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Abstract. Now a days one of the important robotic industry usages is to utilize
robots as a help in unexpected evens such as earth quacks, floods, fires, explo-
sions, and etc. the bam rescue robot is designed and built in order to increase
the exploration and searches speed and also the rescue operations. This robot
has a really well shaped and convenient mechanical design .the robot control
system preparation and according to its multi_ layer architecture working in
any conditions and any occurrences are possible. The low transferred informa-
tion is one of this robots ability. This robot’s soft ware is been designed intelli-
gent and semiautomatic. all the below specifications are including the re-
searches activities and the used tools in the second robot’s generation. Most of
the second generation plans and designs are finished and we are doing our best
to complete other parts as soon as possible. we are also doing our investigations
about this robot’s third generation. the third generations design goal is to build
an autonomous and automatic rescue robot. In this paper We have often pointed
to some parts of its plans.

Introduction

At 3:06:27 am on Friday the 26 of December 2002 a harmful earth quack with 6.3 greatness has destroyed
the Bam Township in Iran.

According to that and to respect all the BAM earthquake victims and injured people this robot has names as
the “bam rescue robot”. The robot’s design and construction’s aim is to have a practicable usage in the
disaster sites for the exploration and the injuries saving.

This robot is being prepared for the world competition participation with all the masters and experts’
guidance and consults. And is Prosperous many unique abilities. The design and the multi layer control
system construction implement, predicting most of the unexpected events, the convenient and powerful
mechanics, reliable software and the intelligent insurance are the bam robot’s advantages.

As being mentioned upper one of this robots unique merits is the multi layer system control so that due to
any control, connection, and software tools laid up, the whole system can give user the robot control by a
manner. The computer equipment using or not using ability in robot guide is one of these points.

One of the other robot’s special points is the comprehensive and complete mechanical instruments design
by using various software systems. Removing the problems and the planes amendments by using the vari-
ous soft wares the mechanical specifications has been examined and tested and the brilliant sequences
caused to take steps for building the robot.



Even though the robot software system is complex it is also designed much simple and well shaped. Hav-
ing used the most up-to-date programming tools, having put the fast access keys, hiding the windows, using
the float windows and also the docking ability usage for the representing pages are the anticipating ar-
rangements for being suitable for control soft ware. The three dimensional robots representation in the built
environment which is based on the sonar inputs, black box system, and using the programming abilities in
the internal system layers , and the windows system operation are also the other robot’s preferences.

The robots dispatch system is also unparalleled in its kind .in spite of being two layer dispatch in this
system non of the camera s and sensors and etc information is being transferred to the controller computer.
And just the computer control system is transferring to the controller by the robot.

The present robot’s capabilities collection and planning to build the third generation is the long schedul-
ing time, analysis, design, tests, experiments making new ideas and using the system masters guidance’s.
All the Results information are given by the pictures, maps, the photos which are taken during the works,
and the tool specifying tables and has been attempt to prepare a interpretation powerful complex robot
abilities by adding formulas, and many kinds of diagrams ,beside comparing the methods and the used
methods reasons in design and construction.

The first robot, which has been built by this collection, is named as the first generation of the bam robot.
During the last year’s, consuming much time for designing, building, extending, the experiments and test-
ing lots of different systems we have prepared a new robot with convenient abilities which is in fact the
bam robot’s second generation that all the pictures and maps which are included to this paper are relating to
that robot generation.

The construction team is also considering, aiming to build a new generation of the bam robot (and be-
cause the final goal is to make the autonomous rescue robots) we are hoping to reach this aim much more in
the third generation.

1. Team Members and Their Contributions

The BAM Rescue Robot final team members are coming below:

Meysam Radmamesh (Leader) Electronic and Control

AmirMehdi KhademAstaneh ~ Software Design and Developing
SeyyedMojtaba MortazaviNejad Mechanical Design

Hadi Firouzi Software Design and Developer
Meysam Ashari Mechanical Manufacturing
Amir MohammadiTashakkory Electronic and Control

Referring to that each robot design and build basis activities needs to use the various technical acknowl-
edges in different fields. The robot executing team has divided its activities to three main branches, and
have the most skilled and compendium persons regarding to the deign, build and system deliberation that
the below list is presenting their names, their situation in team, and their last academicals certificates:

The power group (including electronics and dispatch)
. Meysam Radmamesh (Leader)
B.S. Student, Electric Engineering (Electronics tendency), Azad University Central Tehran (Iran)
e Amir MohammadiTashakkory
B.S. Student, Electric Engineering (Electronics tendency), Azad University Central Tehran (Iran)
. Md.R. Hedayati (Advisor)
Ph.D. Electrical Machines and Driver, I.T.B.H.U, Varanasi, 1995 (India)
M.S. Electrical Machines and Driver, I.T.B.H.U, Varanasi, 1990 (India)
B.S. Electrical and Electronics, Andhara University, Waltair, 1987 (India)
. Ali Reza Kalantari Khandani (Advisor)
M.S. Electric Engineering, Amirkabir University (Iran)
B.S. Electric Engineering (Electronics tendency), Amirkabir University (Iran)

The mechanical group (including the design and built)



. SeyyedMojtaba MortazaviNejad

B.S. Student, Mechanic Engineering (Manufacturing and Production tendency), Azad Univ. Central
Tehran (Iran)

. Meysam Ashari

B.S. Student, Mechanic Engineering (Manufacturing and Production tendency), Azad Univ. Central
Tehran (Iran)

. Homaoun Riyahi

Ph.D. Mechanic Engineering (Manufacturing and Production tendency), Tehran Univ. (Iran)

M.S. Mechanic Engineering (Manufacturing and Production tendency), Tehran Univ. (Iran)

B.S. Mechanic Engineering (Manufacturing and Production tendency), Tehran Univ. (Iran)

. Esmaeel Haghshenas

B.S. Mechanic Engineering (Manufacturing and Production tendency), Amirkabir University, (Iran)

The computer group (including the software, hard ware and the artificial intelligence)

e AmirMehdi KhademAstaneh

B.S. Student, Computer Engineering (Software tendency), Azad University Central Tehran (Iran)

. Hadi Firouzi

B.S. Student, Computer Engineering (Software tendency), Azad University Central Tehran (Iran)

. Parvaneh Asghari (Advisor)

M.S. Computer Engineering (Software tendency), Iran Univ. of science and technology, 1997 (Iran)
B.S. Computer Engineering (Software tendency), Sharif University of technology, 1992 (Iran)

. Albert Purbenyamin (Advisor)

Ph.D. Computer Vision, City University, London, 1995 (England)

M.S. Nuclear and Elementary Particle Physics, Bedford Collage, London University, 1984 (England)
B.S. Physics, Tehran University, 1979 (Iran)

. Sara Torabi

Educated, Computer Engineering (Software tendency), Science and Research University (Iran)

. Haaleh Vakilzadeh

B.S. Student, Computer Engineering (Software tendency), Azad University South Tehran (Iran)

. Fatemeh Firouzi

B.A. Student, Language Translating (English tendency), Azad University South Tehran (Iran)

All the bam rescue robot project process is under the Azad universities supports (under the direct supervi-
sion of the heads), which is executing in the central branch right now.

2. Operator Station Set-up and Break-Down (10 minutes)

2.1 Packing

Attending to the held competition place (Portugal country) the travel difficulties, traveling costs, tools,
pieces and fragments sensitiveness and avoiding the probable robot damages from the first the robots
design has been started with a fit image and the final goal has been decided to be able to completely
disjoining robot to the detailed pieces. According to this decision the complete robot is sep repeatable after
build and is an able to settled in a small movable suitcase, which can be packed in the least possible time.

