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1.

Introduction

1.1.

1.2.

Problem and Solution Overview

&GHUWDLQ PRQLWRU WHFKQRORJLHVY WRGD\ KDYH IDLL
D FRPSXWHU VFUHHQ IURP PRUWKMRBQPDO BIHIO HH W
LOQWURGXFH YLVXDO DWW K IDOW WAR WKIDW BD@N H+IRVE HGYLH L
FRQVXPHU PRQLWRU VWDQGYV DUH QRW HDVLO\ DGMX
FRQVWDQWO\ WZHDN WKH SRVLWLRQ WR PDWFK HYHL
$GGLWLPODOZRUNSODFH HQYLURQPHQWY UHTXLUH W
ZKLFK DUH GHVLJQHG WR OLPLW WKH ILHOG RI YLHZ
HIDFHUEDWHYV:WKMHL B URE GHPMH DN NWKZNHQUDUHDRVHU S L
DQG HDVH RI XVH

/R LPSURYH D PRQLWRU WKDW ERWK SURYLGHV SULY
XVHU YLHZLQJ HDVH ZH SODQ WR LPSOHPHQW D PRQ
DGMXVWV WKH MW BHRNG@WILR @\K H XO/KWUW UORMWHG LQ )L JX
PRQLWRU VWDQG KDV ERWK DXWRPDWLF DQG PDQXD(
FRPSRQHQWWV SWKHWMVAHQY LY GHWHFWHG E\ D FDPHUD
LWV ORFDWLR&®HVRHD QKIWMQROMW KH PRQLWRU WYV DOVR L
SUHIHUHQFH E\ XVLQJ D OLQHDU DFWXDWRU

JRU WKH PDQXDO FRPSRQHQW WKH XVHU FDKHSUHVYV
KRUL]RQWDO SDQ LV SK\VLFDOO\ DGMXVWHG WKURXJ
ER[ DQG WKHREWK DWKRIUYHUWLFDO WLTOWA IP\RWWW\D F K
LOQYROYHG LQ WKHVH DGMXVWPHQWY LQFOXGH HQFR
FROQOWHKRXHLIKW DGMXVWPHQW WVLEBKNMOALEHZVBG RQ
DQRQJOH RU WKH SDQ DQG WLIOWRED W IHRMH B RH Q HIG AR P\
JLYHQ WR DGMXVW WKH VFUHHQ
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1.3. High-level Requirements
| Adjustment to User Input: ,| WKH 3DGMXS WH\WXHNGWRMKHWRQLWRL
VKRXOG DXWRPDWLFDOO\ SDQ DQG WLOW WKH PRQLW
ZLWKLQ GHJUHHV ERWK Y HMHWHL FIDIXQ\HD Q GI MRKAUHL FRQ
SGRZQ™ EXWWRQ LV SUHVVHG WKH V\VWHP VKRXOG U
EXWWRQ LV UHOHDVHG RU WKH OLQHDU DFWXDWRU
KHLIKW DW D PLQLPXP UDWH RI FP V
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YLUXH ' HEAMRQR GMUGIFRXUR LQWHYHWDOAWRNRD

| Face Detection: 7KH FDPHUD PXVW KENWEOHERQGWVEHWW D F
R )36 VR WKH XVHU LV DEOH WR SUHVV WKH UHPRYV
SDXVLQJ IRU WKH FDPHUD WR SURFHVYV DQ7BBHFXUDW
GHWHFWLRQ V\VWHP PXVW DOVR LGHQWLI\ D IDFH ZL
IDFH FODVVLILFDWLRQ

| Reasonable Response Speed: 7KH V\VWHP PWKMW DGNXHVRI WKH PR(
EH FHQWHUHG RQ WKH XVHU DFFRUGLQJ WR WKH ILU
VHFRQRWGW WLPH ZzDV FKRVHQ WR HQVXUH WKH V\VWHEF
DGMXVWLQJ WKH PRQLWRU PRUH TXLFNO\ WKDQ WKH
VWDQG XS DGMXVW WKH PRQLWRU E\ KDQG FKHFN W
DQJOH DQG UHDGMXVW DV QHHGHG



2.

Design

2.1.

