


D. Altimeter

The Tritech PA500 (Figure 6) is used to measure the
distance between the vehicladathe floor of the tank. The
operating range of 0.1 to 10 meters has been employed as the
maximum depth of the water tank is 5 meters. It uses an
RS232 connection to the PC104 and is powered by a 12V
supply.

Figure 3: Nessie Il battery pack.

Two packs of batteries are connected in parallel to supply

12V to the electronics. The other two packs are used to supply ) o .
12V to the motors. Figure 6: Tritech PA500 altimeter.

B. Motors

The vehicle has been equipped with four SeaBotix H.P.E' INS o . o
thrusters (Figure 4). Thesthrusters can produce 80W of 'Ne Xsens MTi (Figure 7) is a miniature, gyro-enhanced
power by using 19V at approximately 4.5A. They weigh 7006&t|tude and Hea(?img Referepce System (AHRS). It is used -to
in air and 350 in water. measure the vehicles 3D orientation and its angular velocity
by using a combination of gyroscopes, magnetic field sensors
and accelerometers. The INSigles 50g and is supplied by
5V.

Figure 4: SeaBotix H.P. thruster.

The thrusters are driven bjour H-Bridges that are Figure 7: Xsens MTi attitude heading reference system.
controlled using pulse width modulation (PWM). The PWM is
created by the PIC18F6525 and has the capability of To determine the vehicles orientation the INS uses three
controlling the speed and direction of the thrusters. gyroscopes. Each gyroscope ligized to a different axis. This
allows the device to detern@nthe vehicles angular position
about the X, Y and Z axis (Roll, Pitch and Yaw). The device
The Nessie Il AUV uses the Tritech Micron Sonar (Figurgses the magnetic field sensors to detect magnetic north. Both

5) that weighs 324g in air and 180g in water. It has &gt these techniques are used for navigation purposes.
operating range of 2-75m amgh operating frequency of 650

kHz to 750 kHz. It is supplied by 12V and uses anF- Cameras

RS232/USB interface. The vehicle uses two Logitech Pro 4000 Web Cams (Figure
8) to view the two underwater targets. One is situated at the
front of the vehicle to detect the mid-water target. The other is
designed to detect the target situated on the bottom of the
tank. The Web Cams have a digital video capture speed of 30
frames per second and a colour depth of 24 bits. Both web
cams are connected to the PC via USB connections.

C. Sonar

Figure 5: Tritech Micron Sonar.

The sonar is used detect the corner of the tank in order to
find the vehicles position. It is also used to detect targets in
the vicinity of the vehicle.



Figure 8: Logitech Pro 4000 webcam.

G. Wireless

The ProSafe 802.11G Wireless Access Point (Figure 9) is
used to communicate betweeahe user interface and the
vehicle without the use of an Ethernet cable. This is aChievedTesting the mechanism resulted in modification. the first

by floating and umbilical cable to the surface. one being that it was seem idly not possible to acquire
reasonably an appropriate push solenoid. After testing one that
seemed to be appropriate it was realised that the figures given
were not for the whole stroke length but for its maximum
force on the stroke. A much larger one would be needed but
was not available however a shite one was available in the
Figure 9: Netgear ProSafe 802.11G Wireless Access Point. pull format so the design was altered. During the final tests it
was noticed that the solenoid arm had a tendency to drift off
The 802.11G uses a 12V supply and weighs 574g. It égntre so a guide had to be added.
connected to the PC104 via a RS-232 connection. An EthernefThe principal concept of the miars was that they were to
connection can also be usedctinnect to the user interface if detect if they had hit the target using Hall Effect detectors
necessary. coupled with an inbuilt magnet tdetect the targets ferrous
H. Drop Marker System prgperty gnd. would then produce a flash. A simple flasher
Printed Circuit Board (PCB) was then designed which strobed

A custom drop marker system was developed to allow for Light Emitting Diode (LED). The case that was used was a

precise target marking as well as recognition of markinjg_;OmI syringe because of ithydrodynamic and sealing

success. There are three main parts to the project: the dmpﬁ)r%berties. A camera battery was used as a source of power
mechanism, the markers and ftesh detector which won't be because it best fit the requirements

used in the competition because although a semi-working

model was developed it was not ready for use due to timd. PC104

restraints. The computer used for this project is a MSM800 PC104.
The dropper design was approached considering tWhis model was chosen both for its relatively small size and its

designs, one a linear and one a rotary. The linear design w&& power consumption which results in less heat and

chosen because it appeared lie superior. The control therefore no need for a fan. It has a AMD Geode LX800 500

electronics were much simplené more reliable than that of MHz Processor, 512 mb of RAM, 4 USB 2.0 ports and 2

the rotary design becauseirivolved only a few components serial ports.