Considering the rescue robot s in 11 September films, the bam tragic disaster in Iran, and this years com-
petition rules and just to use robots in the actual disaster sites we have prepared two packing systems for
robot the advantages and the usages are explained below.

2.1.1 Travel Packing System
The robot tools have been designed and completely mapped by attending to the instances such as



. The easy and confident robot transferring in the between cities traveling
. Sending the robot by post
. Decreasing the robots bulk
According to that the robot mechanical system is able to separate and in separate the robot parts com-
pletely it means that all the robot parts from electronical tools to wheels and the robot body are part with
each other and must be put in a suitcase so then by need it its easy to pack.
The complete robot montaj time for at least 2 persons are 15 to 20 minutes nearly equivalent of this time
is needed to separate to the small parts to settle in the suitcase. The special suitcase for these is a metallic
suitcase that is partitioned with sponge and yonolites.

2.1.2 Portable Packing System

Referring to that the rescue activities in the real disaster sites is needed to a transportation from a place to
another, we need an easy system to move the packed robot accompanied by the control instruments. So for
this reason we have designed another system. Packing for moving the robot in a point to another in the
disaster, which is including fit specifications. Contradicting to the travel packaging system, this system is
dividing the robot in to two or three main parts .the robot tool collection which contains control system
(portable computer), the robot body, the forth camera, and the hand controller must be settled in a military
backpack. To avoid any human rescue back damages there will be two yon olit colors that cover the round
robot before putting the robot in the backpack.

The portable packaging system processing speed time is so proper and is about 3 minutes and the
equivalent of this time is needed for packing and putting the robot in the backpack that just need a single
person.

. We can compute some of the systems Particulars below

. Carrying the control tools by robot

. The lightness system (using backpack instead of the steel suitcase)

. The equilibrium preservation during the running and going up the stairs with robot.

The packaging high speed (in separating and in separating) the minimum number of the system opera-
tors (one person)

2.2 The Automatic Test

One of the other system arranged specifications is to test and examine each part of the system before using
the robot .the system automatic test will be active automatically after the packing and turning the robot on.
This soft ware with the step by step test, is examining the tools accuracy and the exact command execut-

ing by robot tools and at the end of each test it will announce the succeed or defeat sequences by an acous-
tic system and a software program.

. Testing and recording all connection system nominal and operating capacities

. Considering the motors receipt feed back by giving the short commands to the wheels (mo-

tors)
. Sensor connection or disconnection with considering their received quantities



. Testing The robot sight by examining the camera signal receives, the connections between
soft ware and cameras test, the camera primary calibration and the forth camera ‘s test (the
mobile camera)

. The system localization test and its quality

At least by testing the different robot parts (such as the sonar soft ware calibration and etc.). The pri-
mary robot testing and setting up will be finished. The testing robot soft ware will automatically execute
this step and the program maximum duration is about 2 to 3 minuets.
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The worth mention point is that all the automatic steps which has done by the software can be accom-
plished hand operated and step by step that is obvious to find in the picture below:

Attending to all the above points the system primary set up (accounting the tools software testing sys-
tem) is maximum 6 minutes and approximately needs 3 minutes time to recollect the robot in to the special
backpack which is totally so proper time for set up and system using.

3. Communications

In order to have more confidence in sending and receiving data there are 2 different (separate) ways to
communicate between operator and robot. First one uses a wireless LAN card and has a digital connection
because there environments such as the competition or natural environments are so noisy, digital system are
encountering problems as: bound width, data interference, lack of enough channel for sending / receiving
data and etc. that’s why we use 2 send /receive systems on another frequency.

On system is receiving control information from the operator which digital transmitter sends. And will
be encode in a high bound width. Bound width is very low but reliable, so it is just used to control the robot
directly. There is another system for unexpected images and robot — computer to control room by a military
video transmitter with a special encoding through frequency fields. It works parallel and synchronous with
mobile computer to send the main camera’s information.

3.1 Wireless LAN Card

In order to choose the LAN card for communicating robot computer and controller



We have made comparison Between 2 models:

. LAN card 802.11 a — 5ghz — 54mhz
e  LANcard 802.11 b—2.4ghz — 1 Imhz

e R 802.11a: 5.15 ~ 5.85 GHz
802.11b: 2.4 ~ 2.4835 GHz
802.11b 11/5.5/2/1 Mbps
Data Rate 802.11a: 54/48/36/24/%8/12/9/6Mbps
. 802.11a: BPSK, QPSK, 16 QAM, 64 QAM
BT 802.11b: DBPSK, DQPSK, CCK.
802.11a:

Number 5.15 ~ 5.25 GHz Four 20 MHz channels,
of 5.25 ~5.35 GHz Four 20 MHz channels,
Channels 5.7255 ~ 5.825 GHz Four 20 MHz channels

802.11b:
Europe - 13, US - 11, France - 4, Japan — 14

802.11A and 802.11B

PCMCIA LAN card made by d-link with 802.11 a standard was selected and used on robot telecommuni-
cation system because of some reasons such as;

Increasing number of ports, reliable modulation and special high data rate.

Which will be installed on both robot — computer and controller computer.

The Selected model is dwl-a650, which can increase data rate to 72 mbps and pear to pear without access
point by using “Wi Fi5” technology. Properties:

Adapter Type Type Il CardBus

Range 54 Mbps @ 40 feet

Range 6 Mbps @ 300 feet

Available Channels Eight (8) non-overlapping channels for North America
Weight 0.25 Ibs

Network Architecture Ad-Hoc Mode (Peer-to-Peer without Access Point)
Network Architecture Infrastructure Mode (Communications with Access Points)
Operating Temperature 0°C to 60°C

Operating Voltage 3.3V£-10%

Physical Dimensions 117.86 x 54 x 5 (mm)

D-Link DWL-A650 Wireless PC Card Adapter

3.2 Analog Telecommunication

Opposed to the wireless LAN Analog telecommunication (send/receive image) system which can send
/receive in both sides simultaneously this system can just send from one side and receive from the other
side.

This is a military system aimed to send the camera images or monitor analog out puts, and can take im-
ages from a noise range because of FMWB modulation.




We use this system only for sending video data from robot and receiving with controller.
1.5-watt transmitter on robot side receives analog image from control board after receiving analog in-
formation and using a video AtoD transformer, receiver on controller side gives information by a sub port.
Transmitter properties:
. The Frequency: L band 1.2 GHz to 1.43 GHz by 25 MHz distance
Modulation: FMWB with 27 MHz deviations
Output power: 1.5 watt
Spurious: <-85 dBm
Power supply: 12 volt
RF connector: n type, 50ohm

Video Analog Senderl.5 Watt

The Receive is applicable to the transmitter. Sensitiveness of transmitter for image in signal/noise 450
dBm is minimum -15db.
e  Poweris 15v and descent frequency is 80db.
. Image output connector is BNC and RF connector is N.

3.3 Digital Telecommunication

This system will be used in order to control robot simply with control board (on robot), when necessary.

It can change 318 MHz, 433.92 MHz and 868 MHz frequencies.

And uses ask, FSK modulations.

Both of transmitter and receiver is designed and produced by designer team.

Most of bound with is used for data coding. And so received data is reliable, because this system is used
to have direct communication with robot hardware, noise or unreliable information may cause collision.

Telecommunication send/receive board can be changed easily, if noise or collision Interferes .it has a
soft ware (automatics/manual), in order to examine the efficiency or qualification.
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4. Control Method and Human-Robot Interface

The mechanisms for controlling a robot have even greater importance than the other tools for designing it.
In the other word, more over a robot successful and efficient in performance process (stage) depends on a
sufficient and precise design of the control. One the most complicated process in design and develop of a
robot is the communication of computer, mechanical and electronical mobile devices beside each other. The
usual problem in this part is the lack less of the complete use of the experience of other robots. Because the
way of controlling a robot has a direct relation to the computerized, mechanical and electronic parts in this
way if one of the devices of the system changes a Bit, the way of controlling the robot will be completely
changed.