Block Diagram

7KH EORFN GLDJUDP IRU WKLV SURMRABWQLYXEN S\L\WW P
RI WKH GHVLJQ DUH WKH SRZHU VXEV\VWHP WKH SUF
VXEV\VWHP WKH ORFDWLRQ GHWHFWLRQ VXEV\VWHP
PHFKDQLFDO MXESRAMMWPYVXEV\VWHP LV UHVSRQVLEOF
DSSURSULDWH YROWDJHV WR YDULRX¥$BRIPGRQAQHQWYV
7KH SURFHVVLQJ DQG PRWRU FRQWURO VXEV\VWHP X
GHWHFWLRQ VXEV\VWHP DQG WKH UHMRWRIFPR/GRQH V
GHWHFWLRQ VXEV\VWHP WDNHV DQ LQSXW RI WKH SR
PRQLWRU DQG VHQGYVY WKDW GDWD WR WKH PLFURFRC
7KH PHFKDQLFDO VXEV\VWHP FRQVLVWY RI WKH PRWI
PRYHV WKH PRQXWRQNVYVWDMRABV\VWHP WKH UHPRWH P|
WR WKH SURFHVVLQJ VXEW\VQYW$PPWE IXKH. G KR QOW X UXQV W
FRUUHVSRQGLQJ PRWRU GULYHUYV
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2.2.

2.3.

Physical Design:

7KH SK\VLFDO GHVLJQ RI WKH PRQLWRUHWWIHIG HNVGH
PRWLRQ DUH DFFRPSOLVKHG E\ XVLQJ D URWDWLQJ F
D URWDWLQJ PRWRU ZLWK D VKRUW PRPHQW DUP QHI
GRZQZDUGY DQG D OLQHDU DFWXDW R/WK ANV R @WGBIMXV W
VWDQG UHVWYV RQ DQ DDKIPL@RP ERY ® KDXEBIVHWKH S
DQG VXEVHTXHGWWKEXIKWIHPNV GHSLFWHG WKH UHPF
FRQQHFWHG WR WKH PDLQ 3&% E\ D IW FDEOH WKDYV
XVHU LV/IXKXHDVOH®/LDO WHVWLQJ RI WKH GHVLJQ LV EL
KRZHYWKH GHVLJQ ZLOO EH DSSOLFDEOH WR D YDULF
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Power Subsystem

7KH HQWLUH SURMHFW LV SRZKUIAKGL W DRIGX ZIDD WV B1d
WKLV VXEXHWWRPHU VXEV\VWHP FRERYWBWE& WRK M K QWX
WKH YDULRXV FRPSRQHQWYV LQ RXU TXHYLY¥KENVYWHWMHEPS
DOVR FUHDWHGOMDB RZHU UDLO WR DHHRPRRG Y RVGIVWDK H
UHTXLUHPHQWYV RISHBP& K&FRRQRBBUW WU 9B NG 8 XWK H
DQG FRQYHUWNY RWWEBRHNUKBYV XODMWL@QIKHQ XVHG WR FUF
9 UDLO YLD D EXFN FRQYHUWHU

,Q WKH GHYLURLAVERZHUV WK I3 UFRPHMWYE WK KN WBSSHG
GRZQ WR SRZHU W K HAKML ERRRFRHOW R R OGIHIIXYGDW R K W

PLFURFRQWUROOHU DQG FDPHYDKAR® HIDQEGS8UDBAVOH
WKH PRWRUV ZKLFK HDFK $ UWDDYGDLV DJVIKRHXBDRALY ITRU \



UDLOHUHIRWHUMIKHPXVW EH DEOH$WR & X\SKBDUW DW O

PXVW EH DEOH$WR VXSSRUW

70EG  3RZ HIXEW WP UHTXLUHP HQIVDQG YHULLFDIRQ

SHTXLUHPHQWYV

HULILFDWLRQ

OXVW FRQU¥$WR
9 9 DQB“ 9 SRZHL
UDLOV

a) SRRQQHFW WKH V
9$& YROWDJH V
WKH ZDOO
b) 3UREH OMKBILO X
GLJLWDO PXOWLP
HQVXUH WKH PHD
UHPDLQV EHWQEH
¢) 3UREH WKIBLO X
'00 DQG HQVXUH \
PHDVXUHPHQW UH
9 DQGY

7KH9 UDLO VKRXO
$ FDSD BLQ\G W KUID
VKRXOG KDFBSDF

a) 8VH HOHFWURQL
HTXLSPHQW WR Y
UHTXLUHPHQWYV

b) /RDG VKRXOG EF
HDFK UDLO DQG U
PLOQXWHV WR HQV
:KLOH WKH ORDG
RFFXUULQJ D '00
XVHG WR PHDVXU
ERWK WRBG O®LO
7KHVH UDLOV VKR
IURP WKHLU GHVL
E\ PRUH WKDQ WK
VSHFLILFDWLRQ
¢) 7KH PD[LPXP YR(
GHYLDWLRQ IURP
EH UHFRUGHG LQ