to connect it directly to the Programmable Integrated Circuit To make the computer even more robust an 8 gb solid-state

(PIC). The use of a solenoid meant that it was not necessanhitd drive was used instead of a conventional one. The

waterproof the electro-mechaniqadrt of the device, it being combination of a low power, fanless computer and a solid

a low resistance coil meant it cdube used ‘naked’ in fresh state hard drive results in amputation system that is low

water, which can be a diffituprocess. The shape of thepower, low heat and very robust to the bumps and jerks that

linear design lent itself more to being integrated into the robate expected in a mobile vehicle. An image of the PC104 is

than the rotary one. The final advantage of this design wasown in Figure 11.

that all the components were easily manufactured with the

resources available. An imagé the drop target system can

be seen in Figure 10.

Figure 10: Nessie Il drop marker system.



B. Cameras

Two USB webcams (Logitech QuickCam 4000 Pro, Figure
8) are used to grab 320 x 240 pixel forward and downward
looking images with a frame rate of 10. Each forward image is
searched to find the mid-water target (the orange ball), and the
dummy mid-water target (the green ball), while each
downward image is searchedfind any of the four expected
bottom targets (the circular tawith the cross and beacon at

Figure 11: MSM800 PC104 embedded computer. its centre, the tyre, the cone, and the pipe).
Since in the forward imagehe objects are colour objects,
3 PIC the image is converted from the RGB (Red-Green-Blue)

i ) , colour space into the HSV (Hi&aturation-Value) colour
The PC104 communicates with the PIC in order to contrgbace, and the specific rangestte hue are used to segment

the moto.rs and regewe sensor data. The PIC contrpls H:\% image and highlight the orange or the green ball. After the
motprs via the_ H-prldges. It also controls the POWer In t_rkeegmentation, an open morphological transformation using
vehlgle by switching the relay on or off. .In addition, 'tdisk-shape structuring element is applied which is an erosion
recelv_es_data from the wa_ter sensors which is then sent oy wed by a dilation. The effect of this transformation is a
the mission planner. In this w,aleaks can ,be easny det?Cte%reservation of foreground regions that have a similar shape to
apd dealt with. The PIC usad the Nessie Il vehicle is a structuring element, or @ah can completely contain the
Microcontroller PIC18F6525. structuring element (in our case the orange or green ball),
while eliminating all other regions of foreground pixels. The
binary resulted image is then passed into a Hough transform
A. Architecture circle detection algorithm to detect the circle surrounding the

. L range or the green ball. Figure 13 shows a mid-water target
The software architecture for the Nessie is based arounﬁ%%gge grabbedg by the forwguﬂimera in the Ocean Systemg

standard three level controlchitecture. These systems ar - ;
divided into three distinct layers: the deliberative high jeveyaboratory tank highiighted by the detected circle.

layer for planning, the control execution layer for vehicle
instruction and sensor processing, and the functional reactive
layer for data input and motor control [14]. The software
architecture used in the Nessie Il AUV is shown in Figure 12.

I1l. SOFTWAREDESIGN

Figure 12: Software architecture for the Nessie Il AUV. Figure 13: The mid-water target detected by the orange

) ] ball algorithm.
In this architecture, data faken from the sensors (2 cameras,

sonar, altimeter, INS) and passed into the SLAM. The SLAM Thyee factors are used to et the circular bottom target

collates this information to discover the vehicle’s position ag§ith the cross and the flashing light in its centre: the light
well as that of all the targets in the world. This information igetector, the cross detector, ahe circle detector. Each of
output to the world model. The mission planner uses thgese three detection algorithraee applied to the downward
information in the world model to choose the best possibig\age after thresholding it with different criteria. Each down
task and once this task is selected, instructs the nawgaq%ge is also investigated teee if there are two circles

module on where to go. All modules communicate using thgproximately concentric, and one of them has approximately

OceanSHELL system developed in the Ocean Syste§yple radius of the other, and in this case a tyre will be

Laboratory. This is a lightweight packet basejetected in the image.

communications protocol for distributed, modular systems. joreover, a similar detection algorithm to detect the orange

