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TiWle: CDQ )XHO CHOOV EH D 5HSODFHPHQW IRU 7KH ,QWHUQDO CRPEXVWLRQ 0RWRU?

AV JOREDO ZDUPLQJ SURJUHVVHV ZH DUH IRUFHG WR ILQG PRUH VXVWDLQDEOH QRQ-IRVVLO IXHO HQHUJ\
VRXUFHV.  7KH K\GURJHQ IXHO FHOO PD\ EH D YLDEOH UHSODFHPHQW IRU WKH LQWHUQDO FRPEXVWLRQ
PRWRU  LQ WKH WUDQVSRUWDWLRQ VHFWRU. +\GURJHQ LV WKH PRVW DEXQGDQW HOHPHQW LQ WKH XQLYHUVH DQG
FDQ EH REWDLQHG WKURXJK ZDWHU HOHFWURO\VLV RU 3(0 (3RO\PHU (OHFWURO\WH 0HPEUDQH)
HOHFWURO\VLV. 8QOLNH D OLWKLXP-LRQ EDWWHU\, D FDU-VL]HG K\GURJHQ IXHO WDQN FDQ EH ILOOHG LQ 3-4
PLQXWHV, RQO\ ZHLJKV DERXW 42NJ, DQG IRVVLOV IXHOV DUH QRW UHTXLUHG LQ LWV SURGXFWLRQ; WKXV,
K\GURJHQ-SRZHUHG IXHO FHOO YHKLFOHV DUH D SRWHQWLDOO\ D EHWWHU RSWLRQ IRU FRPPHUFLDO DQG
SHUVRQDO WUDQVSRUWDWLRQ FRPSDUHG WR D EDWWHU\ SRZHUHG FDU. ,Q WKH H[SHULPHQW, DQ HOHFWURO\]HU
ZDV XVHG WR SURGXFH K\GURJHQ DQG R[\JHQ. 7KH JDVVHV ZHUH WKHQ WUDQVIHUUHG WR D K\GURJHQ
IXHO FHOO WKURXJK D V\VWHP RI WXELQJ. 7KH IXHO FHOO LQ XVH KDG D WKHRUHWLFDO HQHUJ\ SURGXFWLRQ
UDWH RI 0.6 YROWV.  :KHQ 2/ RI GLVWLOOHG ZDWHU ZHUH SRXUHG LQWR WKH HOHFWURO\]HU SRZHUHG E\ 9Y
WKH K\GURJHQ IXHO FHOO SURGXFHG 0.03Y. ,W ZDV IRXQG WKDW E\ DGGLQJ 6 GURSV RI VXOIXULF DFLG WR
WKH 2/ ZDWHU DQG UDLVLQJ WKH LQSXW YROWDJH RI WKH HOHFWURO\]HU WR 15Y WKH IXHO FHOO WR SURGXFHG
0.21Y. 7KH PD[ HIILFLHQF\ RI WKLV V\VWHP ZDV 1.3%.  ,Q FRQFOXVLRQ, WKLV K\GURJHQ IXHO FHOO
V\VWHP ZDV QRW HIILFLHQW. 7KH SULPDU\ REVWDFOH ZDV LQHIILFLHQW SURGXFWLRQ RI K\GURJHQ WKURXJK
HOHFWURO\VLV. :LWK IXUWKHU GHYHORSPHQW LQ SURGXFWLRQ RI FOHDQ K\GURJHQ WKH IXHO FHOO PD\ EH D
YLDEOH UHSODFHPHQW IRU WKH LQWHUQDO FRPEXVWLRQ HQJLQH.

SWXdenW Name(V): B. (QJODQG

AbVWracW:

249
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):
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TiWle: )OH[LELOLW\ ZLWK )O\LQJ: 5HSOLFDEOH DQG AWWDWDFKDEOH AHULDO 5RERW ZLWK 0XOWL-'HJUHH-RI-
)UHHGRP

,QVSLUHG E\ WKH PRYLH BLJ +HUR 6, WKLV SURMHFW DWWHPSWV WR FUHDWH DQ DHULDO URERW ZLWK PXWL-
'HJUHH-RI-)UHHGRP ('R)) LQ WKH DLU. /LNH PLFURERWV LQ BLJ +HUR 6, LW DLPV WR FUHDWH D GURQH
WKDW FRXOG DWWDFK WR DQG SHUIRUP WDVNV ZLWK UHSOLFDV. CXUUHQWO\, PRVW GURQHV LQ WKH PDUNHW DUH
TXDGFRSWHU GURQHV ZLWK RSHQ SURSHOOHUV, ZKLFK ORVH VRPH 'HJUHH-RI-)UHHGRP, ZKLOH WKLV
URERW, FUHDWHG WKURXJK WZR GXFWHG IDQV, FRXOG WUDQVIRUP VKDSH ZKHQ DWWDFKHG WR UHSOLFDV RI
LWVHOI. 7KLV GHVLJQ DOORZV WKH GURQH WR LQFUHDVH LWV 'HJUHH-RI-)UHHGRP DQG IOH[LELOLW\ LQ WKH DLU.
The mechanical design of the drone is mainly made from a thrust rotor module, DoF-Joint
0RGXOH, WZR GXFWHG IDQV, DQG D 'XDO-5RWRU *LPEDO 0RGXOH. 7KLV URERW XVHV .DOPDQ )LOWHUV
IRU QRLVH UHGXFWLRQ RQ LQSXW GDWD DQG VWDWH SRVLWLRQ HVWLPDWHV ZKLOH XVLQJ 3,' IRU EDODQFH
FRQWURO. 7KH DQDO\VLV RI WKH GURQH LV SHUIRUPHG WKURXJK )RUZDUG .LQHPDWLFV, IRFXVLQJ RQ
.LQHPDWLF CKDLQV DQG '-+ CRQYHQWLRQ, DQG FODVVLFDO )RUFH AQDO\VLV. 7KHVH FRPELQHG
DOORZHG WKH GURQH WR DFKLHYH VL[ 'R) LQ DLU. 7KH GURQH FRXOG DFKLHYH D PD[LPXP URWDWLRQ RI
120.73Û LQ WKH [-GLUHFWLRQ DQG 114.22Û LQ WKH \-GLUHFWLRQ, DQG D FRQVWDQW OLIW DOORZLQJ WKH GURQH
WR KRYHU LQ WKH DLU ERWK DORQH DQG FRQQHFWHG ZLWK D UHSOLFD RI LWVHOI.

SWXdenW Name(V): 6. /X

AbVWracW:

216
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):
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TiWle: 7KH (IIHFW RI 'HHS BUHDWKLQJ DQG 0HGLWDWLRQ RQ 3UDFWLFH 6A7 6FRUHV DQG AQ[LHW\ /HYHOV

AQ[LHW\ LV D PDMRU LVVXH IRU KLJK VFKRRO VWXGHQWV ZKHQ WDNLQJ VWDQGDUGL]HG WHVWV. )LYH ZHHNV
RI WUDLQLQJ LQ JXLGHG EUHDWKLQJ H[HUFLVHV KDYH EHHQ HYDOXDWHG DQG SURYHQ WR GHFUHDVH DQ[LHW\
OHYHOV DQG LQFUHDVH VFRUHV RQ D SUDFWLFH APHULFDQ CROOHJH 7HVW (AC7).   7KLV LQYHVWLJDWLRQ
VWXGLHG WKH HIIHFWV RI D 3-PLQXWH GHHS EUHDWKLQJ DQG PHGLWDWLRQ YLGHR VKRZQ LPPHGLDWHO\
EHIRUH DQG GXULQJ HDFK EUHDN RI D SUDFWLFH 6A7 WHVW. 3RWHQWLDO VXEMHFWV, VWXGHQWV JUDGHV 9-11 LQ
)DLUILHOG CRXQW\, C7, ZHUH UHFUXLWHG WKURXJK VFKRRO HPDLO EODVW DQG VRFLDO PHGLD RXWUHDFK.
7ZHQW\-RQH VWXGHQWV UHJLVWHUHG IRU WKH VWXG\. 6XEMHFWV ZHUH UDQGRPO\ DVVLJQHG LQWR HDFK RI
WKH WZR JURXSV. 6HYHQ VXEMHFWV FRPSOHWHG WKH VWXG\, 5 LQ WKH LQWHUYHQWLRQ JURXS DQG 2 LQ WKH
FRQWURO JURXS. (IIHFWLYHQHVV ZDV HYDOXDWHG E\ FRPSDULQJ SULRU DQG FXUUHQW SUDFWLFH 6A7 WHVW
VFRUHV DQG DQ[LHW\ OHYHOV XVLQJ D VHOI-HYDOXDWLRQ RQ WKH :HVWVLGH 7HVW AQ[LHW\ 6FDOH. 7KHUH
ZDV QR FRQVLVWHQW HIIHFW RQ SUDFWLFH 6A7 VFRUHV LQ WKH LQWHUYHQWLRQ JURXS.  :KHQ FRPSDULQJ
WKH HIIHFW RI D 3-PLQXWH GHHS EUHDWKLQJ DQG PHGLWDWLRQ YLGHR WR QR LQWHUYHQWLRQ, WKHUH LV D YHU\
VOLJKW GHFUHDVH LQ DQ[LHW\ IURP ILUVW WR IRXUWK PHDVXUHPHQW LQ WKH LQWHUYHQWLRQ JURXS FRPSDUHG
WR FRQWURO (PHDQ DYHUDJH -0.14 YV 0, UHVSHFWLYHO\, RQ D 5-SRLQW VFDOH) LQ WKH LQWHUYHQWLRQ
JURXS. 7KH ODFN RI VXEMHFWV ZLWKLQ WKH VWXG\ SURKLELWHG D VWDWLVWLFDO DQDO\VLV. *LYHQ WKH WUHQG RI
UHGXFHG DQ[LHW\ ZLWK D VKRUW DQG VLPSOH LQWHUYHQWLRQ, DQ DGGLWLRQDO ODUJHU VWXG\ WR HYDOXDWH WKH
XWLOLW\ RI WKLV LQWHUYHQWLRQ LV MXVWLILHG.

SWXdenW Name(V): 6. AIODOR

AbVWracW:

243
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):
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TiWle: 'HVLJQLQJ DQG 'HYHORSLQJ DQ AIIRUGDEOH ,QWHOOLJHQW (0DQQHG/8QPDQQHG) 972/ ALUFUDIW
IRU 7UDQVSRUWDWLRQ, 6HDUFK DQG 5HVFXH

'URQHV KDYH EHHQ XVHG IRU D ZLGH YDULHW\ RI SXUSRVHV LQFOXGLQJ FDSWXULQJ OLYH HYHQWV,
VXUYH\LQJ GDQJHURXV DUHDV, VKRRWLQJ PRYLHV, PRQLWRULQJ ZLOGOLIH, DQG XVH LQ ODZ HQIRUFHPHQW.

7KH IHDVLELOLW\ RI GHVLJQLQJ DQG PDQXIDFWXULQJ DQ DXWRQRPRXV 9HUWLFDO 7DNHRII DQG /DQGLQJ
ALUFUDIW (972/ DLUFUDIW), SXUSRVHG IRU VHDUFK DQG UHVFXH PLVVLRQV ZDV LQYHVWLJDWHG.

A CA' (CRPSXWHU-ALGHG 'HVLJQ) PRGHO RI WKH 972/ DLUFUDIW ZDV GHYHORSHG XVLQJ )XVLRQ
360 VRIWZDUH. 7KH GHVLJQHG DLUFUDIW SURWRW\SH ZDV WKHQ WHVWHG XVLQJ )XVLRQ 360 VWXGLHV,
VLPXODWLRQ WHVWLQJ LQFOXGHG VWDWLF VWUHVV WHVWLQJ RI WKH DLUFUDIW FDUERQ ILEHU FKDVVLV DQG WKHUPDO
WHVWLQJ RI WKH PRWRUV ( OLPLWHG FDSDFLW\ PRWRUV ZHUH FKRVHQ WR UHGXFH FRVW ) ZLWK WKH DLP WR
VDIHO\ WUDQVSRUW D 170-SRXQG SHUVRQ.

7KH IXVLRQ 360 VLPXODWLRQ WHVWLQJ RI WKH 972/ DLUFUDIW ZDV SHUIRUPHG ZLWK D FRQWLQXRXV
WKHUPDO ORDG RI 60 GHJUHHV FHOVLXV RQ WKH PRWRUV (KHDW VLQN UHGXFHG HDFK PRWRU WHPSHUDWXUH E\
6.89 GHJUHHV CHOVLXV), D PD[LPXP GLVSODFHPHQW RI 2.079 PP RQ WKH VLGH DUPV RI WKH DLUFUDIW
ZDV UHDFKHG GXULQJ VWUHVV WHVWLQJ ZLWK D PD[LPXP WKUXVW RI 267.7 SRXQGV (121.44 NJ). 6WUHVV
VLPXODWLRQV UHVXOWHG LQ DQ 8 VDIHW\ VFRUH LQ )XVLRQ 360 ZKLFK PHDQV WKH FUHDWHG FRPSRQHQWV
FDQ ZLWKVWDQG XS WR 7 WLPHV WKH DSSOLHG ORDG EHIRUH EUHDNLQJ.

BDVHG RQ WKH UHVHDUFK, LW LV IHDVLEOH WR EXLOG D KRPHPDGH 972/ DLUFUDIW IRU VHDUFK DQG UHVFXH
SXUSRVHV. 7KH )XVLRQ 360 VLPXODWLRQ-WHVWHG 972/ DLUFUDIW LV DEOH WR VDIHO\ FDUU\ D 170-SRXQG
SHUVRQ. 7KH OLIWLQJ FDSDFLW\ FDQ EH LQFUHDVHG E\ XSJUDGLQJ WKH PRWRUV.

SWXdenW Name(V): +. AOMDIDU

AbVWracW:

243
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):
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TiWle: 7UDFN 6\VWHP IRU 6DIH DQG (IIHFWLYH /LIHERDW /DXQFKHV

/LIHERDW ODXQFKHV LQ WLPHV RI HPHUJHQF\ KDYH D KLJK SUREDELOLW\ RI IDLOXUH, HVSHFLDOO\ LQ
LQVWDQFHV LQ ZKLFK WKH YHVVHO LV DW D VHYHUH OLVW RU KDV DVVXPHG D VLJQLILFDQW GHDO RI GDPDJH.
/LIHERDWV DUH W\SLFDOO\ XQDEOH WR EH ODXQFKHG ZKHQ WKH VKLS LV DW D OLVW (WKLV XVXDOO\ EHFRPHV
GLIILFXOW DW OLVWV DURXQG 30-35 GHJUHHV) EHFDXVH WKH ERDWV FDQQRW EH SURSHUO\ ORZHUHG E\
URSHV/FUDLQV ZLWKRXW PDNLQJ FRQWDFW ZLWK WKH VKLS DW LWV OLVW. 7KLV FDQ EH SUREOHPDWLF IRU
OLIHERDW ODXQFKHV RQ ERWK WKH SRUW DQG VWDUERDUG VLGHV RI WKH VKLSV DQG ERDWV FDQ EH VFUDSSHG,
SDUWLFXODUO\ LQ WKH FDVH RI D UDSLG VLQNLQJ. 7KH  REMHFWLYH LV WR ILQG ZD\V WR VXFFHVVIXOO\
LPSOHPHQW WKLQ WUDQVSDUHQW WUDFNV DORQJVLGH WKH VLGH RI VKLSV DQG RWKHU PDULQH YHVVHOV,
SDUWLFXODUO\ SDVVHQJHU VKLSV, LQ RUGHU IRU OLIHERDWV WR VFDOH XSRQ UHOHDVH. 7KLV FDQ DOORZ IRU
PRUH OLIHERDWV WR EH VWRUHG RQ GHFN RU H[LVWLQJ OLIHERDWV WR EH VWRUHG PRUH HIILFLHQWO\, DQG IRU
OLIHERDWV WR EH ODXQFKHG GRZQ HLWKHU VLGH RI WKH VKLS GXULQJ DQ HYDFXDWLRQ LQYROYLQJ D OLVW,
HYHQ RI D KHDY\ GHJUHH.

SWXdenW Name(V): +. /XFLDQ

AbVWracW:

178
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):
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TiWle: 7KH XVH RI VRGLXP ELFDUERQDWH DV D ORFDO EXIIHU WR GHFUHDVH RFHDQ DFLGLW\ WR LQFUHDVH ODUYDO
R\VWHU JURZWK.

2FHDQ DFLGLILFDWLRQ LPSDFWV ODUYDO R\VWHUV VKHOO IRUPDWLRQ WKURXJK FDUERQDWH LRQ GLVSODFHPHQW.
7KLV GLVSODFHPHQW OHDGV WR KLJKHU PRUWDOLW\ UDWHV WKXV SUHVHQWLQJ D VXEVWDQWLDO
HFRQRPLF/HQYLURQPHQWDO LPSDFW WR FRDVWDO HQYLURQPHQWV. ,W LV SURSRVHG WR GHYHORS D VXEVWUDWH
ZKLFK FDQ EH DSSOLHG LQ PDQ-PDGH R\VWHU EHGV WR SURPRWH DQ LGHDO JURZLQJ HQYLURQPHQW DQG
UHGXFH LRQ GLVSODFHPHQW. 7R DFFRPSOLVK WKLV, FRQFUHWH R\VWHU EHG IUDPHV FRPELQHG ZLWK
VRGLXP ELFDUERQDWH ZLOO IRUP D ORFDO EXIIHU ZLWKLQ WKH R\VWHU KDELWDWV. 7KH H[SHULPHQWV DUH
UXQ WKURXJK 2 E\ 4.5 E\ 1.5 LQFK SRURXV DQG QRQ SRURXV FRQFUHWH EULFN JRLQJ WKURXJK PXOWLSOH
S+, FRPSUHVVLRQ VWUHQJWK, DQG LQLWLDO FRQWDFW WHVWLQJ. 7KURXJK SK. WHVWLQJ FRQFHQWUDWLRQV RI
20PO RU PRUH FUHDWHG VXEVWDQWLDO SK. LQFUHDVH FRPSDUHG WR WKH FRQWUROV.  7KURXJK FRPSUHVVLRQ
VWUHQJWK WHVWLQJ 40PO ZDV WKH VWURQJHVW EULFN SRURXV RU QRQ-SRURXV ZLWK D FRPSUHVVLRQ
VWUHQJWK RI 7.313Q/FPA2 SRURXV,14.88Q/FPA2 QRQ-SRURXV, ZLWK WKH QRQ-SRURXV EULFN EHLQJ
103.47% VWURQJHU. )XUWKHU EULFN WHVWLQJ LQFOXGHV LQLWLDO ZDWHU FRQWDFW/IORZ GHPRQVWUDWLQJ D
VWHDG\ LQFUHDVH RQ DYHUDJH RI .25 S+/SDVV VWRQH SURYLQJ WKDW S+ FDQ LQFUHDVH VXUURXQGLQJ
PRYLQJ ZDWHU. :LWK WKLV PL[WXUH RI FRQFUHWH IXWXUH WHVWV RI WKDW FRQFUHWH FDQ EH XVHG LQ DQ
RSHQ ZDWHU VFHQDULR DQG  SURYLGH D VWURQJ JURZLQJ HQYLURQPHQW.

SWXdenW Name(V): .. CDUU

AbVWracW:

203
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):
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TiWle: ASSOLFDWLRQ RI 6RIW 5RERWV LQ BXLOGLQJ CROODSVH 5HVFXHV

Last June, 98 people died from the Surfside (FL) building collapse. It took more than a month
WR LGHQWLI\ WKH ODVW GHDWK. A WLPHO\ UHVFXH LV FKDOOHQJLQJ GXH WR FRPSOH[ VWUXFWXUHV XQGHUQHDWK
WKH UXEEOH. 9LQH URERWV, D FRQWLQXXP VRIW URERW WKDW XVHV LQWHUQDO DLU SUHVVXUH WR JURZ LQ
OHQJWK, KDYH WKH SRWHQWLDO WR JR XQGHUQHDWK WKH UXEEOH ZLWKRXW EHLQJ GDPDJHG. ([LVWLQJ
UHVHDUFK KDV IRFXVHG RQ WKH VWHHU-DELOLW\ RI WKH URERW, EXW LW ODFNV VSHFLILF GHVLJQ SDUDPHWHUV WR
RSWLPL]H WKH H[WHQVLRQ VSHHG. 7KH JRDOV RI WKLV SURMHFW LQFOXGH (1) GHWHUPLQLQJ WKH HIIHFWV RI
WKH URERW OHQJWK, GLDPHWHU, RU DLU SUHVVXUH RQ H[WHQVLRQ VSHHG; (2) GHYHORSLQJ D PRELOH DSS WR
FDOFXODWH WKH IDVWHVW URXWH WR D VXEMHFW. 5RERWV ZLWK GLIIHUHQW OHQJWKV DQG GLDPHWHUV ZHUH PDGH
ZLWK SRO\ WXEHV DQG H[WHQGHG E\ DLU. 7KH H[WHQVLRQ VSHHGV RI WKH URERWV ZLWK DQG ZLWKRXW
SDVVLQJ D WLJKW VSDFH (JDS) ZHUH PHDVXUHG. , IRXQG WKDW OHQJWK DQG DLU SUHVVXUH KROG QR
GLIIHUHQFH LQ VSHHG, EXW URERWV ZLWK VPDOOHU GLDPHWHUV DQG/RU WKLQQHU PDWHULDO KDYH JUHDWHU
VSHHGV. 6XUSULVLQJO\, WKH VSHHG LV JUHDWHU ZKHQ SDVVLQJ D JDS WKDW LV PXFK VPDOOHU WKDQ WKH
URERW GLDPHWHU, SUREDEO\ EHFDXVH SDVVLQJ WKH JDS LQFUHDVHV LWV SUHVVXUH VSHHG. 7KH PRELOH DSS
, GHYHORSHG FDQ FDOFXODWH WKH IDVWHVW URXWH IURP WKH HQWUDQFH WR WKH VXEMHFW YHU\ TXLFNO\. 7KLV
ZLOO EH LQFRUSRUDWHG ZLWK WKH URERW IRU LWV PRWLRQ FRQWURO. ,Q FRQFOXVLRQ, WKH SURMHFW LGHQWLILHG
GHVLJQ SDUDPHWHUV WKDW RSWLPL]H H[WHQVLRQ VSHHG. )XWXUH ZRUN ZLOO EH RQ WKH HIIHFWV RI GHVLJQ
SDUDPHWHUV RQ VWHHULQJ SHUIRUPDQFH.

SWXdenW Name(V): A. 6RQJ

AbVWracW:

250
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 2SWLPL]LQJ D 3RUWDEOH 9HUWLFDO A[LV :LQG 7XUELQH ZLWK ,PSURYHG CRQVWUXFWLRQ 0HWKRGV
DQG 7HVWLQJ RI 9DULRXV ALUIRLOV

:LQG HQHUJ\ KDUYHVWLQJ LV D FOHDQ DOWHUQDWLYH WR EXUQLQJ IRVVLO IXHOV. :KLOH WKH FXUUHQW PRGHO
RI KRUL]RQWDO D[LV ZLQG IDUPV LV KLJKO\ HIILFLHQW LQ RSHQ, UHPRWH DUHDV, WKH ODUJH VL]H RI WKH
WXUELQHV OLPLWV WKH IOH[LELOLW\ RI WKH LQGXVWU\ DQG SRVHV D VSDFH LVVXH WKDW PDNHV XVDJH LQ XUEDQ
HQYLURQPHQWV YHU\ GLIILFXOW. 7KH VWXG\ WHVWHG WKH YLDELOLW\ RI D VPDOOHU, IROGDEOH YHUWLFDO D[LV
ZLQG WXUELQH (9A:7) DV D SRWHQWLDO VXEVWLWXWH ZKLOH HYDOXDWLQJ WKH HIIHFW RI YDULRXV DLUIRLOV
RQ SRZHU RXWSXW. A QRYHO GHVLJQ ZDV GHYHORSHG IRFXVLQJ RQ LPSURYLQJ WKH ZHDNQHVVHV RI ODVW
\HDU¶V GHYLFH. A ORQJ-WHUP IROGLQJ PHFKDQLVP DQG PRUH EDODQFHG JHDUER[ ZHUH LQFRUSRUDWHG,
DORQJ ZLWK D WULDQJXODU K\EULG GDUULHXV GHVLJQ DQG VORWV IRU FKDQJLQJ DLUIRLOV. 3RZHU RXWSXW
ZDV PHDVXUHG DW YDULRXV ZLQG VSHHGV LQ D RQH-GLUHFWLRQDO ZLQG FKDQQHO DVVHPEOHG DW KRPH.
(DFK DLUIRLO ZDV WHVWHG LQGLYLGXDOO\, LQFOXGLQJ WUDGLWLRQDO DQG ODPLQDU IORZ PRGHOV. 7KH 8-
VKDSHG EODGH IURP ODVW \HDU ZDV DOVR WHVWHG IRU FRQWURO. 7KUHH WULDOV ZHUH FRQGXFWHG IRU HDFK
EODGH VKDSH DW HYHU\ ZLQG VSHHG.  7KH UHVXOWV GHPRQVWUDWH D VLJQLILFDQW DYHUDJH LPSURYHPHQW
RI URXJKO\ 95% IURP ODVW \HDU¶V PRGHO. 7KH WZR DLUIRLO GHVLJQV SURGXFHG VWDWLVWLFDOO\ VLPLODU
DYHUDJHV, LQGLFDWLQJ WKDW WKH VSHFLILF DLUIRLO VKDSH ZDV OHVV LPSRUWDQW DW ORZHU ZLQG VSHHGV
WKDQ LQLWLDOO\ DQWLFLSDWHG. BRWK DLUIRLOV SHUIRUPHG VOLJKWO\ EHWWHU WKDQ WKH FRQWURO, DQ
LPSURYHPHQW RI XQGHU 10%. 7KH LQFUHDVH MXVWLILHV ZLGHVSUHDG DSSOLFDWLRQ RI DLUIRLOV LQ
SRUWDEOH 9A:7V. +RZHYHU, WKH VWUXFWXUDO PRGLILFDWLRQV, ZKLFK OHG WR GHFUHDVHG GDPSLQJ DQG
PRUH VWDELOLW\, KDG D VLJQLILFDQWO\ ODUJHU HIIHFW RQ WKH RYHUDOO SRZHU RXWSXW LPSURYHPHQW.