2.4. Location Detection Subsystem

$ FRUH DVSHFW RI WKLY SURMHFW LV WKH DELOLW\ W
WR DGMXVW7WKHORRQWWRQ GHWHFWLRQ VXEV\VWHP |
DQG D FRPSXWHU YLVLRD&H SGSHREGNURMR XVH DQ 2
VHUYH DV WKH SURFHVVRU LQ WKLV SURMHFW %RWK
SRZHUHG XYLWIINKHKADPHUD FRQQHFWYVY WR WKH SURF
WKH SURFHVVRU VHQGY GDWD WR WKH PLFURFRQWUF

FRQWURO VXEV\VWHP XVLQJ WKH , & SURWRFRO



70EG!  / RADMRQGHARIROVKE WP UHTXLUHP HQWDQG YHUI LFDIRY

SHTXLUHPHQWYV

SHULILFDWLRQ

,PDIJH SURFHVVLQ
DW )36 WR HQV)
IDFH GHWHFWLRQ
H[FHVVLYHO\ KHD
> @

a) 7KH LPDJH SURF
DOJRULWKP VKRX
ZLWK DQ LQWHJIUI
b) 7KH VIVWHP VKR
YDULRXV OLJKWL(
FRQGLWLRQV ZKL
IUDPHUDWH
/JLIKWLQJ FRQGLW
1RUPDO OLJK
PHDVXUH LQ [
ZRUNVSDFH
/IRZ OLJKW LQ
ZRUNVSDFH B
OLJKW WXUQH
+LJK OLJKW L
ZRUNVSDEH Z
DGGLWLRQDO
GLUHFWHG DV
)DFLDO &RQGLWLH
1IHXWUDO H[S
ORRNLQJ LQW,
1IHXWUDO H[S
WXUQHG VOLJ
IURP WKH FDF
&RQWRUWHG
H[SUHVVLRQV
ORRNLQJ LQW,
(DFK RI WKH [
FRQGLWLRQV
PHDVXUHGH UR|
VNLQ WRQHV
HWKQLFLWLH
¢) 7KH PLQLPXP IUT
VKRXOG EH UHFRJ
QRWHERRN

7TKH FDOFXODWHG
FDPHUD WR WKH (
SRVLWLRQ VKRXO
GHJUHHV RI WKH

FDPHUD WR XVHU

a) 7TKH LPDJH SURF
DOJRULWKP VKRX
UHSRUW L QJIHR\Q SR
YHFWRU FRRUGL(
b) 'HILQH WKH WUX




YHFWRU E\ PHDVX
GLVWDQFH IURP W
XVMUDFHDQG PHD
WKH GLVWDQFH W
KRUL]JRQWDOO\ IU
WKH FDPHWE OQJ(
EHWZHHQ WKH FD
YHFWRU DQG D UL
PRQLWRU FDQ EH
VLQ [

¢) 7KH VI\VWHP VKR
D YDULHW\ RI OLJ
DQG HQYLURQPHGQ
FDPHUD IDFH YHF
FRPSDUHG DJDLQ
FDOFXODWHG

d) 7KH PD[LPXP GH
WKH FDOFXODWH C
WKH DFWXDO SRV
UHFRUGHG LQ WK

2.5. Processing and Motor Control
7KLV VXEV\VWHP XVHV LQIRUPDWLRQ IURP WKH XVHU
YHUWLFDO SDQ7RQ®NIOAWRPRBRWAHYWY LQ WKLV VXE
PLFURFRQWUROOHRRVWRAG @B YHWFWRFRQWUROOHU LV
XVLQJ D ORZ GURSRXW UHJXODWRUURR WZKKLBRAHUD X
VXEV\VWHPDNRGHSLFWHGKWLY JUWMXUGHFHVVDU\ VWHS E
PLFURFRQWUROOHU FDQQRW EH S®RZHUHG E\ D YROW
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7KH '& URWDU\ PRWRUV PXVW EH FDSDEOH RI RSHUD\