The software modules used in the Nessie Il vehicle will bgy|| in the forward images is used to detect the cone in the

described in more detail in the following sections. downward images based on its significant colour in
comparison with the other espted objects at the bottom of



the tank. The image in Figute! is a downward image with x Image enhancement: Apply different Image
the three bottom targets detettby the downward images Enhancement techniques (Erosion, Opening,
algorithms. Finally, to detect the pipe the down looking image Closing, Threshold, Canny Filter ...)

is thresholded and morphological operators are applied to X Performance Estimation: Measure the Noise
remove the noise and preserve just the pipe object. Then, reduction after each stage of the image
based on the vehicle height from the bottom of the tank and enhancement to compare between different
thickness of the pipe, decision can be made to know if what parameters set, and to compare similar techniques.
we detect is the pipe or other similar lanes at the bottom of the x Decision Stage: Determén the best chain of
tank. enhancements and the best parameters set

depending on the Noise Reduction Estimation.

x Wall Detection: Build Hough Transform Matrix
(Accumulator Array) and search for the brightest
line, then search for thelosest line to the sonar
which is parallel to the brightest line (this will
solve the reflection problem), then search for
brightest and closest to sonar perpendicular line to
the first found line . The intersection of these two
lines will be the corneof the pool which we are
searching for.

X Target Detection: the same procedure of
determining the best techniques and the best
parameters works here as well. A correcting

Figure 14: Three bottom targets detected in the same procedure is applied on the target coordinates to

image by the down looking camera algorithms. increase the confidence the target coordinates,
this procedure is addedishyear to decrease the
error produced by the slant range distortion in the
sonar’s image.

C. Sonar

The purpose of Sonar Module in the Nessie Il vehicle is to
detect the walls of the pool in the tank and to detect the mid 2) Tuning

w_ater targ_ets. I_n this section our new methodology_ 'S There are two important parameters in the sonar which we
dISCU.SSGd. including four new goncepts for the 2007 Veh'dﬁave to determine correctly, Range and Gain. The Range is
The first is the automated tuning of .the Sonar’s para_mete{ﬁe maximum distance which will be scanned by the sonar.
Fhe secogd is the performaﬂc;je h;esnmatlfon of the cjj'ffﬁre%is value could be anything between (5-100m) in the Tritech
Image enhancement stages, thedtrs sonar focusing, and the \yi-ron sonar used on Nessie 1. The competition area will be

fourth is the correction of the slant range distortion Whi|§0x30m this year, which means that we have to scan 30m in
calculating the coordinates of the mid water target. Howev%aximum so the ’suitable range value is 30m

the base of the methodology is a Hough Transform used inUnfortunater
searching for lines, and applying the problem constraints dm 0% i
the result of this transform.

determining the gain value which ranges
to 100% is not as easy as determining the range
parameter. Thus, two critical questions were raised: first, what

1). Methodology . ._Is the best value for gain to get the best image and second,
This year we are going to enhance the Previoys . to determine the best image?

methodology, taking ifto account the different conditions of Manual observation of the sonar’s images was the solution.

the SAUC'.E competition in 2007. In 2006 the sonar .deULFhis year we are going to decide the best gain depending on
was scanning the whole pool to detect four walls. This is n e minimum noise in the images. In other words, searching

the case this year, because the new pool dimensions f8F the best gain is transformed into searching for the

SFninimum noise in the noise array. The noise array will be

120x60m. However, not all of the pool will be used; ju
30x20m will be within the competiin area. Due to this, if we formed by changing the gain from 0% to 100%. Each time the
,\loise will be estimated in the image and stored in the

scan the whole pool we willedrease the resolution of the
sonars image. Mqreovgr, scanning the whole pool W'éorresponding cell in the noise array. The index of the
increase the scanning time significantly. In the 2006 son inimum noise in the noise array will be the best gain,

images we had a rgctangle representing the poo! s walls. T "|another issue that should be discussed is how to estimate
year we are going to have two perpendicular

. l'net?]e noise in the sonar’s images. To address this, a simple noise
'repres.entmg one corner of' the pool. We' can §tate the MalLY mation technique was developed.
ideas in 2007 methodglogy in these following pomts:’ . The noise estimation technique presented here is designed
X Sonar .tunmg: AUtO_ tune i thg sonars  gaify,, estimating image’s quality which is obtained from sonar.
dependmg on the noise estimation developed %he need for measuring the quality of sonar’s image triggered
this report this simple method, however, other applications for this



technique were found as well.
The noise estimation of the sonar’s image can be defined asigure 15 shows one of the sonar images its model. The
the normalized absolute differee between the sonar’s imagenoise in the image is: 1.81616.
and its model. The model can be defined as the ideal sonar
image which we can get from the ideal sonar working in the
ideal conditions.
Thus, if we have the image called SonarPic and its model
which is called FirstModel then we can estimate the total
noise value with the equation:

Total Noise : HSonarPic(x,y) FirstModel(x, y)|
y

X

where x + [0, MaxWidth, y + [0, MaxHeigh Figure 15: A sonar image on the left with the

corresponding tank boundaries on the right.
Clearly, the model has the same size as the sonar’s image.
From the total noise equation we can calculate the maximumAll image processing applications include one stage for
noise value which we can get. The maximum noise valueiiaage enhancement. This yeae thest chain of procedures to
the noise value between the model and its inverse version; ierthance the image will be applied. This can be done by
bit images the maximum noise value can be calculated estimating the noise after each procedure and compare the

following (given that the model is back or white): noise value with the préaws estimated value.
After applying one of the image enhancements we can
Max Noise 255 uMaxWidthuMaxHeight estimate the improvements happened in the image by the
equation:
Finally, the normalized noise estimation in the range of 0 to . .
10 can be calculated as following: EE Noisgg, Noisg..
Noise Total Noise .0 Where EE stands for enhancement estimatN0iS€y,, is

Max Noise the noise estimation after applying the image enhancement

Calculating the noise estimation in the sonar’'s imagte(:aChmque'NOIS%efore is the estimated noise before applying

requires the model image. This model can be obtained frdinThe previous equation shows that EE ranges between -10
the ideal sonar working in the ideal conditions. Unfortunatelgnd 10 depending on the noise definition in this report. The
ideal sonar doesn’t exist in reality. However we can build tHellowing table illustrates the program output after applying
model manually. In other words, we will draw the modedlifferent image enhancement techniques. The noise value
corresponding to a particular pidsn of the sonar. Building increased after applying the diog, this is because closing
the model manually is one of the disadvantages of this methiagreases the overall brightness of the image. Figure 16
and drawing the model can be one kind of a black art. On tileows the closed image and the same image filtered with a
other hand, this method gives us the opportunity to fairiganny filter (the source image is shown in Figure 15).

compare the images (obtained using different gain values)

rather than comparing betweermth using the naked eye. This Original sonar noise 1.81616
comparison between images can be fair enough since they are | Noise after closing 2.00854
measured using the same measuring tool which is the model in Noise after Canny filter 0.00192515
our case.

Noise estimation in the sonaiitmage can be used in three
different arenas:

X To compare between the jiacts of the different
Filters on the same sonar’s image.
X To compare between the impacts of different
parameters of the same image enhancement
technique, this can be different threshold values,
different structuring elements, different filter Figure 16: A sonar image on the left and the same image
kernels, ...etc on the right with noise filtered out.
X To compare between sonar images obtained in the
same position with different Gain values. After performing Hough Transform and retrieving the



brightest line in the imagend the closest to sonar, anthrough the equation:
algorithm should search for the brightest perpendicular line to
it. The intersection of these two lines will be the corner of the

pool which we are searching for. Figure 17 shows the realdis \/(measurecdis)z (
detected lines in theiginal image (Figure 15).

maxdepth depth)?

However, the mid water target is not in the depth (max
depth/2). Nevertheless, this calculation will decrease the error
while estimating the real destice with the measured one.
Figure 19 shows the estimateduain the case where the mid
water target is below the max depth/2 level. The estimated
distance value is closer toethreal distance value than the
measured one.

Figure 17: A sonar image showing the detection of the pool
corner.