SWXdenW Name(V): B. /X

AbVWracW:

253
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 2Q WKH CDVDV-AOYHUR¶ V CRQMHFWXUH

AV FDQ EH HDVLO\ VHHQ, LI D JLYHQ SRO\QRPLDO LV RI WKH IRUP $D(;-?DOSKD)AQ$, HYHU\ GHULYDWLYH
RI WKLV SRO\QRPLDO KDV D FRPPRQ IDFWRU ZLWK WKLV SRO\QRPLDO. (GXDUGR CDVDV-AOYHUR FDPH XS
ZLWK D FRQMHFWXUH ZKLFK LV WKH UHYHUVHG IRUP RI WKH DERYH SURSRVLWLRQ. AQG LQ WKLV SURMHFW, ZH
SURSRVH WKUHH VWUDWHJLHV WR DWWDFN WKLV SUREOHP. 7KH ILUVW VWUDWHJ\ LV WR XVH GLUHFW FDOFXODWLRQV.
7KLV PHWKRG LV RQO\ HIILFLHQW ZKHQ WKH GHJUHH $Q$ LV OHVV WKDQ RU HTXDO WR $4$. 7KH VHFRQG
VWUDWHJ\ FRQVLVWV WR XVH *DXVV-/XFDV WKHRUHP WR WUDQVIHU WKLV SUREOHP WR D FRPELQDWRULFV
SUREOHP. :LWK WKLV PHWKRG, ZH FDQ GHDO ZLWK WKH FDVH IRU $Q$ QR JUHDWHU WKDQ $5$. :H REWDLQ D
JHQHUDO UHVXOW IRU DOO $Q$ LI D WHFKQLFDO FRQGLWLRQ LV DVVXPHG. 7KH ODVW VWUDWHJ\ LV SXUHO\
DOJHEUDLF. :H XVH WKH WKHRU\ RI UHVXOWDQW DQG 1XOOVWHOOHQVDW] WR UHGXFH WKLV SUREOHP WR ILQGLQJ
FRPPRQ ]HURV RI D JLYHQ VHULHV RI PXOWL-YDULDEOH SRO\QRPLDOV. 7R WKLV HQGV, ZH XVH D
PDWKHPDWLFDO SURJUDP ODXQFKHG LQ 6DJH0DWK WR FDOFXODWH WKH *U|EQHU EDVLV RI WKLV JLYHQ
VHULHV RI SRO\QRPLDOV DQG REWDLQ SRVLWLYH DQVZHUV IRU CDVDV-AOYHUR FRQMHFWXUH XS WR $Q=7$.

SWXdenW Name(V): J. Su

AbVWracW:

192
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: CUHDWLQJ D 6\VWHPDWLF (6* ((QYLURQPHQWDO 6RFLDO *RYHUQDQFH) 6FRULQJ 6\VWHP XVLQJ
6RFLDO 1HWZRUN AQDO\VLV DQG 0DFKLQH /HDUQLQJ WR ,QIOXHQFH CRPSDQ\ 3UDFWLFHV WR EH
0RUH 6XVWDLQDEOH

(6*, RU (QYLURQPHQWDO 6RFLDO *RYHUQDQFH, LV D ZLGHO\ XVHG PHWULF WKDW PHDVXUHV WKH
VXVWDLQDELOLW\ DQG VRFLHWDO LPSDFW RI D FRPSDQ\¶V SUDFWLFHV. (6* LV GHWHUPLQHG XVLQJ VHOI-
UHSRUWHG FRUSRUDWH ILOLQJV, PHDQLQJ FRPSDQLHV RIWHQ SRUWUD\ WKHPVHOYHV LQ DQ DUWLILFLDOO\
SRVLWLYH OLJKW. AV D UHVXOW, (6* HYDOXDWLRQ LV H[WUHPHO\ VXEMHFWLYH DQG LQFRQVLVWHQW, DQG WKLV LV
DQ LVVXH VLQFH LW JLYHV FRPSDQLHV PL[HG VLJQDOV RQ ZKDW WR LPSURYH. 7KH SXUSRVH RI WKLV
SURMHFW LV WR FUHDWH D GDWD-GULYHQ (6* HYDOXDWLRQ V\VWHP WR V\VWHPDWLFDOO\ DQG KROLVWLFDOO\
DQDO\]H WKH JRRG D FRPSDQ\ GRHV IRU VRFLHW\ E\ LQFRUSRUDWLQJ VRFLDO VHQWLPHQW. 7R GR VR,
3\WKRQ ZHE-VFUDSHUV ZHUH PDGH WR FROOHFW SRVWV IURP :LNLSHGLD, 7ZLWWHU, /LQNHG,Q,
*ODVVGRRU, DQG *RRJOH1HZV DFURVV DOO 6&3 500 FRPSDQLHV. ,UUHOHYDQW GDWD ZDV ILOWHUHG XVLQJ
1DPHG (QWLW\ 5HFRJQLWLRQ, DQG WKH UHPDLQLQJ GDWD ZDV FOHDQHG YLD UHJH[. 1H[W, WKH )ODLU 1/3
DOJRULWKP FDOFXODWHG VHQWLPHQW IRU HDFK SRVW, ZKLFK ZDV WKHQ DYHUDJHG DQG PHDQ-QRUPDOL]HG
WR REWDLQ VFRUHV IRU (6* VXEFDWHJRULHV. 8VLQJ WKHVH IHDWXUHV, PDFKLQH OHDUQLQJ DOJRULWKPV
VXFK DV 695, .11, ;*BRRVW, 5DQGRP )RUHVW 5HJUHVVLRQ ZHUH WUDLQHG DQG FDOLEUDWHG WR 6&3
*OREDO (6* 5DWLQJV. 7KH 695 DOJRULWKP GLVSOD\HG WKH VWURQJHVW UHVXOWV ZLWK D PHDQ DEVROXWH
HUURU RI 13% DQG S-YDOXH RI 0.021, VKRZLQJ LW LV ZHOO-FDOLEUDWHG WR EH LPSOHPHQWHG LQ D SXEOLF
VHWWLQJ. 7KH VWXGHQW KDV FDUULHG RXW DOO SDUWV RI WKH SURMHFW ZKLOH WKH PHQWRU SURYLGHG JXLGDQFH.
2YHUDOO, V\VWHPL]LQJ (6* FDQ HQFRXUDJH FRPSDQLHV WR DGDSW WKHLU VXSSO\ FKDLQV DQG FRUSRUDWH
SUDFWLFHV WR EH PRUH VXVWDLQDEOH. 7KLV FDQ UHZLUH RYHU $6.1 WULOOLRQ WR PRUH VXVWDLQDEOH/HWKLFDO
LQLWLDWLYHV.

SWXdenW Name(V): A. 3DWHO

AbVWracW:

256
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: )LQGLQJ *UDYLWDWLRQDOO\ /HQVHG 4XDVDUV E\ AQDO\]LQJ 3RODU 6KDSHOHW 'HFRPSRVLWLRQV

*UDYLWDWLRQDOO\ OHQVHG TXDVDUV DUH RSWLFDO PLUDJHV LQ VSDFH, IRUPHG ZKHQ WKH JUDYLWDWLRQDO
SRWHQWLDO RI D IRUHJURXQG JDOD[\ GLVWRUWV OLJKW SURGXFHG E\ D EDFNJURXQG TXDVDU. 7KH\ KDYH
JDLQHG PXFK DWWHQWLRQ RYHU WKH SDVW IRXU GHFDGHV GXH WR WKHLU UDULW\ DQG XVHIXOQHVV. /HQVHG
TXDVDU V\VWHPV VHUYH DV ODERUDWRULHV LQ VSDFH, SURYLGLQJ LQIRUPDWLRQ DERXW WKH GLVWULEXWLRQ RI
GDUN PDWWHU LQ GLVWDQW JDOD[LHV, DV ZHOO DV WKH DJH, VL]H, DQG H[SDQVLRQ UDWH RI WKH XQLYHUVH.
'XULQJ WKLV WLPH, DVWURQRPHUV KDYH ORFDWHG PRVW RI WKH ODUJH-VHSDUDWLRQ (JUHDWHU WKDQ 1.5
DUFVHFRQG VHSDUDWLRQ), HDVLO\-LGHQWLILDEOH V\VWHPV, EXW PDQ\ VPDOO-VHSDUDWLRQ (VXE DUFVHFRQG
VHSDUDWLRQ) V\VWHPV UHPDLQ XQGLVFRYHUHG. 7KLV SURMHFW DWWHPSWV WR VROYH WKLV SUREOHP E\
developing an automatic algorithm capable of identifying “quads,” or quadruply lensed
TXDVDUV, IURP ORZ-UHVROXWLRQ VN\-VXUYH\ LPDJHV. 7KH DOJRULWKP DSSOLHV D SRODU VKDSHOHW
GHFRPSRVLWLRQ PHWKRG WR 10,000 'DUN (QHUJ\ 6XUYH\ ('(6) H[WUDJDODFWLF REMHFWV DQG 2,000
V\QWKHWLFDOO\ JHQHUDWHG TXDGV WR XQGHUVWDQG ZKLFK FRPELQDWLRQ RI VKDSHOHWV DUH XQLTXH WR OHQV
V\VWHPV. A SUREDELOLW\ JULG ZDV FRQVWUXFWHG RYHU VKDSHOHW SKDVH-VSDFH WR TXDQWLI\ WKH UHODWLYH
OLNHOLKRRG WKDW D JLYHQ '(6 REMHFW LV D OHQV. B\ XVLQJ WKLV DSSURDFK, P\ SURJUDP ZDV DEOH WR
QDUURZ WKH QXPEHU RI WDUJHWV IURP WKH RULJLQDO 10,000 WR WKH 10 PRVW OLNHO\ TXDG OHQV
FDQGLGDWHV.

SWXdenW Name(V): ,. 3UDVDG

AbVWracW:

206
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 'HYHORSLQJ D )XOO\ 3ODQW BDVHG 6XVWDLQDEOH DQG 5HQHZDEOH 5HSODFHPHQW IRU D
3RO\FKORURSUHQH )DEULFDWLRQ

3RO\FKORURSUHQH SURGXFHV PDVV DPRXQWV RI C22 HPLVVLRQV LQ WKH SURGXFWLRQ F\FOH. ,W LV
SURSRVHG: 7R GHYHORS DQ HIIDFHDEOH, UHQHZDEOH, DQG VXVWDLQDEOH UHSODFHPHQW IRU
SRO\FKORURSUHQH IDEULF FRQWDLQLQJ DOO SODQW-EDVHG PDWHULDOV ZKLOH LQFRUSRUDWLQJ D VHDZHHG
FRPSRQHQW, CKRQGUXV FULVSXV, DV DQ DOJLQDWH FRDWLQJ DOWHUQDWLYH WR SRO\FKORURSUHQH. 7KHUH DUH
FHUWDLQ FKDUDFWHULVWLFV ZKLFK PXVW EH PHW IRU WKH SURSRVHG PDWHULDO, VXFK DV ZDWHU DEVRUSWLRQ,
GXUDELOLW\, DQG WKH DELOLW\ WR EH JURZQ LQ PDVV TXDQWLWLHV. 7KH LQLWLDO SURWRW\SH FRQVLVWHG RI D
KHPS DQG ULFH VWUDZ ILEHU (+56)) EOHQG FRDWHG ZLWK WKH DOJLQDWH H[WUDFW. 7R HVWDEOLVK ZDWHU
DEVRUSWLRQ LQVXODWLRQ, ZDWHU LPPHUVLRQ WHVWV ZHUH SHUIRUPHG. AIWHU WHVWLQJ WKH +56) PDWHULDO
DJDLQVW SRO\FKORURSUHQH, LW ZDV IRXQG WKDW WKH +56) KDG DQ DYHUDJH ZHLJKW GLIIHUHQFH RI
570% DQG SRO\FKORURSUHQH KDG DQ DYHUDJH ZHLJKW GLIIHUHQFH RI 120% EHWZHHQ ERWK WULDOV.
7KLV GHPRQVWUDWHV WKDW WKH +56) PDWHULDO KDG D KLJKHU ZDWHU LQWDNH WKDQ WKH SRO\FKORURSUHQH.
AQ HYROYHG SURWRW\SH FRQVLVWHG RI KHPS FRDWHG LQ WKH DOJLQDWH H[WUDFW ZKLFK KDG D
K\GURSKRELF SRZGHU (O\FRSRGLXP) LQIXVHG. 7R HVWDEOLVK ZDWHUSURRILQJ, ZDWHU LPPHUVLRQ WHVWV
ZHUH SHUIRUPHG. AIWHU WHVWLQJ WKH KHPS ZLWK D O\FRSRGLXP LQIXVHG DOJLQDWH (D/) PDWHULDO
DJDLQVW SRO\FKORURSUHQH, WKH SRO\FKORURSUHQH KDG DQ DYHUDJH ZHLJKW GLIIHUHQFH RI 70%, ZKLOH
WKH D/ PDWHULDO KDG DQ DYHUDJH ZHLJKW GLIIHUHQFH RI 600%. AV VKRZQ WKURXJK WHVWLQJ, WKH
+56) SURWRW\SH SURGXFHG PRUH SRVLWLYH UHVXOWV RI ZDWHU DEVRUSWLRQ, FRPSDUHG WR WKH
ZDWHUSURRILQJ D/ SURWRW\SH ZKLFK DEVRUEHG PRUH ZDWHU WKDQ SRO\FKORURSUHQH. )XUWKHU
UHVHDUFK PXVW EH FRQGXFWHG RQ DOWHUQDWH SODQW-EDVHG VHDOV IRU WKH IDEULF WKDW GR QRW GLVVROYH
RYHU ORQJ GXUDWLRQV RI ZDWHU LPPHUVLRQV.

SWXdenW Name(V): A. )HUUDUR

AbVWracW:

252
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: +RZ ALU 3UHVVXUH AIIHFWV WKH (IILFLHQF\ RI D BLF\FOH DQG WKH )XHO (FRQRP\

7KH RYHUDOO SXUSRVH RI WKLV H[SHULPHQW LV WR SURYH KRZ WKH DLU SUHVVXUH LQ PRXQWDLQ ELNH WLUHV
DIIHFWV WKH HIILFLHQF\ RI WKH ELNH, DQG KRZ WKDW DSSOLHV WR WKH IXHO HFRQRP\. 7KLV H[SHULPHQW
FDQ EH WHVWHG RQ DXWRPRELOHV DQG RWKHU IRUPV RI WUDQVSRUWDWLRQ, EXW LW ZDV EHWWHU WR WHVW ZLWK D
ELF\FOH EHFDXVH LW ZDV SUDFWLFDO DQG  HDVLHU WR GHWHUPLQH GDWD ZLWK. ([SHULPHQWDWLRQ ZDV GRQH
RQ D VPDOO VWUHHW ZLWK ORZ WUDIILF EHFDXVH LW SURYLGHG D VWUDLJKW, HYHQ VXUIDFH, ZKLFK ZDV
HVVHQWLDO WR P\ SURMHFW. 7KH ELNH WLUHV ZHUH LQIODWHG WR GLIIHUHQW DLU SUHVVXUH DPRXQWV DQG LW
ZDV WHVWHG IRU KRZ ORQJ LW WRRN IRU WKH ELNH WR FRDVW WR D VWRS. ,W ZDV KRSHG WR SURYH WKH
FRUUHODWLRQ WKDW WKH WLPH LW WRRN IRU WKH ELNH WR VWRS LQFUHDVHG ZLWK WKH DLU SUHVVXUH. AIWHU
H[SHULPHQWDWLRQ, LW ZDV REVHUYHG WKDW WKH GDWD VXSSRUWHG WKH K\SRWKHVLV DQG WKDW WKH WLPHV GLG
LQGHHG LQFUHDVH DORQJ ZLWK WKH DLU SUHVVXUH. 7KHVH ILQGLQJV ZHUH WKHQ DSSOLHG WR WKH JHQHUDO
IXHO HFRQRP\ DQG LW ZDV FRQFOXGHG WKDW WKH LGHDO DLU SUHVVXUH IRU PRVW PRXQWDLQ ELNHV LV
DURXQG 20 WR 25 SVL (SRXQGV SHU VTXDUH LQFK). ,W ZDV DOVR GLVFXVVHG KRZ LPSRUWDQW LW LV WR KDYH
WKH LGHDO DLU SUHVVXUH LQ DXWRPRELOH WLUHV. )LQDOO\, WKH FUHDWLRQ RI D GHYLFH/DSS ZDV SURSRVHG
WKDW ZRXOG LQIRUP DQG XSGDWH GULYHUV RI WKHLU WLUH SUHVVXUH DQG WKH HIIHFW LW KDV RQ WKH
HIILFLHQF\ RI WKHLU DXWRPRELOH.

SWXdenW Name(V): 1. 0DFN

AbVWracW:

237
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 3RUWDEOH *UHHQ (QHUJ\ *HQHUDWRU DQG 6WRUDJH 8QLW

7KH JRDO RI WKLV SURMHFW ZDV WR EXLOG D VPDOO SRUWDEOH HQHUJ\ JHQHUDWRU WKDW ZDV DEOH WR FKDUJH
UHFKDUJHDEOH EDWWHULHV DV D UHQHZDEOH HQHUJ\ VRXUFH. , XVHG GLIIHUHQW PDWHULDOV WKDW DUH HDVLO\
DFFHVVLEOH WR EXLOG P\ DSSDUDWXV. , EXLOW DQ DSSDUDWXV WKDW LV DEOH WR FROOHFW ERWK VRODU DQG ZLQG
SRZHU. , XVHG GLIIHUHQW WKLQJV OLNH D VRODU OLJKW DQG D KDLUGU\HU WR WHVW P\ DSSDUDWXV. , VHW XS D
VRODU OLJKW WR IHHG SRZHU LQWR WKH VRODU SDQHO WKDW , DWWDFKHG WR WKH EDWWHU\ SDFN. , XVHG D
KDLUGU\HU WR VSLQ WKH SLQZKHHO RQ WKH PRWRU WKDW ZDV DWWDFKHG WR WKH EDWWHU\ SDFN WR FKDUJH LW.
BRWK WKH ZLQG DQG VRODU SRZHU ZHUH DEOH WR FKDUJH WKH EDWWHULHV HQRXJK WR EH XVHG LQ GLIIHUHQW
GHYLFHV. )RU WKH ZLQG SRZHU WULDOV, WKH DYHUDJH FKDQJH LQ DPSHUDJH EHWZHHQ WKH ILUVW DQG ODVW
UHDGLQJV IRU DOO RI WKH WULDOV ZDV 1394 PD+. )RU WKH VRODU SRZHU WULDOV, WKH DYHUDJH GLIIHUHQFH
LQ DPSHUDJH EHWZHHQ WKH ILUVW DQG ODVW UHDGLQJ EHWZHHQ DOO RI WKH WULDOV LV 1665 PD+.

SWXdenW Name(V): /. :HUWDOLN

AbVWracW:

174
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 1H5)-8A9: ,QH[SHQVLYH 3-' 5HFRQVWUXFWLRQ DQG 9LHZ 6\QWKHVLV 8VLQJ 5*B CDPHUD
(TXLSSHG 'URQHV DQG 1HXUDO 5DGLDQFH )LHOGV

'LJLWL]LQJ DQG UHFRQVWUXFWLQJ REMHFWV KDV DOZD\V EHHQ D JRDO RI FRPSXWHU YLVLRQ, HVSHFLDOO\ DV
WKH 0HWDYHUVH'V LQIOXHQFH FRQWLQXHV WR JURZ DQG WKH WUDQVLWLRQ WR GLJLWDO OLIH EHJLQV. +RZHYHU,
FODVVLFDO PHWKRGV RI 3-' V\QWKHVLV UHTXLUH H[SHQVLYH DQG LPSUDFWLFDO VHWXSV DV ZHOO DV
FRQWUROOHG VHWWLQJV, ZKLFK DUH LQDSSOLFDEOH EH\RQG ODERUDWRU\ VHWWLQJV. 7KLV SDSHU SURSRVHV D
QRYHO GHHS OHDUQLQJ DSSOLFDWLRQ IRU DHULDO UHFRQVWUXFWLRQ WKURXJK RSWLPL]HG 1HXUDO 5DGLDQFH
)LHOGV IRU 8QPDQQHG AULHO 9HKLFOHV (1H5)-8A9). :H WKHQ FRPELQH FODVVLF 1H5) ZLWK
UHFHQW GHYHORSPHQWV D 3L[HO-VKXIIOH 'RZQ-VDPSOLQJ (3') WHFKQLTXHV WR RYHUFRPH WKH ORZ
PHJDSL[HO LPDJH UHVROXWLRQ IRU DIIRUGDEOH GURQHV DQG FRPSDUH RXU UHVXOWV WR WUDGLWLRQDO
SKRWRJUDPPHWU\ DQG GHPRQVWUDWH VXSHULRU UHFRYHU\ RI ERWK ILQH FRORU DQG JHRPHWULF GHWDLO.
:H DOVR QXPHULFDOO\ VKRZ 1H5)-8A9 V\QWKHVL]HV PRUH DFFXUDWH YLHZV DV FRPSDUHG DJDLQVW
JHQHULF LPSOHPHQWDWLRQV RI 1H5) E\ FRQGXFWLQJ 66,0 DQG 3615 WHVWV. )LQDOO\, ZH SURSRVH
DQ HDVLO\ XS VFDOHDEOH IUDPHZRUN WR DGDSW WKLV WHFKQRORJ\ WR VZDUPV. ASSOLFDWLRQV RI WKLV
WHFKQRORJ\ LQFOXGH WKH GLJLWL]DWLRQ RI ODUJH/VPDOO REMHFWV, VSHFLDO HIIHFWV, 3-' DVVHW JHQHUDWLRQ,
DQG HGXFDWLRQ.

SWXdenW Name(V): (. 6XQ

AbVWracW:

171
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: CRPEDWLQJ WKH BHWWHU 7KDQ AYHUDJH (IIHFW LQ /DUJH *URXSV E\ 8VLQJ 3HUFHLYHG 'ULYLQJ
AELOLW\

7KH EHWWHU WKDQ DYHUDJH HIIHFW LV D KXPDQ EHKDYLRUDO WUDLW ZKHUH D SRSXODWLRQ RI SHRSOH EHOLHYH
WKDW WKH\ DUH EHWWHU WKDQ DYHUDJH. 7KH EHWWHU WKDQ DYHUDJH HIIHFW FUHDWHV VHYHUDO SUREOHPV LQ
VRFLDO VFLHQFH VWXGLHV, HVSHFLDOO\ VXUYH\V. 7KLV LQYHVWLJDWLRQ LV WR UHVHDUFK KRZ SHRSOH IHHO
DERXW WKHLU RZQ GULYLQJ DELOLW\ DQG KRZ WKLV UHODWHV WR WKH EHWWHU WKDQ DYHUDJH HIIHFW. 7KH JRDO
RI WKLV SURMHFW LV WR ILQG D ZD\ WR FRXQWHUDFW WKH EHWWHU WKDQ DYHUDJH HIIHFW IRU ODUJH JURXSV. ,Q
WKLV VWXG\ ZH ZLOO EH FRPSDULQJ WKH UHVXOWV RI WKH VXUYH\ WR WKH QRUPDO PRGHO DQG GHWHUPLQLQJ
KRZ GLIIHUHQW HDFK VXUYH\ LV IURP WKH QRUPDO PRGHO. 7KH VXUYH\ ZLOO EH JLYHQ WR VWXGHQWV DQG
IDFXOW\ DW P\ VFKRRO DQG LW ZLOO UHPDLQ DQRQ\PRXV. 7KHUH DUH WKUHH GLIIHUHQW VXUYH\V HDFK
ZLWK VL[ TXHVWLRQV DQG HDFK SDUWLFLSDQW ZLOO RQO\ WDNH RQH VXUYH\. 7KH ILUVW VXUYH\ ZLOO EH WKH
FRQWURO. 7KH VHFRQG VXUYH\ ZLOO VHH LI DGGLQJ VRFLDO LQFHQWLYH ZLOO PDNH SDUWLFLSDQWV DQVZHU
PRUH KRQHVWO\. /LWHUDWXUH LQGLFDWHV WKDW KDYLQJ IULHQGV LQ D IRFXV JURXS PDGH SHRSOH DQVZHU
PRUH KRQHVWO\ ZKHQ WKH EHWWHU WKDQ DYHUDJH HIIHFW ZDV SUHVHQW. 6XUYH\ WZR ZLOO GHWHUPLQH LI
FUHDWLQJ D VRFLDO LQFHQWLYH ZRUNV OLNH LW GLG LQ VPDOO JURXSV LQ ODUJH VFDOH VXUYH\V. 7KH WKLUG
VXUYH\ ZLOO VHH LI DGGLQJ D VFDOH RQ ZKDW JRRG GULYHUV ORRNV OLNH ZLOO SURGXFH PRUH KRQHVW
UHVXOWV. 7KLV SURMHFW FRXOG EH LPSRUWDQW IRU IXWXUH VRFLDO VFLHQFH UHVHDUFK HVSHFLDOO\ LI EHWWHU
WKDQ DYHUDJH HIIHFWV FRXOG FUHDWH D ELDV LQ ODUJH VFDOH VXUYH\V.

SWXdenW Name(V): *. 0LOOHU

AbVWracW:

248
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: (IIHFWLYHQHVV RI 'LIIHUHQW CRDVWDO (URVLRQ 0LWLJDWLRQ 6WUXFWXUHV DW 3UHYHQWLQJ +\GUDXOLF
AFWLRQ

7KH SXUSRVH RI P\ H[SHULPHQW ZDV WR GHWHUPLQH ZKLFK FRDVWDO HURVLRQ PLWLJDWLRQ VWUXFWXUH
FRXOG UHWDLQ WKH PRVW DPRXQW RI VDQG IURP D ZDYH PDNHU. AW WKH EHJLQQLQJ RI P\ H[SHULPHQW,
, SUHGLFWHG WKDW KDYLQJ WKH URFNV DUPRULQJ WKH FRDVWOLQH ZRXOG WKH PRVW HIIHFWLYH VWUDWHJ\. ,
WHVWHG IRU GLIIHUHQW VWUXFWXUHV DORQJ ZLWK D FRQWURO ZLWK QR VWUXFWXUH. (DFK WULDO WKH WKH VDQG
HPEDQNPHQW FRQWDLQHG 283.5 JUDPV RI VDQG LQ D XQLIRUP VKDSH. 7KH ZDYH JHQHUDWRU ZDV UDQ
IRU 30 VHFRQGV RQ WKH RWKHU HQG RI WKH WDQN DQG WKH UHPDLQLQJ VDQG ZDV FROOHFWHG DQG
PHDVXUHG. 7KH FRQWURO UHWDLQHG 201.3 JUDPV, WKH 2.75 LQFK JURLQ 235.3 JUDPV, WKH 3.75 LQFK
JURLQ 252.3 JUDPV, WKH WXEHV 232.5 JUDPV, DQG WKH URFN DUPRU 266.5 JUDPV. 7KH URFNV
DUPRULQJ WKH FRDVW SURYHG WR EH WKH PRVW HIIHFWLYH DW SUHYHQWLQJ K\GUDXOLF DFWLRQ.

SWXdenW Name(V): 3. 'DQLVH

AbVWracW:

136
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R

Technical DiVciplineV SelecWed b\ Whe SWXdenW
(LiVWed in order of releYance Wo Whe projecW) EE

ProjecW
NXmber
6023

CSEF Official AbVWracW and CerWificaWion Fair CaWegor\

PS



TiWle: 2Q WKH VPDOOHVW DUHD (Q-1)-JRQ FRQWDLQLQJ D FRQYH[ Q-JRQ

7KH DSSUR[LPDWLRQ RI FRQYH[ GLVNV E\ LQVFULEHG DQG FLUFXPVFULEHG SRO\JRQV LV D FODVVLFDO
JHRPHWULF SUREOHP ZKRVH VWXG\ LV PRWLYDWHG E\ YDULRXV DSSOLFDWLRQV LQ URERWLFV DQG
FRPSXWHU-DLGHG GHVLJQ.