HILFLHQWO\ WLOW DQG SDQ WKH PRQLWRU IURP FHQ\
DQ + EULGJH FRQILIJXUDWLRQ > @ DQG WZR KDOI EUL
JLIXURR GULYH WKH PRWRUV VLJQDOV IURP WKH XVH
PLFURFRQIKUR®OMKHQ FRPPXQLFDWHYV ZLWK WKH PRV
ZLGWK PRGXODMILRQVLIQDO LV XVHG WR G/HMDHUPLQH
WKH + EULGJH DUH ELDVHG ZKLFK FRQWUROV ZKHWK
PRWISRERRWVWUDS FLUFXLW LV UHTXLUHG DVYWVZHOO W
VXLFLHQWO\ ELDVHG WR WXUQ RQ > @ ,Q WHGV FLUF
WKURXJK D GLRGH DQG UH V$MWRU VDR/BKERRZIDV HQL YL J X |
RYHWKH ERRWVWUDSHRDSRFHWRWDWDVFRKWE GULYH WK
KLJK VLGH 026)(7

. ‘ | F 'n

YLUXH  &UPANAKHP DIF R RHKDD EUGIHP RRUGLYHUIRUKH+ BUGIH
FRILIXUDIRY

AAAR
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Q1 off
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Q2 off

YLUXH  &KDJLQ) DRGAMKDJILQ) SDK R \WHERRNMAES AUPXWERAH $ CBMSIURP > @

, ] WKH PLFURFRQWUROOHU UHFHLYHV D VLIQDO WR F
DSSURSULDWH PRWRU GULYHU XVHV WKIMWKWLIJQDO WI
PLFURFRQWUROOHU UHFHLYHV D VLIQDO WR DGMXVW
I[JURP WKSHURBHVVRU WR GHWHUPLQH WKH SRVLWLRQ F
RI WKH PRQLWRU DQG WR GHWHUPLQH KRZ IDU WKH F
RQ WKH PRWRUV VHQG IHHGEDFN WR WKH PLFURFRQV
WR HQVXUH WKDW WKH PRQLWRRBRUGEHUGW R VRDHNGI MESGH.
FRPSDWLEOH ZLWK WZXH PLEO ARG W WROAWHDWLIH GLYLG
HQVXUH VOKIDAWUWKXODBWHG WR

70EG  3URFHWLQ) DOGP RRUARQUROKE WP UHTXLUHP HQWVDQG YHUL LEDIRY
SHTXLUHPHQWYV 9HULILFDWLRQ

OXVW FRQYHUW W
WKH UDLO9YWR 9 WH
EH XVHG E\ WKH P

a) SRQQHFW WKH L
/'2 WR DVRXUFH

b) 3BUREH WKH RXW
XVLQJ D '00 DQG
PHDVXUHPHQW UH

9 DQGY

¢) 7KH PD[LPXP GH
IURP 9 VKRXOG EH
LQ WKH QRWHERR

7KH PLFURFRQWU
PLVV HQFRGHU VV
RSHUDWLRQDO VS
530 DQG 530

. 2) &RQQHFW WKH P

&ON BR@®XLQR ER
b) 3URJUDP WKH EH
D FRXQWHU WKDW
WKH HQFRGHU LD/
GHFUHDVHM Q&DO
URWDWH WKH HQF




2.6.

WKHQ DWWHPSW
RULJLQDO SRVLW
SRVVLEOH OHDVX
HQFRMGHHSRUWHG
SRVLWLRQ

¢c) 7KH DYHUDJH SR
VKRXOG EH UHFRU
QRWHERRN

7KH PRWRU GULY}H a) 8VH DQ HOHFWU
$ ZLWKRXW HI[BIHH VLPXODWH WKH P
VTXDUH ZDYH 9
XVLQJ D IXQFWLR
b) 8VLQJ D '00 SUR
RXWSXW RI WKH K
FRQILIXUDWLRQ V
FXUUHQW

¢) :KLOH WKH PRWH
LQHVW  PHDVXUFH
WHPSHUDWXUH RI
XVLQJ DQ LQIUDU
d) (QVXUH WKH WH

QHYHU ULVHY DER

Wired Remote Control

7KH XVHU LQWHUIDFH IRU WKLYV V\VWHP LV D ZLUHG L
EXWWRQ D 3GRZQ™ EXWWRQKHX®D G BRWIVRID XMWWS UEEKWAWW
vLJQDO LV VHQW WR WKH PLFURFRQWUROOHU LQ WKI
VXEV\VWHPPRQLWRU VWDQG UHVSRQGY DFFRUGLQJO\
DGMXVWLQJ WKH DQJOH RI WKH MNAUMH QWILMDKO ULHG/NG X
WKH EXWWRQV PXVW EH KHOG GRZQ XQWLO WKH PRQ
DQJOH DGMXVWPHQW WKH 3DGMXVWH EXWWRQ W RDRIXC
SRZHUHG XWVEZ®LFK LV DFFRPSOLVKHG E\ VWHSSLQJ G
WKH UDLO