Image enhancements to detect the mid water target are be
done by applying a canny filter the pool area, and searching
for the contours inside it. Increasing the result confidence will
be sustained through two stages, the sonar focusing stage and
the correction stage.
Sonar focusing can be done after the first scanning of thegjgure 19: Real, measured, and the estimated distance
environment with 360° and range equal to the length of the between the target and the sonar.
virtual pool (length of the congtition area). In the first scan
we can estimate the position of the mid water target. The ne>JP' Integrated SINS and SLAM
scan can be done with a range bigger than the estimatedl) General SLAM
distance slightly, and the scanning sector can be 30° whichln this section, the concepind the research evolution of
includes the target. This pratee can enhance the resolution>imultaneous Localisation and Mapping (SLAM) (SLAM is
of the image since the range will be smaller than the firk¢ferred as Concurrent Mapgi and Localisation (CML) in
range and the noise will be less than the noise in the fig@me of the literature) will bmtroduced in detail. Figure 20
scanned image. shows the structure of SLAM. The first consistent solution of
After detecting the mid water target and measuring thelAM came from Randall Smith, Matthew Self and Peter
distance between the target and the sonar, a correctfeiesseman [1]. Following that book, SLAM research has
parameter should be applied on this distance. The SLARgcome more and more popular in the autonomous vehicle
Module is expecting the mid water coordinates (retrieved frof{€a because self localisatian a critical question to an
sonar) to be in the xy plane. Unfortunately, this is not the cagsltonomous vehicle. An autonomous system must answer

Figure 18 shows the measuredtdnce and the real distancetnrée questions: “Where am 17" “Where am | going?” and
in the xy plane. “How do | get there?” The first one can be thought as the most

important one of these three questions [2].

Figure 18: The real and the measured distance between
the target and the sonar.

To decrease the error in ethdistance value, we can
approximate the mid water target depth to be fixed in (Max  Figure 20: The structure of the SLAM problem.
Depth/2), since we know the sonar’s depth (from the pressure
sensor) we can estimate the real distance more accuratelfRandall Smith presented a general theory for estimating the



uncertain relationships between the vehicle and the features@w landmark.
the environment in his paper [1]. This theory also allows the This is the basic theory of SLAM, based on the assumptions
estimation of the boundary of the uncertainty. It is thbsted below:

beginning of SLAM research. After that, many papers [3] [4] X The vehicle is the only moving object in the
started to discuss SLAM: Anastasiosz Mourikis analysed the environment.

positioning uncertainty [5], Momotaz Begum introduced a X The computer can process any quantity of the
novel idea that combined Fuzzy logic and genetic algorithms landmarks which can be observed by the vehicle.
for SLAM research [6], loseba Tena Ruiz [7] showed the x There is only one vehicle in the environment.
experimental results of SLAM on underwater vehicles using X The landmarks can be distinguished from the
side-scan sonar, Robert N. Capenter used a forward looking background.

sonar in  SLAM [8]. This section provides a generafhese assumptions adopted in general SLAM can simplify the
introduction for SLAM theory. analysis of the problem, but in some applications, the

The Kalman Filter's state includes the relevant states of t§gsigners have to face situats where they do not hold up.
vehicle and the landmarks in the environment in which thghe coming sections will show a simple example of SLAM
vehicle is moving. So, the state vectdras the form: based on these assumptions. The next section will introduce

the methods and algorithms which focus on SLAM without
one or more of the assumptions.

2) IMU and SINS

wherex, is the state of the vehiclg, i=1...n hold the states of

the landmarks. The estimateulce covariance for this system 3 Mathematics undertying IMU
is P: Inertial Measurement Units (IMU) is the key sensor of the

Inertial Navigation System (INS) . The designer of INS must
understand how the IMU works and how the output of the
IMU is disturbed by the environment noise. Usually the
accelerometers and gyros are called IMU in INS. Because the
price of an accurate IMU is vehigh and is not affordable to
the student competition vehicles, a low cost IMU (Figure 7) is
adapted in Nessie2. Mathematical foundations underlying the
The state and covariance are updated by using a genéh4l are also very helpful to understand the INS theory.
Kalman Filter (KF). The outputs of the IMU are ¢habsolute acceleration and
angle rate in the inertial frame projecting to the body frame.
The earth rotation, interference between movement and
rotation and environment noise are also included in the IMU
readings.
In inertial frame, by assuming the mass is 1, the Newton's
Second Law of Motion can be written as:

In the general SLAM theoryhe landmarks are assumed to
be fixed. The observed new landmarks which are not in |the . absolute acceleration withespect to the inertial
stochastic map will be added in the state to generate a [new frame : :
state vector. When a new landmark is added to the map! the : gravitational acceleration due the mass attractiory,

) P point to the centre of the earth.

new map state vector and covariance will be [9]:

Based on the Coriolis formula:

The absolute acceleration canrberitten in the form of:

Where J is the Jacobians respect to the robotstatd to the



in which, dR/T |l is the derivation of vectdr in the inertial
frame, anddR/dT |m is the derivation of the vectd® in m
frame, m is arbitrary framewn is the angle rate of the m
frame with respect to the inertial frame.