According to the past experiences and having different sessions with the internal and external compa-
nies and also their agents in Iran and of course the team consulting sessions and by using the experts, bam
rescue robot comprehensive controlling system has been designed in two main layers, which is shown
below:

The first layer of the controlling system involves mobile controlling devices that responsible for the
many of the primary processes, automatic and semi automatic control. The second layer of the system
includes the devices in control room that is used by robot operators. The connection between the mentioned
layers of control is done by the various communication systems. As the accidental environment are full of
noise and danger and also are unsecured and the control of the robot is done by remote control, one of the
primary basic of designing of controlling systems of these robots are predictable of unexceptional events.
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First layer, diagram of controlling the various systems of Bam rescue robot

4.1 Automatic Control System

As you observe the figure, all tools are under control of central computer system (one of the unique and
useful specifications of the robot is the direct control of the computerized system of the instruments).

Most of the controlling systems include the hardware or software system gather receive information
from robot and send them to the controlling computer of the robot. Sending the information of sensors,
images of cameras and gathered information from environment feedback and etc make the huge set of data
and sent to operator computer without any process and then controlling computer returns the necessary
instructions by processing information and receive operator’s orders to conduction and guidance of robot
which the information has a long capacity according to different devices.

The designed system, which is used in Bam rescue robot, is based on the omission of into mediator in
process of information. It means that the information of sensors, the images of the camera and the other
gathered information of robot on the computerized system of robot gather and process and the conclusions
display inside the controlling software on the robot and then the information send from the same software
to the different devices for conducting and controlling the robot on the other hand the operator that controls
the robot can observe the desktop of the computer in the robot wireless and from remote with the use of the
specifications of operating system (OS) and also the use of LAN communication and transfers the informa-
tion from mouse and keyboard to the computer of robot with active little data. In simple word, it transfers
instead of transferring the information of computer of robot to the controlling computer. The comparison
between the capacities of data (the information of sensors, the images of different cameras, etc) instead of
the desktop image of the robot computer and sending the information of mouse and keyboard instead of
transferring the controlling and conducting instructions seen to be ideal. Therefore it makes less difficulty
for controlling the robot in the case of reducing of bit rate of network and even we can decrease desktop
image quality in the difficult situation.

Advantage of this method instead of transferring data:

. Decreasing the capacity of exchanged information
. Increasing the efficiently and the control speed




. Selectively of the operation system of controlling computer (today there are remote desktop
connection programs on the any kind of Windows, Linux, and etc).

. Software integrity (using of the software in order to observe and control the system)

. Omitting the heavy pooling connection TCP/IP network in order to exchanging data)

e Not to lose the information packets

4.1.1 The semiautomatic controlling system without connection to LAN (Emergency 1)

Automatic controlling system need a simple wireless network (or every other network) in order to connect
two systems to each other, the duty of communication is on. The wireless LAN card, model 820.11A in the
Bam rescue robot, as the situation of the accidental environment involve the unexceptional events, we add a
controlling system layer to the system in order to avoid the wireless digital network get out of order and to
hold the communication between robot and us and to continue the rescue activities in the emergency situa-
tions.

An analog video sender system puts on the robot that can transfer the images of the computer monitor of
robot to controlling computer in case of cutting the wireless LAN communication. On the other hand a
digital information receiver with the low data rate that puts on the controlling board is responsible for
receiving the information control of camera and engine. The software automatically does the display of
cameras and gives the different information from the sensors and the status of environment that the transfer
of desktop image of robot computer on the monitor of control computer observes the information. A small
box instead of the software directly controls the robot, which is in operator’s hand.

Of course, for the 3™ generation of the rescue robot, have done the completely design in order to control
of more than 80% software through some keys which put on the controlling box. Therefore, operator can
continue the process of rescue and conducts the robot by holding the controlling box in his hands in the
case of emergency situation and loss of robot communication.

4.1.2 Semiautomatic controlling system without the use of robot computer (Emergency 2)

The robot computer may be disable in rare case because of shock or even without any reason and doesn’t
restart by using of controlling box (ref the part of controlling box) and the main board burns or disables, in
this case we can use the controlling box and receive the images from the previous analog receive in order to
control the robot like the emergency situation 1. The only difference is instead of receiving the robot com-
puter monitor, the analog sender takes the images of 4 cameras all together by video switcher and the
operator observe the images of 4 camera be inside each other. There is certainly no access to the informa-
tion of sensors because the computerized system of robot gets out of order and the existence system will
continue to the rescue activity just by vision.

4.2 The 2" layer of control

The 2™ layer of control that includes the controlling devices and tools of the robot in control room that is
being used by the operator .we have tried to utilize the most simple and efficient devices.

Control PC Communication Unit

i Wireless LAN

A

Analog Receiver

> Digital Sender

S

f f Control Box
Keyboard Mouse




4.2.1 Control PC:
We can use o simple Laptop at last

4.2.2 Communication Unit:
Communication Unit: we discuss in this regard before (ref communication part)

4.2.3 Control box
this mall box is able to remote control the robot directly. The small box can control the robot engines,
camera engines and also to restart the robot computer (watchdog system) and changes the status of sender
analog image between the images of 4 cameras (in the way of 4 images beside each other) and the image of
monitors of robot computer.

Watchdog system is one of the unique controlling system activities. It means that we can restart the
computerized system of robot through the control box and digital communication on the control box. This
action has a great importance in order to restart computerized system in necessary cases.

4.3 Explaining different units

In this part the way of connections and explanations about skeleton in summery presented.

4.3.1 Navigation, Localization and Victim Sensor Unit
The robot computer takes the information of the unmediated sensors.

4.3.2 Motor Unit
Connecting to the control board will control stepper motor Drivers that are beside of each motor.

The feedback part gathers the motor and drivers feedbacks information parallely and will give them to
the controlling board. This task is being done by a digital encoder system HEDL55 model (with line driver)
that belongs to Maxon Motor Company. Output of encoder give to controlling board and calculates the
amount of rotation of robot wheel and transfer to main board through LPT1 port. The feedback control
problems occurs when the robot wheels slip or when the robot climbs a layer that in this case the exact
situation of robot will be corrected by G.P.S.

4.3.3 Vision Unit

Having sufficient video images with a good quality is one of the most important rescue robots succeed
factors seeking an injured person. For this reason we have used 3 cameras with a good view angle till the
ability of cameras can help the conductor of robot.

Because the robot height is less than the sight level of standing a human, controlling of the robot from
the cameras is very difficult and sensitive that more over it needs experience and practice in control, it also
needs the vast sight for this reason and in order to provide a better sight for operator, we add the 4" camera
to the vision system of the robot. The 4™ camera Dome can provide a good sight from the all surrounded
angle of the robot by using a long and movable leg in the form of L and the ability of moving in all direc-
tions.

This camera (4" camera) is a CCD Panasonic 1.4” that is turned by Servo Motor of Hitec company in
+90° vertical and +180° horizontal. One of the other ability of this camera is to zoom very good.
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CCD CCD 1.3" (380 Line TV)
g Resolution 500H x 5827 (0.5 Lux - £2.0)
g >46 dB (1/100000 sec — 127 cc — 120 mA)
S 0I5 200 gr
Dimension 87 x 72 mm
Motor Servo HS700BD (Hitec)
oy Couple 80 N.cm (0.19 s/60°)
g Volt 6V
S Dimension 58.5x 51 x 28 mm
[EBY) 102 gr
Price 63.60 €

The 4th camera movement is being done by the sent main board’s instruction. Of course, these instruc-
tions can be received from the communication part of a digital receiver from control box. (Ref 2™ layer of
control box)

Each camera’s outputs are connected to a capture card of video images, also are connected to a video
switcher system. The inputs of video capture are the bases of the camera images entries to the software
system. The video capture card, which is connected to the robot computer, is a PCI card with the ability of
capturing the images and regulating it in the different resolutions.

