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Abstract

Pos ei do n,bhseSta@peddRobatids team entry for tHéational Underwater
Robotic Challenge, is designed for high maneuverabiRrpopulsion is provided by six
motors,four positioned at a thirty degree aadfom the lineof the robot, andwo
positioned facing downWe have designed to minimize dragdavoid tanglingrom the
umbilical cable using a light &ight cable, routed from the bottarhthe robot.

The frame of the robot is made of % irarhd %2 inchiPVC pipe, and the electronics are
mounted in a&" diameterABS pipe with screwthread ends. Twoatneras are mounted
on the front of the robpandonecamera is mounteaft. 8 LED lights provide
illumination.

The robot is controlled by an Atmel ATMegal6 microcontroller. Three Devantech
H-Bridge speed controlleontrolthe motors, and the weera and lights receiysower
through a Spike relay driver. Power is provided by a 12 volt 3.5-Aoup NiMH
battery.

The 15 Pin VGAumbilical cablecarries video from the three cameras and

communicatiorto theAtmel ATMegal6 microcontroller Every 100milli -seconds, the

robot generates a Robot Packet, data which is sent over the link to the Operator Interface.
The Packet contains pressure sensor depth, temperature at the probe, atimbéind on

battery voltage. Every 150 mi$ieconds, the Operatortémface sends a Control Packet

back to the robot, consisting of the commands for motors speed, andqomiretfor

the lights and cameras. In addition, the Control Packet may contain a reset for the robot
processor.
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Design Approach

The project wasmplemented ifour cycles. Each cycle added functionality to the robot.
The first three cycles modified the robot body; the fourth feamtegrating sensors.

Cycle One:

In Cycle One, we developed our method of mounting the motors and routing thg wirin
through the frame of the robot.

The ROVtin-a-Box Project Kit from INVENTIVITY LLC in Phoenix, AZ was$or

guidance on the development of mase robot. We powered the robot with ten AA sized
2.5 Amp hour battery cells, and the three motors were povigité¢drward or full

reverse with three Spike motor controllers.

Commandor the controllers was sent through umbilical cable from a switch box on the
surface. The electronics and battery was mounted in two-tigieéPelican cases. The
robot had oneamera and one LED light.

Cycle Two:

The second robot had a larger frame, six motors, and t
forward cameras. Different attempts were made at
waterproofing the frame of the robot with mixed succes
A controller was placed aboard the robot, commatimg
with an operator controller on the surface. No sensors v
yet attached. :

Two cameras were mounted on the front, a driving came
pointing slightly downwarénd a grabber camera pointing
significantly downward. The figure to the right shows th¢
two cameras. Oside of the cameras are two lights for th
grabber camerand two for forward lighting

Figure 1: Two Cameras and Fo
Lights on Upper Robot Body
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Cycle Three:

During Cycle Four, sensors were integrated intc
the robot. The pressure sensor, the temperatu
sensor, and the rate sensor were aduéus
cycle. In addition to sensors we added
pneumatics during this cycle to control our ‘
robotic gripper, allowing it to open and close. I l
)

¢

- _ o

Figure 2: New Motor Mounti

Tether System

The wire tether system consists of an Operator Interface tied to the Robot controller via a
15 Pin UltraThin VGA Cable, a reset line to the robot controller, and three video signals.

The robot sends a ten byte Robot Packet every 100sedbnds, consisting of robot
battery voltage, water temperature at the probe, and the depth measuredregsheep
sensor. The operator interface sends an 11 byte package every 1’5@coifids. It
consists of forward, sideways, and vertical motor speeds, rotation speed, operator
interface battery voltage, and discrete signal that control the power tghtsednd
cameras.
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Pneumatic System

The Pneuméc Systemconsistof two clippardair
accumulators, adjustable regulator with pressure gal
SMC solenoid, and pneumatic cylinder which has %
inch bore and 1 inch stroke. The system must be pr
charged fom an off robot compressor up to a possibl
120psi, then the regulator will allow us to reduce the
pressure delivered to the cylinders to only 40psi. Th
SMC solenoid is contained within a pelican box
attached to the bottom side of our control tube. The §
return air is then vented into the pelican box, which
contains a pressure relief valve to vent the return air
into the water.

