = f -+ Wk =
h,  +w(0,)




Motion Estimation
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Kalman Filter
Estimation Phase: Xk|k—1 = Fka-1|k—1 25 Bk—lUk—l & Wi
l)k|k—1 - FkI)l<—1|l<—1E<T + Qk—l
Update Phase: I<k : I)k|k—1HkT (Hkl)klk—lHkT g Rk )_1

Xk|k = Xk|k—1 2 I<k (Zk Vi Hka|k—1)

P1<|1< =(I- K. H, )P1<|1<-1
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Kalman Filter Pseudo-code

Set R; //measurement noise

Set Q; //process noise, tuned value

x(1,1)=z(1);

p(l,l)=R;

for k=2:n;
x(k, k-1)=x(k-1,k-1);
p(k,k-1)=p(k-1,k-1)+Q;
kg(k)=p(k,k-1)/(p(k,k-1)+R);
x(k,k)=x(k,k-1)+kg(k)*(z(k)-x(k,k-1));
p(k,k)=(1-kg(k))*p(k,k-1);

end;
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Iform circular

: many points 8
. overlap each —T7‘”\\

: >
4 . 4
Circular motion test raw data Pure estimation After KF
2.1 0.67
2 —1 0.66
1.9 0.65
1.8 \ 0.64
1.7 \ 0.63
Sk _M— 0.62
1.5 T T T ) 0.61
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Simulation
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A simulating water flow (0.5 m/s, to
the south) is added.
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*Destination: (170, 290)

A simulating water flow (2 m/s, to
the south) is added.
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current

Modified Update Phase Equation:

Xpie = Xpjre—1 T Zpe—1 — Xp—q |-z T Ky, (2, — hf(-:'l':.:|:.:—1 T &4 _*":.:—1|:.:—::':'
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Final Simulation

A simulating water flow (2 m/s, to

the south) is added.
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*Destination: (170, 290)



Control Command

4
O’ Xcurrent s Xdestination
T tan L Ycurrent _Ydestination
ol . 2 2 x S X s ; xcurrent > Xdestination
desired current destination
e E —tan -1 Ycurrent -_Ydestination
ey X ; xcurrent < Xdestination
& current destination

destination
o
! Ah = w(8)x1=w(8)
theur
“hdes
"1, Doy
A eneed—to—be v (hneed)
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Resent Real Navigation Test
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Defects of the Current Control Model

Follow-the-carrot Control Model

- The path is curved by water flow
- It is efficient in static water but not in dynamic water
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Improvement

destingtion destination
- i - T
- -
- -
T oo
e Vhoa g
VUhoa = it
actual
Vactual
Vwater VUwater
7 0, Xy = Xy
T Y. — Y
oy ke k-1
T Y, — Y,
22 k k-1

E:‘"‘.‘..'.ﬂ'ﬂ'ﬂ:'"‘ v H';J [:I:Ili'ﬂﬂ'i:'"ﬂﬂ' G ':Ik] + Hd (Ei:ﬂ'ﬂﬂ'i:"‘ﬂﬂ' o ':Ik] + Hz' J.[:':Idasirad o ﬂk]dt



Improvement

destigation

Vhoat S,

a, —h

currant

::..u'rant—l_ o

1
ce - oc Water Speed

current

Eruﬂ'ﬂ'sr o H';J (':Iﬂ'sj'iraﬂ' o ﬂ:urrsnrj + Hﬂ' (':Iﬂ'sj'iraﬂ' i ﬂ:urrsnrj

+ E:' J.(':Iﬂ'sj'iraﬂ' R fx:urranrjdt




Add Chemical Sensors

Temperature sensor

Membrane & )
\\

*KDS-25 dissolved oxygen
& temperature sensor

Cathode — positive pole reaction:

Anode — negative pole reaction:

Total reaction:

0O, + 2H,0 + 4e” — 40H"
2Pb + 40H™ — 2Pb0 + 2H,0 + 4e”
0. 4+ Z2Pb — 2PhD
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Future Work

Larger boat platform

Carry more chemical sensors

More batteries to longer the working time
Stronger antenna to communicate longer

Even can go underwater
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Some Achievements

Won 2" Place Hang Seng Green Challenge
Competition

Finalist of 2009 President’s Cup
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