:H FRQVLGHU WKH IROORZLQJ RSWLPL]DWLRQ SUREOHP: JLYHQ LQWHJHUV 3�Q�(P-1), ILQG WKH YDOXH RU
DQ HVWLPDWH RI

U(Q, P) = PD[ (3 ∈3P) PLQ (4∈3Q, 4⊇3)_4_/_3_

ZKHUH 3 YDULHV LQ WKH VHW 3P RI DOO FRQYH[ P-JRQV, DQG, IRU D IL[HG P-JRQ 3, WKH PLQLPXP LV
WDNHQ RYHU DOO Q-JRQV 4 FRQWDLQLQJ 3; KHUH _ā_ GHQRWHV DUHD.

,W KDV EHHQ SURYHG WKDW U(3,4)=2, DQG WKLV LV WKH RQO\ H[DFW YDOXH FXUUHQWO\ NQRZQ. ,Q WKLV
SDSHU, ZH SURYH WKDW HYHU\ XQLW DUHD FRQYH[ SHQWDJRQ LV FRQWDLQHG LQ D FRQYH[ TXDGULODWHUDO RI
WKH DUHD QR JUHDWHU WKDQ 3/¥5, DQG WKDW HYHU\ XQLW DUHD FRQYH[ KH[DJRQ LV FRQWDLQHG LQ D
FRQYH[ SHQWDJRQ RI DUHD QR JUHDWHU WKDQ 7/6. BRWK UHVXOWV DUH WLJKW DV WKH FDVH RI WKH UHJXODU
SHQWDJRQ (KH[DJRQ) VKRZV. ,Q RWKHU ZRUGV, U(4,5)=3/¥5 DQG U(5,6)=7/6. :H SURSRVH D
FRQMHFWXUH UHJDUGLQJ WKH YDOXH RI U(Q-1,Q) IRU Q�6.

SWXdenW Name(V): .. .ZDN

AbVWracW:

193
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 'HYHORSLQJ D *UDSKLFDO 8VHU ,QWHUIDFH WR 2UJDQL]H (FRPPHUFH 3URGXFW AWWULEXWHV

Throughout the year, retailers offer various “deals” on products to entice customers.
(VSHFLDOO\ GXULQJ WKH SDQGHPLF-LQGXFHG HFRPPHUFH ERRP, GHDOV KDYH EHFRPH PRUH
ZLGHVSUHDG, ZLWK VHDUFKLQJ IRU WKH EHVW GHDOV EHFRPLQJ LQFUHDVLQJO\ GLIILFXOW. :KLOH H[LVWLQJ
IRUXP FRPPXQLWLHV, VXFK DV 6OLFNGHDOV, FRQVROLGDWH XVHUV WR D FRPPRQ PHGLXP, WKH\ DUH
GULYHQ E\ UHDO SHRSOH WR VRXUFH VXFK GHDOV. 7KXV, WKH SXUSRVH RI WKLV SURMHFW ZDV WR GHYHORS D
JUDSKLFDO XVHU LQWHUIDFH (*8,) XVLQJ WKH 3\WKRQ SURJUDPPLQJ ODQJXDJH WR RUJDQL]H DQG
GLVSOD\ SURGXFW FKDUDFWHULVWLFV. 8VLQJ D SUHYLRXVO\ GHYHORSHG SURJUDP, GDWD ZDV UHWULHYHG
IURP HBD\¶V A3, ZLWK VSHFLILF DWWULEXWHV ILOWHUHG. 8VLQJ 3\*XBX, D *8, EXLOGHU IRU 3\WKRQ,
FRQWDLQHU IUDPHV DQG ZLGJHWV ZHUH DGGHG DV D IRXQGDWLRQ. 7KHQ, XVLQJ 3\WKRQ¶V 7NLQWHU
OLEUDU\ IRU GHYHORSLQJ *8,¶V, IXUWKHU FXVWRPL]DWLRQ DQG IXQFWLRQDOLW\ ZHUH DGGHG, VXFK DV
FRPPDQGV XSRQ XVHU LQWHUDFWLRQV. AIWHU SURPSWLQJ D TXHU\, UHVXOWV ZHUH GLVSOD\HG LQ D WDEXODU
PDQQHU XVLQJ WKH 7NLQWHU 7UHHYLHZ ZLGJHW. 7KH 3\0\64/ OLEUDU\ KHOSHG HVWDEOLVK
FRPPXQLFDWLRQV ZLWK D 0\64/ GDWDEDVH, ZKHUH DWWULEXWHV FRXOG EH VWRUHG DQG DFFHVVHG. 7KH
GUI was tested using simple search queries, such as “iphone”, while functionality was
PHDVXUHG TXDOLWDWLYHO\ E\ GHWHUPLQLQJ ZKHWKHU VSHFLILF FULWHULD ZHUH PHW RU QRW. 5HVXOWV
VKRZHG WKDW DOO IHDWXUHV IXQFWLRQHG VXFFHVVIXOO\ ZLWK SURGXFWV GLVSOD\HG QHDWO\. +RZHYHU,
HBD\ GRHVQ¶W DOORZ LQGLYLGXDO GHYHORSHUV DFFHVV WR UHDO-WLPH GDWD UHIOHFWLQJ WKHLU SURGXFWLRQ
ZHEVLWH. 7KH PDLQ LPSOLFDWLRQ ZDV WR SURYLGH GHDOV WR D JUHDWHU DXGLHQFH ZLWKRXW WKH KDVVOH RI
VHDUFKLQJ IRU WKHP DQG SRWHQWLDOO\ VDYLQJ WKH DYHUDJH FRQVXPHU PRQH\. +RZHYHU, LW FRXOG
DOVR EHQHILW UHWDLOHUV E\ FDWDORJLQJ VWRFN-NHHSLQJ XQLWV.

SWXdenW Name(V): +. <DQJ

AbVWracW:

252
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 3DVVLYH 7KHUPDO (QHUJ\ 6WRUDJH IRU ALU CRQGLWLRQLQJ 6\VWHPV 8WLOL]LQJ 3KDVH CKDQJH
0DWHULDO

AURXQG 750 ELOOLRQ N:K RI HQHUJ\ LV XVHG WR SURYLGH FRROLQJ LQ FRPPHUFLDO EXLOGLQJV
DQQXDOO\. 7KLV HQHUJ\ FRQVXPSWLRQ LV DOVR H[SHFWHG WR LQFUHDVH DSSUR[LPDWHO\ WHQ-IROG E\ WKH
\HDU 2050. ALU FRQGLWLRQLQJ (AC) LV VRPHWKLQJ WKDW LV LQ YHU\ KLJK GHPDQG DQG EHFDXVH LW
FRQVXPHV D ODUJH DPRXQW RI HQHUJ\, WKLV FDQ SRWHQWLDOO\ KDUP WKH HQYLURQPHQW. ,Q DGGLWLRQ WR
WKH H[WUHPH HQHUJ\ FRQVXPSWLRQ RI AC XQLWV, WKH\ DUH DOVR PDLQO\ XWLOL]HG GXULQJ WKH WLPH RI
GD\ ZKHQ HQHUJ\ FRVWV WKH PRVW GXULQJ SHDN KRXUV RI WKH GD\. 7R KHOS UHGXFH WKH HQHUJ\
FRQVXPSWLRQ DQG FRVW XVDJH RI AC XQLWV, ZH GHVLJQHG D KHDWLQJ, YHQWLODWLRQ, DQG DLU FRQGLWLRQ
(+9AC) V\VWHP WKDW FDQ SDVVLYHO\ SURYLGH FRROLQJ. 7KH PDLQ FRPSRQHQW RI RXU V\VWHP LV
SKDVH FKDQJH PDWHULDO (3C0), ZKLFK UHOHDVHV DQG DEVRUEV HQHUJ\ DW SKDVH WUDQVLWLRQV WR
SURYLGH KHDWLQJ DQG FRROLQJ. 7KLV SURYLGHV SDVVLYH FRROLQJ DV WKH 3C0 FDQ EH IUR]HQ DQG
ZKHQ LW PHOWV LW DEVRUEV KHDW IURP LWV VXUURXQGLQJV, SURGXFLQJ FROG DLU. :H FRQVWUXFWHG D
SURWRW\SH WR KROG WKH 3C0 DQG WHVWHG LW LQ +9AC V\VWHPV DW WKUHH GLIIHUHQW IDQ VHWWLQJV: ORZ,
PHGLXP, DQG KLJK VSHHG. /RZ VSHHG SURGXFHG WKH PRVW SURPLVLQJ UHVXOWV, DV LW SURYLGHG
FRROLQJ IRU DSSUR[LPDWHO\ 104 PLQXWHV, ZKLOH PHGLXP DQG KLJK VSHHGV RQO\ SURYLGHG FRROLQJ
IRU 80 DQG 54 PLQXWHV, UHVSHFWLYHO\. 7KLV V\VWHP FDQ EH XWLOL]HG WR UHGXFH HQHUJ\ FRQVXPSWLRQ
RI AC XVHUV, ZKLFK FDQ DGGLWLRQDOO\ KHOS UHGXFH WKH FRVW XVDJH RI AC XQLWV. 0RUHRYHU, OHVV
HQHUJ\ FRQVXPSWLRQ ZLOO SURGXFH IHZHU FDUERQ HPLVVLRQV, WKHUHE\ PLWLJDWLQJ WKH FOLPDWH
FULVLV.

SWXdenW Name(V): A. 1RPDQL

AbVWracW:

251
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 6LPSOH 5HPHGLDWLRQ RI HHDY\ 0HWDO DQG FHUWLOL]HU 5XQRII :DWHU CRQWDPLQDWLRQ YLD
CDUERQ 1DQRWXEH IQIXVHG 3LQXV 6WUREXV ;\OHP FLOWUDWLRQ

5XQRII IURP PLQH ZDVWH DQG IHUWLOL]HUV RIWHQ FDXVHV LRQ FRQWDPLQDWLRQ LQ JURXQGZDWHU. HHDY\
PHWDO (3E, HJ, DQG AV) DQG IHUWLOL]HU (123- DQG 3243-) LRQV FDQ SRVH GHWULPHQWDO KHDOWK
LVVXHV ZKHQ LQJHVWHG LQ FRQWDPLQDWHG ZDWHU, SDUWLFXODUO\ LQ UHJLRQV ZKHUH ZDWHU ILOWUDWLRQ LV
LQDGHTXDWH. 7KHUH LV D FOHDU QHHG IRU D VLPSOH DQG DFFHVVLEOH ZDWHU ILOWUDWLRQ V\VWHP IRU WKHVH
LRQV, SDUWLFXODUO\ LQ WKHVH UHJLRQV. HHUHLQ, D 6:C17-LQIXVHG 3LQXV VWUREXV [\OHP ILOWUDWLRQ
V\VWHP ZDV GHYHORSHG, WR HIIHFWLYHO\ UHPRYH WKHVH LRQ-ZDWHU FRQWDPLQDQWV, ZHOO EHORZ WKHLU
E3A ZDWHU DFWLRQ OHYHOV (:A/V). 7R PHDVXUH HDFK FRQWDPLQDQW, FRORULPHWULF 89-9LV DVVD\V
ZHUH HVWDEOLVKHG XVLQJ UHVSHFWLYH FRPSOH[-LRQ UHDJHQWV. 7R IDEULFDWH WKH ILOWUDWLRQ V\VWHP,
IUHVKO\-FXW HDVWHUQ ZKLWH SLQH EUDQFKHV ZHUH VWRUHG/VRDNHG LQ ZDWHU, DQG GULHG LQ HWKDQRO SULRU
WR XVH. 1´ EUDQFK OHQJWKV ZHUH XOWUDVRQLFDWHG LQ 2PJ/PO C22H-IXQFWLRQDOL]HG 6:C17V
(ZLWK 10PJ/PJ 6DB6), WR SURGXFH 1.1Nȍ/FP FRQGXFWLYLW\ DFURVV WKH ILOWHU GLDPHWHU. 7KH ILOWHU
ZDV HOHFWULILHG XVLQJ D KRXVHKROG 99 EDWWHU\, VR WKDW WKH HOHFWULFDOO\ FKDUJHG [\OHP ZRXOG
UHPRYH LRQ FRQWDPLQDQWV WKURXJK WKHLU LQWHUDFWLRQ ZLWK D FRQWLQXRXV IORZ RI HOHFWURQV,
WUDSSLQJ WKHP LQVLGH RI WKH SLW PHPEUDQHV. AOO FRQWDPLQDQWV ZHUH UHPHGLDWHG VXFFHVVIXOO\
EHORZ WKHLU UHVSHFWLYH E3A :A/V. FRU KHDY\ PHWDOV, 1000SSE RI PHUFXU\, OHDG, DQG DUVHQLF
ZHUH UHGXFHG WR 1.82, 9.73, DQG 2.84 SSE, UHVSHFWLYHO\. 1LWUDWH ZDWHU-FRQWDPLQDQW ZDV UHGXFHG
IURP 100SSP WR 8.34SSP; SKRVSKDWHV ZHUH UHGXFHG IURP 1SSP WR 0.19SSE. ED6 DQDO\VHV
UHYHDO HDFK FRQWDPLQDQW LQ WKH XVHG [\OHP ILOWHUV, IXUWKHU YHULI\LQJ WKHLU UHWHQWLRQ. A75-F7I5
DQDO\VLV UHYHDO WKDW WKH ILOWUDWHV DUH IUHH RI [\OHP/6:C17 ILOWHU FRPSRQHQWV, LQGLFDWLQJ
VWDELOLW\ RI WKH ILOWUDWLRQ V\VWHP.

SWXdenW Name(V): J. Bernstein

AbVWracW:

263
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: (OHFWURFKURPLVP SDLUHG ZLWK )LQLWH 'LIIHUHQFH 7LPH 'RPDLQ 0RGHOLQJ DOORZV IRU WKH
6XFFHVVIXO 3UHGLFWLRQ RI CRORU CKDQJH AFKLHYHG E\ (OHFWURFKURPLF 5HDFWLRQV

:LWK PRUH WKDQ 60% RI HQHUJ\ XVHG IRU HQHUJ\ JHQHUDWLRQ ORVW, WKH LVVXH RI KRZ WR VDYH
HQHUJ\ KDV FRPH WR WKH IRUHIURQW RI UHVHDUFK LQ UHFHQW \HDUV, SDUWLFXODUO\ DV JUHHQKRXVH JDV
HPLVVLRQV IURP ZDVWHG HQHUJ\ FRQWLQXH WR LQFUHDVH WKH HIIHFWV RI JOREDO ZDUPLQJ DQG FOLPDWH
FKDQJH. 1HZ DQG LQQRYDWLYH DSSURDFKHV DUH QHHGHG WR VROYH WKLV SUREOHP; HQHUJ\ VDYLQJ
HOHFWURFKURPLF ZLQGRZV IXOILOO WKLV QHHG. :H DLPHG WR LPSURYH H[LVWLQJ HOHFWURFKURPLF
ZLQGRZV E\ GHVLJQLQJ D PRUH HIILFLHQW HOHFWURFKURPLF FRDWLQJ WKDW FDQ XQGHUJR D UHYHUVLEOH
FRORU FKDQJH ZKHQ H[SRVHG WR VPDOOHU PDJQLWXGHV RI SRVLWLYH DQG QHJDWLYH DSSOLHG SRWHQWLDOV.
:H UDQ VLPXODWLRQV ZLWK YDULHG SDUDPHWHUV XVLQJ WKH /XPHULFDO PRGHOLQJ VRIWZDUH WR DFKLHYH
WKH EHVW ILW EHWZHHQ UHIOHFWDQFH VSHFWUXPV JHQHUDWHG E\ VLPXODWLRQV DQG UHIOHFWDQFH VSHFWUXPV
REWDLQHG IURP LQ-SHUVRQ H[SHULPHQWDWLRQ. )XUWKHUPRUH, DGGLWLRQDO VRIWZDUH ZDV XVHG WR
DFTXLUH DQ 5*B FRORU YDOXH IURP WKH VLPXODWLRQ-JHQHUDWHG UHIOHFWDQFH VSHFWUXPV, SURYLGLQJ
LQVLJKW LQWR WKH LGHDO WKLFNQHVVHV DQG PDWHULDO FRPELQDWLRQV QHFHVVDU\ WR DFKLHYH WKH GHVLUHG
FRORU FKDQJH. :H IRXQG WKDW D WZR-OD\HU PRGHO ZLWK D WRS OD\HU RI 7LCU2[ ZLWK D WKLFNQHVV RI
176 QP DQG D ERWWRP OD\HU RI IOXRULQH-GRSHG 6Q2[ ZLWK D WKLFNQHVV RI 600 QP DOORZHG IRU WKH
EHVW ILW ZLWK WKH H[SHULPHQWDO UHVXOWV. CROOHFWLYHO\, WKHVH QRYHO FRQGLWLRQV LGHQWLILHG KHUHLQ OD\
WKH JURXQGZRUN IRU GHVLJQLQJ DQ HIILFLHQW HOHFWURFKURPLF FRDWLQJ DQG ZLQGRZ, D SURPLVLQJ
VROXWLRQ WR D SUREOHP WKDW KDV HOXGHG UHVHDUFKHUV IRU \HDUV. 7KLV, LQ WXUQ, ZLOO DOORZ IRU DQ
LQFUHDVH LQ HQHUJ\ VDYLQJV ZRUOGZLGH, DQG, PRVW LPSRUWDQWO\, D GHFUHDVH LQ FDUERQ HPLVVLRQV,
WKHUHE\ PLWLJDWLQJ FOLPDWH FKDQJH.

SWXdenW Name(V): *. .ULVKQDQ

AbVWracW:

254
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: +RZ 5DVSEHUU\ 3L 0LFURFRPSXWHUV DQG CRPSXWHU 9LVLRQ AUWLILFLDO ,QWHOOLJHQFH CDQ BH
8WLOL]HG WR 3URYLGH ALG WR WKH 9LVXDOO\ ,PSDLUHG CRPPXQLW\

AFFRUGLQJ WR WKH :RUOG +HDOWK 2UJDQL]DWLRQ, DQ HVWLPDWHG 2.2 PLOOLRQ SHRSOH JOREDOO\ DUH
VXIIHULQJ IURP D YLVXDO LPSDLUPHQW RU WRWDO EOLQGQHVV. AOWKRXJK PLOOLRQV KDYH DQ LQDELOLW\ WR
VHH, WKHUH LV D ODFN RI D SUDFWLFDO SURGXFW RQ WKH PDUNHW ZKLFK LV ERWK FRVW HIIHFWLYH DQG
HIILFLHQW LQ DVVLVWLQJ WKH YLVXDOO\ LPSDLUHG SRSXODWLRQ. 7KH 2EMHFW 'HWHFWLRQ 8QLYHUVDO 6\VWHP
3OXV (2.'.8.6.+) ZDV GHVLJQHG LQ RUGHU WR EH WKDW VROXWLRQ, DOORZLQJ DQG SURYLGLQJ WKH ZHDUHU
ZLWK IUHHGRP DQG VDIHW\ LQ PRYHPHQW, DV ZHOO DV H[WHQGLQJ WKHLU FDSDELOLWLHV ZLWK CRPSXWHU
9LVLRQ AUWLILFLDO ,QWHOOLJHQFH. 7KH GHYLFH ZDV SURJUDPPHG ZLWK WKH SURJUDPPLQJ ODQJXDJH
3\WKRQ, DQG XWLOL]HG WZR 5DVSEHUU\ 3L PLFURFRPSXWHUV, 4 XOWUDVRQLF VHQVRUV, 4 YLEUDWLRQ
PRWRUV, DQG D FDPHUD. 2.'.8.6.+ ZRUNV E\ FROOHFWLQJ GLVWDQFH GDWD XVLQJ XOWUDVRQLF VHQVRUV
DQG SDUVLQJ LW WR SURYLGH DOHUWV LI DQ REMHFW LV ZLWKLQ 3-IHHW RI WKH ZHDUHU, WKURXJK 3 PHWKRGV.
7KHVH DOHUWV DUH YLEUDWLRQV FUHDWHG E\ YLEUDWLRQ PRWRUV RQ WKH JORYH, ZLWK GDWD EHLQJ UHFHLYHG
RYHU B/(, RU BOXHWRRWK /RZ (QHUJ\, D VHULHV RI EHHSV IURP D EX]]HU, DQG D FRPSXWHU-
JHQHUDWHG YRLFH SURGXFHG WKURXJK D WH[W-WR-VSHHFK SURJUDP. )XUWKHUPRUH, E\ XVLQJ WKH
7HQVRU)ORZ /,7( GDWDEDVH, FRXSOHG ZLWK WKH SURJUDPPLQJ OLEUDU\, 2SHQC9, WKH GHYLFH FDQ
DFFXUDWHO\ GHVFULEH REMHFWV LQ IURQW RI WKH ZHDUHU, SURYLGLQJ DQ DGGHG VHQVH RI DZDUHQHVV.
3HUIRUPDQFH WHVWV ZHUH GRQH RQ ERWK WKH XOWUDVRQLF VHQVRUV DQG 2SHQC9 WR GHWHUPLQH WKHLU
DFFXUDF\. 0RUH UHVHDUFK DQG GHYHORSPHQW LV QHHGHG WR H[SDQG WKH IXQFWLRQDOLW\ RI WKH GHYLFH,
LQFOXGLQJ PXOWLSOH PRGHV IRU GLIIHUHQW DSSOLFDWLRQV RI WKH CRPSXWHU 9LVLRQ A, IRU GLIIHUHQW
VLWXDWLRQV.

SWXdenW Name(V): 6. BKDUGZDM

AbVWracW:

253
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R

Technical DiVciplineV SelecWed b\ Whe SWXdenW
(LiVWed in order of releYance Wo Whe projecW) EE  A7  ME

ProjecW
NXmber
6030

CSEF Official AbVWracW and CerWificaWion Fair CaWegor\

PS



TiWle: 7KHRUHWLFDO 0RGHOLQJ DQG 3DUDPHWHUL]DWLRQ RI D 1RYHO-AFWXDWRU-BDVHG 7UDQVWLELDO
3HGLDWULF 3URVWKHWLF

'HSHQGDELOLW\ LV D NH\ IDFWRU IRU WKH ZLGHVSUHDG DGRSWLRQ RI SRZHUHG SURVWKHWLFV, DFKLHYDEOH
WKURXJK ORQJHU EDWWHU\ OLIH, OLJKWHU ZHLJKW, DQG DIIRUGDELOLW\. 7KLV SUHVHQWV WKH QHHG IRU D KLJK-
HIILFLHQF\ VFDODEOH DFWXDWRU WKDW SURYLGHV IRUP-ILW-IXQFWLRQ IRU SHGLDWULF-WR-DGXOW SURVWKHWLFV.
CXUUHQWO\, SRZHUHG SURVWKHWLFV DUH EXLOW DURXQG VWDWH-RI-WKH-DUW HOHFWURPDJQHWLF PRWRUV DQG
JHDU FRPSRQHQWV WKDW ODFN VFDODELOLW\ DQG HIILFLHQF\ IRU PRELOLW\. 7KH SUHVHQWHG 6PDUW )OXLGLF
6HUYR AFWXDWRU (6)6A) XWLOL]HG D EXLOW-LQ-GHVLJQ DSSURDFK, LQYROYLQJ HYHU\ FRPSRQHQW DV DQ
LQWHJUDO SDUW RI WKH PHFKDQLVP WR DGGUHVV WKHVH OLPLWDWLRQV. /DVW \HDU¶V SURRI-RI-FRQFHSW
HYDOXDWLRQV RI WKH 6)6A HVWDEOLVKHG WKH HIILFDF\ RI D YDOYHOHVV IOXLGLF WUDQVPLVVLRQ WKURXJK
WKH DGRSWLRQ RI D QRYHO PRWRU FRQWURO SULQFLSOH. 7R HVWDEOLVK WKH FDSDELOLWLHV RI WKH 6)6A LQ D
WUDQVWLELDO SURVWKHWLF, WKHRUHWLFDO PRGHOLQJ DQG SDUDPHWHUL]DWLRQ ZHUH GRQH GXULQJ WKLV \HDU.
CRPSHQVDWLQJ IRU WKH XQDYDLODELOLW\ RI SHGLDWULF PRELOLW\ GDWD, HPSLULFDO VWXGLHV ZHUH
FRQGXFWHG WKDW ORJJHG WKH JURXQG-UHDFWLRQ-IRUFH RI D SHGLDWULF VXEMHFW ZLWK D VSHFLDOO\-
GHVLJQHG IRUFH-SODWH DQG JHQHUDWHG MRLQW SDUDPHWHUV. 7KH CA' PRGHO RI WKH SURWRW\SH DQNOH
LQFRUSRUDWHV ORZ-IULFWLRQ JUDSKHQH-FRDWHG SLVWRQV DQG D KLJK-IORZ SURJUDPPDEOH
GLVSODFHPHQW SXPS. AOO FRPSRQHQWV ZHUH GHVLJQHG IRU DGGLWLYH PDQXIDFWXULQJ. 7KHRUHWLFDO
PRGHOLQJ, 6ROLG:RUNV ILQLWH HOHPHQW DQDO\VLV ()(A), DQG VLPXODWHG PRWLRQ DQDO\VLV VWXGLHV
VKRZHG WKDW WKH 6)6A FDQ JHQHUDWH 50 1P WRUTXH DW 5.4 UDGLDQV/VHFRQG VSHHG ZLWK 120-ZDWW
SRZHU FRQVXPSWLRQ (40% RI WKH VWDWH-RI-WKH-DUW SURVWKHWLF DQNOH MRLQW). )XUWKHU ZRUN LQFOXGHV
GHVLJQ RSWLPL]DWLRQ IROORZHG E\ SURWRW\SH DVVHPEO\ DQG HYDOXDWLRQ. 7KH RYHUDUFKLQJ UHDFK RI
WKLV ZRUN ZLOO LPSURYH WKH TXDOLW\ RI OLIH IRU XVHUV RI DOO DJHV.