Figure 3: Pressure Regulator

Figure 4: Clippard Accumulatotr Figure 5: Glinder Connections
on Cylinder insidePVC.
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Operator Interface

The operator interface consists
a controller box and a joystick.
The controller box has (fromeft
to right) a toggle switch for
controller power, a reset button
for the robot controller, a reset
button for the operator interface
controller, and two toggle
switches to control power for theg ;
driving camera and lights, and
the grabber camera and light

The operator interface uses the
same development environment
asthe robotcontroller. It also

shares much of the software. Figure 8 Operator Interface
A
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: Joystick - Operator Interface Controller
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Figure 7 Operator Interface with Joystick and Umbilical Interface
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Robot Controller

ARC Robot Controller

Therobot controller and the operator interface both
use the AVR Robot Controller (ARC) from the
Seattle Robotics Society. The controller uses the
Atmel ATMegal6 controller chip. On the board is
a five volt regulator, an R332 interfacechip, and
an L293D quad driver chip which can interface up
to two Spike controllers. The ARC provides 24 1/0O &
pins, of which eight can be designated as inputs to |
thel0 bit Ato-D converter. The ATMegal6 is a
RISC processor clocking at 16 MHz.

Figure 8 ARC Robot Controller

Programmingpf the controller is done in the C program language, using the Atmel Studio
development environment, and the GCC C/C++ compiler. The board is programmed
with the Atmel AVRISP ircircuit programmer.

MD22 Speed Controller

The speed controller in the rdle the
Devantech MD22. This is a duatH
Bridge controller capable of
controlling five amperes continuous on s
each of two motors. The interface '
from the controller to the speed . ' ‘
controller is via the 12C bus. The 12C bus Figure 9 MD22 Speed Controlle
consists of 5 Volts and grourahd a clock

and data line. Each device on the 12C device has a unique address.

The advantage of using the 12C bus is that the three MD22s in the robot (and four
temperature sensors) can be controlled over the singldifeuous.

Spike Relay Driver

-

—

Power to the cameras and lights are controlled by a Innovatio
First Spike relay driver. Team that participate in FIRST are
familiar with the Spike. It can switch up to 20 amperes of .
current. The driving camera and head lights are powered thrt Figure 10 Spike Relay Driver
one sideof the Spike controller, and the grabber camera and

work lights are powered through the second side.



StampeddRoboticsP 0 s e i d o n 6 s Ndlidnal Uriderwater Robotics Challeri2@09

Electrical System
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Fuses

The rdot uses automotive blade
style fuses. A fuse block holding
six fuses is located at one end o
the 40 PVC el ec
readily accessable when the enc
cap is unscrewed. The master
fuse is located at the right side o
the fuse block. Ifitis maoved,
the robot is unpowered.

Note the power switch for the
electronics attached to the top of Figure 13 Fuse Block
the fuse block.

Right Fuse | Master 40 A
Near MD22, Rear Motors 20 A
Mid MD22, Mid (Vertical) Motors 20 A
Far MD22, Front Motors 20 A
Spikes, Camera drLight Power 10 A

Left Fuse Electronics 3A

Table 14 Function and Current of Fuses

The return side of the wiring is through a six position terminal block located behind the
fuse block on the bottom level of the controller. There is no specifiagositocated
for specific return lines.

Power Management

The robot is powered by a 12 volt, 3.5 ahqur nickelmetal hydride (NiMH) battery.
We have two batteries available. The charger can be powered off a 12 volt auto battery,
or from a 12 volt powesupply.

The operator interface is powered from six NiMH AA cells.
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Sensors

Preamp and filter Tone Detector

Pressure Sensor 010307 Psiis 0o 5 Volts

Controller

Temp Sensor
x4 0to 5 Volts

Rate Gyro

12C

Figure 15 Sensors for the NURC Robot

Honeywell Pressure Sensor

Because commercial pressure sensors start at $150 and v~
we bought a presse sensor and provided the electronics tc
interface it. The Honeywell 24PCCFAGA miniature presst
sensor provide reliable absolute pressure sensing
performance in a compact package at a price of $15 throu
Digikey. Total cost was less than $24. Tow power, non
amplified, noncompensated Wheatstone bridge provides
0.15 mV of output for each psi of pressure. The sensor is
powered by a ten volt regulator provided by the 12 volt Figure 16 Honeywell
battery. An operational amplifier with a gain of eight feeds Pressure Sensor
this to tre analogto-digital converter on the ARC processor

card.

10
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ADXRS150 Rate Gyro

The ADXRS150 rate gyro is a 150 degree per secc
gyro on a 18 mm (0. 70)
turns, it generates a voltage proportional to the rate e
turn. By addinghis value into the commands to the Figure 17 ADXRS150 Rate Gyro
speed controllers, the robot maintains its heading.

When driving in vector mode, this value is compare

against the commanded rate of turn from the opera

interface.

