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ABSTRACT 

.&*',-*)/0/#$-2',&$+*'"B'"4-',-"H*E%'G$+'%"'I4/)A'$'+4I0*-+/I)*'@J8'%&$%'

E"4)A'$+E*#AC'A*+E*#AC'%4-#')*B%C'%4-#'-/6&%'$#A'6"'I$E;'$#A'B"-%&'%&*')*#6%&'"B'

%&*'%*%&*-K'J#E*'%&/+'G$+'$EE"0,)/+&*A'G*'0"A/B/*A'%&*'@J8'%"'E"0,)*%*'%&*'

%&-**'%$+;+'%&$%'G*'04+%'$EE"0,)/+&'/#'%&*'LMMN'3<.?'@J8'("0,*%/%/"#K'

.&*2'$-*'%"'E"))*E%')$O$'+$0,)*+C'%"'0*$+4-*'%&*'%*0,*-$%4-*'"B'$#'4#A*-'

G$%*-'O*#%C'$#A'%"'B-**'%&*'"E*$#'I"%%"0'+*/+0"0*%*-K''."'A"'%&/+'G*'4+*A'

B/O*'!"&#+"#'PQRL'),&'I/)6*',40,'0"%"-+'B"-',-",4)+/"#'$#A'0$#*4O*-/#6C'

%&-**'4#A*-G$%*-'E$0*-$+C'$'5'%2,*'%&*-0"E"4,)*'B"-'0*$+4-/#6'O*#%'G$%*-'

A/+E&$-6*'%*0,*-$%4-*C'$#A'$',#*40$%/E'E)$G'$#A'I$))$+%'+2+%*0'B"-')/B%/#6'%&*'

+*/+0"0*%*-'$#A'+$0,)/#6'%&*')$O$K''.&*'ST'0*%*-'%*%&*-'G/))'E$--2'SL'O")%'

,"G*-'B"-'%&*'0"%"-+'B-"0'B"4-'A"4I)*',")*'A"4I)*'%&-"G'+G/%E&*+'$)"#6'G/%&'

%&-**'$/-')/#*+'%"'E"#%-")'%&*'E)$G'$#A')/B%/#6'I$))$+%'+2+%*0+K'.&-**'E"0I/#*A'

B**A'$#A',"G*-')/#*+'G/))'$)+"'I*'-4#'%&-"46&'%&*'%*%&*-'%"'+4,,)2'%&*'

E$0*-$+K''
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FINANCIAL DATA 

Funds*

61-%* !,"&5%* 7$,"8-*

MWXLWXMR' Y4%'Z'Y)"-2'Y/B%'($-A'LMMQ' [SMMKMM'

SLXM\XMP' !*#+"#'("004#/E$%/"#' TMMKMM'

MSXRSXMP' @"E&*+%*-'.-4+%'U4#A' \LQKQW'

MPXLPXMP' (")40I/$'9$E/B/E'3$-/%/0*'77(' RMMKMM'

MTXMPXMP' 9&2+/E$)'>E/*#E*']*,%' PSPKPR'

MTXSWXMP' 3<.?'.-$O*)'<++/+%$#E*' TMMKMM'

'' '' !'+"$&-.*/0*1& [LCQPLKS\'
 

Donations*

61-%* 9-%$* !"00)(%&*

MTXMLXMR' F$))$+%'.$#;+' 9$4)'7*#:'

SLXM\XMP' ($%'T'^*%G"-;'($I)*' ((('("0,4%*-'>*-O/E*+'
 

Expenditures 

61-%* 9-%$* !"00)(%&* :-.* ;&(5%* <,-1)*

SMXSTXMQ' .&*-0"0*%*-' >$B*G$2' S' STK\\' [STK\\'

SMXLWXMQ' (")"-'3/#/'($0*-$' 5*-0/%/#E' Q' P\K\\' RP\K\R'

MRXSRXMN' 4732 lph F/)6*'940,' ?#6)4#A'3$-/#*'_' W' L\KMS' SQPKMW'

MRXSPXMN'
F/A/-*E%/"#$)']('3"%"-'
("#%-"))*-' ($-)`+'?)*E%-"#/E+' P' LLKPW' N\KNP'

MSXLTXMN' SL'8")%'Q<&'F$%%*-2' F$%%*-2'3$-%' P' SWK\T' WQKNM'

MSXLTXMN' SL'8")%'F$%%*-2'(&$-6*-' F$%%*-2'3$-%' S' SWK\T' SWK\T'

