(&( *URX$SXWRPDWHG 8UI

-RYDRYOIF 61GKDW™* DJ 3DMEN
63UQ)

6SRORIGE <X\M* RY DQG-10D=KX0QY &DMB1, RV
&RMIHR 0 HIAH



$ EMAMORW

&XUUHQW XULQDO\VLY SURFHVVHVY GRQH E\ FROOHFWLQJ D X
VDPSOH WR D PHGLFDO SURIHVVLRQDO DQG WHVWLQJ WKH V
DUH OH@ILWK\VHQVLWLYH DQG FDQ RQO\ EH GRQHRBMAHLQJ FH
SURFHVV Rl FROOHFWLQJ D VDPSOH LV RIWHQ IRUHLJQ WR SC
DERXW JRLQJ IRU 7KULVQDWSRIVWWIDWNAR GXFHY GHVFULEHV DC
SURFHGXUDO FRPSOLFDWLRQV DQG VHHNV WR SURYLGH DQ D
FROOHFWLQJ DQG DQDO\]LQJ XULQH VDPSOHYV

<XVL *RQJ DQG -LDQ =KXDQJ 3K' FDQGLGDWHV RI &DUOH ,00L
IXOO\ DXWRPDWHG V\VWHP WKDW LV VLPLODU LQ DSSHDUDQF
EXW DXWRPDWHV WKH FROOHKWYRELHBRGW G B \VILYVSD FERHP\G\R
VIVWHP IRFXVHG RQ PRYLQJ SDUWV RI VDPSOHV DQG LPDJLQ.
SURIHVVLRQDOV FDQ DQDO\H DQG XVH WR GLDJQRVH YDULR)
VIVWHP DV D ZKROH WKLV FRPSRQHQW LQ FRRSHUDWLRQ ZL\
XULQDO\VLY SURFHVV WR QRW RQO\ PDNH LW PRUH YHUVDWL
DOVR PRUH QDWXUDO DQG FRPIRUWDEOH IRU SDWLHQWV



70EGIR & RQMNV
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SURE®P

8ULQH WHVWLQJ VHUYHV DV D G\QDPLF WRRO IRU KHDOWKFD|!
NLGQH\ GLVHDVH OLYHU SURRQHGAF VWD 3§ WK HVRIZWHNWY DUH
FRQVXPLQJDBRKWVUDFN WKRURXJKQHVY 8ULQH GLSVWLFNV DUI
RQO\ \LHOG TXDOLWDWLYS IHHGEDEQHUFROUVEBP®WQORY® LV WRR
RXW RI \RXU VWDQGDUG SDWLHQW DQG SODFHV WRR PXFK Ul
FDXVLQJ WKH PHWKRG WR EH PRUH HUURU SURQH IURP D VDP
SURYLGHV UREXVW TXDQWLWDWLYH FHD WU FRIN\RWKRBAL FDHGD 8V
EH FRQGXFWHG WKURXJK D UG SDUW\ ODERUDHNEBD F NRRII DRV V
LQ KRXVH DOWHUQDWLYH LV WKH SULPDU\ IDFWRU IRU ZKLFK
VDPSOHYVY DUH SURGXFHG

JXUWKHUPRUH WKH WHGLXP RI SUHSDULQJ VOLGHYV DQG GHF
KLQGUDQFH WKDW D GRFWRU ZRXOG QRW EH RSHQ WR GRLQJ
XULQH DUH RQO\ YLVLEOH DW WKH PLFURVFRSLF OHYHO \HW
WKH HDVH DQG FKHDSHU FRVW RI$SERDG XRWVEIVRIO/XDIORQLSWI
ZLWK OHVV HUURU SURQH VDPSOH FROOHFWLRQ DQG PLQLPL]