-

e Display and record each camera or any video signal simultaneously.

e  Adjustable video source (brightness, contrast and etc.), quality, alarm, motion detec-
tion area.

e  Motion Detection (watch for movement detected and record the video clips)

e  Preview size adjustable.

e Image quality and Compression ratio adjustable.

e  Allow the users to define the environment that they do not wish to observe, by ad-
justing

e  Mask area and sensitivity.

e  Video file database management, delete, backup or review.

e  Storage Recycle: When running out of disk space, you can delete the data of earliest
date.

e  Remote view through TCP/IP or IPX protocol (Internet/Intranet), fixed IP is recom-
mended.

e  Remote view through modem communication protocol (Only for 4 port).

e  Supports following network architecture: T1, T3, ADSL, ISDN, PSTN, Cable mo-
dem, Hi building etc.

e  Compression ratio (without motion detection)



e  High Image Quality: 4:1
e  Low Image Quality: 30:1
e  Every camera frame rates: 4 port: 3.0 to 5.0 fps

The output of the video switcher will be used just in the emergency cases. In fact, the main duty of
video switcher is to put the image of 4th camera as one image. Both analog video switcher output and
monitor analog output (that returns the current image of the monitor) are connected to a simple switch on
the controlling board. The switch output is directly connected to an analog sender, too. Which transfers the
image to the controlling computer. The controlling board switches the transferred image from the monitor
image to the camera image and vice versa by receiving simple commands through the software or a control
box.

4.3.4 Control Board Unit

In the heart of a controlling board we have used a PIC microcontroller with the number 16F877. The micro-
controller has a flash 8K*16 word and also uses the watchdog and A/D systems. The main duty of a control
board is to provide the motor frequencies and has the ability of turning rounding and moving in any pleas-
ured directions and under every angle that has been put in the main program before.

S e peem

The main port, converts the given instruction from the robot computer into the movements in motors by
sampling from the LPT1 port. The other duties of this board are to control the amount of the cameras rota-
tion and the amount of the angle of wheels and to show the batteries quantities and to control the conducted
driver inputs.

Pin Diagram
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The sending information consideration from the controlling board to the main board is being confirmed
in the research phase of the 3" generation of the rescue robots. It means that the controlling board can
receive information from the LPT1 port and digital communication system also can put information on the
LPT1 in parallel in order to be transferred into robot. Referring to this ability we can use the software
without using the remote desktop connection



4.3.5 Main Board Unit
As the requested needing for the computerized system of a rescue robot has a compulsory specifications
and is not unified such as:

. The system in puts polarity

. Having number of analog inputs

. The digital outputs needs

. The industrial port needs

And many other cases to uses of a normal computer system. To days the usage of the industrial hard-

ware systems is in the producing and completing automatic and semi automatic industrial devices that each
of then has the unique and reasonable specifications in order to use the computer and hardware of it in
industry more. We can point to the industrial Main Boards, these boards have good and unique abilities
such as:

e Analog and digital inputs channels

e Analog and digital output channels

. The more number of input serial ports

e The ability of using RAM, CPU, and the other PC card

. The occupation capacity smallness

e  Having the industrial ports

And etc ... in the below figure for can observe a sample of an industrial Main Board which is used in

Bam rescue robot.

A simple of an industrial Main Board

As you can observe there are not much appearance differences between this sample of Main Board and
the current PC Main Board systems other except their small size. More over .in addition to that we can add
various selective cards (in order to supply some of the robot needs)by using different ports such as PCls.

1/0 card is used in order to receive information from sensors and devices that gathers the existence envi-
ronmental information on the robot and transfer the information to the system. This card enters the analog
information by connecting on the frame of Main Board of the robot’s computer. Other technical specifica-
tions of this card are the 8 analog data input channels, The 12 bit analog to digital transformer and 2 chan-
nels of 8 digital output and input bits.

/0 Card PCM-3718H

Another card used in order to (supply) the hardware device power (in fact it is a power supply). This
small card has efficient and important specifications such as:




Clean and filtered power for the PC/104 bus
PCM-P50:5V & 12V

PCM-P50N: +5V & +12V

“Load Dump” transient protection

6 to 40 VDC input range

50-Watts output

Stacks on the PC/104 bus

Highly compact, PC/104 compliant

AC bus termination optional

-40 to 85° C operation

The computerized system of the robot is made by the mentioned set cards with the image cards, video
capture cards (grabber card) and etc. in fact this system decides about all input and output processes.

4.3.6 Communication Unit
The communication system unit is using different devices in order to make communication between robot
and operator that complete explanation of these devices is mentioned in the previous sections.

5. Map generation/printing

The print layout and generating the map responsibility must be done by the robot soft ware system. This
system that is based on receiving the inputs sonar and photoelectric sensors is able to detect and prepare all
robot surroundings.

In this map we have the unknown as light-gray Clear areas appear as white <obstacles as black. To use the
sonar information in order to preparing the map needs improvements and changes. The reflected sounds
from the plans, cylinders, and corners have been considered in a geometrical investigation. And also has
been attempting to generate a convenient map by the robot guidance soft ware. Which is more adapt and
correspond to the basis environment by using the geometrical formulas.

Suppose the world is two dimensional and represented by a map of 7 targets. A target refers to any envi-

ronment feature that can be observed by a sonar sensor. Four types of target are considered here: planes,

cylinders, corners and edges. The geometry of target t is described by the target parameter vector D,

which takes a different form for each type of target.
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Fig. 2 Target models in 2D environment. (a) Plane target specified by a line segment

P = (ps ,pe) (b) Cylinder target specified by an arc Py; = (pxﬂpypr) . (c) Corner target

specified by a point P, = (px ) py) . (d) Edge target specified by a point P = (px, py) .

5.1 Plane
A plane is represented by a line segment in 2D target map, and is defined by the parameter vec-

tor P; = (ps,pe) , where P = (psx,psy) and P, = (pex,pey) are the start and end points,

respectively. P and psy are the x and y coordinates of the start point, while P, and D oy A1C those of

the end point. All are specified in a global coordinate frame.

5.2 Cylinder
A cylinder is represented by a circular arc in 2D target map, and is defined by the parameter vec-
tor Peyp = (Px, py ) PR) , where P and D, are the x and y coordinates of the center of the circle in

global coordinates and Py is the radius of the circle. The radius of the cylinder is assumed to be greater

than the sonar wavelength.
Cylinders are assumed to produce specular returns.

5.3 Corner

A corner is a concave dihedral, and produces specular returns. A corner is represented as a point in 2D map,
and is defined by the parameter vector P, = (p o> P y) , where P and py are the x and y coordi-

nates of the corner defined in global coordinate.



5.4 Edge

An edge is a convex dihedral. Edges produce diffuse reflections. Like a corner, an edge is represented by a
point in 2D map, and is defined by the target state vector D = ( Dy py) , where P and py are the x

and y coordinates of the edge defined in global coordinates.
It is worth of mention that the convenient map generating researches phase from the receiving informa-
tion’s from sonar and sensors are still being continued.