V is vehicle's velocity with respect to the Earth-fixed frame

and U is the Earth angle rate. If the speed is available, the
accelerometer's reading can balculated by the following

function, this reading is thacceleration with respect to the

inertial frame projected to the body frame. Usually the vehicle

moves on the Earth surface, the dymeading is the angle rate

plus the Earth angle-rate. This can be described by: Where:

For each different IMU, thecontribution of each error
source is totally different [10]. Only main error sources are list
below:

x Scale Factor: errors in thratio of a change in the
output signal to a change in the input which is to
be measured

X Cross-coupling Error: outputs of one axis resulting
from the movement or rotation in the orthogonal

axis. E. Mission Planning

x Random Bias: cased bystabilities wthin the The mission planner is the software module which makes

sensor assembly. the high level decisions throughout the mission. It decides the
next action according to the cuntestate of the pool and the
actions taken so far.

The operation of inertial navigation system depends on theThe mission planner works based on a list of conditions and
laws of classical mechanics &srmulated by Newton. The g collection of tasks to achieveEach task has a specific
inertial navigation is the poess whereby the measurementgyiority associated, a list of pameters specified for it and a
provided by the acceleromeserand gyros are used tOBgplean expression formed with the list of Conditions
determine the position, attitude and speed of a vehicle. Inertigbntioned before. The task selection algorithm is as follows: a
navigation systems are self-contained within the vehicle. st of tasks that have true conditions is created and the one

The original applications of inertial navigation technologyyith the highest priority is chosen. The current state of the list
used stable platform techniquds. such systems, in inertial the conditions is updated constig according by the world

sensors are mounted on a stable platform. Modern systefgdel. For our System, the list of conditions and tasks are:
have removed most of the mechanical complexity of platform

systems by having the sensors attached to the body of thggnditions:
vehicle, which is called strap-down navigation. 1. Validation gate passed

b) Strap-down Inertial Navigation System

The basic principle of SINS is discussed in many books 2. There are still targets to find
[11],[12],[13]. The main computing tasks, those of attitude 3 There are targets that need classification
determination, specific force resolution and solution of the 4. Mission complete
navigation's equation, are indicated in appendix. 5. Mission time-out
For the purpose of integration with other sensors: GPS, g \Mid-water orange target discovered
DVL, the error equations which are in the first following 7. Bottom target discovered
equation are used. It can be written in the form of a single g Recovery zone identified
matrix error equation as the second following equation. 9. Vehicle locked on to the bottom target
10. Vehicle locked on to the mid-water target
11. Vehicle locked on to the recovery zone
12. Mid-water target touched
13. Drop marker dropped
Task Condition Priority
Gate (11 &15) 9
Map Pool (1&!5)&2) 3
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Examine Targets (1&EB&(5&(6(7118))) 4 current condition states of thiasks. For example, if the
Lock on mid-water | (1 & ('5& (6 & (9 & 112)))) 5 mission planner read from the world model that the orange
target ball is one of the objects in the world, this would mean that
Hit mid-water target | (1 & (15 & (10 & 12))) 6 all Is or ) > ’

Lock on bottom 1&(5& (7 &13)) 7 the mission planner updated cdiwh 6 to true, because the
target orange ball is seen.

Drop marker (1&('5 & (9&!13))) 8

Lock on recovery 1&(MB&B&((9 & (10 & (12 & 5 d) Navigation

zone 13))) .. . .

Surface (L&D &12)&13)[5) 14 0 The mission planner needs to communicate with the

autopilot because ¢hautopilot is the module which receives

This information is taken by the mission planner from af'® Next way point from the mission planner. In this point it is
init file, which is common for all the software modules. Thé'€cessary to clarify that éhmission planner can order two

init file makes it simple to change the behavior of the vehicl®/Pes of movement: absolute and relative requests. With the

without requiring a re-compilation. mid-water target task, it is easier and better for the mission to
In order to process the Boolean expression formed from tREJ€r & relative movement wheme vehicle is locked on the

conditions, it was necessary to implement a parser. Evéﬁ}’get- On the other hand, in order to lock on the bottom target

expression, after being parsed, is stored in a structure (Fig@ftl drop the marker, it is better to order an absolute way point
21), that allows for simple evaluation: because this last one is more accurate.

e) PIC
In order to drop the marker, sending a drop marker message
to the PIC is necessary.