6 ROMRQ
,PSOHPHQWLQJ DQ DXWRPDWHG V\VWHP WR FRQGXFW XULQDC
LQIRUPDWLRQ ZKLOVW KDVWHQLQJ VDPSOH SURFHVYV WLPH C
ODEV 8OWMWIZWKOG EH D UHWURILDEOOH VI\VWHP WKDW FRXC
EXW IRU RXU VFRSH ZH ZLOO DVVXPH WKH VDPSOH KDV DUUL"?
GLVSRVDO ZLOO FRQQHFWDMNWR WHKPD POV Q V DWKWHHKBIIDUW DQG V
GULYLQJ DQG FOHDQVLQJ RI VDPSOHYVY DQG LPDJLQJ

JLUVW LV D SXPS WKXKDWQGULYPIYOHVPZLWKLQKWRHMKAD ZILQBL REC
ZLOO KDYH D WUDQVSDBKIOAM PICHYRZN IRWQGREZIJH FDSWXUH G
GHYLFH ZLWK DQ RSWLFDO SHULSKHUDO IRU PLFURVFRSLF ]R
LOQWHUFRQQHFWLRQV RI WKH V\VWHP DQG KRZ LW SOD\V RXV

+ LIK/ HYHDB HTXWHP HON
J)LOOLQJ RI VDPSOH DQG FOHDQLQJ VROXWLRQ UHVHUYRI
WKDW DUH QRW DXWRQRPRXV
,PDJH DFTXLVLWLRQ PHHWY DSSURSULDWH VFDOH DQG U
ZRUWKZKLOH XULQDO\VLV RI VDPSORY DEOH WR YLHZ RE



$00 FRQQHFWLRQV DQG ILWWLQJ DUH OHDN IUHH PRVW
7KH DELOLW\ WR QRW QHHG WR PDQDJH WKH SOXPELQJ RI WK
WR EH HDVLO\ DGD SWHL/ IDQMGRFOERBAWRYW WR®EG QHHGV WR EH D:
DQAGLHLHQF\ LV QHFHVVDU\ IRU GRFWRUV WR FRPH DFURVV W
GLDJQRVLV /HDN IUHH ZDV VWUHVVHG EHFDXVH RI WKH IDFW
FDUU\ GLVHDVH DQG RWKHU QDVW\ LOOQHVVHV VR IRU KHDO

Cleaning |
Urine Solution o |
Collector Reservoir
\ Smartphone
Solenoid :;anr:era with
Valves (

<= Waste

Imaging
Window

J)LIXUH OHFKDQLFDO 'LDJUDP RI ,PSOHPHQWHG ¢
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" RJQI3URHHEXWH
3.3v
messssssss—— 5\/
esssssssssss—m | 2\/
messseesessseem  \Nireless
Flow Control Power System
2 Solenoid Peristaltic | | Voltage
Valves Pump - MOSFET Regulators B 12V Input
A
Control Unit
Y
Smartphone
Network with STM32G0B H-Bridge
Drive Magnifying 1KET6 Driver
Lens

JLJXUH  %ORFN 'LDJUDP RI 'HVLJQ
JORZ FRQWURO \HOORZ UHJLRQ RI ILJXUH
IURP RXU UHVEDUWRLQW XY SURMHFW WR DQG IURP D SXPS D
WKHQ EH GLVSRVHG RI &RQWDPLQDWLRQ RI VDPSOHV LV D V.
DOO DVSHFWV DQ®&MWIHNWFZROQREHWROWDFW VROHQRLG YDO"
PHFKDQLVP ZRXOG WRXFK7&HTDXLREY W RHNVIOHP 8\ \DNSIIRULVWDOW
PRYH OLTXLGV LQ SDFNHWV WKURXJKNDOQRX.Q 1 PmIE CURAVYGR
GHVLJQHG LQ D ZD\ WKDW ZRXO® P LMR. JDRAZH D W R ¥ E K GLDNF\N 1L
FDSWXUH

SHUWDLQV WR V

'KHQ LQLWLDOO\ DSSURDFKLQJ WKH GHVLJQ RI WKH SULQWHUC
HVVHQWLDO IXQFWLRQV LW QHHGV WR SHUIRUP GULYH WKH
RUFKHVWUDWH D FRQWURO VFKHPH LQ RUGHU WR GLVWULEX\
$GGLWLRQDROWDGAHU WR PDNH WKH FRPSRQHQW DV WHPSRUDOGO