MLXLTXMN'
=/#A+&/*)A'=/,*-'
3"%"-' ?#6)4#A'3$-/#*'_' S' SMSKRQ' SMSKRQ'

MPXLMXMN' >/)/E"#*'($4);' <+%"-/$'F4/)A*-+'>4,,)2' S' PK\\' PK\\'

MPXLTXMN' <F>'SMKSWE0'9/,*' <+%"-/$'F4/)A*-+'>4,,)2' L' RKMMQ' WKMS'

MPXLTXMN' 98('S\KMT00'9/,*' <+%"-/$'F4/)A*-+'>4,,)2' R' MKPQQ' SKPR'

MPXLTXMN' 3$-/#*'()$0,' <+%"-/$'F4/)A*-+'>4,,)2' T' RKS\' STK\T'

MPXLTXMN' 98('S\KMT00'.**'' <+%"-/$'F4/)A*-+'>4,,)2' P' MKRR' SKRL'

MPXLRXMN' 3/#/VY/$#%'@*)$2' P("0,4*)*E%-"#' SN' SKN\' RPKML'

 * & 2.#+'+"$& [NQ\KWQ'
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Expenditures Continued:' * * * *

61-%* 9-%$* !"00)(%&* :-.* ;&(5%* <,-1)*

MPXL\XMN' @*)$2'3"A4)*+a'PV9$E;' F$++'1"0*'?)*E%-"#/E+' S' [LPKLN' [LPKLN'

MTXMWXMN' ($4);/#6'Y4#' ?#6)4#A'3$-/#*'_' S' WKMT' WKMT'

MTXMWXMN' Y/)#*%'U)"$%' ?#6)4#A'3$-/#*'_' P' SK\T' QKNM'

MTXMNXMN' .8'>")A*-' <+%"-/$'F4/)A*-+'>4,,)2' S' MKW\' MKW\'

MTXMNXMN' @"+/#'>")A*-' <+%"-/$'F4/)A*-+'>4,,)2' S' LKR\' LKR\'

MTXMNXMN' ./*+'E$I)*'' <+%"-/$'F4/)A*-+'>4,,)2' S' SNK\\' SNK\\'

MTXMNXMN' 1*$%'>&-/#;'.4I/#6' <+%"-/$'F4/)A*-+'>4,,)2' S' LKR\' LKR\'

MTXMNXMN' ^4%+'$#A'F")%+' <+%"-/$'F4/)A*-+'>4,,)2' W' MKTT' RKRM'

MTXM\XMN' ()*$-'>/)/E"#*'' ?#6)4#A'3$-/#*'_' L' WKLT' SLKTM'

MTXM\XMN' 7/#*'>,"")'F"b' ?#6)4#A'3$-/#*'_' S' SRKMT' SRKMT'

MTXSWXMN' </-B$-*'Z'($-'@*#%$)' J-I/%:' S' SPMSKMW' SCPMSKMW'

MTXSWXMN' Y""A'^/%*'D##' J-I/%:' S' RSL' RSLKMM'

MTXLSXMN' 4732 lph F/)6*'940,' ?#6)4#A'3$-/#*'_' S' L\KMS' L\KMS'

MTXLSXMN' 4732 lph F/)6*'940,' ?#6)4#A'3$-/#*'_' S' L\KMS' L\KMS'

'' '' '!"#$%$&'' [SCNWLKTL'

' ' !"#$%$&'()*+%,(-+./0%"1(-&2.3( NQ\KWQ'

' ' !'+"$&345%*/0+.6%,& [LQPLKS\ 

 

 

-.*/,& [LQPLKS\'

345%*/0+.6%,& [LQPLKS\'

7"$"*8%& [MKMM'
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ELECTRICAL SCHEMATIC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Control Signal from Surface 

12 VDC   

M5 M4
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MC5 

C1 C2 C3 C4 C5 C6 C7 

M = Motor 

MC = DPDT Switch 

C = Camera 
 

Video Signal to Surface  
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VEHICLE SCHEMATIC 
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HARDWARE ONLY CONTROL SYSTEMS 

We decided on hardware only control to eliminate overly complex design requirements 

for the mission tasks assigned.  Using double pole double throw switches and hard wired 

sensors and cameras also eliminated potential errors in software design and 

implementation. 