SWXdenW Name(V): A. BKDWWDPLVKUD

AbVWracW:

264
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: )OH[LEOH PHFKDQLFDO ZRUP EDVHG RQ VWHHULQJ JHDU

,Q QDWXUH, WKH ODUYDH RI PRWKV JDLQ PRPHQWXP WKURXJK WKH GHIRUPDWLRQ RI WKHLU FDUDSDFH DQG
FDQ PDLQWDLQ D UHODWLYHO\ VWDEOH SRVWXUH LQ UXJJHG HQYLURQPHQWV VXFK DV WKH JURXQG DQG WUHH
EUDQFKHV. 7KH SXUSRVH RI WKLV SURMHFW LV WR EXLOG D ELRQLF VLONZRUPV, ZLWK WKHLU PXOWL-MRLQW,
PXOWL-GHJUHH-RI-IUHHGRP FKDUDFWHULVWLFV, PRYLQJ VWHDGLO\ RQ UXJJHG VXUIDFH VXFK DV SLSHOLQHV
DQG UXLQV. 7KH PHFKDQLFDO VLONZRUP LV PDGH XS RI LQGLYLGXDO PRGXOHV, HDFK RI ZKLFK LV
FRQQHFW E\ VSULQJ DV D IOH[LEOH FRQQHFWLRQ. 7KH Q\ORQ LV IL[HG WR WKH VHUYR DUP WR VWUHWFK WKH
VSULQJ DQG WKH HQWLUH URERW LV GULYHQ E\ WKLV FRPELQDWLRQ. AUGXLQR LV WKH FRQWURO ERDUG IRU WKH
ZKROH FLUFXLW. ,Q RUGHU WR PRYH LQ GLIIHUHQFH FRPSOH[ WHUUDLQ, WKH URERW KDV IRXU GLIIHUHQW
PRGHV: VLQJOH-VHFWLRQ SHULVWDOWLF, GRXEOH-VHFWLRQ SHULVWDOWLF, GRXEOH-VHFWLRQ SHULVWDOWLF ZLWK
KHDG XS, DQG 6 VKDSH PRYLQJ. 7R WHVW WKH PRELOLW\ RI WKH URERW, , FRQGXFWHG H[SHULPHQWV RQ
GLIIHUHQW IDFWRUV LQFOXGLQJ UHVSRQVH WLPH RI WKH VHUYR, D[OH OHQJWK DQG VXUIDFH IULFWLRQ. 7KH
FRQFOXVLRQ LV WKDW WKH URERW UHDFKHV LWV IDVWHVW PRYHPHQW LQ GRXEOH FUHHS PRGH ZLWK D VKRUW
D[OH DQG D UXEEHU VOHHYH RQ WKH D[OH VXUIDFH (WR JLYH LW KLJK IULFWLRQ), DOVR LW LV DEOH WR FURVV WKH
REVWDFOHV DQG PRYH RQ WKH URXJK VXUIDFH.

SWXdenW Name(V): ;. ;LH

AbVWracW:

210
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: CRQGXFWLQJ 6HPDQWLF 6HJPHQWDWLRQ RQ /DQGFRYHU 6DWHOOLWH ,PDJHU\ WKURXJK 8-1HW
AUFKLWHFWXUHV

0DQ\ HQWLWLHV, ERWK SXEOLF DQG SULYDWH, UHTXLUH ODUJH DPRXQWV RI DQDO\WLFDO GDWD WR SLQSRLQW WKH
RSWLPDO DUHDV WR EXLOG LQIUDVWUXFWXUH, GHWHUPLQH UHEDWH SURJUDPV, DQG HQVXUH HQYLURQPHQWDO
SURWHFWLRQ. 7KURXJK WKH ULVH RI VDWHOOLWH LPDJHU\, ZLWK WHUDE\WHV RI LPDJHU\ FROOHFWHG HDFK GD\,
XWLOL]LQJ VSDWLDO LPDJHU\ JLYHV DQRWKHU VRXUFH RI GDWD IRU HQWLWLHV WR XVH. :LWK VXFK D KLJK
DPRXQW RI GDWD, LW¶V TXLWH ODERULRXV WR PDQXDOO\ DQDO\]H HDFK LPDJH DQG JDLQ LQVLJKWV RQ ODQG
FRYHU. ,Q RUGHU WR TXLFNO\ DQG DFFXUDWHO\ DQDO\]H ODUJH DPRXQWV RI GDWD WR JHW ODQG FRYHU
LQVLJKWV, , XVHG GHHS OHDUQLQJ PHWKRGV LQ RUGHU WR FODVVLI\, SL[HO E\ SL[HO, VDWHOOLWH LPDJHU\.
7KURXJK D SXEOLFO\ DYDLODEOH GDWDVHW RI 10,674 512[512 5*B VDWHOOLWH LPDJHV RI 3RODQG, ,
XVHG WUDQVIHU OHDUQLQJ PHWKRGV ZLWKLQ D 8-1HW DUFKLWHFWXUH WR VHPDQWLFDOO\ VHJPHQW HDFK
LPDJH, GHWHUPLQLQJ ZKHWKHU HDFK SL[HO UHSUHVHQWV D EXLOGLQJ, SDUW RI IRUHVWU\, ZDWHU, RU WKH
EDFNJURXQG. 7KLV 8-1HW XVHV WUDQVIHU PHWKRGV RI 0RELOH1HW, (IILFLHQW1HW, DQG RWKHUV WR
HQFRGH WKH LPDJH WKURXJK D YDULHW\ RI CRQYROXWLRQDO 1HXUDO 1HWZRUNV. /DWHU, WKH 8-1HW XVHV
VNLS FRQQHFWLRQV SURYLGHG E\ WKH HQFRGHU WR GHFRGH WKH LPDJH LQWR VHPDQWLFDOO\ VHJPHQWHG
RXWSXWV. AV D UHVXOW, WKLV PRGHO FDQ DFFXUDWHO\ SUHGLFW WKH FRPSRVLWLRQ RI DQ LPDJH LQ WHUPV RI
IRXU FODVVHV: EXLOGLQJV, IRUHVWU\, ZDWHU, RU EDFNJURXQG. )XUWKHU H[SDQVLRQ RI WKLV SURMHFW ZRXOG
LQFOXGH H[SDQGLQJ WKH FODVVHV DQDO\]HG, UDQJH RI EDQGV (1'9,, ,QIUDUHG, HWF.) WR LQFUHDVH WKH
XVDELOLW\ RI WKH DUFKLWHFWXUH RQ PRUH VRSKLVWLFDWHG VDWHOOLWH LPDJHU\.

SWXdenW Name(V): A. 6DKD

AbVWracW:

238
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: CRPEDWLQJ CRYLG-19 WKURXJK 3URJUDPPLQJ XVLQJ 6FUDWFK 6RIWZDUH

7KH JRDO RI WKLV SURMHFW LV WR SURYLGH GDWD RQ ZKLFK JHQHUDO VFHQDULRV DQG VWUXFWXUHG
HQYLURQPHQWV DUH PRVW LGHDO IRU DYRLGLQJ WKH VSUHDG RI WKH WUDQVPLWWDEOH GLVHDVH CRYLG-19. ,
SODQQHG WR PDNH 3-4 GLIIHUHQW VFHQDULRV ZKHUH HDFK KDV D XQLTXH FRPELQDWLRQ RI REMHFWV
SODFHG LQ D VHW OD\RXW. 'RWV ZHUH WKHQ UDQGRPO\ VFDWWHUHG DERXW, ZLWK RQH GRW LQ SDUWLFXODU
DFWLQJ DV WKH LQIHFWHG LQGLYLGXDO. A WLPHU ZDV XVHG WR WUDFN KRZ ORQJ LW WRRN IRU HYHU\ VLQJOH
GRW WR JR IURP KHDOWK\ WR LQIHFWHG, WKHQ HYHQWXDOO\ UHFRYHU LQ HDFK VLWXDWLRQ. 7KH UHDO-WLPH
JUDSK IRU HDFK LQGLYLGXDO VFHQDULR ZDV UHSUHVHQWHG MXVW EHORZ WKH H[SHULPHQWLQJ ILHOG. :KHUH
JUHHQ UHSUHVHQWHG WKH KHDOWK\ RU YDFFLQDWHG SHRSOH (JUHHQ/\HOORZ-JUHHQ GRWV), UHG UHSUHVHQWHG
WKH LQIHFWHG SHRSOH (UHG GRWV), DQG EOXH UHSUHVHQWHG WKH UHFRYHUHG SHRSOH (EOXH GRWV). ,Q WRWDO 4
XQLTXH VFHQDULRV ZHUH FUHDWHG, DQG LQ HDFK, GLIIHUHQW SDUDPHWHUV ZHUH SXW LQ SODFH WR VLPXODWH
KRZ D UHDO-OLIH VLWXDWLRQ XQGHU WKRVH VSHFLILF FRQGLWLRQV ZRXOG SDQ RXW WR EH. AOO WKH FRGLQJ
EORFNV ZHUH LPSOHPHQWHG DQG PRGLILHG DFFRUGLQJO\ DQG WHVWLQJ DW HDFK VWDJH RI D QHZ EORFN
IRUPDWLRQ RU OD\RXW WRRN SODFH. 2QFH WKH JUHHQ IODJ ZDV FOLFNHG DW WKH WRS OHIW, WKH SURJUDP
DQG WLPHU ZRXOG VWDUW DV WKH LQIHFWHG GRW ERXQFHG RSHQO\ DOO DURXQG, VORZO\ LQIHFWLQJ RWKHU
GRWV DURXQG LW RQFH FRQWDFW ZDV PDGH. AOO GDWD DQG REVHUYDWLRQV PDGH GXULQJ H[SHULPHQWDWLRQ
ZDV FROOHFWHG DQG ZULWWHQ GRZQ LQ D ORJERRN.

SWXdenW Name(V): A. BUDGOH\

AbVWracW:

237
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: CKDQJHV LQ 2SLRLG 3UHVFULSWLRQV DQG 8VDJHV BURXJKW E\ (IIRUWV WR 5HGXFH 2YHUGRVHV: AQ
AQDO\VLV 8VLQJ 0DFKLQH /HDUQLQJ 0RGHOV

7KH JURZWK LQ WKH SUHVFULSWLRQ RI KLJKO\ DGGLFWLYH RSLRLGV DV SDLQ PDQDJHPHQW PHGLFDWLRQ KDV
OHG WR ODUJH-VFDOH PLVXVH DQG DEXVH, DQG KDV EHHQ JLYHQ WKH WHUP WKH 2SLRLG (SLGHPLF. 7KLV
VWXG\ DLPHG WR XVH PDFKLQH OHDUQLQJ PRGHOV DSSOLHG WR SXEOLFO\ DYDLODEOH, GH-LGHQWLILHG GDWD WR
DQDO\]H WKH FKDQJHV LQ RSLRLG SUHVFULSWLRQV RYHU WLPH LQ RUGHU WR ILQG D FRUUHODWLRQ EHWZHHQ
YDULRXV IDFWRUV DQG RYHUGRVH-UHODWHG KRVSLWDOL]DWLRQ UDWHV. 7KH GDWD XVHG KHUH LV IURP
:DVKLQJWRQ 6WDWH¶V 3UHVFULSWLRQ 0RQLWRULQJ 3URJUDP (303), ZKLFK DLPV WR LPSURYH SDWLHQW
FDUH DQG WR VWRS SUHVFULSWLRQ GUXJ PLVXVH E\ FROOHFWLQJ GLVSHQVLQJ UHFRUGV IRU 6FKHGXOH ,,, ,,,,
,9, DQG 9 GUXJV. 7KUHH LQGHSHQGHQW YDULDEOHV ZHUH FKRVHQ IRU WKHLU YLVXDO FRUUHODWLRQV, DQG
PXOWLSOH OLQHDU UHJUHVVLRQ PRGHOV ZHUH DSSOLHG WR WKHP: WKH DYHUDJH GDLO\ 00( (PRUSKLQH
PLOOLJUDP HTXLYDOHQWV) SUHVFULEHG, WKH DYHUDJH WRWDO 00( RI GRVHV, DQG WKH WRWDO QXPEHU RI
GLVSHQVHV. 7KHVH PRGHOV ZHUH XVHG WR SUHGLFW WKH KRVSLWDOL]DWLRQ QXPEHUV SHU TXDUWHU, DQG
WKHLU UHVXOWLQJ DFFXUDF\ VFRUHV LQGLFDWHG WKH VWUHQJWK RI WKH FRUUHODWLRQ EHWZHHQ WKH
LQGHSHQGHQW DQG GHSHQGHQW YDULDEOHV. 7KH DYHUDJH GDLO\ 00( DQG WRWDO GLVSHQVHV SHU TXDUWHU
LQ FRPELQDWLRQ ZHUH VKRZQ WR KDYH WKH VWURQJHVW FRUUHODWLRQ ZLWK WKH KRVSLWDOL]DWLRQ UDWHV
(92.9%). 7KH 00( YDOXHV KDG D QHJDWLYH FRUUHODWLRQ DQG WKH PHDVXUH RI WKH QXPEHU RI
GLVSHQVHV KDG D SRVLWLYH FRUUHODWLRQ WR WKH GHFUHDVLQJ KRVSLWDOL]DWLRQ UDWH. )URP WKHVH UHVXOWV,
LW FDQ EH FRQFOXGHG WKDW WKH RSWLPXP GRVDJH PHWKRGV VKRXOG UHGXFH WKH WRWDO QXPEHU RI
GLVSHQVHV ZKLOH LQFUHDVLQJ WKH GDLO\ 00( YDOXHV RI SUHVFULSWLRQV, LQ FRQMXQFWLRQ ZLWK WKH
C'C¶V JXLGHOLQHV.

SWXdenW Name(V): .. 6LYD

AbVWracW:

250
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: (FR-)ULHQGO\ 5HPHGLDWLRQ RI 3RO\F\FOLF AURPDWLF +\GURFDUERQV LQ 6WRUPZDWHU YLD
0DJQHVLXP-,QIXVHG CDOFLWH CU\VWDO, 6XSUDPROHFXODU +\GURJHO 6FDIIROGLQJ

3RO\F\FOLF DURPDWLF K\GURFDUERQV (3A+V) DUH FRPPRQO\ IRXQG LQ VWRUPZDWHU UXQRII GXH WR
YHKLFOH XVDJH, RLO VSLOODJH, DQG DVSKDOW URDG PDWHULDO, FDXVLQJ QXPHURXV HQYLURQPHQWDO LVVXHV
ZKHQ WUDQVSRUWHG WKURXJKRXW HFRV\VWHPV. )RU UHPHGLDWLRQ, FDOFLWH KDV EHHQ LGHQWLILHG DV
KDYLQJ KLJK DEVRUSWLRQ FDSDFLWLHV RI 3A+V LQ ZDWHU, ZKLFK LV HQKDQFHG WKURXJK LQFOXVLRQ RI
PDJQHVLXP ZLWKLQ WKH FU\VWDO VWUXFWXUH. 8QIRUWXQDWHO\, PDJQHVLXP-LQIXVHG FDOFLWH VROLGV DUH
GLIILFXOW WR HPSOR\ LQ D 3A+-FRQWDPLQDWHG, IUHH-IORZLQJ ZDWHU V\VWHP. ,QVWHDG, WKLV UHVHDUFK
VHHNV WR HPEHG 0J-LQIXVHG FDOFLWH (50J+2:1CD+2) LQWR DQ DPRUSKRXV FDOFLXP FDUERQDWH-
SRO\DFU\OLF DFLG K\GURJHO WR IDEULFDWH 0J-A3+. 0J-A3+ LV WKHQ DUUDQJHG LQ VFDIIROGV ZLWKLQ
D ZDWHU-SHUPHDEOH SRXFK, FUHDWLQJ D V\VWHP WKDW FDQ UHPRYH 3A+V IURP UXQQLQJ ZDWHU, ZKHQ
VWUHWFKHG DFURVV D IORZLQJ VWUHDP RU VKRUHOLQH. AV ZDWHU IORZV WKURXJK WKH ILOWUDWLRQ GHYLFH,
WKH K\GURJHO H[SDQGV, DOORZLQJ IRU HQKDQFHG LQWHUDFWLRQ EHWZHHQ 0J-FDOFLWH DQG 3A+V. ,Q DQ
HYDOXDWLRQ RI 0J-A3+ RQO\ LQ DLU-WLJKW H[SHULPHQWV, 0J-A3+ EHJDQ UHPHGLDWLRQ RI
SKHQDQWKUHQH DQG QDSKWKDOHQH LQ 30 PLQXWHV, DW UDWHV RI 5.5�J/140�J SHU JUDP-0J-A3+ ZLWK
82%/92% HIIHFWLYHQHVV UDWHV, UHVSHFWLYHO\, UHODWLYH WR GLUHFW SODFHPHQW RI 0J-FDOFLWH. :KHQ
8.3J RI 0J-A3+ ZDV DUUDQJHG LQ D 3-FRPSDUWPHQW SRXFK, (15FP2 VXUIDFH-DUHD), DQG SODFHG
LQ D VLPXODWHG PLG-ULYHU DUUDQJHPHQW, 0.12PJ-3KHQDQWKUHQH DQG 4.6PJ-1DSKWKDOHQH ZHUH
UHPHGLDWHG SHU JUDP-0J-A3+, LQ 5 KRXUV DJDLQVW VFDOHG ULYHU IORZ. ,QFUHDVHG UHPHGLDWLRQ
HIILFLHQFLHV RI 16[ DQG 11[, UHVSHFWLYHO\, KLJKOLJKW LPSURYHPHQWV SURYLGHG E\ WKH VFDIIROG
GHVLJQ.  0J-A3+ ZDV IRXQG WR EH VWDEOH, ZLWK QR VWUXFWXUDO GHJUDGDWLRQ LQWR UXQQLQJ ZDWHU
VRXUFHV. 2QFH FRQWDPLQDQW-VDWXUDWHG, 0J-A3+ FDQ VLPSO\ EH UHPRYHG IURP WKH ZDWHU-
SHUPHDEOH SRXFK DQG GLVSRVHG RI DW DQ DSSURSULDWH ZDVWH VWDWLRQ.

SWXdenW Name(V): A. /LQ

AbVWracW:

281
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: BLRFHPHQW BULFNV IRU 1HJDWLYH (PLVVLRQV: (OHFWURFKHPLFDO 2FHDQ CDUERQ CDSWXUH

AWPRVSKHULF FRQFHQWUDWLRQV RI FDUERQ KDYH LQFUHDVHG E\ RYHU 10% LQ WKH SDVW WZR GHFDGHV,
FRQWULEXWLQJ WR WKH ZDUPLQJ HIIHFW, ZKLFK KDV PDGH 2020 WKH ZDUPHVW \HDU RQ UHFRUG. AORQJ
ZLWK UHGXFLQJ DQWKURSRJHQLF HPLVVLRQV, QHJDWLYH HPLVVLRQV WHFKQRORJLHV PXVW EH LPSOHPHQWHG
WR PLWLJDWH H[LVWLQJ FDUERQ. 7KH RFHDQ LV WKH ZRUOG¶V ELJJHVW FDUERQ VLQN, KDYLQJ
FRQFHQWUDWLRQV 120 WLPHV KLJKHU WKDQ WKH DWPRVSKHUH. AGGLWLRQDOO\, RFHDQ DFLGLILFDWLRQ FDXVHG
E\ FDUERQ GLR[LGH UHDFWLQJ ZLWK ZDWHU HQGDQJHUV WKH RUJDQLVPV WKDW SURGXFH WKH PDMRULW\ RI
WKH ZRUOG¶V R[\JHQ. +HUH, ZH GHVLJQHG D IORZ FHOO IRU WKH UHPRYDO RI FDUERQ IURP WKH RFHDQ.
:H IORZ LQ RFHDQ ZDWHU DQG VHSDUDWH LW LQWR WZR VWUHDPV, RQH DFLGLILHG DQG RQH EDVLILHG,
WKURXJK WKH XVH RI ELSRODU PHPEUDQH HOHFWURGLDO\VLV, WUDQVIHUULQJ LRQV IURP VROXWLRQV XVLQJ LRQ
H[FKDQJH PHPEUDQHV. 7KLV PRGHO LV WKHUPRG\QDPLFDOO\ HIILFLHQW, OHYHUDJLQJ S+ DQG
WHPSHUDWXUH UHODWLRQVKLSV WR WXUQ KDUPIXO GLVVROYHG LQRUJDQLF FDUERQ LQWR VRPHWKLQJ
EHQHILFLDO: ELRFHPHQW EULFNV PDGH RI LQVROXEOH FRPSRXQGV, VXFK DV CDC23 . B\ XVLQJ D UHGR[
FRXSOH, VXFK DV IHUULF\DQLGH DQG IHUURF\DQLGH, WKH FHOO UXQV ZLWK PLQLPDO LQSXWV DQG PLQLPDO
YROWDJH ORVVHV. CRVWV DQG FRUURVLRQ FDQ EH DGGLWLRQDOO\ PLQLPL]HG E\ WKH XVH RI SURWHFWLYH
WKLQ-ILOP PDWHULDOV VXFK DV 7L22 . 0DFKLQH OHDUQLQJ DQDO\VLV DOORZHG XV WR UDSLGO\ DQDO\]H
PDWHULDO FDQGLGDWHV DQG WKHLU EHVW SUHSDUDWLRQ PHWKRGV, DQ DGGLWLRQDO SUHFDXWLRQ WR HQVXULQJ
IORZ FHOO VWDELOLW\ DQG HIILFLHQW RSHUDWLRQ. 7KLV SURMHFW SURYLGHV ERWK DQ RSSRUWXQLW\ IRU
FRPSDQLHV WKDW FDQQRW DEDQGRQ IRVVLO IXHOV WR EH FDUERQ-QHXWUDO, DQG DQ RSSRUWXQLW\ IRU WKH
ZRUOG WR EHFRPH FDUERQ-QHJDWLYH DQG UHGXFH WKH GDPDJHV DOUHDG\ GRQH.

SWXdenW Name(V): J. Russell

AbVWracW:

250
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 0RGHOLQJ ,QYHVWLJDWLRQ RQ APLQHV DQG 6HD-VDOW AHURVRO ,QWHUDFWLRQV WR AVVHVV 7KHLU
3RWHQWLDO COLPDWH ,PSDFWV

AHURVROV DUH VROLG RU OLTXLG SDUWLFOHV VXVSHQGHG LQ DLU. 6HD VDOW DHURVROV DVVLVW LQ WKH IRUPDWLRQ
RI FORXGV DQG FDQ PLWLJDWH WKH ZDUPLQJ WUHQG RI WKH FOLPDWH. ,W DOVR FDQ UHDFW ZLWK VXOIXULF DFLG
(6A) WR UHOHDVH K\GURFKORULF DFLG (+CO) JDV. APLQHV DUH GHULYDWLYHV RI DPPRQLXP W\SLFDOO\
IRXQG LQ FRDVWDO DUHDV. 7KH\ FDQ UHDFW ZLWK DFLGV (H[. 6A) LQ DHURVROV WR FKDQJH WKHLU
SURSHUWLHV. 6LQFH +CO LV PRUH YRODWLOH WKDQ 6A DQG FORVHO\ UHODWHG WR VHD VDOW DHURVROV, RXU
SURMHFW DLPHG WR LQYHVWLJDWH LI DPLQHV ZLOO UHDFW ZLWK +CO WR IRUP DPLQH FKORULGH VDOWV, DQG LI
VR, DW ZKDW WHPSHUDWXUH. :H K\SRWKHVL]HG WKDW DPLQHV ZLOO UHDFW ZLWK +CO DQG FRQGHQVH RQ VHD
VDOW DHURVROV DW ORZ WHPSHUDWXUHV. 7R DVVHVV RXU K\SRWKHVLV, WKH ([WHQGHG A,0
7KHUPRG\QDPLF 0RGHO ((-A,0) ZDV XVHG WR HYDOXDWH D FKHPLFDO V\VWHP DW HTXLOLEULXP
DFURVV JDV, DTXHRXV, DQG VROLG SKDVHV. 0XOWLSOH VLPXODWLRQV ZHUH FRQGXFWHG RQ VFHQDULRV ZLWK
FRQVWDQW LQRUJDQLF FRQFHQWUDWLRQV DQG YDU\LQJ DPLQH FRQFHQWUDWLRQV IRU DON\ODPLQHV (H[.
PHWK\ODPLQH DQG GLPHWK\ODPLQH) DQG SRO\DPLQHV (H[. PRQRHWKDQRODPLQH DQG SLSHUD]LQH)
IURP 263.15. WR 330. ZLWK 50 WHPSHUDWXUH LQWHUYDOV. :H IRXQG WKDW DON\ODPLQHV RQO\
FRQGHQVH ZLWK +CO DW ORZ WHPSHUDWXUHV (285 .) EXW SRO\DPLQHV GR DW PRGHUDWHO\ KLJKHU
WHPSHUDWXUHV (300 .). 2XU UHVXOWV DGYDQFH WKH FXUUHQW XQGHUVWDQGLQJ RQ LQWHUDFWLRQV EHWZHHQ
DPLQHV DQG DHURVROV DQG LPSURYH FXUUHQW DWPRVSKHULF PRGHOV. 2XU ILQGLQJV DOVR IXUWKHU
NQRZOHGJH RQ WKH FUXFLDO UROH RI DHURVROV LQ FORXG IRUPDWLRQ, OLJKW VFDWWHULQJ, JOREDO UDGLDWLRQ
EDODQFH, DQG FOLPDWH FKDQJH.

SWXdenW Name(V): 3. 6XQGDUDUDMDQ

AbVWracW:

238
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: CRQWUROOHG 'HOLYHU\ RI 6XOIR[DIORU 3HVWLFLGH YLD CLQQDPDOGHK\GH-LQIXVHG +\GURJHOV

WR 5HGXFH 7R[LFLW\ WR +RQH\ DQG :LOG BHH 3ROOLQDWRUV

6XOIR[DIORU LV D V\VWHPLF LQVHFWLFLGH ZKLFK DFWV DV D QHXURWR[LQ DJDLQVW VDS-IHHGLQJ LQVHFWV.
8QIRUWXQDWHO\, LWV ZLGH-VSUHDG XVH KDV QHJDWLYHO\ LPSDFWHG KRQH\ DQG ZLOG SROOLQDWRUV. 6XFK
QRQ-WDUJHWHG KDUP HPSKDVL]HV WKH QHHG IRU DQ LQQRYDWLYH SHVWLFLGH GHOLYHU\ PRGHO WKDW FDQ
GHOLYHU VXOIR[DIORU V\VWHPLFDOO\, ZKLOH VLPXOWDQHRXVO\ UHSHOOLQJ EHQHILFLDO LQVHFWV. 7KLV
UHVHDUFK KDV FUHDWHG VXFK D GHOLYHU\ V\VWHP, ZKHUH VXOIR[DIORU KDV EHHQ HPEHGGHG LQ D
FKLWRVDQ-DOJLQDWH K\GURJHO, ZKLFK LV WKHQ H[WHUQDOO\-FRDWHG ZLWK FLQQDPDOGHK\GH (D QDWXUDO,
ORZ-WR[LFLW\ EHH GHWHUUHQW), LQ D 6C-+JHO. 7R PRGHO PRLVWXUH-WULJJHUHG 6C-+JHO GLVVROXWLRQ
DQG GHOLYHU\ RI VXOIR[DIORU LQWR VRLO ZLWKLQ D SODQW EHG, 2 WKURXJK 10 6C-+JHOV ZHUH VHSDUDWHO\
SODFHG LQWR 10PO FRQWDLQHUV ZLWK 0.5J VDZGXVW (DQ DQDO\WLFDOO\, QRQ-LQWHUIHULQJ VRLO PRGHO),
DQG KHDWHG DW 32RC WR VLPXODWH VXPPHU FRQGLWLRQV. A75-)7,5 DQDO\VHV KLJKOLJKW a86%
UHOHDVH HIILFLHQF\ RI VXOIR[DIORU, ZKLFK LV LPSURYHG WR 96%, DIWHU FRQVLGHUDWLRQ RI
H[SHULPHQWDO UHFRYHU\ HIILFLHQFLHV. )RU FRQFXUUHQW GHWHUUHQW UHOHDVH, *C-),' DQDO\VLV
VXJJHVWV D UHOHDVH RI a20% FLQQDPDOGHK\GH FRQWHQW, RU 1.59PJ, LQ 24 KRXUV, IRU WKH 8 6C-
+JHOV HYDOXDWHG. :KHQ FRPSDUHG WR 7UDQVIRUP� IRU ILHOG DSSOLFDWLRQ, 4 6C-+JHOV DUH
UHTXLUHG EHQHDWK D VLQJOH, IORZHULQJ SODQW, WR UHDFK WKH VXJJHVWHG, FRPPHUFLDO SHVWLFLGH
GHOLYHU\ UDWH. 7KLV VDPH 4 6C-+JHO GHOLYHU\ UHOHDVHV 0.81PJ RI FLQQDPDOGHK\GH LQ 24 KRXUV,
ZKLFK LV ZHOO EHORZ LWV /C50 FRQFHQWUDWLRQ IRU SROOLQDWRUV (7.9PJ/24-KRXUV). ASSOLFDWLRQ RI
WKHVH QHZO\ IDEULFDWHG 6C-+JHOV ZLOO V\VWHPLFDOO\ GHOLYHU QHHGHG VXOIR[DIORU WR FRPEDW VDS-
IHHGLQJ LQVHFWV, ZKLOH VLPXOWDQHRXVO\ RXWJDVVLQJ SROOLQDWRU UHSHOOHQW DW VDIH FRQFHQWUDWLRQV, VR
WKDW WKHVH EHQHILFLDO LQVHFWV DUH GHWHUUHG IURP YLVLWLQJ WKH WUHDWHG, IORZHULQJ SODQW, GXULQJ
SHVWLFLGH UHOHDVH.