D 86% FRQQHFWLRQ EHWZHHQ WKH 3&% DQG WKH LPDJLQJ VP
IXQFWLRQDOLW\ WKDW FRXOG EH XVHG WR FRPPXQLFDWH WL

7TKHUH DUH TXLWH D IHZ ZzD\V WR GULYH VROHQRLGY DQG PRV
DPSOLILHUV DQG PRWRU: GULYHRD/U VOR QBPIHGBIGHYXR XVH DQ
GULYHU WR GULYH WKH SXPS WRGGWERHLWIKHOY &BHIOREBE8 KR
XS UHLWHUDWLQJ RXU GHVLJQ WR GULYH WKH VROHQRLGYV ZL
026)(7: H FKRVH WKHVH FRPSRQHQWY LQ FRQMXQFWLRQ ZLWK
WKHLU VLBREKNMWQ\HVYV DQG WKHLU ODFN RI PHFKDQLFDO QR

2ULJLQDOO\ WKH SODQ ZDV WR XVH D EDWWHU\ SDFN IRU RXL
SURMHFW UHDO OLIH XVH FDVHV ZRXOG QRW QHHG LW IRU LW
HOHFWULFDO OLQH XVHG LQ WKH WHI\D\E O R REPDAM\R H UDLHNK \WRLWD D
UHGXQGRQZH XVHG RXU ODE NLW WR VW GRZQ UNKBIORM¥W O H
DQG SXPS UHWISH BWEZWMWORU WKH 3&% ZRXOG EH LPSOPWHG WK
VHHQ LQ WKH JUHHQ UHJLRQ RI ILJXUH

7KH LPDJLQJ VA\VWHP FRQVLVWHG RI WZR PDLQ SDUWV WKH V
SURJUDPPDWLFDOO\ FRQWUROOHG DQG WKH SHULSKHUDO Ot
WKH GLJLWDO FDPHUD 8VLQJ D VPDUWSKRQH SURYLGHV XVH
RU DXWR ZKLWH EDODQFLQJ RI LPDJHV RU WKH DELOLW\ WR
VHUYLFH OLNH 7RR JFOHE RIORMW RSSO0 RI WKH SKRQH ZKLOH OLPL
SURFHVVLQJ RI LPDJH GDWD WR GUUYHLB GWQWODRID WFEWRH H
RI' D FRVW VWDQGSRLQW D VPDUWSKRQH FDQ EH IRXQG IRU (
ZKLOVW D WUDGLWLRQDO PLFURVFRSH 7ZHRXO0OGE G-\R W WM IS KH WD
GLHUHQW SKDVHV WR LW ZKLFK ZH XOWLPDY\HE GHFKWHGJID.
OHQV DQG JRLQJ ZLWK WKH VLPSOH PLFURVFRSH URXWH RI |
:KLOVW ERWK SURYLGH JUHDWHVY 6DJIOW DL& DRRR & IW K DV K\W KIHD
ZDV SXVKLQJ LQWR WKH UDQJH Rl a | [ PDIJQLILFDWLRQ Z
UHTXLUHPHQW MFPI FEMAEWVLY WKH SXUSOH SDUW RI ILIJXUH

' HUJQ' HELY
JORZ &RQW U

7KH LPSRUWDQW SDUW WR WDON DERXW LQ UHJDUGV WR WKFE

WKH WXUELGLW\ RI WKH VI\VWHP LV Q FOW GV R/K Ly WHKHWS DIHW K X

SURGXFHG GR QRW ULVN FROODB¥DQE MXELW W RQJISYRKILWQ L W

%HUQRXDODWLRQ EHWZHHQ WZR SRLQWY LQ D VIVWHP (TXDV
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KHUH.8 SUHVVXUWH GBIWNFLW\ RI WKH O UTUDLYAKWVLVPKWHLIKW P