As t he

LM75 Temperature Sensor sDA —

SCL— 2

— +Vg

0.5, —

The LM75 temperature semsis a small (SOB) integrated oD —
circuit that monitors temperature and interfaces with the
controller through the 12C bus. The small IC is 3 mm squz

and only .86 mm thick. Its temperature rang&sC to
100C, with 2% accuracy.

8

T A0
6= Al
5

T

= A2

266802

Figure 18 LM75
Temperature Sensor

There argwo tempeature sensors on the robot, one out fro
to measure thevatertemperaturend one in the controller
tube

11
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Lights & Cameras

There are three cameras on the robot. Two are provided by !INventivity, oneahtack
white (rear looking), and the second aocdb observe the grabber action. These cameras
operate down to 5 lux of light.

The third camera is a LGA700CW camera from Lights, Camera, Action (LCA). This

is the driving camera. LCA makes both infared and white balanced cameras, and we
chose whitdalanced. This camera can see with less light than the Nventivity cameras,
operating down to 0.03 lux.

RS-232
Tx

Rx

Controller

Transmit

Receive

Camera

I

=

£
Spike-FWD ﬁ@
Spike-REV.

Camera

Spike 2

Camera

Driving L€
A

Driving Ri
—

I

Grabber L

e

. d»C 3

Grabber Rifjht
L

Figure B: Lights and Camera Wiring

13 11

Ultra-Thin VGA Cable
used for umbilical.
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Programming

Programming of the controller is done in the C program languagey the Atmel Studio
development environment, and the GCC C/C++ compiler. The board is programmed
with the Atmel AVRISP ircircuit programmer.

The below table documents the software components of both the robot controller and the
operator interface. Thsame processor board was used for bothwaede possible, the
same software is used.

Project Files .h?
Operator
Interface
Operator.aps Project file for operator interface.
Top level control loop send sensor
Oplnfc.c No | data once every 100 milli-seconds.
Joystick.c Yes | Reads joystick into Op Intf
Robot Control
Robot.aps Project file for Robot Controller
Top level control loop sends
command packet every 150 milli-
NurcComm.c No | seconds.
Interface for the Spike controllers,
CamPwr.c Yes | controlling camera and light power.
Common
Utilities
Util.c Yes | Timer, Interrupts, print functions.
Interface software for the 12C bus.
I2CMaster.s Yes | This software is written in assembly.
Data structures and manipulation
routines for the Command Packet
Packet.c Yes | and the Robot Packet.
Temperature.c | Yes | Interfaces with the temperature Ics.

Table 20: Software Component Listing

13
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Expenditures
The following tabé documents the cost of components in the robot.

Table 21: Cost of Robot

Item Quartity Unit Extended
Price Price
1 | ARC Robot Controller 1 $5400 | $4900
2 | MD22 Speed Controller 3 $11500 | $34500
3 | Spike Relay Driver 3 $3400 | $6800
4 | LCA Camera 1 $39600 | $39600
5 | Nventivity color camera 1 $2800 | $2800
6 | Nventivity b/w camera 1 $1600 | $1600
7 | PVC for robot body Misc $4500 | $4500
8 |40 PVC cont r| Misc $14.00 $14.00
fittings
9 | NiMH 12V battery 1 $59.99 | $59.99
10 | charger 1 $69.99 | $69.99
11 | 12V supply for the chargel 1 $89.99 | $8999
12 | Rate gyro 1 $49.50 | $49.50
13 | Nventivity LED light 8 $18 | $90.00
14 | motor 500GPH Aerator 6 12.50 $75.00
p/n 28551
15 | Clippard Accumulator 2 $30.00 | $60.00
16 | ¥ inch bore, 1 inch stroke 1 $25.00 | $25.00
Cylinder
17 | Great Planes collet prop 6 $4.25 $25.50
adapter
18 | Propeller 6 $4.00 | $24.00
19 | wire Misc $28.00 | $28.00
20 {1 0 cri mp con Misc $18.00 | $18.00
21 | fuse block 1 $9.00 $9.00
22 | Automotive Fuses 6 $0.66 $4.00
23 | terminal block for grounds 1 $6.00 $6.00
24 | pressure sensor 1 $14.53 | $14.53
25 | LM75 temperature sensor 4 $0.80 $3.20
26 | electronic components Misc $20.00 | $20.00
27 | Steel Bar for weight Misc $3.00 $3.00
28 | Lexan name plates Misc $6.00 $6.00
29 | silicon sealant, thread Misc $10.00 | $30.00
sealant, Epoxy
30 | screws Misc $2.00 $2.00
Total $1674

14
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