6. Sensors for Navigation and Localization

6.1 Navigation System

Various navigation systems are preparing necessary equipments for suitable robot mobility. Although this
equipments are considering by an intelligent operator but each of them are able to the extent that could
handle the robots automatic control system without the leader. The specifications such as distinguishing the
impracticable obstacles, finding the best way, robot navigation and amending the routes are also the robot
navigation tools capabilities. Referring to this here are 2 samples of the “round space containing receipt
“used instrument and tools on the rescue robot are explained such as below:

. The acoustic wave radar system (sonar)

. The infrared odometer

6.1.1 The acoustic system

Provide for the robot mobility environment. Contain receipt has just used a Polaroid ultrasonic system with
these below specifications. This system is a rotate ultrasonic which has the obstacle discernment ability in a
range between 10 to 15 centimeters. The fit and arranging accuracy, 2 kind analog and digital outputs the
180degree coverage are this facility’s preferences. And.

The used ultrasound picture with its controller

The easiest way to receive the digital information is using the’rs232”’ port. The information comes to
the computer system in polar and Series and the distance between each angle is transferring to the system
by a byte that actually the digital quantity is between 0 to 5 volts system analog output.
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By arranging the sonar control board jumpers can reach 2 accuracy levels.

Arranging the first jumper: system is being put in the specifying situations in short distances and is able
to measure the object intervals in 0.15 span (range) to 26 meters .in this state the system accuracy is 10
millimeters so is a suitable accuracy for moving a robot such as the rescue robots dimensions.

By arranging the second jumper system has been put in the specifying far distances and is able to meas-
ure the object intervals up to more than 10 meters. The system accuracy in this state is 42 millimeter so is a
fit convenient.

The control board received information is sent to the system moving motor in 2 bytes and in a defined
language so the below code is explaining that.



'Ultrtest.bs2

"This BS2 program is used to test ultrasounds

'‘Connect pin9 to the RX line (pin 3 on the D-9 connector)
'and pin 10 to the TX line (pin 2 on the D-9)

'Ensure Ultrasound is in command mode.

counter var byte
echo var word
counter? var byte
start:
Debug cls 'clear the PC screen
for counter=60 to 190 step 2 'rotation of servo
serout 9,16468,["T",counter] 'command the servo and ping
serin 10,16468,200,noechol,[echo] 'get the result into echo
noechol: 'display the results
debug dec counter-60
for counter2= 0 to echo/10 'in the form of a bar graph
debug "*"
next
debug cr
next
debug cls 'and back
for counter=190 to 60 step 2
serout 9,16468,["T",counter]
serin 10,16468,200,noecho2,[echo]
noecho2:
debug dec counter-60
for counter2= 0 to echo/10
debug "*"
next
debug cr
next

goto start

Attending to the upper in formations, the technical particulars and the ultrasonic sensor body size are
representing the usage of this system.

A28

The subtle sizes and different ultrasonic sensor shapes
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Although there is another considerable system such as the rangefinder system which is much more ex-
pensive than the acoustic sonar systems so is illustrating in the “increasing robots usage in the third genera-
tion” part.

6.1.2 The infrared odometer

In the actual situations with those all tools which are used for the exact and proper robot guide by the
operator, the system damage is possible in the cases such as the huge objects collision, the screen, glass-
ware and transparent object coincidence, to collide with the things behind the robot during the movements
and etc. for such a cases to avoid the probable collisions with objects and obstacles around the robot we
have used an alarm system.

Having installed some of the Autonics company bam model photoelectric sensors around the robot, by
coming the robot near to any obstacles in less than 2 meters distance the alarm software system will become
active. If the object comes to robot by a defined distance the software robot guiding system will announce
the user by the signs such as getting on the alarm lamp on the camera pictures. Avoiding the probable
events such as the rare probable of going the robot connection or control out of operator authority, the
ability to stop the system hardware by way of the control board is the users charge.

6.2 The localization system

Now a days the out door navigation and movements are based on a global position system. This is the
abbreviation of GPS. Using this tool instead of maps, compass, altimeter, and Now a days the out door
navigation and movements are the old methods which gives approximately and proportional position has
changed the guesses and supposes to the certain and sure and is able to show the position on the map with
the mistake between 1 to 5 meters.
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In addition to the advantage of the accuracy, working with GPS in all weathers and even in nights is
possible. Having a GPS with a high military accuracy on the rescue robots for exploration in a n unstruc-
tured and unknown environment is so necessary .in spite of such a system we can reach to an amounting to
a comparatively exact positioning which has made the robots guide much more easier and the providing the
victims help interpreting much more punctual.

7. Sensors for Victim Identification

It is important collections of the feedbacks which are culminate in to the victim findings, receiving proper
information from the victim recognizer sensors on the robot. attending to the real disaster site conditions
and the simulated environment in the competition so it seems to be necessary to put minimum 3 kinds of
this sensors on the robot. The rescue robot team has considered all kinds of the victim finder sensors in
order to receive the information from the environments feedbacks and have used the below tools and in-
struments, which are the most important criterion according to the particulars such as the accuracy, speed,
connecting to the computer system abilities.

The robot soft ware system is receiving the exact information by using the light bulk processes with the
highest speed and representing the information in statistic and schematic form on the page.

7.1 color vision

Having used 3 fixed cameras in front and in two besides and utilizing a dome camera as the forth movable
camera on the head of the robot is guaranteeing the full colored screen sight all over the environment.

So that the victim dresses acquaintance and locator strobe will be done more easily. Implementing an
intelligent system to recognizing the victims in the third generation rescue robot, programming a soft ware
to distinguish the victims shape, color,. ...automatically are the future ideas.

7.2 Infra-Red Gas Analyzer

7.2.1 Non-Depressive Infrared Detection

Sensors based on the principal of Non-Depressive Infrared Detection (NDIR) look for the net increase or
decrease of light that occurs at the wavelength where CO2 absorption takes place. The light intensity is then
correlated to CO2 concentrations. Figure 2 provides an example of a typical NDIR sensor where ambient



air is allowed to diffuse into a sample chamber that contains a light source at one end and a light detector at
the other. A selective optical filter is placed over the light detector to only admit light at the specific wave-
length where CO2 is known to absorb light. Though not common in all IR sensors this illustration also
shows a second detector in the assembly that is covered by an optical filter that is tuned to a wavelength
where there is no gas absorption. This second detector and filter is used as a reference to correct for changes
in the optics of the sensor over time that may result in sensor drift. Important considerations in the design of
this type of sensor are to minimize or eliminate sensor drift that may occur because of particle build-up in
the sensor and/or aging of the light source. One method of minimizing particle buildup is to use a gas
permeable membrane that will facilitate diffusion movement of gas molecules but will block out larger
particulates that may change the sensor optics.
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Aging of the infrared source, one of the most significant factors in sensor drift can be compensated for
by manufacturer selection of sources with stable characteristics and through corrective algorithms that
adjust for light source aging over the long term. The dual beam approach shown in figure 2 is one method
of compensating for drift. Another approach involves having the sensor calibrate itself on a nightly basis
when the space is unoccupied and inside levels drop to baseline outside levels. Figure 3 shows the results of
over almost three years of operation of three sensors utilizing a nightly automatic baseline calibration where
the sensor accuracy was checked on a regular basis with a calibrated gas of 980 ppm CO2. Sensor accuracy
remained well within a +/- 50 ppm over the duration of the test period showing that good long-term stability
is achievable with these type of sensors.
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7.2.2 Specification of CO2 detectors in the Rescue Robot
We use infrared CO2 gas analyzer for measuring CO2.

The infrared CO2 gas analyzer (IRGA) is a standard tool for the measurement of respiration and photo-
synthesis. Unlike the bulky, power-hungry and expensive IR Gas of the past, for photosynthesis, or respira-
tion in insects and small animals, use IRGA with its range of 0 - 2000 ppm and resolution better than 1 ppm
CO2. These analyzers have a digital display and a 0 - 5V analog output for data acquisition.