DQG Y LV YHORFLW\ PV )RU RXU PRGHO ZHYOO GHWHUPLQH
I[URP WKH SXPS DQG WKH H[HWOO RO WR RADKYHH GALK/IS ID\GBW RS UL L
GHPRQVWUDWH WKDW QR SUHVVXUHV SRVVLEO\ H[KLELWHG Z

'LDPHWHUV RI WKH WXELQJY KDYH EHHQ GHWHUPLQHG E\ WK
SDUDPHAKWHHUQLWLDO YHORFLW\ ZDV GHWHUYROXIPE VEVU IFR Q © MAHV

PO PLQ LYWR PZKLFK FRXOG EHRGVYLIEHWLRQWRKRHDUHD WR GH
YHORFLWVRH IODHRZXOW ZD/\KHQ ZHP MRXOG DOVR VROYH WKH YH
VHFWLRQV E\ XVLQJ WKH LQYHUVH UHODWLRQVKLS EHWZHHQ
D VLPSOLILHG HTXDWLRQ IRU ILQGLQJ WKH SUHVVXUH DQG Yt
SUHYLRXV (TXDWLRQ

Y LY Iy v
> > < N N I\[]\/I/\
v_xf v— = v V_X \_P v_xf

%DVHG RQ WKH PD[ SUHVVXUHV IRU HDFK VHIPHQW ZH VHH W
ZKLOH DQ DYHUDJH KRXVH KPWDQISFL RRU XBWHU OQAREW IRU S
HILVW DW DQ\ GDRHNBURXNVUDPHAMOMY VKRZQ LQ ILIJXUH FDQ
WKH HQWLUH SURFHVV VKRXOG WDNH E\ XVLQJ WKH YHORFL\

Pump Tubing Imaging Cavity Exit/Disposal Tubing
Diameter = 4.76x104-3 Diameter = 2.84x10"-3 Diameter = 1.59x10"-3
V, =0.0514 m/s V,=.1443 m/s V, =0.4628 m/s
Piaxs= 1.70 atm Poax,= 1.70 atm Puaxa= 1.70 atm
JLIXUH ,OOXVWUDWLRQ RI &DYLW\ DQG ([LW )O
3&%

,Q RUGHU IRU RXU EREZUAQQWRGURBR@RPRBUHWRI\VWVWHS GRZQ YROV
SURYLGH WKH FRUUHFW YROWDJH WR WK HIYLMUSXRX VZHRRPBIR Q -
WKUHH YROWDJH WHIXODWRWYWR SWRYRXH VFROBDQRLGY DQ D



UHIJXODWRWWYHWXK Y/ RVKH SXRHIRQOWRU IRU WKR @QHBRFHRWE
WKH UHJXODWRUYV DUH YDULRXV SRZHU ILOWHULQJ FDSDFLWIH
RXWSXW YROWDJH RI WKH DGMXVWDEOH UHJXODWRU

Eloc;o
"
=H1=]

L IEL ' '
pe T.T =
JLIXUBRROWDJH 5HIXODWLRQ 6FKHPDWLF

*H DUH X¥L@J*DR .(7 PLFURFRQWIURRFOINVW WP \VRXUDFWYV ZLWK
RXWVLGH ZRUOG WKURXJK LWV RXWSXW SLQV FRQWUROOLQJ
W DOVR KDV D FRQQHFWLRQ WR D EXWWRQ IRU VWDUWLQJ L)
DQOG 86% FRPPXQLFDWLRQ FREO HFWIURFER Q\@ WRIUQDW BROGV L
PDQLSXODWHY WKH VROHQRLG DQG SXPSV LQ WKH SURSHU V|

J)LIXUH OLFURFRQWUROOHU 6FKHPDWLF
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J)LIXUH ORWRU DQG 6ROHQRLG FLUFXLW GLDJ

7KH VFKHPDWLF DERYH LQFOXGHV WKH FRPSRQHQWY XVHG IR
XVHY¥, D® + %ULGJH ZLWK IO\EDFN GLRGHV WR GULYH WKH V
ZLWKHTXDO WR WKH RXWSXW WYHROMDWRRI WRHGIG MK WWKDHE © H
,QFOXGHG DOVR DUH KHDGHUV WR FRQQHFW WR HDFK PHFKD