DESIGN RATIONALE 

J4-'%*$0'+,*#%'E"#+/A*-$I)*'%/0*'E"#E*,%4$)/:/#6'%&*'>/A*I4-#+'TTN'@J8K''
3**%/#6'%&*'0/++/"#d+'"IH*E%/O*+'G$+'%&*'0"+%'/0,"-%$#%'B$E%"-'/#'*$E&'$+,*E%'
"B'"4-'@J8'A*+/6#K''=*'A*O*)",*A'$'A*+/6#'E"#B/64-$%/"#'%&$%'E"0I/#*A'4+/#6'
%&*'O*&/E)*'B-$0*'B"-'I$))$+%'$#A'E"#%-"))$I)*'*)*E%-/E'0"%"-'A-/O*#',-",*))*-+'
B"-'@J8'4#A*-G$%*-'0"O*0*#%K'''

?$E&',-",*))*-'/+'&"";*A'%"'/%+'"G#'*#6/#*K''9"%*#%/"0*%*-+'$-*'&"";*A'4,'%"'
%&*'*#6/#*+'+"'%&$%'%&*',-",+'&$O*'%&*'$I/)/%2'%"'0"O*'/#'%&*'B"-G$-A'$#A'
-*O*-+*'A/-*E%/"#+K''.&*'I/A/-*E%/"#$)',"%*#%/"0*%*-+'$)+"'$))"G'4+'%"'E"#%-")'
&"G'04E&'O")%$6*'6"*+'%"'$',$-%/E4)$-',-",*))*-K''.&/+'$I/)/%2'G/))'E"0*'/#'
&$#A2'G&/)*'%4-#/#6')*B%'$#A'-/6&%K'

<))'"B'%&*',-",*))*-'%4I*+'$#A'98('H"/#%+'$-*'B$+%*#*A'%"6*%&*-'G/%&'*/%&*-'
e4/E;'%/*+'"-'+E-*G+K''<%'%&*'B/#$)'+%$6*+'"B'"4-',-"H*E%C'G*'$,,)/*A'$'>%2-"B"$0'
+*$)$#%'%"'%&*'98('H"/#%+'%"',-*O*#%'G$%*-'B-"0'6*%%/#6'/#%"'%&*',/,*+'$#A'
%&-"G/#6'"BB'%&*'@J8d+'E*#%*-'"B'I$)$#E*K''D%'/+'/0,"-%$#%'B"-'"4-'@J8'%"'
-*0$/#'#*4%-$))2'I4"2$#%'A4-/#6'"4-'0/++/"#'+"'%&$%'G*'&$O*'E"0,)*%*'$#A'
$EE4-$%*'E"#%-")'"O*-'"4-',-",*))*-+K'

'
Ballast System 

<'0$H"-'B*$%4-*'"B'"4-'A*+/6#'/+'$#'$AH4+%$I)*'
I$))$+%'+2+%*0K''.&*'$AH4+%$I)*'I$))$+%'+2+%*0'
$))"G+'B"-'$))'O*-%/E$)'0"O*0*#%'"B'%&*'@J8'I2'
4+/#6'%&*'O*&/E)*'B-$0*'$+'I$))$+%'%$#;+K''F2'
4+/#6'E"0,-*++*A'$/-'$#A',-*++4-/:/#6'"-'
A*,-*++4-/:/#6'%&*'B-$0*'"B'@J8C'%&*'",*-$%"-'

U/64-*'T'V'<#'*$-)2'-*#A/%/"#''
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E$#'E$4+*'%&*'@J8'%"'-/+*C'0$/#%$/#C'"-'A*+E*#AK''D#E-*$+/#6',-*++4-*'E$4+*+'
%&*'@J8'%"'-/+*'I2'B"-E/#6'$#2'G$%*-'/#'%&*'B-$0*'%&-"46&'+0$))'&")*+'A-/))*A'
/#%"'%&*'I"%%"0'"B'%&*'B-$0*K'']*E-*$+/#6',-*++4-*'%"'%&*'+2+%*0'G/))'$))"G'
G$%*-'%"'*#%*-'%&*'B-$0*'%&-"46&'%&*'+0$))'&")*+'E$4+/#6'%&*'@J8'%"'A*+E*#AK''
F2'$AH4+%/#6',-*++4-*'%"'%&*'I$))$+%'+2+%*0C'%&*'@J8'E$#'E"0*'%"'$',"/#%'"B'
*e4$)'I4"2$#E2'$%'$#2'A*,%&'"B'%&*',"")K'''
 