SWXdenW Name(V): (. :DOODFH

AbVWracW:

265
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 7KH VRODU HQHUJ\ PDULQH JDUEDJH UHF\FOLQJ ERDW

7KH SXUSRVH RI WKLV SURMHFW LV WR DGGUHVV WKH PDULQH SROOXWLRQ FDXVHG E\ JDUEDJH DQG H[KDXVW
HPLVVLRQV DQG WR FRQVWUXFW D 1:30 PRGHO VKLS PDGH E\ D ERDW WKDW FROOHFWV PDULQH JDUEDJH
XVLQJ VRODU SRZHU WR JHQHUDWH HOHFWULFLW\.

, ILUVW FRQVWUXFWHG WKH VKDSH IRU WKH KXOO WKURXJK 3' PRGHOLQJ DQG WKHQ DVVHPEOHG WKH KXOO
XVLQJ ODVHU-FXW DFU\OLF SODWHV WKDW , ERXJKW IURP APD]RQ. ,Q WKH SURFHVV RI DVVHPEOLQJ WKH
KXOO, , XVH KRW PHOW DGKHVLYH WR JOXH WKH JDSV RI WKH DFU\OLF SODWHV DQG GLYLGH WKH KXOO LQWR IRXU
PDLQ SDUWV: 1. VRODU SDQHO 2. PDLQ FRQWURO FRPSDUWPHQW 3. EXR\DQF\ FRPSDUWPHQW 4. PRWRU
FRPSDUWPHQW.

7KH PRYHPHQW RI WKH KXOO LV PDLQO\ FRQWUROOHG E\ WKH AUGXLQR 812 IRU GULYLQJ, FRPELQHG
ZLWK WKH A3C220 WR DFKLHYH ZLUHOHVV FRQWURO IXQFWLRQ RI WKH PRWRU GULYH PRGXOH WKURXJK WKH
/2981 DQG WKHQ UHJXODWH WKH PRWRU IRU PRYHPHQW. 7KH HQHUJ\ SDUW XVHV PDLQO\ VRODU SDQHOV
DQG XVHV EDWWHU\ EDFNXS SRZHU IRU DQ HPHUJHQF\. 7R DFWLYDWH WKH LQWHOOLJHQW FUXLVLQJ IXQFWLRQ
RI WKH VKLS DW VHD, DQG UHDOL]H WKH DXWRPDWLF FROOHFWLRQ RI IORDWLQJ JDUEDJH WR SURWHFW WKH PDULQH
HFRORJ\. , KRSH P\ LQYHQWLRQ FDQ PDNH D FRQWULEXWLRQ WR WKH SURWHFWLRQ RI WKH PDULQH
HQYLURQPHQW DQG LPSURYH WKH PDULQH HQYLURQPHQW LQ D UHDO VHQVH.

SWXdenW Name(V): <. :DQ

AbVWracW:

206
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 'HVLJQLQJ DQG 2SWLPL]LQJ D 0RUH (IILFLHQW DQG ,QH[SHQVLYH 2SWLFDO CRPSRQHQW IRU
7KHUPDO CDPHUDV

7KHUPDO FDPHUDV DUH FDPHUDV XVHG LQ YDULRXV VLWXDWLRQV WR GHWHFW LQIUDUHG UDGLDWLRQ. ,W LV
W\SLFDO WR XVH PDWHULDOV OLNH VLOLFRQ LQ WKHUPDO FDPHUDV DV 3' VWUXFWXUHV. +RZHYHU, 2'
VWUXFWXUHV, ZKLFK DUH ORQJHU WKDQ RQH PLFURQ (XP) LQ WZR GLPHQVLRQV DQG OHVV WKDQ RQH LQ
DQRWKHU, SUHVHQW JUHDWHU HIILFLHQF\ LQ DEVRUELQJ OLJKW LQ WKH 7-14 XP UDQJH. +XPDQV HPLW WKH
JUHDWHVW DPRXQW RI LQIUDUHG UDGLDWLRQ LQ WKLV UDQJH, VR LW LV YDOXDEOH WR DEVRUE OLJKW WKHUH. A
SURPLVLQJ PDWHULDO IRU LQFRUSRUDWLRQ LQWR WKH VWUXFWXUH DQG DEVRUELQJ LQIUDUHG LV PRO\EGHQXP
WULR[LGH (0R23). ,Q WKLV SURMHFW, 0R23 ZDV XVHG LQ D 2' VWUXFWXUH WR HIILFLHQWO\ DEVRUE OLJKW
LQ WKH 7-14 XP UDQJH. 7R GR WKLV, D SKRWRQLF VLPXODWRU ZDV XVHG WR GHYHORS PRGHOV. 9DULRXV
QDQRVWUXFWXUHV VXFK DV ULEERQV, ULQJV, RU FLUFOHV ZHUH SODFHG RQ WRS RI WKH 0R23 WR LQFUHDVH
DEVRUSWLRQ. AGGLWLRQDOO\, ERXQGDU\ FRQGLWLRQV ZHUH DOWHUHG, VXFK DV FUHDWLQJ UHSHWLWLRQ RI
VWUXFWXUHV LQ GLIIHUHQW GLUHFWLRQV. 2WKHU PHWKRGV RI LQFUHDVLQJ DEVRUSWLRQ LQFOXGHG FKDQJLQJ
PDWHULDOV DQG WKLFNQHVVHV RI OD\HUV. 7KH PRGHO WKDW ZDV FUHDWHG VKRZHG D KLJK DEVRUSWLRQ RI
DURXQG 94% DW 12 XP, DQG OLWWOH DEVRUSWLRQ DW RWKHU ZDYHOHQJWKV. A SHDN DW WKLV ZDYHOHQJWK
DQG QRZKHUH HOVH VKRZV WKDW DEVRUSWLRQ RI HQHUJ\ HPLWWHG IURP KXPDQV E\ WKLV PRGHO LV KLJK,
DOORZLQJ IRU PRUH HIILFLHQW GHWHFWLRQ RI KXPDQV. AGGLWLRQDOO\, ZLWK WKH VXUJH LQ FRVW RI
VLOLFRQ, 0R23 SURYLGHV DQ LQH[SHQVLYH DOWHUQDWLYH. 7KHVH UHVXOWV LQGLFDWH SURPLVLQJ IXWXUH XVH
RI WKLV PRGHO RQ SKRWRGHWHFWRUV IRU LQFRUSRUDWLRQ LQWR WKHUPDO FDPHUDV, HVSHFLDOO\ LQ VLWXDWLRQV
ZKHUH GHWHFWLQJ KXPDQV LV YLWDO.

SWXdenW Name(V): A. 6KDURQRY

AbVWracW:

250
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 0DULQH 'HEULV CROOHFWHG DW +DPPRQDVVHW BHDFK 6WDWH 3DUN 0HLJV 3RLQW.

, FKRVH WKLV WRSLF EHFDXVH , KDYH JURZQ XS VDLOLQJ LQ WKH /RQJ ,VODQG 6RXQG DQG , KDYH VHHQ
PRUH PDULQH GHEULV HYHU\ \HDU. , EHOLHYH LW LV LPSRUWDQW WR SUHVHUYH WKH RFHDQV IRU IXWXUH
JHQHUDWLRQV WR EH DEOH WR H[SHULHQFH WKHLU EHDXW\.

, KRSH WKDW ORFDO SHRSOH LQ WKH 7RZQ RI COLQWRQ EHFRPH PRUH HGXFDWHG DERXW PDULQH GHEULV
HQGLQJ XS LQ RXU ZDWHUZD\V DQG ORFDO EHDFKHV DQG WKH LPSRUWDQFH RI NHHSLQJ WKH RFHDQ FOHDQ.

7KH SUREOHP , DP DQVZHULQJ LV KRZ PXFK PDULQH GHEULV ZDVKHV XS RQ +DPPRQDVVHW BHDFK
State Park from 01 January 2022 through 28 February 2022?

2QFH D ZHHN , ZHQW WR +DPPRQDVVHW BHDFK 6WDWH 3DUN 0HLJV 3RLQW DW ORZ WLGH. 7KH OHQJWK RI
WKH EHDFK ZDV 0.42 PLOHV KHDGLQJ LQ RQH GLUHFWLRQ. ,Q RUGHU WR FROOHFW PDULQH GHEULV, , ZRXOG
FKHFN LQ EHWZHHQ URFNV EHFDXVH WKDW LV ZKHUH DOO WKH ROG ILVKLQJ OLQHV DQG JHDU ZRXOG ZDVK XS.

7KH LQYHVWLJDWLRQ FRQFOXGHG E\ ILQGLQJ 32 OEV RI WUDVK RQ +DPPRQDVVHW EHDFK RYHU WZR
PRQWKV. CDWHJRULHV RI GHEULV LQFOXGH ORVW ILVKLQJ JHDU (H[. /RVW QHWV, OLQHV, DQG EXR\V),
SODVWLFV, C29,'-19 SHUVRQDO SURWHFWLYH HTXLSPHQW, DQG VW\URIRDP. 7KURXJKRXW WKLV
H[SHULPHQW, , PDGH DQ REVHUYDWLRQ WKDW PRVW GHEULV ZDV IRXQG DW WKH HQG RI 0HLJV 3RLQW
FORVHVW WR :HVW 5RFN.

AIWHU EULHIO\ H[SODLQLQJ P\ SURMHFW , FDQ FRQFOXGH WKDW WKHUH DUH GLIIHUHQW FDWHJRULHV RI PDULQH
GHEULV ZDVKLQJ XS RQ +DPPRQDVVHW BHDFK 6WDWH 3DUN 0HLJV 3RLQW.

SWXdenW Name(V): J. Walker

AbVWracW:

236
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 3' 3ULQW 3URVWKHWLF AUP

    :LWK WKH GHYHORSPHQW RI WHFKQRORJ\, SHRSOH FDQ XVH PDFKLQHU\ WR PDNH XS IRU WKH
GLVDELOLW\ RI WKH ERG\. BHFDXVH WKH DUP LV RQH RI WKH PRVW LPSRUWDQW RUJDQV RI WKH KXPDQ
ERG\, SURVWKHWLF DUPV KDYH QDWXUDOO\ EHFRPH D IRFXV RI UHVHDUFK. :KLOH SURVWKHWLF KDQGV IRU
DGXOWV KDYH EHHQ ZHOO UHVHDUFKHG, WKHUH DUH QRW PDQ\ SURVWKHWLF KDQGV FXVWRPL]HG IRU FKLOGUHQ,
EHFDXVH FKLOGUHQ KDYH D ORW RI GLIIHUHQW FKDUDFWHULVWLFV IURP DGXOWV.

    7KLV SURMHFW DLPV WR GHYHORS D SURVWKHWLF KDQG WKDW FDQ PHHW VHYHUDO UHTXLUHPHQWV. )LUVWO\,
EHFDXVH WKH WDUJHW SRSXODWLRQ RI WKLV SURGXFW LV FKLOGUHQ ZLWK DUP GLVDELOLWLHV, LW VKRXOG EH
SURGXFHG DW D ORZ FRVW WKDW HYHQ D QRUPDO IDPLO\ FDQ DIIRUG. 6HFRQGO\, WKH IXQFWLRQV PXVW EH
VXIILFLHQW IRU GDLO\ OLIH. 7KLUGO\, D VLPSOH RSHUDWLQJ V\VWHP IRU FKLOGUHQ LV QHHGHG.

    7KH ILQDO SURGXFW LV D 3' SULQWHG SURVWKHWLF DUP. BDVHG RQ FKLOGUHQ¶V IDWLJXH DQG ORZ
DFFHSWDQFH UDWH, WKH ZHLJKW RI WKH SURVWKHWLF DUP LV UHGXFHG DQG WKH DSSHDUDQFH LV GHVLJQHG WR
EH VLPLODU WR D UHDO KXPDQ DUP. 7KH PDLQ FRQWURO V\VWHP LV D EOXHWRRWK UHPRWH FRQWURO.
BHVLGHV, WKH DGGLWLRQDO DXWRPDWLF IXQFWLRQ HQVXUHV WKDW FKLOGUHQ ZLOO QRW EH GLVWXUEHG E\ WKH
GLIILFXOW\ RI XVH. 7KLV SURVWKHWLF DUP DOVR KDV D VHFXULW\ PHFKDQLVP ZKLFK DOORZV SDUHQWV WR
FRQWURO WKH DUP UHPRWHO\.

    ,Q WKH H[SHULHQFH, WKH SURVWKHWLF DUP KDV WKH DELOLW\ WR KROG D PD[LPXP ZHLJKW RI 482J.
AFFRUGLQJ WR WKH QRUPDO VL]HV DQG ZHLJKW RI WR\V DQG GDLO\ QHFHVVLWLHV, WKLV JUDEELQJ DELOLW\ LV
FDSDEOH RI GHDOLQJ ZLWK GDLO\ WKLQJV IRU D FKLOG.

SWXdenW Name(V): <. :DQJ

AbVWracW:

249
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 7KH (IIHFW RI D CDU'V AJH RQ CDELQ 1RLVH

7KH SXUSRVH RI P\ H[SHULPHQW ZDV WR GHWHUPLQH LI WKH QRLVH OHYHO LQVLGH D FDU¶V FDELQ
EHFRPHV ORXGHU WKH ROGHU WKH FDU LV EDVHG RQ WKH VSHHG RI WKH FDU. 0\ SURFHGXUH ZDV WR
PHDVXUH WKH QRLVH OHYHO LQ GHFLEHOV LQ ILYH GLIIHUHQW FDU FDELQV YDU\LQJ LQ DJH XVLQJ D VRXQG
OHYHO PHWHU. , PHDVXUHG WKH VRXQG OHYHO LQ HDFK FDU ZKLOH WUDYHOLQJ 6RXWK RQ CRZ +LOO 5RDG,
IURP 6LOYHU BLUFK /DQH WR (J\SW /DQH, LQ COLQWRQ, CRQQHFWLFXW, DW 25 PSK, DQG ZKLOH WUDYHOLQJ
6RXWK RQ ,QWHUVWDWH 95, EHWZHHQ H[LWV 63 DQG 62 LQ CRQQHFWLFXW, DW 65 PSK, ZLWK HLWKHU P\
PRP RU GDG GULYLQJ WKH FDUV. 7KHQ, , PHDVXUHG WKH QRLVH LQVLGH WKH FDUV ZKHQ WKH\ ZHUH LGOLQJ
DQG WXUQHG RII. 7KH ILQDO VWHS ZDV WR FRPSDUH WKH GDWD DFURVV WKH GLIIHUHQW DJHV RI FDUV. 7KH
PHDQ FDELQ QRLVH LQ GHFLEHOV, WUDYHOLQJ DW 65 PSK, IRU WKH 2016, 2014, 2011, 2004, 1991 LV
67.5, 68.1, 69.1, 70.6, DQG 74.6 UHVSHFWLYHO\. 7KH OLQHDU UHJUHVVLRQ U-VTXDUHG = 0.95.  AJH LV D
JRRG SUHGLFWRU RI H[SHFWHG QRLVH LQ WKH FDU (S-YDOXH <0.0001 ZLWK DQ DOSKD RI 5%). BDVHG RQ
WKLV HYLGHQFH, , FDQ FRQFOXGH WKDW P\ K\SRWKHVLV ZDV FRUUHFW ± LI WKH FDU LV ROGHU, WKHQ WKH OHYHO
RI QRLVH LQVLGH WKH FDELQ ZLOO EH KLJKHU EHFDXVH RI PHFKDQLFDO ZHDU DQG WHDU RQ WKH FDU.

SWXdenW Name(V): '. :DONHU

AbVWracW:

223
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: AQ ,QWHJUDWHG AOFRKRO 6HQVLQJ 'HYLFH IRU CDUV CRPSULVLQJ RI DQ +;711 :HLJKW 6HQVRU,
6*90 6HUYR 0RWRU DQG 043 AOFRKRO 6HQVRU WR 3UHYHQW 'UXQN 'ULYLQJ ,QFLGHQWV

,Q 2019, WKH DQQXDO GHDWK WROO GXH WR GUXQN GULYLQJ ZDV 10,142 LQ WKH 8QLWHG 6WDWHV DORQH. 7KH
SDLQIXO UHDOLW\ LV WKDW WKHVH GHDWKV ZHUH SUHYHQWDEOH. 7KLV SURWRW\SH DLPV WR DGGUHVV WKH GUXQN-
GULYLQJ SUREOHP WKURXJK DQ LQWHJUDWHG DOFRKRO VHQVLQJ GHYLFH IRU FDUV DQG FRPSULVHV ERWK
KDUGZDUH DQG VRIWZDUH FRPSRQHQWV. 7KH V\VWHP LV RQO\ DFWLYDWHG ZKHQ WKH GULYHU'V VHDW LV
RFFXSLHG ZKLFK LV VXSSRUWHG ZLWK DQ +;711 ZHLJKW VHQVRU HPEHGGHG LQ WKH FDU VHDW. 7KH
ZHLJKW GHWHFWLRQ VHQGV D VLJQDO WR D VRIWZDUH VHUYLFH EXLOW XVLQJ WKH AGDIUXLW ,2 LQWHUIDFH.  7KH
VHUYR PRWRU 6*90 WKDW FRQVWDQWO\ OLVWHQV WR WKH VHUYLFH GHWHFWV WKH VLJQDO DQG GURSV WKH 043
AOFRKRO 6HQVRU IURP WKH FDU FHLOLQJ DQG WKH 043 EHJLQV VHQVLQJ WKH HQYLURQPHQW. ,I D KLJK
DOFRKRO FRQFHQWUDWLRQ LV GHWHFWHG, WKH GHYLFH VHQGV D WH[W DOHUW YLD WKH 7ZLOLR VHUYLFH WR WKH
VSHFLILHG FRQWDFW OLVW. )RU VDIHW\ UHDVRQV, WKHUH ZHUH QR KXPDQ SDUWLFLSDQWV LQYROYHG LQVWHDG,
GLIIHUHQW DOFRKRO FRQFHQWUDWLRQV ZHUH VSUD\HG 1-3 LQFKHV DZD\ IURP WKH VHQVRU VR WKH VHQVRU
FRXOG DQDO\]H WKH DLU TXDOLW\. 7KH VSUD\ ZDV XVHG E\ WKH GHVLJQDWHG VXSHUYLVRU. ,W ZDV
GHWHUPLQHG WKDW YDOXHV LQ WKH 200 UDQJH ZHUH WKH EDVHOLQH IRU D VSUD\ ZLWK RQO\ ZDWHU. 'LOXWLQJ
WKH DOFRKRO (43% AB9) ZLWK 50% ZDWHU OHG WR UHDGLQJV LQ WKH 350 UDQJH. 7HVWLQJ WKH DOFRKRO
WKDW ZDV QRW GLOXWHG OHG WR UHDGLQJV RYHU 500. 7KLV XQLTXH V\VWHP KDV SURYHG HIIHFWLYH LQ
DOHUWLQJ WKH FOLHQW UHJDUGLQJ WKH HQYLURQPHQWDO VLWXDWLRQ E\ DOHUWLQJ EDVHG RQ WKHVH YDOXHV.

SWXdenW Name(V): 6. 6ULQLYDVDQ

AbVWracW:

244
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R
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TiWle: JARVITS: A Novel Deep Learning IoT Traffic Control System for Real-time Detection
DQG 6LJQDO 2SWLPL]DWLRQ

IQ WKH VWDWXV TXR, WUDIILF VLJQDO FRQWURO V\VWHPV RSHUDWH RQ SUHGHWHUPLQHG SDWWHUQV DQG
LQVWUXFWLRQV GHYLVHG IURP SDVW GDWD. :KLOH WKLV PHWKRG IXQFWLRQV HIIHFWLYHO\ IRU WUDIILF XQGHU
QRUPDO FRQGLWLRQV, LW EHFRPHV KHDYLO\ FRQJHVWHG DQG LQHIILFLHQW GXULQJ EXV\ FRQGLWLRQV.

FXUWKHUPRUH, WKH FRQVWDQW SUHVHQFH RI XQH[SHFWHG HPHUJHQFLHV UHQGHUV SUH-GHWHUPLQHG
V\VWHPV LQHIIHFWXDO. B\ FRPELQLQJ WUDGLWLRQDO WUDIILF FRQWUROOHUV ZLWK PRGHUQ WHFKQRORJLHV OLNH
IQWHUQHW RI 7KLQJV (IR7) GHYLFHV DQG FRPSXWHU YLVLRQ, WUDIILF FRQWURO V\VWHPV FDQ EH JUHDWO\
LPSURYHG. <HW WKHUH DUH FXUUHQWO\ QR V\VWHPV WKDW FDQ DIIRUGDEO\ IXOILOO WKLV WDVN.

B\ RSWLPL]LQJ WUDIILF VLJQDO GXUDWLRQ, WKLV DOORZV IRU ERWK D UHGXFWLRQ LQ GHOD\ WLPH IRU
YHKLFOHV DQG D UHGXFWLRQ RI JUHHQKRXVH JDVHV HPLWWHG. CRQVLGHULQJ WKH IQWHUJRYHUQPHQWDO
3DQHO RQ COLPDWH CKDQJH (I3CC)'V AXJXVW 2021 UHSRUW RQ WKH FXUUHQW GUDPDWLFDOO\ ZRUVHQLQJ
VWDWH RI WKH FOLPDWH FULVLV, WKHUH LV D FRPSHOOLQJ QHHG IRU VXFK D WUDIILF FRQWURO V\VWHP WR
RSWLPL]H WKURXJKSXW DQG WKXV JUHDWO\ UHGXFH YHKLFOH'V JUHHQKRXVH JDV HPLVVLRQV.

This research presents a novel deep learning traffic control system, called JARVITS (Just A
5DWKHU 9HU\ IQWHOOLJHQW 7UDIILF 6\VWHP) WKDW FDQ EH XVHG IRU DFFXUDWH UHDO-WLPH YHKLFOH
detection and signal control. Compared to previous methods, JARVITS offers a complete
VROXWLRQ, ZLWK D SK\VLFDO YHKLFOH GHWHFWLRQ DOJRULWKP DQG WUDIILF VLJQDO RSWLPL]HU. 7KLV VWXG\
FDQ ODUJHO\ EH GLYLGHG LQWR WZR VXEVHFWLRQV: (1) WKH IR7 WUDIILF FRQWURO V\VWHP DQG (2) WUDIILF
FRQWURO RSWLPL]DWLRQ. /DVWO\, D UHDOLVWLF YLUWXDO VLPXODWLRQ FUHDWHG XVLQJ 3\JDPH LV XVHG WR
PRGHO WUDIILF FRQGLWLRQV DQG GHPRQVWUDWH WKDW WKLV UHVHDUFK HIIHFWLYHO\ LPSURYHV WUDIILF IORZ
IRU DQ LQWHUVHFWLRQ.

SWXdenW Name(V): 5. .LP

AbVWracW:

249
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
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<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 2Q WKH PDFKLQH-OHDUQLQJ DVVLVWHG JHQHUDWLRQ RI AOFXELHUUH-OLNH VSDFHWLPH PHWULFV IRU XVH
LQ LQWHUVWHOODU IDVWHU-WKDQ-OLJKW WUDYHO

7KH AOFXELHUUH PHWULF LV D WKHRUHWLFDO PHWKRG E\ ZKLFK IDVWHU-WKDQ-OLJKW WUDYHO PD\ EH
achieved in the context of General Relativity. The metric describes a “shell” of spacetime
IRUPHG E\ WKH FRQWUDFWLRQ RI VSDFHWLPH LQ IURQW DQG WKH H[SDQVLRQ RI VSDFHWLPH EHKLQG. 6LQFH
WKHUH LV QR OLPLW WR WKH VSHHG DW ZKLFK VSDFHWLPH LWVHOI H[SDQGV, WKH VKHOO PD\ EH DFFHOHUDWHG WR
DQ\ VSHHG, HYHQ IDVWHU WKDQ WKH VSHHG RI OLJKW. +RZHYHU, D SUDFWLFDO UHDOL]DWLRQ RI WKH PHWULF LV
KLQGHUHG E\ LWV SURKLELWLYHO\ KLJK HQHUJ\ UHTXLUHPHQWV, ² LQ LWV EDVLF IRUP, 100,000 WLPHV WKH
PDVV-HQHUJ\ RI WKH XQLYHUVH. 7KLV UHVHDUFK GLVFXVVHV SURJUHVV LQ PRGLI\LQJ WKH PHWULF WR
GHFUHDVH HQHUJ\ UHTXLUHPHQWV YLD PRGLI\LQJ VKHOO SDUDPHWHUV, DV ZHOO DV WKH OLPLWDWLRQV RI
VXFK PHWKRGV. 7KH UHVHDUFK WKHQ SURSRVHV D FRQFHSW QHXUDO QHWZRUN WKDW PD\ EH LPSOHPHQWHG
WR GHYLVH YDULDQWV RI AOFXELHUUH-OLNH VSDFHWLPH PHWULFV ZLWK PRGLILHG FKDUDFWHULVWLFV, UHGXFLQJ
WRWDO HQHUJ\ UHTXLUHPHQWV FRQVLGHUDEO\, DQG HQDEOLQJ VXSHUOXPLQDO LQWHUVWHOODU WUDYHO LQ D QHDU-
PRGHUQ WLPH VSDQ.