J)LIXUH 3&% /ID\RXW

7KH ERDUG OD\RXW VHHQ DERXH GHGV D HGE W R UOHY%DO B\ R KW
SDGV RQ WKMWWIRI BB \GIUQHYV DUH W B FEHYXRIQOW® H VWIRISHOW UHD
ERWWRPD@BHMKH JUHHQ DUHDV DUH IRU WKURXJK KROH FRPS
SODQH RQ WKH WRS OHWWHU H[WHQGLQJ QHDU WKH SHULPHYV

,PDJLQJ
JLIXUH " GHPRQVWUDWHY WKH IORZ Rl ZKLFK WKH LPDJH SUR
WKH 5*% GHFRPSRVLWLRQ Rl WKH LPDJH SODQHV WIRVEHWHUF
WKLV LQ KDQG WKH SKRQH ZRXOG DXWRQRPRXVO\ GHFLGH Z
FRPSXWDWLRQDOO\ LQWHQVLYH WHFKQLTXHV OLNH FRQYRO>
VROXWLRQ ZDV D GHHS EOXH LWV EOXH SIDD® HRORX® G KDY H
WKUHVKROGHG WR SUHYHQW DQ\ IXUWKHU SURFHVVLQJ LQ W

1H[W ZDV WKHWHQFH RI *DXVVIKRYVZOVOWHGLERAFDXVH ZH ZD!
WKDW KDG WKH FDSDELOLWLHV RI VPRRWKLQJ GHQRLVLQJ RX
ILOWHU IRU RXU HGJH GHWHFWLRQ SXUSRVHV W ZDV TXLWH
VWDQGDUG GHYLDWLRQV WRKBDMVHEH YDULHG WR WKH XVHU

JURP WKH HGJH GHWHFWLRQ YLD 'R* ILOWHULQJ ZH KDG ERW
DVFHUWDLQ LI RXU %PDXYH @D W KD ¥DD\QBQFHHHQOWH RS\Q OHQJV
HGJH GHWHFWHG LPDJHV WKHUH FRXOG EH D ZD\ IRU QXPHU|
EHVW FKDUDFWHUL]HG E\ ORQJ VWUHDNV SDUDOOHOHG WR W
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J)LIXUH JORZ 'LDJUDP RI ,PDJH &RQWURO 3LSHC

9 HLULLFDARQ

OHFKDQLFDO 6\VWHP

6RBORG YDOYH/
8VLQJ WKH VROHQRLUGWKMHOWMHME HWWRZBORVH.WH VWUDLJKWIRUZL
FORVH ZKHARQYV B®SSOLHG DFURNVW WX K MWHIUFPH ERAMYHU WKDW W
ZRXOG KHDW XS LI OHIW SRZHUHG7 KRWY ZQ XH] & HQRGWH EDXNWIL B G
ZLWK RXU GHVLJQ DV WKH VDPSOH FRQWDLQHU ZRXOG EH HP
WKH YDOYHYVY FDQ EH OHIW RSHQ

SHIMEOMN-3XP S
7KH PDLQ UHTXLUHPHQW IRU WKH SXPS ZDV |RUKIHWWXE H= H YLHL
WLPH LW LAKVWRBSH@AULILHG DV DW OHDVW RQH RI WKH URO
7KH SXPS ZDV UIEXMWGZHRUHD®POL]|HG WKDW IRU WKH SXUSRVH R
QHHG WR UXQ WKH SXPS DW VXFK D KLJK VSHHG DQG VHFRQG
QRLVH DW K1KK S23RA8§ DYV DFWXDOO\ RSHUDWMW®R BWHY MQWWD
EXEEOHYV LQ WKH LPDJLQJ ZLQGRZ