Frame Structure 

=*'E"#+%-4E%*A'%&*'B-$0*'"B'"4-'@J8'"4%'"B'98('
,/,*+'$#A'H"/#%+K''.&*'98(',/,*'G$+'O*-2'
/#*b,*#+/O*'$#A'*$+2'%"'G"-;'G/%&K''J4-'%*$0'
+%$-%*A'"4%'G/%&'$')"#6',/*E*'"B'SK\E0'9")2O/#2)'
E&)"-/A*'f98(g',/,*'$#A'E4%'/%'A"G#'/#%"'+0$))*-'
,/,*+'%&$%'G*-*'%&*'+$0*')*#6%&K''

>/#E*'%&*',)$#'4+*+'%&*'B-$0*'$+'%&*'0$/#'
I$))$+%C'G*'+"46&%'%"'0$;*'/%'B-"0'$')/6&%C'
+*$)$I)*'0$%*-/$)K''>*O*-$)'+&$,*+'G*-*'
E"#+/A*-*A'/#/%/$))2C'I4%'G*'E&"+*'$'I"$%V)/;*'
%$,*-*A'B-"#%'+"'"4-'@J8'E"4)A',-",*)'*$+/)2'
%&-"46&'%&*'G$%*-K'''

<))'"B'%&*',-",*))*-'%4I*+'$#A'98('H"/#%+'$-*'B$+%*#*A'%"6*%&*-'G/%&'*/%&*-'
e4/E;'%/*+'"-'+E-*G+K''<%'%&*'B/#$)'+%$6*+'"B'"4-',-"H*E%C'G*'$,,)/*A'$'>%2-"B"$0'
+*$)$#%'%"'%&*'98('H"/#%+'%"',-*O*#%'G$%*-'B-"0'6*%%/#6'/#%"'%&*',/,*+'$#A'
%&-"G/#6'"BB'%&*'@J8d+'E*#%*-'"B'I$)$#E*K''D%'/+'/0,"-%$#%'B"-'"4-'@J8'%"'
-*0$/#'#*4%-$))2'I4"2$#%'A4-/#6'"4-'0/++/"#'+"'%&$%'G*'&$O*'E"0,)*%*'$#A'
$EE4-$%*'E"#%-")'"O*-'"4-',-",*))*-+K'

 

Propulsion 

.&*'6-"4,'A*E/A*A'G*'G"4)A'4+*'%G"';/#A+'"B',-",*))*-+h'4,'$#A'A"G#'
,-",*))*-+'$#A')*B%'%"'-/6&%',-",*))*-+K''?$E&',-",*))*-'/+'0"4#%*A'/#+/A*'/%+'
"G#'98(',/,*'%4I*'+"'G$%*-'/+'E&$##*)*A'0"-*'*BB/E/*#%)2'%"'*$E&',-",*))*-C'

-*+4)%/#6'/#'I*%%*-',-",4)+/"#K''.&*'98(',/,*'
*#E)"+/#6'%&*',-",*))*-+'$)+"',-"%*E%+'"%&*-'
E-/%/E$)'E"0,"#*#%+'"B'%&*'@J8'fG/-*+C'

U/64-*'Q'c'9-",*))*-'.4I*'
9)$E*0*#%'

U/64-*'W'c'U-$0*'("0,"#*#%'
<++*0I)2'
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B-$0*G"-;C'*%EKg'B-"0'A$0$6*K''.&-**',-",*))*-'%4I*+'$-*'0"4#%*A'/#+/A*'%&*'
B-$0*'"B'%&*'@J8'f%G"'/#'%&*'I$E;'$#A'"#*'/#'%&*'B-"#%gC'$#A'"#*',-",*))*-'
%4I*'/+'$%%$E&*A'&"-/:"#%$))2'"#'*$E&'+/A*'"B'%&*'@J8K'
'J4-'6-"4,'-*$+"#*A'%&$%'%&-**C'+/bV/#E&',-",*))*-+'B"-'%&*'4,G$-A'$#A'
A"G#G$-A'0"%/"#'G"4)A'I*'I*#*B/E/$)'B"-'I"%&'%&*'A*+E*#%'$#A'$+E*#%'"B'%&*'
@J8K''.G"'+0$))*-C'B"4-V/#E&',-",*))*-+'$-*'$%%$E&*A'B"-'%&*'-/6&%'$#A')*B%'
0"%/"#'+/#E*'G*'I*)/*O*'%4-#/#6'/#'%&*'G$%*-'G"4)A'-*e4/-*')*++'B"-E*'%&$#'%&*'
4,'$#A'A"G#'0"%/"#K'