7KH FLUFXLW VEKHPDWLF Rl WKH U H PR HE K RIGUROGHV L \
DUH SRZHUMGVBXDFH WR HQVXUH WKDW WKH VLJQDO
PLFURFRQWUROOHU LV KLJK HQRXJK WR EH PHDVXUH
PD[LPXP VHW E\ WKH VRXUFH YR QKD YH JRIDWK H PR F UR
WKUHH EXWWRQV DUH WU FQORIHFWRE WIRUWR K BKPD B UF
WKH SURFHVVLQJ DQG PRWRU FRQWURO VXEV\VWHP "



2.7.
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) LUXH  &UIUPXAWRKHP DIFR \WHUHP RMP RGX®H

7CEG : LWHGUP RMARQIRCP ROXBIUTXLUHP HOVDQG YHUL LFDARQ

SHTXLUHPHQWYV

HULILFDWLRQ

7TKH UHPRWH PXV\
WR WKH PLFURFR(
SURFHVVLQJ XQLV

a) $ '00 VKRXOG EH
YHULI\ WKH VLJQO
GHWHFWDEOH E\
PLFURFRQWUROOI
b) 7KH YROWDJH U
PLFURFRQWUROOI
DERYH WKH PLQLF
OHYHO9.. RU 9
7KLV ZLOO EH PHI
'00 XQGHU YDULR)
FRQGLWLRQV

¢) 7KH DYHUDJH YR
PLFURFRQWUROOH
PHDVXUHG DQG U

QRWHERRN

Mechanical Components
Vertical

,Q RUGHU WR SK\VLFDOD\YPRPRYH MDXH FPHRRKIDMDRLBE D O V X E

UHTXEZKWHG XQLW FRQVLVWYV RI

D OL Q% DVHIBF R DNKRHU

VLIQDO IURP WKHWRRVORQ KWW YOHW XDWR U 7/KGIM XVWYV V

HQFRGHU SURYLGHYV IHHGEDFN WR WKH PLFURFRQWU

PRYHPHQW KDV RFFXUUHG



7CEG! 9 HWWDOP HAKDQFV BT HOVDQG YHUL LFDARQ

SHTXLUHPHQWYV

SHULILFDWLRQ

7TKH OLQHDU DFW)
PXVW KDYH D PLQ
LQFKHV RI WUDYH
VXSSRUWLQJ D OH

a) 30DFH D OE O
VLPXODWH D PRQI
VWDBQWXOHU VKRX
WR PHDVXUH WUD
b)$ IL[HG SRLQW R
DFWXDWRU PHFKDO
FKRVHQ DQG WKH
WR LWV ORZHU D
VWREWH IGIUHQFH E
WKH KHLJKW RI W
ORZHU DQG XSSHI
EH FDOFXODWHG
¢) 7KLV WUDYHO Gl
EH UHFRUGHG LQ

7KH VXUIDFH WHP
DVVHPEO\ PXVW Q
Bc> @

a) ' KLOH WKH PRWH
LGHVW  PHDVXUH
WHPSHUDWXUH RI
XVLQJ DQ LQIUDU
b) (QVXUH WKH WH
QHYHU ULVHY DER

Pan

7TKHUH LV DOVR D VXEV\VWHP T™WR \D QY DA MRRAS © R QK MG
D URWDWLQJ SODWIRUP WKDW DOORZVKMKH PRQLWRL
PLFURFRQWUROOHU VHQGV ZKILBK VO QMR VDKWL P Q /@& U
PRWRALY PRWRU &WVPRWRU ZLWK D UHGXFWULIRQ JHDULC
DFWXDWHYV D ZRUP GULYH VAKW HHR) ARG W X L5Q RWKLFG A R
RQ KRZ PXFK WKH PRWRU KDV WXUQHG VR WKDW WKF
GHJUHHYV