(OHFWULFDO 6\VWHP
3 RZ HUNKEM WP
:H XVHG D SRUWDEOH SRZHU VXSSO\ WR SRZHU RXU 3&% DV I
ZKHUH WKHUH ZRXOG EH/RHFHR/OHRQRILDIDRPHOQPHHGHG WKH
9 WR FORVH WKHP IROORZHG E\ WKH SHULVWDOWLF SXPS WI
UDQJH RI)LQDWRAMH PLFURFRQWUROOHUWR 6RZ BHMBKIHPOHH GV
ZDV FDUULHG RXW IRU DOO WKH YROWDJH UHJXODWRUV WR H
UDQJH E\ SRZHULQJ WKH 3&% DQG WKHQ PHDVXULQJ WKH RXYV



0 IFIRFRQAR®DU

7KH70 * % .(7 IDLOHG WR SURJUDHP \RQLWE HD 3@%E BB W RIDG\L |

WR GHEXJ DQG :I H[ YWWHKILLM LIVG/ YK DW WKH UHTXLUHG FRQQHFWL
ZHUH VKRUWHG ZLWK WKH DSSURS U L:DHVW KHR@ QHAWMGRWR RR O
GLUHFWO\ RQWR WKH PLFURFRQWUROOHU SLQV EXW WKLV SU
VPDOO DQG RIWHQ VKRUWH VI UWHKGQWRIJEERIURDE BIKHVPLFURTF
UHVHW E\ VKR WBWQQILWKGGEPPHGLDWHO\ WU\(QHQWRK B3O@AY B
GHFLGHG WR PRY HURBX MR ¥ML2QDVDRXU PLFURFRQWUROOHU E\
IURP SUIGKLQR RXWSXW SLQV WR WKH ERDUG EXKV XWKIGV VBKIR Y
$UGXLQR DORQJ ZLWK D FLUFXLW EXLOW RQ D EUHDGERDUG |

6RBORG YDYHDQG SXP S FRQAMRD

7KH LQLWLDO SODQ ZDV WR XVH DQ + EULGJH DQG 3 026 WUD
DQG YDMHH)GHG XS EXLOGLQJ D ¥V UG X I3W0 R& VDUP QD 8 WRMIWGD
VZLWFKLQJ PHAKBRWFRLW DOVR FRQWDLQHG IO\EDFN GLRGHYV
ZKHQ WKH SXPS RU YDIODGI® EHDWLW X WHING VRV BIVVILRIQ BVEH W L
FRQQHFWHG WR WKH VDWRPRNMK Y R ZH(UH VZLWFKHG WR ORZ
WR UXQ WKH SXPS RIKACFR(HVWR B VRO NH \Z D \$ S&RLIQ R RPKIIBWR C
ZRXO0G WXURWKHBPBG/RIQDOV LQ DQ RUGHUHG PDQQHU WR DO
E\ FOHDQLQJ

, P DI

(YDOXDWLRQ RI WKH LPDJLQJ VA\VWHP LQ LWV HQWLUHW\ ZDV
VROXWLRQ ZLWK ULFK PDVEMWW.IDPOSWR EROB HRD/G 16 XWDQIURB UL
RI RDOQLF PDWHULDO VXFK DV IHUPHQWHG \HDVW DQG FROOH
%DUGHHQ 4XDGUDQJOH ,I DOORZHG IRU PRUH WLPH WKH SXI
PDWHULDOV LQ WKH VROXWLRQ ZRXOG DOORZ IRU YHULILFDW
PHWKRGV EXW SHUKDSV ZRUNLQJ ZLWK KLVWDSRORJLVW HI[S
VROXWLRQV IRU WHVWLQJ RXU LPDJLQJ FDSDELOLWLHYV

+RZHYHWRP XVLQJ SUHSDUHG VOLGHV ZH ZHUH DEOH WR YHU
TXDOLWDWLYHO\ FRPSDULQJ NQRZQ LPDJHV ZLWK RXUV WR R
PDIJQLILFDWLRQ ZKLFK ZDV DSSUR[LPDWHO\ [ JLIXUH "
VOLGHV I[IURP IO\ KHDG SDUWV WR SLQH VWHPV