?$E&',-",*))*-'/+'$%%$E&*A'%"'/%+'"G#'*#6/#*K''9"%*#%/"0*%*-+'$-*'&"";*A'4,'%"'
%&*'*#6/#*+'+"'%&*',-",*))*-+'&$O*'%&*'$I/)/%2'%"'0"O*'/#'I"%&'B"-G$-A'$#A'
-*O*-+*'A/-*E%/"#+K''.&*'I/A/-*E%/"#$)',"%*#%/"0*%*-+'$)+"'$))"G'4+'%"'E"#%-")'
&"G'04E&'O")%$6*'6"*+'%"'$',$-%/E4)$-',-",*))*-'0"%"-'-*+4)%/#6'/#',"G*-'
E"#%-")K''.&/+'$I/)/%2'G/))'E"0*'/#'&$#A2'G&/)*'%4-#/#6')*B%'$#A'-/6&%K'

'
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OVERCOMING CHALLENGES 

=&/)*'E"#+%-4E%/#6'%&*'98(',/,*'B-$0*C'"4-'%*$0'A/+E"O*-*A'%&$%'+"0*'"B'%&*'
98('H"/#%+'&$A'%&*'G-"#6'$#6)*'E"#B/64-$%/"#'%"'E"0,)*%*'%&*'%$,*-*A'+*E%/"#'
"B'"4-'@J8K''>/#E*'%&*'$#6)*+'G*'#**A*A'G*-*'#"%',-*V0$A*C'G*'&$A'%"'
E4+%"0/:*'%&*'H"/#%+'%"'B/%'"4-'A*+/6#K''.&*-*'$-*'%""'0$#2'$#6)*'
E"#B/64-$%/"#+'B"-'0$#4B$E%4-*-+'%"'E"#+%-4E%C'+"'/%'/+'#"%'+4-,-/+/#6'%&$%'G*'
-$#'/#%"'%&/+',-"I)*0K'

J%&*-',-"I)*0+'$-*'0"#*2V'/%'/+'%/6&%'%"'E"0*'4,'G/%&C'$#A',*-+"#$)/%/*+'c'%&*'

%*$0'#**A+'%"')*$-#'%"'G"-;'%"6*%&*-'/#'$'6-"4,'$#A'&$O*'$'E"00"#'O/+/"#K''

'

TROUBLESHOOTING TECHNIQUES 

=&*#'/%'E"0*+'%"'+")O/#6'%*E&#/E$)',-"I)*0+C'*O*-2'%*$0'0*0I*-d+'",/#/"#'/+'
$)G$2+'E"#+/A*-*AK''.&*'0"-*'E"#%-/I4%"-+'$#A'%&*'0"-*'",%/"#+C'%&*'I*%%*-'
%&*',"++/I/)/%/*+'$-*'B"-'+")O/#6'%&*',-"I)*0K''.&*'%G"'I*+%'*b$0,)*+'"B'%&/+'
%*$0'I-$/#+%"-0/#6'$%'G"-;'&$O*'%"'I*'"4-'E$0*-$+'$#A'"4-'I4"2$#E2'
+2+%*0K''?$E&'%/0*'G*'B$E*A'%&*+*'E&$))*#6*+C'G*'0*%'%"'A/+E4++',"++/I)*'
+")4%/"#+K''D#'%&*'E$+*'"B'%&*'E$0*-$+C'%&*+*'/#E)4A*A'I42/#6'#*G'"#*+C'+*$)/#6'
%&*0'A/BB*-*#%)2C'$#A'&"4+/#6'%&*'E$0*-$+'A/BB*-*#%)2K'''

=&/)*'%*+%/#6'%&*'%*0,*-$%4-*'0*$+4-*0*#%'+4I+2+%*0'G*'B"4#A'%&$%'%&*'
"-/6/#$)'%&*-0"0*%*-'$%%$E&*A'%"'$'I""0'E"4)A'#"%'I*'-*)/$I)2'-*$A'I2'%&*'
E$0*-$K''."'+")O*'%&/+',-"I)*0'G*'-*+*$-E&*A'"%&*-'0*%&"A+'"B'0*$+4-/#6'
%*0,*-$%4-*'+4E&'$+'/#B-$-*A'$#A'G/-*)*++'%*0,*-$%4-*',-"I*+K''=*'B/#$))2'
A*E/A*A'%&$%'$'&$-A'G/-*A'5'%2,*'%&*-0"E"4,)*'B**A/#6'%&-"46&'$'E$%'T'E$I)*'
%"'$'04)%/V0*%*-'"#'%&*'+4-B$E*'G"4)A'I*'%&*'0"+%'$EE4-$%*'$#A'-*)/$I)*'
+2+%*0K'
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RESEARCH PROJECT- NeMO 
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