SWXdenW Name(V): <. 6RQJ

AbVWracW:

161
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):
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[

[
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<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: ([SRQHQWLDO 'HULYDWLYH ,GHQWLWLHV DQG 3URSHUWLHV WR 'HWHUPLQH AOWHUQDWLYH 0HWKRGV DQG
6ROXWLRQV IRU CDOFXODWLQJ DQG 6LPSOLI\LQJ 3UREOHPV DQG 0RGHOV

The exponential derivative is an operator analogous to the “linear derivative,” and its similar
GHILQLWLRQV, SURSHUWLHV, DQG LGHQWLWLHV DUH DQDO\]HG, GHYHORSHG, DQG SURYHG VLPLODUO\ WR KRZ WKH
LGHQWLWLHV DQG SURSHUWLHV RI WKH OLQHDU GHULYDWLYH DUH SURYHG, XVLQJ DOWHUQDWLYH DSSURDFKHV WR
VROYH WKRVH SURRIV. 7KHVH SURRIV ZLOO EH FRQGXFWHG ERWK LQ WHUPV RI FDOFXOXV DQG LQ WHUPV RI
UHDO DQDO\VLV WR HQVXUH WKH WUXWK RI WKH SURSHUW\. 7KHVH LGHQWLWLHV LQFOXGH WKH OLPLW GHILQLWLRQ RI
WKH H[SRQHQWLDO GHULYDWLYH, WKH H[SRQHQWLDO GHULYDWLYHV RI IXQGDPHQWDO IXQFWLRQV VXFK DV WKH
H[SRQHQWLDO IXQFWLRQ RU VLQXVRLGDO IXQFWLRQV, WKH UHODWLRQ RI WKH H[SRQHQWLDO GHULYDWLYH WR WKH
OLQHDU GHULYDWLYH, WKH SURSHUWLHV RI WKH H[SRQHQWLDO GHULYDWLYH VXFK DV WKH "SURGXFW UXOH," DQG
WKH LQWURGXFWLRQ DQG GHYHORSPHQW RI WKH H[SRQHQWLDO LQWHJUDO DQG LWV LGHQWLWLHV DQG SURSHUWLHV.
7KH DSSOLFDWLRQV RI WKH H[SRQHQWLDO GHULYDWLYH DUH H[SORUHG VXFK DV FDOFXODWLQJ WKH JDPPD DQG
SRO\JDPPD UHODWLRQV, OLQHDU DOJHEUD, DSSOLHG DQG WKHRUHWLFDO PDWKHPDWLFDO PRGHOV, DQG
H[SRQHQWLDO WUDQVIRUPDWLRQV DQG LQGHSHQGHQFH. 7KH REMHFWLYH RI WKLV SURMHFW LV WR GHYHORS
HIIHFWLYH PHWKRGV DQG SURFHGXUHV WR DSSURDFK D PDWKHPDWLFDO SUREOHP LQYROYLQJ SURGXFWV,
TXRWLHQWV, H[SRQHQWV, DQG RWKHU KLJK-FRPSOH[LW\ UHODWLRQV XVLQJ DQ RSHUDWRU NQRZQ DV WKH
H[SRQHQWLDO GHULYDWLYH. 7KH H[SRQHQWLDO GHULYDWLYH GHVFULEHV WKH UDWH RI FKDQJH RI D IXQFWLRQ
ZLWK UHVSHFW WR LWV YDULDEOH DV D UDWLR LQVWHDG RI WKH GLIIHUHQFH RU VORSH EHWZHHQ IXQFWLRQ
YDOXHV. )RU WKLV SURMHFW, WKH LGHQWLWLHV DQG SURSHUWLHV RI WKH H[SRQHQWLDO GHULYDWLYH UHODWLQJ WR
DOO DVSHFWV RI FDOFXOXV, LQ ZKLFK WKH OLQHDU GHULYDWLYH LV LQYROYHG, ZLOO EH GHYHORSHG LQ RUGHU WR
GHWHUPLQH WKRVH HIIHFWLYH PHWKRGV DQG SURFHGXUHV.

SWXdenW Name(V): 3. CKLWLUDOD

AbVWracW:

251
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):
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[

[
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<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: DHYHORSLQJ DQG 7HVWLQJ 8SGDWHG GHRPHWULF 6WUXFWXUHV WR 0RGHO WKH 2SWLFDO 3URSHUWLHV RI

6SLUXOLQD, D HHOLFDO 3KRWRV\QWKHWLF 0LFURRUJDQLVP

AUWKURVSLUD SODWHQVLV (6SLUXOLQD) LV D SURWHLQ-ULFK QXWULHQW VRXUFH ZKRVH FRQVXPSWLRQ LQGXFHV
QXPHURXV KHDOWK EHQHILWV. 7KH PRVW HIILFLHQW PHWKRG WR JURZ 6SLUXOLQD LV XVLQJ
SKRWRELRUHDFWRUV (3B5V), ZKLFK FDQ RSWLPL]H JURZWK WKURXJK PRQLWRULQJ DQG FRQWUROOLQJ
6SLUXOLQD'V JURZLQJ FRQGLWLRQV. HRZHYHU, 3B5V FDQ EH H[SHQVLYH DQG FKDOOHQJLQJ WR XVH
HVSHFLDOO\ RQ D ODUJHU VFDOH. 7KH DLP RI WKLV SURMHFW LV WR IRUP DQ XQGHUVWDQGLQJ RI WKH
UHODWLRQVKLS EHWZHHQ 6SLUXOLQD'V JHRPHWULF DQG RSWLFDO SURSHUWLHV. CRXSOHG ZLWK DQ
XQGHUVWDQGLQJ RI KRZ 6SLUXOLQD'V HQYLURQPHQWDO FRQGLWLRQV DIIHFW LWV JURZWK, P\ UHVXOWV FDQ
OHDG WR WKH XVDJH RI 6SLUXOLQD'V RSWLFDO SURSHUWLHV WR LQIHU LWV JURZWK FRQGLWLRQV. 7KLV DOORZV
6SLUXOLQD RUJDQLVPV WR EH PRQLWRUHG PRUH HIIHFWLYHO\ DQG LQH[SHQVLYHO\. 7KLV UHVHDUFK SURMHFW
EHJDQ ZLWK WKH DQDO\VLV RI WKH IDFWRUV UHTXLUHG WR SURSHUO\ UHSUHVHQW WKH VWUXFWXUH RI D 6SLUXOLQD
WULFKRPH. I WKHQ FUHDWHG PXOWLSOH VSKHUH-EDVHG DQG F\OLQGHU-EDVHG JHRPHWULF DSSUR[LPDWLRQV
RI 6SLUXOLQD'V VWUXFWXUH. FROORZLQJ WKDW VWHS, WKH LPDJLQDU\ LQGLFHV RI UHIUDFWLRQ RI 6SLUXOLQD
ZHUH FDOFXODWHG DW YDULRXV ZDYHOHQJWKV;  ZDYHOHQJWKV RI LQWHUHVW, FRUUHVSRQGLQJ WR SHDNV LQ
WKH DEVRUSWLRQ VSHFWUD RI 6SLUXOLQD'V SLJPHQWV, ZHUH VHOHFWHG. AIWHUZDUGV, WKH SK\VLFV
VLPXODWLRQ VRIWZDUH C2062/ ZDV XVHG WR PRGHO P\ YDULRXV JHRPHWULF HVWLPDWLRQV RI
6SLUXOLQD'V VKDSH.

6HOI-ZULWWHQ FRGH LQ 3\WKRQ ZDV GHYHORSHG, XVLQJ HXFOLGHDQ GLVWDQFH WR PHDVXUH YDULDWLRQ
EHWZHHQ WKH LPDJHV JHQHUDWHG E\ WKH C2062/ VLPXODWLRQV. 7KLV HQDEOHG WKH GHWHUPLQDWLRQ
RI ZKLFK JHRPHWULF DSSUR[LPDWLRQ SRVVHVVHG WKH PRVW VLPLODU RSWLFDO SURSHUWLHV WR WKH
6SLUXOLQD KHOL[.
IQ WKH HQG, VWDFNLQJ YROXPH-HTXLYDOHQW HOOLSVRLGV ZDV WKH PRVW HIIHFWLYH UHSUHVHQWDWLRQ RI
6SLUXOLQD'V JHRPHWU\, DOWKRXJK WKH VWDFNHG GLVNV JHRPHWULF DSSUR[LPDWLRQ DOVR \LHOGHG
SURPLVLQJ UHVXOWV.

SWXdenW Name(V): 1. 6KHOO

AbVWracW:

254
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 7KH 'HVLJQ AQG CRQVWUXFWLRQ 2I A 3RUWDEOH 3RO\VW\UHQH 0LFURIOXLGLF CKLS )RU 7KH
3RLQW-2I-CDUH 'HWHFWLRQ 2I BDFWHULD 7KDW CDXVH (QWHULF GLVHDVHV.

(QWHULF GLVHDVHV DUH UHVSRQVLEOH IRU 1 RXW RI 9 FKLOG GHDWKV DQG 1.8 PLOOLRQ GHDWKV ZRUOGZLGH.
<HW, FXUUHQW PHWKRGV IRU GHWHFWLQJ HQWHULF GLVHDVHV LQ GULQNLQJ ZDWHU UHTXLUHV WKH FXOWLYDWLRQ RI
D VDPSOH LQ VHOHFWLYH PHGLD IROORZHG E\ PLFURELDO LGHQWLILFDWLRQ EDVHG RQ ELRFKHPLFDO,
LPPXQRORJLFDO RU PRUSKRORJLFDO FKDUDFWHULVWLFV. +RZHYHU, WKLV PHWKRG FRQVXPHV D ORW RI
PDWHULDOV DQG LV WLPH FRQVXPLQJ GXH WR WKH LQLWLDO HQULFKPHQW SHULRG RI DW OHDVW 5-7 WR LGHQWLI\
DQ LVRODWHG FRORQ\. AV D UHVXOW, UHOLDEOH WHVWLQJ IRU HQWHULF GLVHDVHV UHPDLQV LQDFFHVVLEOH WR
PDQ\ SHRSOH LQ GHYHORSLQJ FRXQWULHV FDXVLQJ WKRXVDQGV RI DYRLGDEOH GHDWKV. 7KH REMHFWLYH RI
WKLV SURMHFW LV WR GHVLJQ DQG EXLOG D SRUWDEOH PLFURIOXLGLF GHYLFH WKDW FRVWV XQGHU $30 FDSDEOH
RI GHWHFWLQJ (VFKHULFKLD FROL, D EDFWHULD WKDW FRPPRQO\ FDXVHV HQWHULF LOOQHVVHV. 7KH FKLS ZDV
GHVLJQHG LQ D FRPSXWHU-DLGHG GHVLJQ(CA') VRIWZDUH V\VWHP DQG WKH GHVLJQV ZHUH HQJUDYHG
RQWR SRO\VW\UHQH VKHHWV XVLQJ D C1C PDFKLQH. 7KHQ, WKH SRO\VW\UHQH VKHHWV ZHUH KHDWHG
FDXVLQJ WKH PDWHULDO WR VKULQN, FUHDWLQJ PLFURIOXLGLF FKDQQHOV IURP WKH GHVLJQV HQJUDYHG RQWR
LW. 7KH PLFURIOXLGLF FKLS FRVW $5 WR IDEULFDWH ZKLFK LV XQGHU WKH $30 UHTXLUHPHQW. AOVR, WKH
FKLS LV 15 FHQWLPHWHUV ORQJ DQG XQGHU .4 NLORJUDPV. CRQVHTXHQWO\, LW LV SRUWDEOH DQG HDV\ WR
WUDQVSRUW WR DQ\ ORFDWLRQ ZKHUH GHWHFWLRQ RI EDFWHULD WKDW FDXVH HQWHULF GLVHDVHV LV QHHGHG.
6HYHUDO FKLS GHVLJQV ZHUH IDEULFDWHG DQG WKH ILQDO GHVLJQ ZLOO EH XVHG WR GHWHFW (VFKHULFKLD
FROL LQ D ZDWHU VDPSOH. 7KH FKLS ZLOO EH FDSDEOH RI GHWHFWLQJ EDFWHULD WKDW FDXVH HQWHULF
GLVHDVHV LQ ZDWHU VDPSOHV.

SWXdenW Name(V): 3. BD]HPRUH

AbVWracW:

248
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 5HDO-7LPH 0RWLRQ 7UDFNLQJ 6\VWHP DQG 'DWD AQDO\WLFV IRU /LYH ,QVHFWV 8VLQJ 7KUHH-
:KHHOHG 6HUYRVSKHUH 5RERW

6HUYRVSKHUH URERWV DUH XVHG DV RPQLGLUHFWLRQDO WUHDGPLOOV IRU WHWKHUOHVV PRWLRQ WUDFNLQJ,
SUHVHQWLQJ LPSURYHG DFFXUDF\ WR FRQYHQWLRQDO PHWKRGV ZKLOH KDYLQJ QXPHURXV SUDFWLFDO
DGYDQWDJHV. AQ DUHD RI LQWHUHVW IRU PRWLRQ WUDFNLQJ LV LQ PDFKLQH OHDUQLQJ, ZKHUH D WUDLQHG
PRGHO FDQ GHWHUPLQH WKH WUDLWV RI DQ LQVHFW, H.J., LWV VSHFLHV, VH[, DQG KHDOWK, EDVHG RQ LWV
SDWKLQJ. /DVW \HDU¶V ZRUN GHYHORSHG D SURWRW\SH VHUYRVSKHUH WUDFNLQJ V\VWHP, DQG WKLV SURMHFW
H[WHQGV WKDW ZRUN ZLWK WKUHH FRQWULEXWLRQV: 1) HQKDQFLQJ WKH V\VWHP XVLQJ D VWURQJHU,
FRPSDFWHG GHVLJQ ZLWK HUURU-UHGXFHG PRWRUV, D IDVWHU FDPHUD, DQG DQ RSWLFDO VHQVRU DV ZHOO DV
PRUH HIILFLHQW PXOWLWKUHDGHG SURJUDPPLQJ LQ 3\WKRQ, 2) SHUIRUPLQJ VWLPXOXV H[SHULPHQWV
ZLWK VHYHQ OLYH, QDWXUDOO\-REWDLQHG /DVLXV QLJHU DQG 0RQRPRULXP PLQLPXP VXEMHFWV, DQG 3)
DSSO\LQJ FROOHFWHG PRWLRQ GDWD WR PDFKLQH OHDUQLQJ XVLQJ D FRQYROXWLRQDO QHXUDO QHWZRUN
(C11) FODVVLILFDWLRQ PRGHO. 7KH H[SHULPHQWDO UHVXOWV GHPRQVWUDWH WKH HIIHFWLYHQHVV RI WKH
V\VWHP LQ WUDFNLQJ OLYH LQVHFW PRWLRQ, KDYLQJ DQ DYHUDJH H[SHULPHQWDO HUURU RI 3.23PP DORQJ
DQ LGHDO SDWK. )LYH RI WKH VHYHQ VXEMHFWV DUH VWLPXODWHG ZLWK 50J RI VZHHWHQHG KRQH\ DQG KDYH
D PHDVXUHG DYHUDJH VSHHG RI 11.594PP/V. 7KH WZR FRQWURO VXEMHFWV KDYH DQ DYHUDJH VSHHG RI
5.448PP/V, FRUURERUDWLQJ H[SHFWHG UHVXOWV DQG GHPRQVWUDWLQJ WKH V\VWHP¶V UREXVWQHVV ZLWK
LQQDWH DQG VWLPXODWHG PRWLRQ. 7KH GHYHORSHG C11 PRGHO DLPV WR FODVVLI\ VHJPHQWHG
WUDMHFWRULHV EDVHG RQ WKHLU GLUHFWLRQV, VXFK DV OHIW, ULJKW, RU VWUDLJKW, DQG WKH V\VWHP-SURGXFHG
WUDMHFWRULHV \LHOG D PRGHO DFFXUDF\ RI 64%. ,Q WKH IXWXUH, WKH VHUYRVSKHUH URERW FDQ EH DSSOLHG
WR RWKHU ILHOGV VXFK DV QHXURVFLHQFH ZLWK IOXRUHVFHQW QHXUDO EHKDYLRU DQDO\VLV.

SWXdenW Name(V): 1. /HH

AbVWracW:

253
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: BLUG ,PDJH 5HFRJQLWLRQ 8VLQJ 1HXUDO 1HWZRUNV

BLUG ZDWFKLQJ LV D SRSXODU KREE\ DPRQJ PDQ\ EXW EHLQJ DEOH WR LGHQWLI\ ELUGV RXW LQ WKH ILHOG
RU IURP D SLFWXUH FDQ EH FKDOOHQJLQJ IRU WKRVH ZLWK OHVV H[SHULHQFH. ASSV KDYH EHHQ PDGH WR
FRPEDW WKLV LVVXH VXFK DV 0HUOLQ BLUG ,', DQ DSS WKDW DOORZV XVHUV WR XSORDG D SKRWR RI D ELUG
DQG WKHQ XVHV LPDJH UHFRJQLWLRQ DOJRULWKPV WR LGHQWLI\ WKH ELUG. 0DQ\ RI WKHVH DSSOLFDWLRQV
XVH FRQYROXWLRQ QHXUDO QHWZRUNV(C11V) ZKLFK LV D EUDQFK RI PDFKLQH DQG GHHS OHDUQLQJ.
7KHVH QHWZRUNV GHWHFW IHDWXUHV OLNH OLQHV, HGJHV, RU FXUYHV LQ D JLYHQ LPDJH DQG WKHQ PDNH
SUHGLFWLRQV RQ QHZ LPDJHV XVLQJ WKH IHDWXUHV LW KDV GHWHFWHG. 7KH JRDO RI WKLV SURMHFW LV WR XVH
WKH CDOWHFK-8C6' BLUGV-200-2011 GDWDVHW, ZKLFK KDV 200 ELUG VSHFLHV VSUHDG DFURVV 11,788
LPDJHV DQG SXEOLFO\ DYDLODEOH FRGH ZULWWHQ E\ 6DVDQN CKLODPNXUWK\ WKDW ZDV PDGH IRU DQW DQG
EHH LGHQWLILFDWLRQ WR FUHDWH D QHXUDO QHWZRUN PRGHO WKDW FDQ FRUUHFWO\ LGHQWLI\ WKH ELUGV ZLWKLQ
WKH GDWDVHW DW DQ DFFXUDF\ RI 90% RU KLJKHU. CKDQJHV WR VSHFLILF OLQHV LQ WKH FRGH ZLOO KDYH WR
EH PDGH WR DOORZ LW WR XVH WKH SUHYLRXVO\ PHQWLRQHG GDWDVHW. CXUUHQWO\, DIWHU UXQQLQJ 3 WULDOV
WKH KLJKHVW DFFXUDF\ DFKLHYHG E\ WKH QHXUDO QHWZRUN ZDV 88%. 7KLV LQGLFDWHV WKDW WKH QHWZRUN
LV DEOH WR FRUUHFWO\ LGHQWLI\ WKH ELUGV LQ WKH GDWDVHW ZLWK UHDVRQDEOH DFFXUDF\ EXW VWLOO VKRZV
URRP IRU LPSURYHPHQW. )XWXUH ZRUN ZLOO LQYROYH FKDQJLQJ FHUWDLQ SDUDPHWHUV ZLWKLQ WKH FRGH
WR KRSHIXOO\ LQFUHDVH WKH DFFXUDF\.

SWXdenW Name(V): /. /DSLHUUH

AbVWracW:

245
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: A :DYHOHW-EDVHG 0HWKRG IRU *HQHUDOL]LQJ

0ROHFXODU /DWHQW 6SDFHV IRU AVVLVWHG 7UDYHUVDO

AXWR-HQFRGHUV DQG GHFRGHUV DUH EHFRPLQJ PRUH DQG PRUH SUHYDOHQW LQ FXUUHQW
FKHPLQIRUPDWLFV DSSOLFDWLRQV. ,Q PROHFXODU PRGHOLQJ, PROHFXODU UHSUHVHQWDWLRQV FDQ TXLFNO\
VFDOH WR D SRLQW WKDW QHFHVVLWDWHV VLPSOLILFDWLRQ RU FRPSUHVVLRQ. 8VLQJ D GLVFUHWH ZDYHOHW
WUDQVIRUP¶V DSSUR[LPDWLRQ VHFWLRQ, WKH QXPEHU RI EDVLV YHFWRUV QHHGHG WR UHSUHVHQW WKH
PDMRULW\ RI D FKHPLFDO VSDFH¶V GHWDLO FDQ EH UHGXFHG, DQG WKLV VSDFH FDQ WKXV EH PRUH
HIILFLHQWO\ JHQHUDOL]HG. )RU LQSXW GDWD, WKH 60,/(6 PROHFXODU UHSUHVHQWDWLRQ ZDV XVHG GXH WR
LWV UHODWLYHO\ VLPSOH QRPHQFODWXUH, FRPELQHG ZLWK RQH-KRW FKDUDFWHU YHFWRUV IRU HIILFLHQF\.
8VLQJ WKH DSSUR[LPDWLRQ SRUWLRQ RI WKH GLVFUHWH ZDYHOHW WUDQVIRUP, WKH QXPEHU RI EDVLV
YHFWRUV QHHGHG WR UHSUHVHQW HDFK FKDUDFWHU FDQ EH UHGXFHG E\ D IDFWRU RI WZR. :DYHOHWV DOORZ
IRU WKH VLPSOH WUDQVIRUPDWLRQ DQG UHFRQVWUXFWLRQ RI WKH LQSXW GDWD, HYHQ LI RQO\ WKH
DSSUR[LPDWLRQ VHFWLRQ LV XVHG, E\ XWLOL]LQJ D PD[LPL]LQJ IXQFWLRQ. :KLOH WKLV QRYHO DSSURDFK
FDQ LQWURGXFH QRLVH, LW DOORZV IRU VLPSOLILFDWLRQ RI D PROHFXOH¶V PDWKHPDWLFDO PRGHO ZKLOH
SUHVHUYLQJ PRVW RI WKH ODWHQW VSDFH SURSHUWLHV RI D PRGHO WUDLQHG ZLWKRXW WKLV PHWKRG.

SWXdenW Name(V): ,. 0XUGRFN

AbVWracW:

170
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 7KH 'HYHORSPHQW RI DQ ,QH[SHQVLYH, 6LPSOH DQG (IIHFWLYH ASSOLFDWLRQ RI 2II WKH *ULG
6RODU 'LVLQIHFWLRQ RI 3RWDEOH :DWHU

/HVV GHYHORSHG FRXQWULHV KDYH D OLPLWHG DPRXQW RI FOHDQ GULQNLQJ ZDWHU WR VXSSRUW FRPPXQLW\
QHHGV FRXSOHG ZLWK D ODFN RI HFRQRPLFDO/HIIHFWLYH ZD\V WR WUHDW FRQWDPLQDWHG ZDWHU OHDGLQJ WR
VXEVWDQWLDO SXEOLF KHDOWK LVVXHV. 7KLV SURMHFW DLPV WR GHYHORS DQ LQH[SHQVLYH, VLPSOH DQG
HIIHFWLYH ZD\ WR SURGXFH SRWDEOH ZDWHU IRU XVH LQ OHVV GHYHORSHG FRXQWULHV RU DIWHU QDWXUDO
GLVDVWHUV ZKHQ WKH ZDWHU VXSSO\ LV OLPLWHG. 6RODU 'LVLQIHFWLRQ (62',6) LV D PHWKRG IRU WKH
GLVLQIHFWLRQ RI ZDWHU XVLQJ XOWUDYLROHW UD\V (89A DQG 89B) IURP WKH VXQ. 7R HQKDQFH WKLV
H[SHULPHQW, D PLUURU DQG EODFN VSUD\ SDLQW ZLOO EH XVHG WR LQFUHDVH WKH UDWH RI 89A DQG 89B
WUDQVPLVVLRQ DQG DPSOLI\ WKH GLVLQIHFWLRQ SURFHVV. 1RQ-SDWKRJHQLF (VFKHULFKLD FROL ((.FROL)
LQIHFWHG ZDWHU ZLOO EH XVHG WR UHSOLFDWH ZDWHU WKDW SHRSOH LQ GHYHORSLQJ FRXQWULHV KDYH DFFHVV
WR. 7KH SRXU SODWH PHWKRG ZDV XVHG WR WHVW HIIHFWLYHQHVV RI WKH WUHDWPHQW. 7KUHVKROG FULWHULD
HVWDEOLVKLQJ 89 LQGXFHG LQKLELWLRQ ZDV DQ\ FRORQLHV WKDW ZHUH ODUJHU WKDQ 1.53 PLOOLOLWHUV LV
GLDPHWHU. 7KH ERWWOH ZLWK QR 89 H[SRVXUH KDG 10 FRORQLHV/FPð EHIRUH WUHDWPHQW DQG 0
FRORQLHV/FPð DIWHU WUHDWPHQW. 7KH ERWWOH ZLWK QR PRGLILFDWLRQV EXW 24 KRXUV RI H[SRVXUH KDG
15 FRORQLHV/FPð EHIRUH WUHDWPHQW DQG 0 FRORQLHV/FPð DIWHU. 3LQSRLQW FRORQLHV ZHUH DOVR SUHVHQW
DIWHU 48 KRXUV IRU ERWK EHIRUH DQG DIWHU WUHDWPHQW SODWHV WKDW LQGLFDWHG HDUO\ VWDJH JURZWK
LQGLFDWLYH RI ORZ FHOO GHQVLW\. ,W LV FRQFOXGHG WKDW WKH 89 GLVUXSWV WKH '1A VHTXHQFLQJ IRU
FHOO UHSOLFDWLRQ DQG WKHUHIRUH LV D VXLWDEOH PHWKRG IRU RII WKH JULG VRODU GLVLQIHFWLRQ.

SWXdenW Name(V): A. *UHHQEHUJ

AbVWracW:

250
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 7KH 0DQXIDFWXUH DQG ([SDQGHG )XQFWLRQ RI D /RFNLQJ CRQWDLQHU WR (OLPLQDWH WKH
'LVWUDFWLRQ RI 3KRQHV :KLOH 'ULYLQJ

:LWK WKH ULVH RI WHFKQRORJLFDO DGYDQFHV LQ WKH 21VW FHQWXU\ UHVXOWLQJ LQ WKH SRSXODULW\ RI
FHOOXODU

GHYLFHV, FDU DFFLGHQWV, DQG IDWDOLWLHV DVVRFLDWHG ZLWK GLVWUDFWHG GULYLQJ KDYH EHFRPH DQ
LQFUHDVLQJ LVVXH. AGGLWLRQDOO\, \RXQJ SHRSOH DUH PRUH OLNHO\ WR XVH WKHLU SKRQHV FRPSDUHG WR
ROGHU LQGLYLGXDOV, ZKLFK PDNHV WKHP D VDIHW\ FRQFHUQ IRU WKHLU HDUO\ \HDUV DV QHZ GULYHUV. 7R
UHVWUDLQ LQGLYLGXDOV IURP SKRQHV, D SURWRW\SH IRU D ORFNLQJ FRQWDLQHU ZDV GHYHORSHG GXULQJ
IUHVKPDQ \HDU UHTXLULQJ WKH GULYHU¶V SKRQH WR EH VWRUHG ZLWKLQ WKH FRQWDLQHU EHIRUH GULYLQJ WR
SUHYHQW DWWHPSWV RI GLVWUDFWLRQ. AIWHUZDUG, VRSKRPRUH \HDU IRFXVHG RQ PDQXIDFWXULQJ D 3'
PRGHO DQG 3CB ERDUGV IRU WKH SURMHFW. 7KHQ, GXULQJ MXQLRU \HDU, WKH SURMHFW ZDV DVVHPEOHG
DQG LPSOHPHQWHG IRU XVH LQ DQ DXWRPRELOH. )RU WKLV \HDU, WKH IRFXV ZDV RQ H[SDQGLQJ WKH
IXQFWLRQDOLW\ RI WKH SURMHFW E\ SDWHQWLQJ WKH GHVLJQ. 7KH VWDUW RI SDWHQWLQJ ZDV D OHQJWK\
SURFHVV IURP LGHQWLI\LQJ WKH W\SH RI SDWHQW QHHGHG, WR FURVV-H[DPLQLQJ PDQ\ VLPLODU SURGXFWV
WR HQVXUH WKH SURMHFW ZDV XQLTXH. ,Q DGGLWLRQ, WKH SURMHFW WKHQ ZDV FODVVLILHG WKURXJK WKH C3C
(CRRSHUDWLYH 3DWHQW CODVVLILFDWLRQ) DQG KDG FODLPV HVWDEOLVKHG IRU WKH SDWHQW WR GHILQH WKH
ERXQGDULHV RI WKH LQYHQWLRQ. CRQFHUQLQJ WKH SXUSRVH RI WKH SURMHFW, WKH PDLQ LPSOLFDWLRQ LV WR
SUHYHQW IXWXUH WHHQ GULYLQJ-UHODWHG FDU FUDVKHV LQYROYLQJ GLVWUDFWLRQV IURP WKHLU FHOOXODU GHYLFH
DQG WR VDYH OLYHV. 2WKHU SRWHQWLDO LPSOLFDWLRQV IRU WKLV SURMHFW FDQ EH IRU SHUVRQDO VDIHW\ IRU
DQ\ GULYHU, RU DV D EXVLQHVV SROLF\ IRU WKH VDIHW\ RI ZRUNHUV IRU FRPSDQLHV VXFK DV )HG([ RU
836.