RQ WKH XVHU ZLWKLQ

70EG  30QP HAKDQFVUTXUUHP HQWDQG YHU LFDARQ

SHTXLUHPHQWYV

HULILFDWLRQ

7KH SDQ PRWRU D
EH FDSDEOH RI W
HLWKHU GLUHFWL
I[URP WKH FHQWH U

a) 8VLQJ D GXDEW
VWUDLJKW OLQH H
RI WKH PRWRU DV
b) $OLJQ D SURWUI
"PDUNLQJ RQ WR
GUDZQ LQ BWHS D
RULJLQDWLQJ IUR




SRLQW DV WKH LQ
RXWWR WKH OHIW
¢): LWK WKH PRQL
SDQ PRWRU LQ WH
SRVLWLRQ PDUN
URWDWLQJ DVVHP
ZLWK WKH FHQWH
d)'ULYH WKH PRWH
WKH OHIW &KHFN
PDGH LQ 6WHS F

ZLWK RU SDVW "WH
OLQH 5HWXUQ WK
WKH FHQWHU SRV
e) SHSHDW 6WHS G
URWDWLQJ WKH P

TKH VXUIDFH WHP a) :KLOH WKH PRWHE
DVVHPEO\ PXVW Q L@HVW PHDVXUH
Bc> @ WHPSHUDWXUH RI

XVLQJ DQ LQIUDU
b) (QVXUH WKH WH
QHYHU ULVHY DEF

Tilt

6LPLODU WR WKH SDQ PHFKDQLFDO VXEV\VWHP WKH!
PROQLWRUKWKR WMOWFRPSOLVKHG XVLQJ D URWDWLQJ
VFUHHQ XS7TRH BREZOQRFRQWUROOHU VHQGWVIOL¥KIQDO
VHQGV D VLIQDO MR WKRIVWRUOAMP RRWRRIUZLWK D UHGXF
JHDULQJ DWW PRKMWHR3J GULYHV DQRWKHU ZRUP JHDULC
ZRUP GULYH VA\VWHP HQVXUHV WKDW JUDYKM/\ FDQQR
HQFRGHU SURYLGHV IHHGEDFN RQ KRZ PXFK WKH PR\
HQVXUH LW LV FHQWHUHG RQ WKH XVHU ZLWKLQ Gl

7CEG! 71OV HKDQEVUHTXUUP HQWVDQG YHUL LFDRY

SHTXLUHPHQWYV SHULILFDWLRQ
7KH WLOW PRWRU a) 6WDUW WKH PRQ
KDYH f RI WUDY SHUSHQGLFXODU
GRZQZDUG ZKHQ H ER]|
I[URP WKH FHQWHU b) 6HW XS D VWDEQ(

FODPS ZLWK D SU
IODW HGJH DOLJQ
Rl WKH PRQLWRU




2.8.

¢c)+DYH WKH WLOW
PD[LPXP GRZQZDU
DQG PHDVXUH WK
ZLWK WKH VWDEO
d) 5SHSHDW IRU PD]
XSZDUGV SRVLWL

7TKH VXUIDFH WHP a) :KLOH WKH PRWHE
DVVHPEO\ PXVW Q L@HVW PHDVXUH
Bc> @ WHPSHUDWXUH RI

XVLQJ DQ LQIUDU
b) (QVXUH WKH WH

QHYHU ULVHY¥Y DER

Tolerance Analysis

2Q0H RI WKH PRVW FKDOOHQJLQJ DQG LPSRUWDQW DV
GHWHFW WKH ORFDWLRQ RI D SHUVRQ LQ IURQW RI W
FRPSXWHUKMHWVIERQ@ LW\ WA MWHODNQ\ JHE RHIQL]H WKH KX
I[URP D YLGHRFMWAS BWPRIVW HYHU\ DVSHFW RI RXU GH)
KRUL]JRQWDO SDQ DQG YHUWLFDO PRYHPHQW LV DXW

J)LUVW ZH XVH +DDU IHDWXUHYVY LQVWHDG RI KDYLQJ "
ZKLFK IHDWXUHY¥DWR ORRMXIRWY DUH EHWWHU IRU UHI
DV WK™ KD/AHHJ LV QRAKIREMBXOWRZE XV WR FUHDWH D FO
VPDOOHU GDWDVHW