Housefly Mouth Parts Fish Ovary Pine Stem

JLIXUH 3LORBWXUH RI 3UHSDUHG 60LGHYV

& RW\DQG 6 FKHGX®A

&RW
:H DVVXPH D VDODU\ RI N I RUDQOQXWRXSOHGDMW RQ DYKWDJ
HLIKW KRXUV D ZHHN IRU HLJKW ZHHNV (WMWH®OWLIRJ WIRM BRV
ODERU DQG VHUYLFHV RXWVLGH RXU WHDP PHPEHUV LV QRW
PDFKLQHU\ DQG VHUYLFHVY FDQ QRW EH DFFXUDWHO\ UHIOHF\
SULmeEOH GHVFULEH WKH WRWDO FRVW RI PDWHULDOV IRU \
WDEOH VKRZV WKH FRVW RI HOHFWURQLF FRPSRQHQWYV IRU
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7KH WRWDO FRVW IRU WKH SURMHFW ZLWK LBR WK @DERY DO\GF
HYDOXDWLRQV IURP ODERU EURXJKW IRUWK IURP WKH ODFKL(
UHVSHFW RI WKH XQLW SULFH RI D VLQJOH V\VWHP DVVXPLQ
EHDGYVY DUH SXUFKDVHG LQ EXON WR EH OHVV WKDBRKHEH FHQW &
VPDUWSKRQH ZH XVHG ZDV VR WKH WRWDO LQFOXVLYH X

6 FKHEX®H

: HHN

6LGGKDUWK

“RYDQ

SDWULFN

SHVHDUFK SDI
IRU 0&8

J)LQDOL]HG SK
GHVLJQ DQG ¢
RUGHU ZLWK

SHVHDUFK SDJ
IRU + EULGJH

'"HVLIQ WKH F
VFKHPDWLF

2UGHUHG SXP
YDOYHV DQG
LGHDO LPDJL(

'"HVLIQ WKH FI
VFKHPDWLF D
WR EH XVHG

'"HVLJQ ILUVW
DQG RUGHU H
SDUWYV

JRUPXODWHG
DXWRQRPRXV
DFWLRQV WKH
WDNHYV

'"HVLJQ ILUVW
DQG RUGHU H
SDUWYV

9DOLGDWH RU

%HJDQ FRGLQ
LPDJH FDSWX
IDSOFLDQ RI 1
ILOWHULQJ

6XEPLW GHVLJ
SURJUDPPLQJ

6SULQJ

&KDUDFWHUL]
VROHQRLG YD
SXPS WR HYD(
GHVLUHG RSH
UDQJHV

,QYHVWLIDWH
JODVV EHDGYV
PLFURVFRSH

SHULSKHUDO

&RQWLQXH SU
%HIJLQ UHLWH
ERDUG EDVHG
ILQGLQJV

BROGHU WKH
WKH 3&% DQG
SURJUDPPLQJ
WHVWLQJ

%XLOG WKH L
FDYLW\ DQG V|
RSWLPDO zZD\
WKH JODVV V(

J)LQLVK SURJU
&RQWLQXH ER

SHYLVH 3&% G
DGG YDULDEO
VSHHG IXQFW
EXWWRQ IRU
LPDJLQJ F\FO

- RUNHG ZLWK
VKRS WR LQW
ILQDO PHFKD(
RI WKH GHPR
ILQLVKLQJ ZL

5HYLVH FRGH
QHZ ERDUG G}
JLQLVK ERDUG




EDJV

J)LQDOL]H QG
DQG SODFH RI

JLQLVKHG
LPSOHPHQWD
LPDJH ILOWH L

2UGHU ERDUG
DVVLVW ZLWK

SURJUDP WKH
PLFURFRQWUH
DVVHPEOHG S
YDOYH GHVLJ(

7JULHG WR ILQ
PHGLXP IRU F
LPDJHV WKUR
LPDJLQJ HDXWL
OXFN ZLWK \H
RIDQLF VROX

ORGLI\ SURJUI
ZLWK PLFURFH
SURJUDPPLQJ

6ZLWFK WR X\
$UGXLQR DV W
DQG WU\LQJ W
FRPSRQHQWYV
IRU FRQWURO

JLQLVKHG PDN :