SWXdenW Name(V): 6. /RZGHU

AbVWracW:

250
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: A 3URSRVDO WR 8VH CRVW (IIHFWLYH (FR-IULHQGO\ DQG 6WURQJHU BULFNV IRU 0RGHUQ
CRQVWUXFWLRQ

7KH NLOQLQJ RI EULFNV, WKURXJK WKH FRPEXVWLRQ RI IRVVLO IXHOV, HPLWV PDQ\ WR[LF IXPHV ZKLFK
DUH QRW RQO\ KDUPIXO WR WKH HQYLURQPHQW, EXW KDUPIXO WR KXPDQ KHDOWK DQG DWPRVSKHULF KHDOWK
DV ZHOO. 7KH JRDO RI P\ SURMHFW LV WR LQYHVWLJDWH WUDGLWLRQDO DQFLHQW HFR-IULHQGO\ EULFN PDNLQJ
PHWKRGV WKDW FRXOG SURGXFH EULFNV VWURQJHU WKDQ PRGHUQ EULFNV, DV ZHOO DV WR PDNH WKHP FRVW
HIILFLHQW. 7KLV SURMHFW ZLOO  WHVW WKUHH EULFN UHFLSHV XVLQJ WUDGLWLRQDO DQFLHQW PDWHULDOV WR
GHWHUPLQH LI WKH\ DUH DV VWURQJ DV PRGHUQ EULFNV, DV PDQ\ DQFLHQW VWUXFWXUHV VWLOO VWDQG WRGD\.
AQFLHQW EULFNV ZHUH SULPDULO\ PDGH RI PXG DQG VWUDZ, RU OLPHVWRQH. )URP SULRU NQRZOHGJH,
DQFLHQW EULFN PDNLQJ PHWKRGV ZHUH DEOH WR SURGXFH EULFNV WKDW ODVWHG IRU WKRXVDQGV RI \HDUV.
+RZHYHU, PRGHUQ EULFNV DUH DEOH WR ODVW, RQ DYHUDJH, 300 \HDUV. 5HODWLYH WR DQFLHQW EULFN
VWUXFWXUHV VWLOO VWDQGLQJ WRGD\, WKLV LV D VKRUW DPRXQW RI WLPH. 7KLV OHG PH WR WKH GHFLVLRQ RI
WHVWLQJ DQFLHQW EULFNV WR VHH WKDW WKH\ FDQ EH VWURQJHU WKDQ FRPPHUFLDO EULFNV.7KH LQWHQWLRQ
ZDV WR PDNH DQ HFR-IULHQGO\, GXUDEOH, DQG FRVW HIILFLHQW EULFN. +RZHYHU, ,W VHHPV WKH
FRQFHQWUDWLRQV LQ ZKLFK WKH EULFNV ZHUH PDGH KDGQ¶W DOORZHG WKHP WR IXOO\ FOXPS WRJHWKHU.
2YHUDOO, WKH YDULDQWV RI EULFNV PDGH IURP WUDGLWLRQDO DQFLHQW LQJUHGLHQWV ZHUH FRVW HIILFLHQW
DQG HFR-IULHQGO\ EXW ZHUH XQDEOH WR PHHW WKH FRPPHUFLDO EULFNV¶ VWDQGDUGV RI GXUDELOLW\, DQG
ZHUH TXLWH EULWWOH DQG FKDON\, IDLOLQJ WKH GXUDELOLW\ WHVW.

SWXdenW Name(V): <. AKPHG

AbVWracW:

233
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: ,QFUHDVLQJ (ODVWLFLW\, 'XUDELOLW\, DQG )XQFWLRQ RI :HDUDEOH 3A1,-6HQVH S+ +HDOWK
0RQLWRUV YLD D 6XSHUK\GURSKRELF, 7H[WLOH )UDPHZRUN

CXUUHQW S+ VHQVRUV IDLO WR EH WUXO\ ZHDUDEOH ZKLOH PDLQWDLQLQJ WKH QHFHVVDU\ VHQVLWLYLW\ WR
YDU\LQJ S+, FRQVLGHULQJ WKH PRVW UHFHQW ZHDUDEOH S+ WHFKQRORJLHV DUH SRO\LPLGH ILOP-EDVHG
(3,).  3RRU ZDVKDELOLW\ DQG UHXVDELOLW\ UHPDLQ FKDOOHQJHV LQ WKH ILHOG RI ZHDUDEOHV. ,Q WKLV
UHVHDUFK, D KLJKO\ GXUDEOH, ZDWHU-UHVLVWDQFH, DQG ZHDUDEOH 3A1, S+ 6HQVRU ZLWK D 6XSHU
+\GURSKRELF FRDWLQJ RQ D XQLTXH WH[WLOH IUDPHZRUN ZDV V\QWKHVL]HG. 7KLV LQQRYDWLRQ
PD[LPL]HV WKH DGYDQWDJHV RI WH[WLOH, VLPXOWDQHRXVO\ FRQVHUYLQJ WKH VHQVLWLYLW\ DQG GXUDELOLW\
RI 3, ILOP-EDVHG S+ VHQVRUV. 7KH 6XSHU-+\GURSKRELF 6(B6 AONDQH-6XUIDFH-0RGLILHG 6LOYHU-
1DQRSDUWLFOHV HQVXUH ZDVKDELOLW\ DQG UHSHDWDELOLW\. 0RUHRYHU, WKH 9ROWHUD 6FUHHQ 3ULQWHU
HQDEOHG VPDOO-VFDOH SUHFLVLRQ PDNLQJ WKH ZHDUDEOH GLVFUHWH. 7KH QHZO\ IDEULFDWHG, VWUHWFKDEOH,
DQG ZDWHU-UHVLVWDQW 6+-39A 3A1, S+ VHQVRU GHPRQVWUDWHG OLQHDU DQG GLVFHUQDEOH UHVSRQVH
SHU FKDQJH LQ S+ (3.523P9/S+), ZLWK WKH KLJKO\ UHSURGXFLEOH LQWHUSUHWDWLRQ RI S+ IURP 0-13
(0.5%). :LWK YHUWLFDO DQG KRUL]RQWDO VWUHWFKLQJ & EHQGLQJ WKH 3A1, S+ UHVSRQVH UHPDLQHG
ZLWKLQ 1.7% RI LWV RULJLQDO SHUIRUPDQFH DQG 4% FKDQJH LQ RYHUDOO OLQHDULW\. 7KLV UHSUHVHQWV D
PHDVXUDEOH LPSURYHPHQW RYHU DFFXUDFLHV IRU FXUUHQW WHFKQRORJLHV (>5%). 7KH 6+-39A 3A1,
S+ VHQVRU UHVLVWHG 16-36RC ZDWHU, ZLWK <3.3% UHVSRQVH DFFXUDF\. AGGLWLRQDOO\, WKH 6+-39A
3A1, S+ SHUIRUPDQFH, SRVW PXOWLSOH ZDVKHV, GHPRQVWUDWHV WKH VDPH UHVSRQVH VSHHG, ZLWK S+
DFFXUDF\/UHSURGXFLELOLW\ RI a1.0%. :LWK UHJDUGV WR WKH UHOLDELOLW\ RI S+ UHDG YHUVXV
WHPSHUDWXUH, WKH 3A1, S+ VHQVRU H[KLELWHG RQO\ 1.6% QHJDWLYH GULIW IRU 0-35RC, ZKLFK LV IDU
OHVV WKDQ WKDW FXUUHQWO\ UHSRUWHG LQ OLWHUDWXUH (6.8%).

SWXdenW Name(V): 0. 0LQLFKHWWL, 0. 0LQLFKHWWL

AbVWracW:

242
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 2SWLPL]DWLRQ RI WKH 6OHHS C\FOH E\ AFWLYDWLRQ RI WKH 3DUDV\PSDWKHWLF 1HUYRXV 6\VWHP
8VLQJ /RZ-IUHTXHQF\ 9LEUDWLRQV DQG +HDUW 5DWH 9DULDELOLW\ AQDO\VLV.

7KH SXUSRVH RI WKLV SURMHFW ZDV WR FUHDWH D ZHDUDEOH GHYLFH WKDW XVHV YLEUDWLRQV WR LQFUHDVH
GHHS-VOHHS GXUDWLRQ WKURXJK DQ LQFUHDVH LQ SDUDV\PSDWKHWLF DFWLYDWLRQ, PHDVXUHG WKURXJK
+59 (WKH YDULDWLRQ LQ WLPH EHWZHHQ KHDUWEHDWV).  7KH GHVLJQ RI WKH ZHDUDEOH ZDV D WKUHH-VWHS
SURFHVV: ZLULQJ WKH FLUFXLW, ZULWLQJ WKH FRGH, DQG GHVLJQLQJ D KRXVLQJ IRU WKH HOHFWURQLFV.  7KH
FLUFXLW XVHG D '592605/ +DSWLF 'ULYHU, ZKLFK ZDV VROGHUHG WR DQ AUGXLQR 1DQR, WR FRQWURO
WKH YLEUDWLQJ GLVF.  3RZHU ZDV VXSSOLHG E\ D 3.7Y /L3R EDWWHU\ DQG D ERRVW FRQYHUWHU.  7KH
FRGH ZDV ZULWWHQ WR FRQWURO WKH YLEUDWLRQ HIIHFW DQG LQWHUYDO E\ XVLQJ WKH '592605 OLEUDU\.
7KH KRXVLQJ, ZKLFK ZDV GHVLJQHG LQ )XVLRQ 360, KDG D KROH FXW RXW LQ WKH ERWWRP IRU WKH
YLEUDWLRQ PRWRU.  7KLV KROH ZDV VXUURXQGHG E\ VLOLFRQH LQ RUGHU WR PLQLPL]H WKH QRLVH IURP WKH
PRWRU¶V YLEUDWLRQV.  A YHOFUR VWUDS ZDV XVHG WR DWWDFK WKLV KRXVLQJ WR WKH XVHU¶V ZULVW.  )RU
HDFK SDUWLFLSDQW, DQ 2XUD ULQJ ZDV XVHG WR UHFRUG UHOHYDQW VOHHS GDWD, LQFOXGLQJ +59 DQG GHHS
VOHHS GXUDWLRQ, ERWK EHIRUH DQG DIWHU WKH XVH RI WKH GHYLFH. AQDO\VLV LQGLFDWHG D QRWLFHDEOH
LQFUHDVH LQ ERWK DYHUDJH VOHHS GXUDWLRQ DQG +59 LQ SDUWLFLSDQWV ZKR XVHG WKH GHYLFH, ZLWK QRW
PXFK FKDQJH LQ WKH FRQWURO JURXS.

SWXdenW Name(V): 5. .XOVDNGLQXQ

AbVWracW:

207
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 5HJHQHUDWHG CHOOXORVH )LEHUV DQG 7KHLU ,PSDFW RQ WKH (QYLURQPHQW

5HJHQHUDWHG FHOOXORVH ILEHUV VXFK DV O\RFHOO, YLVFRVH, DQG PDQ\ PRUH KDYH EHFRPH SRSXODU
FKRLFHV LQ WKH FORWKLQJ LQGXVWU\. 7KH PDQ-PDGH ILEHUV DUH PDGH IURP QDWXUDO PDWHULDOV DQG
XQGHUJR YDULRXV SURFHVVHV WR FUHDWH D SURGXFW VLPLODU WR FRWWRQ, EXW ELRGHJUDGDEOH. CHUWDLQ
PHWKRGV XVHG WR FUHDWH ILEHUV LPSRVH GLIIHUHQW HQYLURQPHQWDO LPSDFWV.

7R ILQG WKH PRVW VXVWDLQDEOH DQG HQYLURQPHQWDOO\ IULHQGO\ UHJHQHUDWHG ILEHUV D PHWD-DQDO\VLV
PXVW EH FRPSOHWHG WKDW KLJKOLJKWV WKH VWUHQJWKV DQG ZHDNQHVVHV RI DOO WKH GLIIHUHQW ILEHUV. A
WDEOH ZDV FUHDWHG LQ RUGHU WR FRPSDUH TXDQWLWDWLYH GDWD VXFK DV UDWHV RI DFLGLILFDWLRQ, LPSDFW
RQ JOREDO ZDUPLQJ, ZDWHU XVH, HQHUJ\ XVH, HWF. A VHSDUDWH FROOHFWLRQ RI GDWD RFFXUUHG WKDW
FRPSDUHG TXDOLWDWLYH GDWD VXFK DV WKH FKHPLFDO E\-SURGXFW UHOHDVHG, WKH SURFHVV XVHG, VROYHQW,
HWF. 2YHUDOO, WKH JRDO LV WR ORRN IRU FRQVLVWHQW SRVLWLYH SDWWHUQV WKDW DUH EDFNHG XS E\
DIIRUGDEOH FRVW DQG DFFHSWDEOH TXDOLW\.

BDVHG RQ SUHYLRXV UHVHDUFK, O\RFHOO LV K\SRWKHVL]HG WR EH WKH PRVW HFR-IULHQGO\ ILEHU EHFDXVH
LW KDV D UHF\FODEOH VROYHQW, VKRZV WKH ORZHVW QXPEHUV LQ WKH TXDQWLWDWLYH FKDUW, DQG XVHV D GU\
MHW-ZHW VSLQQLQJ PHWKRG ZKHQ EHLQJ UHFRQVWUXFWHG. ,W LV DOVR SUHGLFWHG WKDW PDQ\ RI WKH SODQW-
EDVHG ILEHUV VXFK DV YLVFRVH DQG UD\RQ ZLOO EH HFR-IULHQGO\ ILEHUV EXW ODFN LQ RWKHU DUHDV
EHFDXVH WKH SURFHVVHV XVH PRUH HQHUJ\ DQG ZDWHU.

:LWK WKH NQRZOHGJH RI ZKLFK UHJHQHUDWHG FHOOXORVH ILEHUV DUH WKH PRVW HFR-IULHQGO\,
FRQVXPHUV ZLOO EH DEOH WR SXUFKDVH FORWKHV WKDW UHGXFH WKHLU HQYLURQPHQWDO IRRWSULQW. 2YHUDOO,
LW'V LPSRUWDQW WR NQRZ WKH SURGXFW \RX DUH EX\LQJ DQG ZKDW NLQG RI TXDOLW\ LW'V RIIHULQJ.

SWXdenW Name(V): A. 6DVVH, A. 6DVVH

AbVWracW:

258
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 8WLOL]LQJ 5RRIWRS *DUGHQV DV D 0HDQV RI *HRWKHUPDO CRROLQJ DQG +HDWLQJ 7KURXJK
*URXQG WR ALU +HDW 7UDQVIHU 6\VWHPV

+HDWLQJ DQG FRROLQJ V\VWHPV DUH HLWKHU LQFUHGLEO\ FRVWO\ WR XSKROG DQG LPSOHPHQW RU DUH ODUJH
FRQWULEXWRUV WR FOLPDWH FKDQJH. ,QVHUWLQJ JURXQG-WR-DLU KHDW WUDQVIHU V\VWHPV ZLWKLQ URRIWRS
JDUGHQV FDQ VHUYH DV D SRWHQWLDO FDQGLGDWH WR RIIVHW WKHVH LVVXHV. AFFRUGLQJ WR D VWXG\
SHUIRUPHG LQ 6DXGL AUDELD, URRIWRS JDUGHQV DORQH KDYH DQ LQVXODWLRQ HIIHFW IRU WKH EXLOGLQJV
WKH\ OLH XSRQ (AOKDVKLPL, 2018). ,I WKHVH HIIHFWV ZHUH WR EH PD[LPL]HG WKURXJK KHDW-V\QF,
URRIWRS JDUGHQV FRXOG VHUYH DV D UHOLDEOH DQG VDIH PHDQV RI JHRWKHUPDO FRROLQJ. 7R SURYH WKH
DELOLWLHV RI WKLV V\VWHP, D PRGHO 4¶[2¶[2¶ EXLOGLQJ ZLWK D 4¶[2¶[1¶ URRIWRS JDUGHQ ZDV
FRQVWUXFWHG. A 39C KHDW H[FKDQJH ZDV UXQ IURP RXWVLGH RI WKH EXLOGLQJ, WKURXJK WKH JDUGHQ
VRLO, DQG LQWR WKH EXLOGLQJ. +HDWLQJ WHVWLQJ ZDV SHUIRUPHG RXWVLGH LQ FROG, 4-GHJUHH CHOVLXV
ZHDWKHU. 2YHU D 2.25-KRXU SHULRG, WKH PRGHO EXLOGLQJ VDZ D 2-GHJUHH CHOVLXV LQFUHDVH.
CRROLQJ WHVWLQJ ZDV SHUIRUPHG LQVLGH D 27-GHJUHH CHOVLXV URRP. 2YHU D 2-KRXU VSDQ, WKH
PRGHO EXLOGLQJ VDZ D 2.3-GHJUHH CHOVLXV GHFUHDVH. ,W LV FRQFOXGHG WKDW WKURXJK
H[SHULPHQWDWLRQ, D ODUJH-VFDOH URRIWRS JDUGHQ JURXQG-WR-DLU KHDW WUDQVIHU V\VWHP ZLOO VHUYH DV
DQ HIIHFWLYH PHDQV RI JHRWKHUPDO KHDWLQJ DQG FRROLQJ. ,W LV SURSRVHG WKDW H[SHULPHQWDWLRQ
VKRXOG FRQWLQXH WKURXJK ODUJH-VFDOH JDUGHQV ZKHUH GDWD FDQ PRUH DFFXUDWHO\ UHSUHVHQW IXOO-
VL]HG V\VWHPV. 7KLV V\VWHP ZLOO EH EHVW DSSOLHG LQ XUEDQ DUHDV ZKHUH URRIWRS JDUGHQV DUH
DOUHDG\ KLJKO\ SRSXODU. A ZDUP FOLPDWH VHWWLQJ ZLOO EH PRVW LGHDO IRU WKLV V\VWHP DV LWV FRROLQJ
SURSHUWLHV DUH PRUH HIIHFWLYH WKDQ KHDWLQJ.

SWXdenW Name(V): A. .LQJ

AbVWracW:

259
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: CRPSDULQJ 9DULRXV 0DFKLQH /HDUQLQJ 0RGHOV ZKLOH 3UHGLFWLQJ 7D[RQRP\ XVLQJ CRGRQ
CRPELQDWLRQV

AV ZH PDNH PRUH DGYDQFHV LQ WKH ILHOG RI ELRLQIRUPDWLFV, WKH HIILFLHQF\ RI XVLQJ PDFKLQH
OHDUQLQJ ZLWK ELJ GDWD EHFRPHV PRUH HYLGHQW. ,Q WKLV SURMHFW, , FRPSDUHG OLQHDU UHJUHVVLRQ DQG
. QHDUHVW QHLJKERUV PRGHOV ZKLOH H[SORULQJ KRZ FRGRQ FRPELQDWLRQ XVDJH FDQ EH XVHG WR
SUHGLFW WD[RQRP\. 7KH GDWDVHW, UHWULHYHG IURP WKH 8C, 0DFKLQH /HDUQLQJ 5HSRVLWRU\, FRQVLVWV
RI 13,028 GLIIHUHQW RUJDQLVPV DQG WKHLU UHVSHFWLYH FRGRQ FRPELQDWLRQV, '1AW\SH, DQG
.LQJGRP. AIWHU DQ LQLWLDO DFFXUDF\ VFRUH RI 56%, , LPSOHPHQWHG D PRUH SUDFWLFDO DSSURDFK WR
SUHSURFHVVLQJ WKH GDWD. 7KLV LQFOXGHG RQH-KRW HQFRGLQJ, D SURFHVV WR FRQYHUW FDWHJRULFDO
YDULDEOHV WR QXPHULFDO YDOXHV. 7KH OLQHDU UHJUHVVLRQ PRGHO KDG DQ ILQDO DYHUDJH DFFXUDF\ RI
69% ZKLOH WKH .11 PRGHO KDG DQ DYHUDJH DFFXUDF\ RI 81%.

SWXdenW Name(V): S. Jonnalagadda

AbVWracW:

120
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R

Technical DiVciplineV SelecWed b\ Whe SWXdenW
(LiVWed in order of releYance Wo Whe projecW) C6

ProjecW
NXmber
6064

CSEF Official AbVWracW and CerWificaWion Fair CaWegor\

PS



TiWle: A 1HZ H\EULG: HDUQHVVLQJ WKH 3RZHU RI FULFWLRQ

COLPDWH CKDQJH KDV WKH ZRUOG ORRNLQJ IRU FOHDQ DQG DOWHUQDWLYH HQHUJ\ VROXWLRQV WR SUREOHPV
VXFK DV JOREDO ZDUPLQJ. AOWKRXJK WKHUH KDYH EHHQ PDQ\ DGYDQFHPHQWV LQ UHQHZDEOH
WHFKQRORJ\, WKHUH KDYH EHHQ IHZ VWHSV WDNHQ WR DGYDQFH RQH RI WKH PDLQ FRQWULEXWRUV RI
SROOXWLRQ: FDUJR VKLSV.

2YHU 30 PLOOLRQ WRQV RI JRRGV DUH VKLSSHG DURXQG WKH JOREH GDLO\, DQG DW DQ\ JLYHQ WLPH WKHUH
DUH RYHU 50,000 FDUJR VKLSV FURVVLQJ WKH RFHDQ. 7KH SXUSRVH RI WKLV SURMHFW LV WR LPSURYH WKH
HIILFLHQF\ RI FDUJR VKLSV WKURXJK D VWXG\ H[SORULQJ DQ HQHUJ\ KDUYHVWLQJ V\VWHP WKDW FROOHFWV
WKH HQHUJ\ JHQHUDWHG EHWZHHQ WKH KXOO RI D VKLS DQG LWV PRYHPHQW DFURVV WKH ZDWHU.

IQ RUGHU WR XQGHUVWDQG ZKDW D µFOHDQ-HQHUJ\¶ V\VWHP ZRXOG ORRN OLNH LQ D FDUJR VKLS, UHVHDUFK
ZDV FRQGXFWHG RQ GLIIHUHQW PHWKRGV RI JHQHUDWLQJ HOHFWULFLW\ WKURXJK WKH IULFWLRQ EHWZHHQ WZR
REMHFWV. :KDW ZDV IRXQG ZDV SLH]RHOHFWULF DFWXDWRU GLVFV --WZR PHWDO SODWHV ZLWK SLH]RHOHFWULF
FU\VWDOV LQ EHWZHHQ--, ZKLFK PLJKW EH D YLDEOH VROXWLRQ LQ WKH FRQYHUVLRQ RI PHFKDQLFDO
PRYHPHQWV RU SUHVVXUH LQWR HOHFWULFDO HQHUJ\.

7KH UHVXOWV RI WKHVH H[SHULPHQWV IRXQG WKDW WKLV PHWKRG ZDV VXFFHVVIXO LQ JHQHUDWLQJ VPDOO
DPRXQWV RI HQHUJ\; KRZHYHU, GXH WR OLPLWDWLRQV RI FRVW, VFDOH, HWF., PRUH UHVHDUFK LV QHHGHG WR
H[DPLQH WKH IXOO SRWHQWLDO RI WKLV IRUP RI HQHUJ\ FROOHFWLRQ.

SWXdenW Name(V): 0. 1HLVV

AbVWracW:

211
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 8VLQJ DQ AUWLILFLDO 1HXUDO 1HWZRUN 0RGHOOHG AIWHU WKH +XPDQ 1HRFRUWH[ WR *DLQ D BHWWHU
8QGHUVWDQGLQJ RI +RZ WKH 1HRFRUWH[ CUHDWHV 1HZ ,GHDV

7R GHDO ZLWK FKDQJLQJ HQYLURQPHQWV, WKH QHRFRUWH[ RI WKH KXPDQ EUDLQ JHQHUDWHV SUHGLFWLRQV
EDVHG RQ LWV SDVW H[SHULHQFHV. +RZHYHU, VFLHQWLVWV DUH VWLOO QRW VXUH KRZ WKH QHRFRUWH[
VSHFLILFDOO\ FUHDWHV QHZ LGHDV, SRVVLELOLWLHV, DQG VROXWLRQV. 2QH SRWHQWLDO VROXWLRQ LV WR PRGHO
WKH QHRFRUWH[ ZLWK DQ DUWLILFLDO QHXUDO QHWZRUN. 0XOWLSOH DUWLILFLDO QHXUDO QHWZRUNV H[LVW WKDW
FDQ PRGHO WKH JHQHUDWLRQ RI QHZ SRVVLELOLWLHV. +RZHYHU, QHXURVFLHQWLILF VWXGLHV VKRZ WKDW WKH
PDPPDOLDQ QHRFRUWH[ XVHV ORFDO DQG RQOLQH OHDUQLQJ UXOHV, ZKLFK JHQHUDWLYH QHWZRUNV GR QRW
LPSOHPHQW, PDNLQJ WKHP OHVV DFFXUDWH PRGHOV RI WKH QHRFRUWH[. 7KLV SURMHFW DLPHG WR XVH D
QHXUDO QHWZRUN WKDW PRGHOV WKH KXPDQ QHRFRUWH[ WR EHWWHU XQGHUVWDQG KRZ WKH QHRFRUWH[ FDQ
EH FUHDWLYH. 8QGHU WKH VXSHUYLVLRQ RI P\ PHQWRU, , XVHG WKH WHPSRUDO PHPRU\ (70) DOJRULWKP
RI WKH KLHUDUFKLFDO WHPSRUDO PHPRU\ IUDPHZRUN LPSOHPHQWHG LQ 3\WKRQ 2.7. 7KLV QHWZRUN
DGKHUHV WR WKH SULQFLSOHV RI ORFDO DQG RQOLQH OHDUQLQJ, DORQJ ZLWK RWKHU FRQFHSWV LPSOHPHQWHG
LQ WKH QHRFRUWH[. , H[DPLQHG ZD\V RI JHQHUDWLQJ QRYHO VHTXHQFHV IURP D 70 DOJRULWKP WKDW
KDV EHHQ WUDLQHG RQ VHTXHQFHV RI XSSHU FDVH OHWWHUV. , PHDVXUHG WKH VLPLODULW\ EHWZHHQ WKH
OHDUQHG DQG JHQHUDWHG VHTXHQFHV XVLQJ WKH /HYHQVKWHLQ GLVWDQFH DQG HVWDEOLVKHG D FULWHULD RI D
/HYHQVKWHLQ GLVWDQFH RI DW OHDVW 2.5. AW WKH FRQFOXVLRQ RI WKLV SURMHFW , ZDV DEOH WR JHQHUDWH
VHTXHQFHV XVLQJ WKUHH GLIIHUHQW PHWKRGV, DQG DOO PHWKRGV H[FHHGHG WKH FULWHULD. B\ XVLQJ D
PRUH DFFXUDWH PRGHO RI WKH QHRFRUWH[ WR LQYHVWLJDWH VHTXHQFH JHQHUDWLRQ, WKLV SURMHFW FRXOG
KHOS XV EHWWHU XQGHUVWDQG KRZ WKH QHRFRUWH[ FDQ EH FUHDWLYH.