+DDU IHDWXUHV VSOLW XS WKH EH@ERZOMW WMR WRHYR
VHFWLRQV DUH DEGHGFID GE WHKHHGLWKHP LV FDOFXO
WKH SL[HOV LQ D ZILGGRQWDQ EH XQHILQWHJUDO LPD
YDOXH RI WKH SL[HO DW [\ WR WKH VXP RI WKH SL]
VXP RI DOO WKH SL[HOV LQ D JLYHQ ZLQGRZ FDQ EH |
2 Q ZKHUH Q UHSUHVHQWY WKH ZLQGRZ DUHD > @

+RZHYMWWKH QXPEHU RI +DDU [ HHWXHFH QKDL Q E R QF XM-RAHH
WKH ZLQGREZ DQDO\]|JHG WKH LPDJHWKMWWHDZRXOBLBKE R
SRVVLEOH +DBUKXWHWDWKHHRS$GDERRVW"™ ERRVWLQ
RUGHU WR ILQG ZKLFK IHDWXKIHW AR WIKWMKPHZ/RAU MAR |
UHSHDWHGO\ FKDQJLQJ WKH ZHLJKWV RI WKH +DDU Il
PHW ZLWK D ILQDO FODVVLILHU RI WKH KIEM. FKKQHG V)
DOORZ XV WR XVH DV IHZ DV IHDWXUHV ZLWK D

JLODQBHQ DQDO\]LQJ WKH LPDJH PXFK RI LW LV EDF



,QVWHDG RI SDVVLQJ DOO | ZIW X UMW LIEQ HDF M LIQ JW K
ZLQGRZ LV D IDFH WKURXJK D FDVFDGH FODVVLILHU
GRHV QRW SDVV DOO WKH VWDJHV WKH UHJLRQ LV F
LV QRW DQDO\]HG DJDLQ

7KHVH WHFKQLTXHV DOORZ IRU IDVW UREIXWWGADRFIH C
YLH®DULRXV RWKHU WHFKQLTXHY FDQ EH DSSOLHG WI|
UDWH IHRRWLGLIEDFNJURXQGY DQG VLWXDWLRQV 9%\ WL
DQ\ VLIJQLILFDQW QHZ SUREOHPV HQFRXQWHUHG ZH
'"HWHFWLRQ VXEV\WWHP IXQFWLRQV DV LQWHQGHG



Cost and Schedule

3.1.  Cost Analysis
Labor:
,Q WKLV SURMHFW WKH FRVW RI ODERU FDQ EH DWW
ODFKLQH 6KRS
7KH DYHUDJH DQQXDO VvDODU\ IRU DQ HOHFWULFDO F
Rl ,OOLQRLY DW B8UEDQD &KDPSDLJQ 8,8& ZDV
\HDU SV@XPLQJ D KRXU ZRUN ZHHNWRUV VDHHNM EQ (
FRQYHUWHG WR DQ KRXUOVKIDWSURIMBHEFRX RIGO O W DKW
DSSUR[LPDWHO\ KRXUV WR FRPSOHWH
TRWBIOP /DERU KU [ [ KUV
/IDERU DQG PDWHULDO UDWHY IRU HQJLQHHULQJ PDFI
KU WR KU GHSHQGLQJ RQ@VKHUGHBDH WP HGI\D V>R
UDWH DVVXPSWLRQ RI7ZTKLK S EFRKHAFWPAO®HO WDNH DSS
KRXUV IRU WKH ODFKLQH 6KRS
/TRWDO ODFKLQH 6KRS &RVW KU [ KUV
Parts:
7TEN &RWBIHINGZ QR WHUHTXWHG FRP SROHQV
Price/
Part Number Description Manufacturer Quantity | Unit Cost
0 RQXQ$ P HIFD
/0 % &| $&' & &RYYHWL I &
$ OROWH
S HIXDRU '52.
$ ORIWH
9% 5 HIXDRU 9DBHIRG
/3 $,0; /" 2 9RSWH
123% SHXDRY| 7H DV, QXKP HOM
0 DOQXHP $ WP
&RYW O
670 *2 & 7 BV &8 | 670 [FURHDRAARQER
7% ) | HG7HP L]
% YBANV &8, "' WAV
1&3 % 5 * + DD YUGIH RQHP L




" UYH]
1 &KDQH] , QLAY
5)= 13% 026)(7 7HKERRILH/
" |RGHEFKRAM 60 &' IR3H
1' 9 $ 6ROMRY/
* HOP RRU
T/ ZIW
HIRH 3RRX
[ 7*) 1% LGK/ 1O
+: 7 $ PAXDRUO R (&2 /1 &
* 2'52, ;8 +06G HOH]
7THNHAR 3
. HE&DOPHD 8 6% &P HD L1 DAHD
Total $277.12