7.3 Infra-Red Thermometer

The perimeter temperature (heating blankets) and the victim body heat can be measured with different
thermometers .the infrareds will send the digital results back to the computer system in addition to the
accuracy and being able to measure one special point heat which is far from the robot.

In order to that we have used a MX thermometer manufactured by the raytek company that is able to
measure the heat with the infrared ray. This non contact temperature measurement has the capacity of
recording the heat in the range of the -30° to 900° C (-25° to 1600° F .we can mention the other specifica-
tions below:

. 16 point circular laser sighting.
. 60:1 distance to spot

. RS232 Data output

e Adjust level emissivity

7.4 Microphone

In the rescuing conditions the voice emits can occur, that can be received by the sensitive microphones. in
addition to use the suitable tools for receiving the voice ,the automatic recognizing victim’s voice system ,
is one of the team’s activities in order to implementing the automatic specifying voice .

To detect the victims voice in the disaster sites, first of all we will consider the different methods of
specifying the voice activities and then by selecting the best and useful methods we have started designing
a proper system [1] in fact distinguishing the voice activity is the same as specifying the human voices of
silence which is frequently in the connection industries, the speech specifying and coding the speech and
etc. is being used.

But unfortunately in spite of the various methods in this field most of the voice activities specifying
styles in the noise environments where the ratio of voice to noise amount is low. Is including many prob-
lems.

Because of this using those methods in robot is based on their. Improvement and optimization.

With this aim and in order to simulate the rescue competition acoustic environment among three human
voice samples, the voice which is contaminated with noise and a noise sample have been used by order
from these data bases: TIMIT, Spear, NOISEX.

Generally, the human voice recognizing methods are dividing to three groups:



7.4.1 Energy Threshold Method

In this way supposing that when the voice is in the milieu the input signal energy is much more than the
cases, which the background noise is in the milieu. Knowing this specification when the input signal energy
is coming over the threshold boundary means that the voice is in the surrounding.

The threshold boundary amount can be unchangeable and fixed during the algorithm or it can be dy-
namic and computed according to the background noise energy alterations when there is no voices found in
the environment

7.4.2 Zero Crossing Rate Method

In this method the crossing zero input signal rate is being measured and will be compared to the threshold
boundary. in this method we suppose that the crossing zero noise rate is worthy of attention considerable
much higher than the crossing zero sound rate .this suppose is true for the environments which the ratio of
signal to the noise is upper .because of this reason in such a places we can find out the existing or not
existing voice in the environment by measuring the crossing zero rate.

7.4.3 Periodicity Estimator Method

In this method by using the human voice consecution identify which is called the pitch frequency, we can
find out the existing or no-existing human voices in the environment. It means that whenever the frequency
pitch system has recognized a person’s voice it is explained as the voice existing. Generally we will be able
to specifying the Pitch Frequency with using the cepstral and also using the input signal Autocorrelation
.an important point here In the estimating the sound frequency .is to avoid the non acoustic frequencies
signals. which reasons the mistake occurring or the system less accuracy. So that the primary process on the
input signals are seems to be certain to avoid or decrease it.

In the energy threshold boundary and the crossing zero rate just the environments can be use full where
their ratio of signal to their noise is high. Because generally the ratio signal to noise is low or even nega-
tive in the rescue situations these two methods are not proper to use.

:by attending to the negative ratio of signal to noise and the low energy alternates in the disaster
environment and the rescue conditions the first and second methods hasn’t any usage. According to that the
existing noises in the rescue environment must be supposed stationary so that the background noise signal
separation is impossible. So that this point is many problems cause and has conflict to these two methods
which their implementations are so easy, the estimating frequent method that is not based on the voice and
background noise signal energy differences and the voice separation from the noise seems to be more
convenient. In addition to the estimating frequently method have much less error percent comparing to the
crossing zero-rate method. The below table is comparing those two methods:

Method Name Accuracy
Percent
Crossing zero rate method 34.2
Periodicity method 71.4

Comparing the crossing zero rate method and periodicity estimator methods accuracy

7.5 Motion Detector

The victims have a moving appendage, which can simulate the movements and producing trembling. Ac-
cording to that and to detect the mobile objects in an infrared motion environment we have used the MK677
Seri infrared motion detecting, which belongs to the elegance company.

Although using a motion detector on a movable object will decrease the accuracy percent. But using this
tool output data s during the time that robot is fixed in the environment it would help us to find the victims
who are out of the sight.
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8. Robot Locomotion

We have tried to design the second mechanical generation base on prediction of pending situation, increase
safe coefficient, easy motion and control, ability to breakthrough.

Suitable design for robot according to pass the lane, cavity and some impedimenta such as brick, stone,
stair along with computer device, instrumentation, different sensor and battery are our important design
tools. Actually, it was designed for rescue target (small for passing the lane, cavity and big for passing some
impedimenta). A total dimension is 550x350x400 (mm). The maximum diameter of wheel according to the
body is 265 mm. We should add this point that this design and 3D drawing was made with “Catia” soft-
ware.

366. 83

550. 09



8.1 Wheels, belts and glue

One of the basically factors for motion system design is type, scale and Shape. Motion system mechanical
and type of wheel was designed base on motion of disability and ulcerous people and using them from
wheelchair. This design specialty is high utility, easy control in the rough route and bumps. Also some

changes in wheels are considered for better motion.
Robot wheels were made by Pulley ‘V’ Type with six spoke, 255mm diameter and aluminum material

that there are three layer belts inside according the following shape:

39
— 0. 00—
m.n—"‘ FF ‘

46.35

Timing Belt
(L Standard)

Rubber

Belt “V” Type
(V Standard)

‘Wheel edges like chute and ability in affix the layers can assure us non-disengage in every situation.

For better competence of tire in contact with sharp impedimenta like stair head, curbstone and ... we
used a three-layer belt on the wheels. An inferior belt stratum is “V” shape (to put in the wheels groove),
medium layer is spongy (to absorb strike and increase give) and external layer is a timing belt from L2

series.




8.2 Force system and motors

In order to supply main power in this robot we used two stepper motors from Autonics Co. with output
coupling 4.1 N.m and maximum round SOORPM. High accuracy in turning motor, increase ability to navi-
gation robot and assuring us about feedback information from wheels and motors. Accuracy in turning
motor, Step Angle is 0.72 in full mode And 0.38 in half mode per step and 1.4 A/phase rate current and
high torques are its benefits.
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Our reason for using Stepper motor is High control ability that it can control round and angle with stable
coupling. Herewith advantage, we can override definite way with determinative current and speed (or even
different speed) in every side. Whereas the robot motion system is controlling by a person in other place
and also precision in searching is not good to use DC motors.

Force system needs enough power to carry devises on the robot. So we used two-power stepper motor
that they connect to wheels by gearbox. This motor can supply high torque and to be able to carry mobile
instrument, chassis, camera and ... easily.

Gearbox can help to motion for passing huge objections. This power was designed in laboratory. This
motor has Micro Step capability with coefficient (1, 2, 4, 5, 8, 10, 16, 20, 40, 80 Division) by a light 5-
phase driver stepper (240 gr).

L

5 phase motor rotation angle= (step angle (0.72))/division

This driver can provide turning motor in CW/CCW round. Motor connection and control board
CW/CCW inputs and driver specification describe as the following:

We should add this point that control board control motors (by driver).

CW/CCW inputs and input current control support by relay card and main board. Thus we used relay
module (DM-6063) with 8 output channels.