F. Navigation
1) Underwater Vehicle Modelling & Control
The motion of an underwater vehicle through the water is
described by a combination of six velocities (surge, sway,
Figure 21: Structure of the mission conditions. heave, yaw, pitch & roll). These constitute the vehicle’s six

o degrees of freedom.
1) Communication

As with the rest of the software modules, the mission
planner uses OceanSHELL Messages in order to communicate
with the rest of software modules. The mission planner
communicates with the following modules: vision, sonar,
world model, navigation and PIC.

a) Vision

The mission planner switches the front and bottom cameras
on and off. This will depend on the current task and global
state of the mission. For example, as soon as both balls are
classified and the orange ball is touched, it may not be
necessary to keep the front camera on. Additionally, the vision
module sends the mission planner a “Ready to Touch” _. ] .

. " . Figure 22: Components of motion for an underwater
message when Nessie Il has the adequate position and heading .
vehicle.

to go forward and touch the orange ball.

b) Sonar D_uring the 19?05, a mathematical model was developed_ at
L Heriot Watt University that expresses the Hydrodynamic
_ The_mlsglon planner can request for a sonar scan as SO0OR,aSas and moments applied to each of the vehicle's six
It requires It. degrees of freedom. With this model the velocities of the
vehicle can be determined and used to simulate the
©) World Model performance of the vehicle, both with and without
The Mission planner gets all the information about th@ompensation from an externaintrol system. A simple co-
environment from the world model. From the world model thg;ginate transformation is required in order to convert the
mission planner gets the vehicle’s current position, headinga|gcities of the vehicle into an absolute position and
targets found so far and their type, etc. Thanks to thigientation of the vehicle relative to a fixed point. This
information, the mission planner periodically updates thgnaples control of the vehicle’s position and orientation within
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an underwater tank to be established. between the processors (PC104 and PIC) has several
2) PILIM Compensator configuration parameters.
The control system comprisesfolr PILIM compensators.
These compensators are usedtdatrol the vehicles heading a) Format of Messages
(yaw angle), altitude, and positi within the underwater tank  All the messages exchangedbietween the 2 processors are
(x&Yy). configured to be 4 bytes long and the value of the first byte

must be equal to 255. The 3 following bytes are the data bytes,
they can take any value from 0 to 254 (255 is the forbidden
Ol :7'""7;" .| .. lz. Vvalue for the data bytes). The first data byte is the message
identifier. Every different identifier corresponds to a particular
=] action. It is very convenient to use a message identifier
s =T because it simplifies the software. The signification of all
identifiers used will be explained later. The two last bytes are
DIFFERENTIATOR T data bytes and their signification depends on the message
identifier.

Figure 23: PILIM compensator.

The PILIM compensator comprisef two distinct control
loops. The inner control loop isedto control the velocity of
the vehicle with respect to the corresponding degree of
freedom. The vehicle’s velocity is acted upon by a PI
(proportional plus integral) stage. The outer control loop is
used to control the absolute position or orientation of the

vehicle within the tank. The outer control loop sets the1gure 24: Format of Messages between PIC and PC104.

demanded velocity that the inner loop must deliver in order N
- . ; oy If a message does not start by 255 it will not be processed.
accurately position the vehicleThe gains within the system .
If, one of the processors does not recognize the message

hav n rmin xperimentall iel ntroll L
ave been dete ed experimentally to yield a contro ef&enuﬂer it will send back a message to aware the processor

response with little overshoot and acceptable response time, ", ‘ .
. . which it has sent the message. This message format is very

The control system is implemented in software and is . . :
S . .convenient and very easy to use: it takes only few minutes to

executed on the vehicle’s PC-104. The vehicle’s headin . .
C %ate another message and to implement the corresponding

w angl nd alti rem r irectl nsor an ; .
(yaw angle) and altitude are measured directly by a sensor 3 ion. To ensure the robustness of the protocol, parity bits

\ " . Ac
inputted to the control system. The position of the vehicf
within the tank is computed by measuring the distance to tﬁl&ould be added thoughetare not necessary.

corner of the tank, which hagén nominated as the origin of b) Communication
the underwater world. This is achieved with use of the Sonar.