Sum of Costs= 7/RWDO /DERU &RVW ODERVLWHREBREWRVW
2717. $24,169.12

3.2. Schedule
7TEG 3URSRHGZ HHND \FKHXGIDQGAYIMROR QERMR FRP SOIM\KHSURWRN

Week Anna Jake Iris
2/28 JLQLVK 3&9 JLQLVK 3&29 JLQLVK 3&9
3/7 S5HVHDUFK IDH 5HVHDUFK 5HVHDUFK IDH

DOJRU KDOI EULG DOJRU

3/14 %5(%$ %5($ %5(%.

3/21 &ERQWLQXH U : RUN RQ FRPH &ERQWLQXH U
FRPH XS ZLW| EHWZHHQ FDP EHIJLQ FRGQG

IRU IDFH GH SURFHVVR GHWHFWLR
VWDUW VROG VROG

3/28 JLQLVK VRO JLQLVK VRO JLQLVK VRO
VWDUW GH VWDUW GH VWDUW GH

SRZHU VX SRZHU VX SRZHU VX

4/4 THVW DQG '"HEXJ WKH PR '"HEXJ WKH

UHPRWH GHWHFWLR(




4/11

JLQLVK DQ\

JLQLVK DQ\

JLQLVK DQ\

GHEXJ GHEXJ GHEXJ
4/18 ORFN 'H ORFN 'H ORFN 'H
425| $GGUHVV DQ\J $GGUHVV DQJ $GGUHVV DQ\
ILQDOL]H S ILQDOL]H S ILQDOL]H 9

"HP "HP{

"HP

5/2

: RUN RQ )LQ

: RUN RQ )LQ

:RUN RQ )LQ




4.

Ethics and Safety

2QH RI WKH PDMRU HWKLFDO FRQFHUQV LQ RXUKHVWHP L
PRQLWRU VWDQG XVHV D FDPHUD WR LGHQWLI\ ZKHUH WK
GDWD WR GHWHUPLQH KRZ WKH PRQLWRU VKRXOG EH PR
WKDW ZH PXVW 3SURWHFW WKH SULYDF$&I R&MEXHRY ™ > @
(WKLFV VWDWHV WKDW 3DQ HVVHQWLDO DLP«LV WR PLQLI
LQFOXGLQJ WKUHDVEWUWWR & B DDO/BK-XWDYHERWY GV XA H WKH
SULYDF\ RI WKH XVHU LV SURWHFWHG WKH FDPHUD LPDJ
SURFHVVRU ZKARHQHFHW QVIRUORQJ WHUP VWRUDJH RI DQ\
LPDJHVY DUH QRW XVHG IRU DQ\ SXUSRVH RWKHU WKDQ FIL
DGMXVWPHQWYV

$QRWKHU HWKLFDO FRQVLGHUDWLR® ARPPRWYHLG/ WWEH WIQH
GHWHFWLRQ DQG IDFLDO UHFRJQLWLRQ LV WKH GLVSDUL
W LV RXU UHVSRQVLELOLW\ WR WUHDW HYHU\RQH IDLUO
GLVFULPLQDWLRQ EDVHG RH) \FKRIDRQ KRR ROEHE BHVW WER D G (
SUREOHP E\ VHOHFWLQJ WUDLQLQJ GDWDVHWYV WKDW FR(

$GGLWLRVXHVUO\ DUH VDIHW\ FRQVLGHUDWLRQV MKKIDW P XV
,((( &RGH Rl (WKLFV VWDWHYV LQ 6HFWLRQ , WKDW ZH PX
KHDOWK DQG ZHOIDUH RI WKH SXEOLF" > @ 6HFWLRQ ,,
RXU VA\VWHP FRXOG LQMXUH@RWXH BV RIRWHKHBLEHYURQH M
WKH VSHHG DW ZKLFK WKH PRQLWRU PRYHV WR SUHYHQW
VDIHW\ FRQFHUQV E\ UHTXLULQJ WKDW WKH VXUIDFH WHF

BcDQG E\ FROQWUROOLQJ WKH7RXUQ H@MND W B RXXIKWR KHDE

HOHFWURPHFKDQLFDO HQGVWRSY WR SUHYHQW PRWRU V
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