Channels 8 relay outputs

Relay
Output

Output Type 8 Form A




AC 0.5A/125V
Contact Rating DC 1A/30V, 0.3A/110V
ON/OFF Interval Time: 3ms/3ms
Breakdown Voltage 500V AC (50/60 Hz)
Expected Life 108
vq; Requirement Unregulated +10V to +30V DC
= Power Consumption 0.7W typical

According to the derivers power supply motherboard needs a 3.6 light volt for the robot. Attending to
the competition time and the out puts diagram and batteries effusion we have used from those three 12 volts

According to the robots height weight, the engine output torque is not enough for robots locomotion
along the rough in cleaned plan. Because of that we have used helical gearbox with the 1/12 conversion
factor. By utilizing this gearbox the output torque will be in creased more than 20 times.

Referring to the below computes in order to answer the maximum angle that the robot is able to rise
with taking an object of an approximately m weight and with a angle is able to calculate it.
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8.5 Chassis

Being present in lots of different competitions and many built robots has confirmed this point that using the
simple and without firmness will confuse the whole system abilities and will make an undesirable result.
because of that the usage of an suitable, flexible and firm has been confirmed and then has been designed
and tested in the soft ware systems. Finally the robot chassis is been made of the iron prophile in 20%20
size which contains the below specifications:

The robot height from the ground is always being reckoned as one of the most important parameters in
the chassis design. in the robots that are designed to cross the obstacles having a high chassis have really
brilliant advantages.
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The high chassis will avoid the robot jam the objects and will be easily pass over the objects. in the
other hand to increase the chassis height will decrease the robot’s equilibrium factor and derange in rising a
rough in cleaned plan and stairs. According to that in the chassis design we have used an initiative method
to change the chassis height. This ability can be used to go through an rough in cleaned plan or the imprac-
ticable uneven nesses. As you can see in the picture the robot is including two separate parts:

The first part is the fixed part that the wheels, motors, gearbox and the cameras will be joined to. And
the second part and the mobile chassis that the batteries, mother board and the electronic tools which are
containing about 50%o0f robots weight will be erected on it.

The screw, which will get on with a powerful stepper motor, has the robots height changing responsibil-
ity. The turning angle, the moving direction control and the motor moving angle quantity is being prepared
by the control board. and finally the height can be changed by the control box or the soft ware.

The selecting calculation is such as below:.

One of the considering the third generation’s. Bam rescue robot’s idea is to change the wheels angle,
although changing the chassis height. of course there are propounded designs about the changing automati-
cally the height in the soft ware section which is under consideration.

8.6 Flexible Chassis

As we mentioned before in the flexible chassis system, the height changing’s are being done a stepper
motor and a screw. One of the most important parameters in the height changing, is to reach the stable
equilibrium .the made changes in the robots central mass ratio to the number of the engine circulation
speeds are explained as below:

This central mass changes are making the robot’s obstacle passing ability in rough in cleaned plan up to
the 100 mm high.
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8.7 Locomotion System

8.7.1 The motion mechanism

According to the given statistical information by the navigation system, the robot route is being detected
and by arranging the number of the engine circulation speed the rotation angle and even the needing torque
to cross the objects the locomotion time will be transferred to the motor by the driver, and finally the robot
will pass an specified route with an indicated length.

8.7.2 The rotation mechanism
as an example for the robot rotation to left the left wheels will turn to in front and the right wheels are fixed
and moving to culminate the robot rotation to the left side.

8.8 The angled wheels reason

The robots angle to the horizon will be change during the obstacle and different mean nesses and heights
passing. So to save the equilibrium and avoiding the robot overturning the robot collision surface with
ground will be increase. Selecting the 15 degree angle for wheels, the robot inferior surface width will be
increased 40% encountering the ground that guarantees the robot equilibrium to the 56,30 degree angle
referring to the below diagram.

The second advantage is the decreasing the wheel-encountering surface to the ground. Because the ro-
bot rotating system is based on the diverse wheels rotation the ground friction increasing will consume
much power and energy from the motor for rotating. So wheels angling will decrease the robot friction
according to the picture.

And because the outer wheels coverage’s are tooth.ed this decrease is much more obvious through the
robots breadth because the robot tire treads are through the robot breadth.

The third advantage is to make an interpret in the robots over falling and the robot over falling angle in-
creasing .the robot will rake easily up to 56,30 degree angle. But after this angle according to the picture in
a time duration will be avoided from robots overturning and in this duration the operator can change the
robot to its equilibrium condition.

I



8.9 power transferring system

Because of the v form belt with the al40 code usage the wheel center distance must not be more than
three times bigger than the both wheels diameters.
Among the pitch and the effective length can be calculated from the below equation:

(D-d)’

L =2C+1.57(D+d)+
’ ( ) 4C

C: centers distance
D: the bigger pitch pulley diameter
d: the smaller pitch pulley diameter

8.10 Fauther Plan

In the third generation of the bam rescue robot the a mechanism design to cross the stairs.

9. Other Mechanisms

9.1 Software Systems

Just as we mentioned in the rescue robot control system’s explanation the whole control, operational,
statistications and etc soft wares are running. On the portable robot computer we are illustrating the soft
ware system’s connections summery in the below text. And also must be mentioned that right now the soft
ware system’s implement is not completed .the soft ware source codes are available in the appendix.



9.1.1 The robot controlling software systems
All the robot operations are being executed via this soft ware the operation s such as:

e  Controlling the robot motors

e  Controlling the forth camera’s motion

e  Representing the camera’s photos

e Representing and controlling the motional and victim recognizing sensors

e  The plane map generating

e  Preparing the print layout
And etc.

This soft ware is connected to the whole input and out put ports such as the Ipt, COM analog inputs and

out puts. We have tried to put floating windows with hiding ability, docking and also the transparency in
graphic user interface. This soft ware is controlling by the operator remotely.

9.1.2 The software robot testing system
This software will run automatically when the robot computer is being set up. This soft ware can be run
also un automatically.

One of these soft wares responsibilities is to test the hard ware, mechanical and connection systems
automatically. These considering sequences will be available for the operator in the voice messages and
interpretation statements.

Which can be also used manual.

9.1.3 The log and black box soft ware system

Is preparing from all the log operating system steps. The log fields in the preferences part in control robot
program are selectable. It is possible to use the prepared logs in order to considering the robot operations
and the operation performance during the rescue. And also can be used to consider the robot hard ware,
mechanical, and connections problems this soft ware will be run contemporaneous with the robot control-
ling soft ware. The information are preparing as xml that can be used by other analyzing soft wares. Even if
the robot stops after an indicated duration and if the robot connection interrupts with controlling system the
black box soft ware will start running automatically.

This software will record all the camera photos, motor conditions and the sensors information of robots
situation during the interruption. this soft ware can simulate as interpretation such as the air plains black
boxes .by the renewed operator connection with the robot we are able to find the disconnection’s reason by
considering the robot photos and condition.

9.1.4 The connecting soft ware system
In simple words this soft ware is transferring the robot desktop computer to the control computer. The
famous example of this soft wares are called the remote desktop connection which are executing so easily
on the operating systems such as windows 2000 windows XP. There are many kinds of this soft wares are
available such as the Linux and Unix samples which are able to auto rate a computer controlling that are
based on windows remotely. According to this there will be no more limitations for using the various
operating systems on the operator computer part.
To enumerate this kind of soft wares abilities:

. Transferring the mouse and keyboard information’s.

e  Making connection with all network protocol kinds

. Regulating the send and receive information bandwidth automatically and etc.

9.1.5 The robot management software system

The robot soft ware systems are all designed as stand alone applications and are doing their duties as well
as possible. but from where the whole robot soft wares are running automatically here is needed to a sys-
tematic progress in the closed layers to the kernel the operating system is needy to synchronization of all
the running soft wares. This soft ware is and service application.