The control system functions as the core of the Autopilot The diagram below shows escpflcally. th? Ocegn Shell
software system. It is thib of the Autopilot to accept messages between the PIC communication, with different

commands for the Mission planner and maneuver the vehiH%’,dUI?s’_and the direction of each Ocean Shell message,
to a series of way-points within the tank. Communicatiof ich indicates the necessary data.

between the two modules consists of a request from the

Mission planner, followed by a response from the Autopilot

once the vehicle has reacheitk target. Additional

responsibilities of the Autopilot alude the logging of all data

both input to and output from the system and the presentation

of a user interface allowing wayeints to be inputted from the

keyboard.

G. PIC/PIC Module
1) PIC Module

The PIC Communication module performs the interface
between the PIC and the rest of the software modules (PC104)
that need to communicate withe PIC. This communication
can be done from the software modules to the PIC or vice Figure 25: PIC communication structure.
versa.

The PC104 and the PIC communicate over a RS232 link.The messages transmitted between the PIC and the software
Messages are both transmitted and received. The RS232 ¥fkdules are controlled through a diagram state. This structure



makes the delivery of the messagee very quickly. That was [13]
the reason for starting to use a state diagram and we
develop all the operations in this way of the modules wit
only one thread.

This structure allows us to have efficient software which is
easy to adapt beyond new changes.

2) PIC

The PIC receives messages from the PIC module. When a
message is received an interroptis created in the entry port
of the RS232. In this interruption the code checks to see if the
message is valid by checking the first value. If it's not valid,
it is discarded, otherwise it is processed. Messages are
processed according to their type and the correct
corresponding action is taken. This can include motor
instructions, drop marker insictions, water alarm, etc.

IV. CONCLUSION

The Nessie Il autonomous underwater vehicle combines the
state of the art in both hardware and software design to create
a robust, and fully autonomoushiele. It's design will allow
it both to succeed in the SAUCdompetition as well as grow
as new technology is added.

ACKNOWLEDGMENT

Team Nessie would like to thank its sponsors and all the
people in the Ocean Systems Laboratory. The generous
support of these groups was pivotal to the success of the
project and the team is eternally grateful.

REFERENCES

[1] R. Smith, M. Self and P. Cheesemdfstimating uncertain special
relationships in robotics. In I. Cox and G. Wilfong, editémstonomous
Robot VehiclesSpringer-Verlag, 1990.

[2] P.Jensfelt, H.l. Christensen and G. Zunino. Integrated systems for
mapping and localization. In J. Leonard and H. Durrant-Whyte, editors,
ICRA-02 SLAM WorkshopEEE, May 2002.

[3] J.W. Fenwick, P.M. Newman and J.J. Leonard. Cooperative concurrent
mapping and localization. Rroceedings of the 2002 IEEE
International Conference on Robotics and Automatages 1810-
1817, May 2002.

[4] G. Dissanayake, P. Newman, H. Durrant-Whyte and M. Csobra. A
solution to the simultaneous locai®n and mapping (slam) problem.
IEEE Trans. On Robotics and Automatid(3):229-241, 2001.

[5] A.l. Mourikis and S.I. Roumeliotis. Analysis of positioning uncertainty
in simultaneous localization and mapping (slam)Pioceedings of
2004 IEEE/RSJ International Conference on Intelligent Robots and
SystemsJapan, Sept. 2004.

[6] M. Begum, G.K.l. Mann and R.G. Gosine. Concurrent mapping and
localization for mobile robot sy soft computing techniques.

[7]1 1. Tena Ruiz, Y. Petillot and D.M. Lane. Concurrent mapping and
localization using side-scan sondEEE Journal of Oceanic
Engineering 29(2), 2004.

[8] R.N. Carpenter. Concurrent mapgiand localization with fls. In
Autonomous Underwater Vehicld998. AUV'98 Proceedings of the
1998 Workshoppages 133-148, Cambridge, MA, USA, Aug. 1998.

[9] G. Zunino and H.l. Christenessimultaneous localization and mapping
in domestic environment.

[10] A. Lawrence.Modern Inertial Technology: Navigation, Guidance and
Control Second EditiorSpringer, 1998.

[11] J. Farrell and M. BarthThe Global Positioning System and Inertial
Navigation McGraw-Hill, 1998.

[12] D.H. Tittertion and J.L. WestorStrap-down inertial navigation
technology Peter Peregrinus Ltd. London, May, 1997.

12

O. Salychev.Applied Inertial Navigation: Problems and Solutions
BMSTU Press, Moscow, Russia, 2004.

E. Gat. “Three Level ArchitecturesAttificial Intelligence and Mobile
Robotics Alll Press / The MIT Press, Ch. 8, 1998.



	nessie-paper.pdf