LPDJH FRQWU
WKURXJIK WKH
ILOWHULQJ D
KLVWRJUDPV

ULMWIHE XLQR S
$GYLVH RQ ZR

%XLOG EUHDG
WR EH XVHG Z
$UGXLQR WR
SXPSV DQG YL

'D\ RI GHPR Z
DWWHPSWLQJ
VXLWDEOH PH
GHPRQVWUDW
GR VR VR DW
WXQLQJ RI WK
KHXULVWLFV
DQG

UXQ OHQJWK

DELOLW\ QRW

$VVLVW ZLWK
FDSDELOLWLH
$UGXLQR FRQ
DQG GHEXJJLC

& RFOMRY

) X\WH: RN
:H ZRX0OG ZDQW WR UHYLVH DQG GHEXJ WKH PLFURFRQWURO
DXWRQRPRXVO\ XVLQJ WKHP )XUWKHUPRUH ZH ZRXOG OLNH
FRPSDFW DQG HDV\ WR LQVWDOO LQ FXUUHQW WRLOHWYV

H FRXOG DOVR DGG IXQFWLRQDOLW\ IRU WKH HQWLUH V\VW|I
WKH LPDJHVY RXWVLGH WKH V\VWHP IRU EHWW$HAGHREDJIJH TXDO
IXQFWLRQDOLW\ IRU WKH HQWLUH V\VWHP WR EH FRQWUROO
VI\VWHP OLNH D FRQWURO FRQVROH RU SF



( WLEDO8 RMGHDARYY/

$FFRUGLQJ WR RXU XQ&XHUIOHOD QENVQ WKLY SURGXFW ZRXOG E
PHGLFDO GHYLKHH BBBHQYRW IDPLOLDUJNGRAIJW KAIMVEHKYRZ WV RVL
HIHPSW EXW ZH EHOLHYH LW WR EH SRVVLEOH ZLWK SDUDOG
VWHULOLW\ RI WKH GHYLFH ZH ZLOO IROORZ WKH SUHFHGHQ
&)5 &)5 PK@V GHWDLOV WKH YDULRXV QHFHVVLWLHYV DQC
ZLWK XUR®SHRBLILFDOO\ GLDJQRVWLFV DQG R:UHPIRIGIOWRWK W& |
JXLGDQFH RI RXU VSRQVRUV WKDW ZH VKRXOG KDYH QR LVV.

$OVR OLVWHG LO$WKH &E535V +,3 &35 ZKLFK FKDUDFWHUL]H
WKH SULYDF\ RI SDWLHQW PHGLFDO UHFRUGYVY DQ:GWKH FLUF:
,((( FRGH RI HWKLF¥$&0 2RGBERI WKKLFVY DQG 3URIHVVLRQDO &
VLPLODU FDOOV IRU WKHKDBWRWHFR VDQ WKBWLYMFWKH I XWXU
SURMHFW DQ\ LGHQWLILFDWLRQ RI XULQDO\VLVY GDWD UHVXC
LQIRUPDWLRQ SUREDEO\ WKURXJK HQFH \SHV B G HP § WWRIZYD GR
DFWXDO VDPSOHV IURP UHDO SHRSOH WKHUH LV QR QHHG IR



5 HHHAH
> @ &)5 &RGH RI )HGHWDMHS5HIJ KRG BPMWAM\R@DAN D & W URNYHG )HE!L
IURP
KWWSV DEZZEVVGDWD IGD JRY VFULSWV FGUK FIGRFV FIFIU &)!
5 VXESDUWI1RGH $

> @ ,((( &RGH RI (WKLFV ,((( 'HFHPEHU BHWULHYHG )HI
KWWSV | ZFHHEDERXW FRUSRUDWH JRYHUQDQFH S  KWPO

> &0 &RGH RI (WKLFV DQG 3®¥&K0IHWYICR QDG & B DKBKH® )HEUXDU
I[URP KWWIDWPIFARGH RI HWKLFV
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