After this software installation on the robot computer this service will be added to the other operating
system services list. This service will be active when the operating system has start working such as the
other services.

At the beginning this service will automatically actives the robot testing soft ware. After the success of
running the automatically robot test program, it will run the robot controlling program. Protecting the
network connection and reading lots of the control board commands are a part of this service’s responsibil-
ity. The mentioned service will activate the log and black box operator system but interrupting the connec-
tions between the robot and us. Totally the automatic intelligent management task is this service’s duties.
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9.1.6 Other soft ware systemsl1
The other soft ware has been implemented to help the different BAM investigations groups’ process such as
power and the connection.

9.1.6.1 The connection to ports
The control port program can send and receive the information by making connection with the Iptl and
COM ports. The graphical shape and the information entrance via mouse and keyboard are the soft wares
abilities. This soft ware is being used for the electronically boards test and examinations.
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9.1.6.2 Signal Watch

The signal watch program can represent the information transferred kind and amount by reading the in
formations on the parallel port. This simple soft ware’s usage is to test the ports pedestals, giving helps to
the electronically investigation team and to represent the ports activities redundancy.

In the third generation of the bam rescue robot the robot operation simulating is able by using the black box
and log system archive in formations.

10. Team Training for Operation (Human Factors)

The bam rescue robot can be operated in two ways: automatically and manual.

The soft ware systems have been designed and developed by using the new methods in user-friendly de-
sign. In other side representing the help as a tool tip will help much more get acquainted with the system
faster. For the practicable robot usage there are published user manual notes with explanations and also
designed sites in order to remove the probable problems are the thought predicts

And also we are deciding to use a pocket pc controller in the third bam rescue robot generation, which it
is so easy to use, and to get familiar to the small details.

And also making a supported film, which is taken from the robot operation and the realistic abilities rep-
resentation, must be one of the best remote operator trainings

11. Possibility for Practical Application to Real Disaster Site

The practicable request for the real disaster site probability.
According to that the bam rescue robot has been designed and built in order to the practicable usage in
the damaged sites. All the systems must be designed with an practicable and non competitional ideas.
. The robot designing in the most powerful condition with high performance
. Increasing the equilibrium by using the angled wheels and also using the moving robot flexible
chassis.
. Designing a two layer control system and the ability to operate the robot in the worst conditions
such as disconnections and the computer systems burnt.
e Utilizing the digital connection system (low frequency) with three frequencies and two modula-
tions.
. Using the intelligent soft ware systems such as the black box log and etc.



. Utilizing the two layer management soft ware system.

. Os services

And many other plans and explained ideas which has been illustrated upper has been designed and im-

plemented in order to practicable usage of robot in the disaster sites.

12. System Cost

In the table below we have considered and explained tool, instrument and system kinds comprehensively

with each parts specifications and the company names. Also the using reasons are available.
The whole system’s expenses are mentioned here

Communication Analog Transmitter Rayroshd 1000
Communication Wireless LAN Card (D-Link) Etc 150
Communication PCB Board (Digital Transmitter) Shams 15
. 3 Communication module
Communication (Digital Transmitter) AUREL 72
Electronic Infrared Motion Detector (MK 677) Englance 16
Electronic GPS Leica 800
Electronic Infrared Thermometer Raytek 1000
Electronic Ultrasonic Detection Polaroid 159
Electronic Photoelectric Sensor Autonics 15
Electronic Infrared Gas Analyzer Qubit 1000
Electronic Microphone Teac 20
Electronic Video Multiplexer Velleman 124
Electronic Dome Camera (CAMZDW) Velleman 400
Electronic Camera 1, 2 and 3 Velleman 450
Electronic Video Capture Card X-Guard 220
Electronic Industrial Mother Board (PCM6892) AAEON 1000
Electronic Notebook (COMPAQ Prsariol700) COMPAQ 700
Electronic PCB Board (Control Box) Shams 80
Electronic Box and tools (Control Box) Etc 15
Electronic Light Etc 3
Electronic 1/0 Card (PCM3718H) AAEON 315
Electronic Power Supply AAEON 200
Mechanic Wheel Etc 200
Mechanic Rubber and Belt Etc 50
Mechanic Tiptop Glue (SC2000) Alborz 30
Mechanic Chassis and body - 20
Mechanic Manufactories - 400
Mechanic Metal Suitcase Etc 100
Mechanic Knapsack Tools Etc 90
Electric 2 Robot Motor Autonics 600
Electric Gear Etc 128
Electric Driver Autonics 365
Electric Camera Motor (for “L” type) Autonics 120
Electric Chassis Motor (for Flexible Chassis) | Autonics 120
Electric Digital Encoder Autonics 50
Electric Relay Card (DM6063) YeZhen 100




Electric 3Battery (TP12-7.5) ToPin 36
Computer Web Site Hosting (1 GB from Texas) | RoboBam 200
Computer Web Site Domain RoboBam 7

Total Price | 10370

Referring to that a complete set of different engineering systems such as computer, connection, control,
electronic and mechanics are taking part in the investigations, designs and built activities and it is so diffi-
cult to make a final cost list with a less error percent .
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[ ROBOCUP2004
RESCUE ROBOT LEAGUE COMPETITION

L
‘ﬁ‘ LISBON, PORTUGAL
R O bO CUP JUNE 27— JULY 5, 2004

TRAVEL SUPPORT FORM (Please complete all the fields below
and answer the questions on the next page)

NOTE: If the Travel Support Form is not included as part of the qualification material, this will be understood as no
financial support required. The submission of this form does not ensure the allocation of travel support to the team.

LEAGUE NAME: RESCUE ROBOT LEAGUE
TEAM NAME: BAM
ORGANIZATION: Azad University Tehran Central Branch
COUNTRY: IRAN
CONTACT PERSON: AmirMehdi KhademAstaneh
EMAIL: amastaneh@yahoo.com, info@robobam.com
TELEPHONE: (+98 21) 8319611, (+9821)8464120
NUMBER OF FACULTY: 6
NUMBER OF STUDENTS: 9
ESTIMATE YOUR TRAVEL
ACCOMMODATION COSTS: 7500 EUR
ESTIMATE YOUR TRAVEL
SHIPPING COSTS: 7500 EUR
HOW MUCH DOES YOUR
TEAM REQUEST: 15000 EUR




What is your justification for travel support?:

1-  System Designing high cost.
2-  The devices transportation high cost.
3-  For the investigation and researcher improvements.

Have you ever participated in previous competitions? If so, note
the year/event/league/result:

- 2003 / Robocup 2003 Competition (Italy, Padova) / Simulation / 25"
- 2003 / Iran Robocup 2003 Competition (Tehran, Sharif) / Simulation / -
- 2000 / Tran Robocup 2000 Competition (Tehran, AmirKabir) / Simulation / 7"

Do you have paper(s) submitted to the associated Symposium? If
so, please note the title(s) and author(s):

No, But we have lots of published paper in conferences and technical magazine in our country.

Detail any sponsorship you have for participating in this event
(either institutional grants or company support):

Azad University and Azad University Tehran Central Branch, and Technical and Engineering Colleague
have full supported all the team’s expenses.

Add any other information concerning your team/research group
that you consider relevant:

We have many sub researching teams that are searching on the robotics, Mechanic, Electronics and Al
activities. These Teams had prepared and produce many success papers for the internal conferences and
technical magazine.

Those are available on the team’s official site. Having done more than ten robotic plans and participat-
ing in different competitions are some of their team is succeeding.



APPENDIX 1 Bam Rescue Robot Real Images







APPENDIX 2 Bam Rescue Robot Model Images