SWXdenW Name(V): A. <XQ

AbVWracW:

247
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 2SWLPL]LQJ 'HVDOLQL]DWLRQ RI ,QGXVWULDO +\SHUVDOLQH BULQH 7KURXJK 7HPSHUDWXUH 6ZLQJ
6ROYHQW ([WUDFWLRQ

7HPSHUDWXUH 6ZLQJ 6ROYHQW ([WUDFWLRQ (766() LV D FDQGLGDWH IRU GHVDOLQL]DWLRQ WKDW
VSHFLDOL]HV LQ SXULI\LQJ K\SHUVDOLQH EULQH ZLWK PLQLPDO HQHUJ\ FRQVXPSWLRQ DQG ]HUR OLTXLG
GLVFKDUJH (=/'). ,W LV SURSRVHG WKDW 766( FDQ EH LPSOHPHQWHG LQWR H[LVWLQJ GHVDOLQDWLRQ DQG
VRPH LQGXVWULDO V\VWHPV WR PLWLJDWH WKH KDUPIXO GLVSHUVDO RI K\SHUVDOLQH EULQH. +\SHUVDOLQH
EULQH ZLWK VDOLQLWLHV DURXQG 80 SSW LV SXPSHG LQWR PDULQH HQYLURQPHQWV RI 35 SSW RQ DYHUDJH.
7KLV SRVHV D VXEVWDQWLDO ULVN WR WKH UHSURGXFWLRQ DQG VXUYLYDELOLW\ RI DTXDWLF VSHFLHV DQG
PDULQH HFRV\VWHPV. ,W LV SURSRVHG WKDW GLLVRSURS\ODPLQH (',3A), DQ DPLQH VROYHQW, ZLOO
FDWDO\]H ZLWKLQ D K\SHUVDOLQH VROXWLRQ LQLWLDWLQJ VDOW SUHFLSLWDWLRQ DW ORZ WHPSHUDWXUHV DERYH
IUHH]LQJ, WKHUHE\ HQDEOLQJ ZDWHU H[WUDFWLRQ SRVW WKHUPDO VZLQJ SKDVH VHSDUDWLRQ. 5HSHDWHG
H[WUDFWLRQ WULDOV DVFHUWDLQHG WKH PLQLPXP VROYHQW EULQH UDWLR WR LQGXFH GHVDOLQDWLRQ WR H[SHGLWH
766(¶V FDQGLGDF\ DV DQ HIILFLHQW DQG VXVWDLQDEOH IRUP RI GHVDOLQL]DWLRQ. AQ ;-UD\
)OXRUHVFHQFH 6SHFWURPHWHU ZDV XVHG WR GHWHUPLQH WKH FRQFHQWUDWLRQ RI VRGLXP FKORULGH. A
OLQHDU UHJUHVVLRQ DQDO\VLV ZDV FUHDWHG RQ WKH UHODWLRQVKLS EHWZHHQ EULQH H[FLWDWLRQ OHYHOV DQG
VRGLXP FKORULGH FRQFHQWUDWLRQ, \LHOGLQJ D FRUUHODWLRQ RI 0.9989. ([SHULPHQWDWLRQ UHYHDOHG WKDW
D ',3A YROXPH FRQFHQWUDWLRQ RI 12.5% WR 15% GRHV LQLWLDWH VWDWLVWLFDOO\ VLJQLILFDQW
GHVDOLQDWLRQ RI K\SHUVDOLQH EULQH, ERWK H[KLELWLQJ S-YDOXHV RI 0.01402 DQG 0.04452,
UHVSHFWLYHO\. 7KHUHIRUH, LQ WHPSHUDWXUH VZLQJ VROYHQW H[WUDFWLRQ, D 12.5-15% GLLVRSURS\ODPLQH
FDWDO\VW GRHV LQLWLDWH GHVDOLQL]DWLRQ IURP FRQFHQWUDWHG EULQH VROXWLRQV. 7KLV H[SHGLWHV
GHYHORSLQJ DQ RSWLPDO V\VWHP ZKHQ LQVWDOOHG LQWR FXUUHQW LQGXVWULDO DQG GHVDOLQDWLRQ IDFLOLWLHV
WR PLWLJDWH RU PLQLPL]H WKH GLVSHUVDO RI KDUPIXO K\SHUVDOLQH EULQH.

SWXdenW Name(V): J. Warters

AbVWracW:

242
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: CRUUHODWLRQ BHWZHHQ 5DLQIDOO DQG 6XVSHQGHG 6HGLPHQW /HYHOV LQ WKH 0LOO 5LYHU 6\VWHP

+XPDQ LPSDFW RQ ZDWHUZD\V KDV EHHQ D WRSLF RI UHVHDUFK DQG VRFLDO LQWHUHVW GDWLQJ EDFN WR WKH
LQGXVWULDO UHYROXWLRQ.7KH 0LOO 5LYHU IORZV WKURXJK FRDVWDO CRQQHFWLFXW DQG LV WKH UHFLSLHQW RI
VHYHUDO SRLQW DQG QRQSRLQW SROOXWLRQ WKUHDWV, IURP QLWURJHQRXV UXQRII WR ZDVWH ZDWHU GLVFKDUJH.
7KLV VWXG\ ZDV GHVLJQHG WR HYDOXDWH WKH VHYHULW\ RI WKLV WKUHDW DV D SRWHQWLDO ZD\ WR PRGHO
IXWXUH KXPDQ LPSDFW RQ ORFDO ZDWHUZD\V. ,Q DQ DWWHPSW WR HYDOXDWH SRVVLEOH FRQQHFWLRQV
EHWZHHQ UDLQIDOO LQ WKH ZDWHUVKHG DQG FKDQJHV LQ ORFDO ZDWHU FODULW\, VL[ ORQJ WHUP VLWHV ZHUH
FKRVHQ IURP WKH 0LOO 5LYHU, WKH 4XLQQLSLDF 5LYHU DQG SURJUHVVLRQ WKURXJK D JUDGLHQW RI VLWHV
RXW WR 1HZ +DYHQ +DUERU. 7KHVH VLWHV ZHUH YLVLWHG LQ D UHSOLFDWH IDVKLRQ, ZLWK VXUIDFH DQG
ERWWRP ZDWHU FODULW\ PHDVXUHPHQWV WDNHQ DQG ODWHU FRPSDUHG WR UDLQIDOO GDWD IURP ORFDO
ZHDWKHU VWDWLRQV LQ WKH GD\V OHDGLQJ XS WR WKH ILHOG VDPSOLQJ. 3UHOLPLQDU\ LQGLFDWLRQV VKRZ D
IOXVKLQJ HIIHFW LQ FRUUHODWLRQDO FRPSDULVRQV EHWZHHQ ZDWHU FODULW\ DQG ERWWRP ZDWHU FODULW\
(52 = 0.776). 7KLV, DORQJ ZLWK DPPRQLD GDWD, VHHPV WR LQGLFDWH VLJQV RI PRGHUDWH UDLQ HYHQWV
SRVLQJ PHDVXUDEOH WKUHDWV WR ORFDO ZDWHUZD\V. 7KLV GDWD VKRXOG EH WDNHQ LQWR DFFRXQW, DORQJ
ZLWK VLPLODU IROORZ-XS VWXGLHV RQ PXOWLSOH WHPSRUDO DQG VSDWLDO VFDOHV WR EHWWHU PDQDJH WKLQJV
OLNH DOORZDEOH ZDVWH ZDWHU GLVFKDUJHV GXULQJ UDLQ HYHQWV. ,Q DGGLWLRQ, IXWXUH VWXGLHV VKRXOG
IRFXV RQ SRWHQWLDO LPSDFWV WR WKH IORZ UDWHV ZLWKLQ WKHVH ZDWHUZD\V GXULQJ UDLQ HYHQWV DV WKLV
PD\ EH D EHWWHU SUR[\ IRU KRZ ZHOO WKH V\VWHP FDQ ULG LWVHOI RI UXQRII SROOXWDQWV.

SWXdenW Name(V): C. )LW]*HUDOG

AbVWracW:

249
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R

Technical DiVciplineV SelecWed b\ Whe SWXdenW
(LiVWed in order of releYance Wo Whe projecW) EM  E9  EA

ProjecW
NXmber
6068

CSEF Official AbVWracW and CerWificaWion Fair CaWegor\

PS



TiWle: 6KRUW-WHUP SLORW ELRGHJUDGDWLRQ DQDO\VLV RI SRO\ (Į-SLQHQH PHWKDFU\ODWH), SRO\ (P\UWHQ\O
PHWKDFU\ODWH), DQG SRO\ (PHWK\O PHWKDFU\ODWH) V\QWKHVL]HG LQ VXSHUFULWLFDO FDUERQ GLR[LGH.

7KRXJK WKHUH KDV EHHQ UHFHQW SURJUHVV LQ GHYHORSLQJ UHQHZDEOH SODVWLFV PRUH VXLWDEOH IRU
FRPPHUFLDO XVH, WKHUH LV OLWWOH HPSKDVLV RQ LPSURYLQJ WKH ELRGHJUDGDWLRQ UDWH RI WKHVH
“greener” plastics.  This leads to the development of plastics that are renewable but not
biodegradable (or vice versa) that are marketed as “environmentally friendly”, yet produce a
QHJDWLYH HQYLURQPHQWDO LPSDFW. A SLORW ELRGHJUDGDWLRQ DQDO\VLV ZDV SHUIRUPHG RQ WKH SODVWLFV
SRO\ (Į-SLQHQH PHWKDFU\ODWH), SRO\ (P\UWHQ\O PHWKDFU\ODWH), DQG SRO\ (PHWK\O PHWKDFU\ODWH),
DOO RI ZKLFK ZHUH V\QWKHVL]HG LQ VFC22. 6DPSOHV RI WKHVH SODVWLFV XQGHUZHQW ELRGHJUDGDWLRQ
IRU 10 ZHHNV LQ WKH SUHVHQFH RI VRLO. 0.51 .2+ VROXWLRQV ZHUH XVHG WR DEVRUE WKH FDUERQ
HYROYHG IURP WKH SODVWLF YLD PLFURELDO DFWLYLW\, ZKLFK ZHUH WKHQ WLWUDWHG WR GHWHUPLQH WKH
DPRXQW RI FDUERQ LQ HDFK VROXWLRQ. ,QWHUHVWLQJO\, SRO\ (P\UWHQ\O PHWKDFU\ODWH) VDPSOHV
HYROYHG OHVV FDUERQ WKDQ WKH FRQWURO VDPSOH, FRQWDLQLQJ RQO\ VRLO, LQGLFDWLQJ SRO\ (P\UWHQ\O
PHWKDFU\ODWH) GLG QRW ELRGHJUDGH GXULQJ WKH 10-ZHHN SHULRG. +RZHYHU, SRO\ (Į-SLQHQH
PHWKDFU\ODWH) DQG SRO\ (PHWK\O PHWKDFU\ODWH) VDPSOHV HYROYHG VLPLODU DPRXQWV RI FDUERQ,
GHPRQVWUDWLQJ VLPLODU VKRUW-WHUP ELRGHJUDGDWLRQ UDWHV. AV WKH SODVWLFV SRO\ (Į-SLQHQH
PHWKDFU\ODWH) DQG SRO\ (P\UWHQ\O PHWKDFU\ODWH) DUH SRVVLEOH UHQHZDEOH DOWHUQDWLYHV IRU SRO\
(PHWK\O PHWKDFU\ODWH), WKLV SLORW ELRGHJUDGDWLRQ DQDO\VLV LOOXVWUDWHG WKDW SRO\ (Į-SLQHQH
PHWKDFU\ODWH) LV PRUH UHDGLO\ ELRGHJUDGDEOH DQG WKXV ZLOO KDYH D OHVVHU LPSDFW GXULQJ WKH HQG-
RI-OLIH VWDJH WKDQ SRO\ (P\UWHQ\O PHWKDFU\ODWH) DQG SRO\ (PHWK\O PHWKDFU\ODWH).

SWXdenW Name(V): (. 5RGULJXH]

AbVWracW:

228
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R

Technical DiVciplineV SelecWed b\ Whe SWXdenW
(LiVWed in order of releYance Wo Whe projecW) E9  CH  E1

ProjecW
NXmber
6069

CSEF Official AbVWracW and CerWificaWion Fair CaWegor\

PS



TiWle: 3URWRW\SH RI D COHDQLQJ 5RERW

/HDUQLQJ HQYLURQPHQWV DUH LPSURYHG ZKHQ FOHDQ DQG RUJDQL]HG, EXW VWXGHQWV DW *UHHQZLFK
CRXQWU\ 'D\ 6FKRRO DUH SHUPLWWHG WR WDNH GLVKHV RXWVLGH RI WKH GLQLQJ KDOO WR HDW HOVHZKHUH,
DQG RIWHQ GR QRW EULQJ WKHP EDFN.. 6HYHUDO VWXGLHV VKRZ WKDW URERWV FDQ KDYH D SRVLWLYH LPSDFW
RQ ZRUNSODFHV DQG OHDUQLQJ HQYLURQPHQWV, VR , KDYH GHFLGHG WR GHVLJQ D URERW WKDW FDQ DLG LQ
NHHSLQJ WKH VFKRRO FOHDQ. B\ XVLQJ WKH 9(; (;3 (GXFDWLRQ .LW, , ZLOO EH DEOH WR EXLOG DQG
SURJUDP D URERW WKDW ILWV WKH VFKRRO¶V QHHGV. ,Q DGGLWLRQ WR WUDQVSRUWLQJ GLVKHV, WKH URERW ZLOO
KDYH GLVWDQFH VHQVRUV DQG OLQH ILQGHU VHQVRUV VR LW FDQ IROORZ D SDWK WR WKH GLQLQJ KDOO. 7KH
URERW ZLOO KDYH PXOWLSOH FRPSDUWPHQWV IRU GLIIHUHQW LWHPV, VXFK DV RQH IRU GLVKHV, DQG RQH IRU
IRRG VFUDSV. , KRSH WKDW WKH VFKRRO ZLOO XOWLPDWHO\ EH FOHDQHU DV D UHVXOW RI P\ URERW, DQG WKDW
SHRSOH DUH LQVSLUHG E\ P\ ZRUN WR GHVLJQ DQG SXUVXH WKHLU RZQ H[SHULPHQWV, DV *C'6 LV D
UHODWLYHO\ QHZ KLJK VFKRRO DQG , DP RQH RI WKH ILUVW WR EXLOG D URERW.

SWXdenW Name(V): (. +RFKEHUJ

AbVWracW:

181
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: CORXG ,GHQWLILFDWLRQ LQ 0DUV 'DLO\ *OREDO 0DSV ZLWK 'HHS /HDUQLQJ

CORXG LGHQWLILFDWLRQ RQ 0DUV LV DQ LPSRUWDQW WRRO IRU FOLPDWRORJ\ VWXGLHV, PDNLQJ LW SRVVLEOH
WR DQDO\]H WKH GLVWULEXWLRQ, SDWWHUQV DQG YDULDELOLW\ RI FORXGV ERWK VSDWLDOO\ DQG WHPSRUDOO\.
7UDGLWLRQDOO\, FORXG GDWD RQ 0DUV KDV EHHQ H[WUDFWHG WKURXJK PDQXDO RU VHPL-DXWRPDWHG
SURFHVVHV ZKLFK FDQ EH WLPH FRQVXPLQJ, DQG FXUUHQWO\ WKHUH LV OLPLWHG VSDWLDO DQG WHPSRUDO
FORXG GDWD FRYHUDJH. ,Q WKLV SURMHFW , GHPRQVWUDWH WKH VXFFHVVIXO XVH RI FRQYROXWLRQDO QHXUDO
QHWZRUNV (C11V) WR H[WUDFW FORXG PDVNV IURP 0DUV 'DLO\ *OREDO 0DSV (0'*0V) FRPSRVHG
IURP WKH 0DUV CRORU ,PDJHU (0A5C,) RQ WKH 0DUV 5HFRQQDLVVDQFH 2UELWHU (052). 7KH IXOO\
DXWRPDWHG PRGHO UHSRUWV 97% SL[HO-ZLVH DFFXUDF\ FRPSDUHG WR WKH WHVWLQJ GDWDVHW, DQG LQ
PDQ\ RFFDVLRQV WKH PRGHO SHUIRUPV EHWWHU DW H[WUDFWLQJ WKH IXOO H[WHQW RI WKH FORXG FRPSDUHG
WR WKH SULRU VHPL-DXWRPDWLF WHFKQLTXH. , DOVR LQWURGXFH VHYHUDO LPDJH SUH- DQG SRVW-SURFHVVLQJ
WHFKQLTXHV WR LPSURYH WKH PRGHO'V SHUIRUPDQFH DQG XVDELOLW\. 7KH PRGHO LV FRQILJXUHG WR
SURYLGH FORXG PDVNV DW 0.1� ORQJLWXGH E\ 0.1� ODWLWXGH UHVROXWLRQ. ,W DOVR DXWRPDWLFDOO\ ERXQGV
WKH 0'*0 E\ QRUWKHUQ DQG VRXWKHUQ SRODU H[WHQWV GHSHQGLQJ RQ VRODU ORQJLWXGH. 7KH UHVXOWV
VXJJHVW WKDW WKLV GHHS OHDUQLQJ PRGHO LV D XVHIXO WRRO WR DXWRPDWLFDOO\ DQG TXLFNO\ H[WUDFW
0DUWLDQ ZDWHU LFH FORXG PDVNV DQG PDNH LW SRVVLEOH WR JHQHUDWH FORXG PDVN GDWD DFURVV WKH
FRPSOHWH VHW RI 0'*0V DQG IXWXUH RQHV. 7KH PRGHO DQG UHODWHG WHFKQLTXHV DOVR KDYH
SRWHQWLDO H[WHQVLRQV WR 0DUWLDQ GXVW VWRUP LGHQWLILFDWLRQ. , ZLOO PDNH P\ FRGH, PRGHO, DQG
GDWD SXEOLFO\ DYDLODEOH.

SWXdenW Name(V): 6. 0HQJZDOO

AbVWracW:

242
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: AEVRUELQJ +LJK CRQFHQWUDWLRQV RI 1LWURJHQ XVLQJ BLRFKDU DV D 3UHYHQWDWLYH 0HDVXUH WR
0LWLJDWH WKH 'LQRIODJHOODWH .DUHQLD EUHYLV

AQ LQFUHDVH LQ WKH QLWURJHQ FRQFHQWUDWLRQ DURXQG WKH *XOI RI 0H[LFR KDV OHG WR DQ LQFUHDVH LQ
WKH VHYHULW\ RI KDUPIXO DOJDO EORRPV, VSHFLILFDOO\ WKH PLFURRUJDQLVP .DUHQLD EUHYLV. ,Q RUGHU
WR FRQWURO WKH JURZWK RI WKHVH EORRPV, PLWLJDWLRQ PHDVXUHV PXVW EH SXW LQ SODFH. ,Q WDNLQJ D
SUHYHQWDWLYH DSSURDFK, FRQWUROOLQJ WKH QLWURJHQ FRQFHQWUDWLRQ ZLOO FXUE .DUHQLD EUHYLV JURZWK.
BLRFKDU LV D NQRZQ QLWUDWH DEVRUEHQW DQG LV XVHG WR PLWLJDWH WKH IRRG VRXUFH RI .DUHQLD EUHYLV
WKHUHIRUH FUHDWLQJ D OLPLWLQJ IDFWRU IRU JURZWK. BLRFKDU LV D W\SH RI FKDUFRDO FUHDWHG WKURXJK
S\URO\]DWLRQ, RU WKH SURFHVV RI EXUQLQJ RUJDQLF PDWHULDO LQ WKH DEVHQFH RI R[\JHQ. B\
GHYHORSLQJ DQG WHVWLQJ IRXU GLIIHUHQW VSHFLHV RI ZRRG, WKH DFWLYDWLRQ SURSHUWLHV RI WKH ELRFKDU
ZHUH WHVWHG WR GHWHUPLQH ZKLFK VSHFLHV, ZKHQ PDGH LQWR ELRFKDU, DFWLYDWHV WKH KLJKHVW
FRQFHQWUDWLRQ RI QLWURJHQ. 0DKRJDQ\, BLUFK, 2DN DQG BDPERR ZHUH XVHG DV H[SHULPHQW
YDULDEOHV. BHIRUH EHLQJ SODFHG LQ WKH QLWUDWH FRQFHQWUDWLRQ HDFK EDWFK RI BLRFKDU ZDV ULQVHG LQ
GLVWLOOHG ZDWHU WR H[SHO DOO QDWXUDO QLWUDWH. BLUFK BLRFKDU ZDV WKH PRVW HIIHFWLYH VSHFLHV RI
ZRRG. 7KH QLWUDWH DFWLYDWLRQ UDWH RI ELUFK ELRFKDU LV 0.0014 SSP/30PLQV. 7KH QLWUDWH XSWDNH
UDWH LV 0.0000372 PLFURJUDPV. 7KH DFWLYDWLRQ UDWH RI BLUFK ELRFKDU LV IDVWHU WKDQ WKH 1LWUDWH
XSWDNH UDWH. 7KLV KDV VKRZQ WKDW ZKHQ WKH ELRFKDU LV SODFHG LQ WKH 1LWUDWH VROXWLRQ, LW ZLOO
DEVRUE 1LWUDWH IDVWHU WKDQ .DUHQLD EUHYLV FDQ FRQVXPH LW, PDNLQJ LW D SURPLVLQJ IXWXUH WRRO LQ
WKH SUHYHQWLRQ DQG PLWLJDWLRQ RI .DUHQLD EUHYLV.

SWXdenW Name(V): .. )DUEHU

AbVWracW:

243
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: A QRYHO YDVFXODU 3'-SULQWLQJ DSSURDFK DVVLVWHG E\ FDUGLDF VLQJOH FHOO WUDQVFULSWRPLFV

CDUGLRYDVFXODU GLVHDVH LV D PDMRU SXEOLF KHDOWK FRQFHUQ WKDW FDXVHV XS WR 17.9 PLOOLRQ GHDWKV
HDFK \HDU ZRUOGZLGH. 7KLV SURMHFW WDUJHWV WZR W\SHV RI FDUGLRYDVFXODU GLVHDVH ZKLFK DUH
FRURQDU\ DUWHU\ GLVHDVH DQG 0DUIDQ V\QGURPH. ,Q WKH VXUJLFDO SURFHGXUHV IRU WUHDWLQJ FRURQDU\
DUWHU\ GLVHDVH DQG 0DUIDQ V\QGURPH, LW QRUPDOO\ UHTXLUHV VRPH IRUPV RI DUWLILFLDO RU DFWXDO
KXPDQ EORRG YHVVHOV. A PDMRU LVVXH LV WKDW RSHQLQJ XS WKH SDWLHQW¶V ERG\ WR ILQG EORRG YHVVHOV
IRU JUDIWLQJ LQFUHDVHV UDWHV RI FRPSOLFDWLRQV, DQG WKH H[LVWLQJ DUWLILFLDO EORRG YHVVHOV DUH QRW
VSHFLILFDOO\ GHVLJQHG WR WKH QHHGV RI HDFK LQGLYLGXDO SDWLHQWV. 7KHUHIRUH, WKH HQJLQHHULQJ JRDO
RI WKH SURMHFW LV WR GHVLJQ DQG V\QWKHVL]H DOWHUQDWLYH DUWLILFLDO EORRG YHVVHO E\ 3' SULQWLQJ RI
LQGLYLGXDOL]HG EORRG YHVVHOV FRDWHG ZLWK SUR-YDVFXODUL]DWLRQ SURWHLQV. 7R DFKLHYH WKLV JRDO,
SXEOLFO\ DYDLODEOH YDVFXODWXUH LPDJLQJ GDWD RQ WKH ',C20 OLEUDU\ GDWDEDVH ZHUH LPSRUWHG
LQWR 0LPLFV 3' UHFRQVWUXFWLRQ WRRO WR FUHDWH D PRGHO WKDW FDQ EH 3' SULQWHG. 3RO\XUHWKDQH ZDV
VHOHFWHG IRU ILQDO 3'-SULQWLQJ SURGXFW EDVHG RQ SK\VLFDO SURSHUWLHV DQG ELRFRPSDWLELOLW\, VR
WKDW WKH DUWLILFLDO EORRG YHVVHO LV VLPLODU WR DQ DFWXDO EORRG YHVVHO. BLRLQIRUPDWLF DQDO\VLV RI
UHFHQWO\ SXEOLVKHG VLQJOH FHOO DQG VSDWLDO WUDQVFULSWRPLF GDWD ZDV HPSOR\HG WR JHQHUDWH WKH
FDQGLGDWH H[WUDFHOOXODU SURWHLQV IRU FRDWLQJ RI WKH 3'-SULQWHG EORRG YHVVHO, LQFOXGLQJ
HQGRPXFLQ DQG DFWLQ. )XWXUH H[SHULPHQWV ZLOO EH SHUIRUPHG RQ HYDOXDWLQJ WKH HQGRWKHOLDO FHOO
VXUYLYDO DQG PRUSKRORJ\ RQ SRO\XUHWKDQH-EDVHG 3'-SULQWHG EORRG YHVVHO VXUIDFH FRDWHG ZLWK
(1) HQGRPXFLQ, (2) DFWLQ DQG (3) HQGRPXFLQ DQG DFWLQ. 7KLV VWXG\ KDV SURYLGH QRYHO
HQJLQHHULQJ LQVLJKW WR GHYHORS DUWLILFLDO YDVFXODWXUH.

SWXdenW Name(V): =. 4L

AbVWracW:

254
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 3RVW )'0 3' 3ULQWLQJ 3URFHVVHV WR ,PSURYH /D\HU AGKHVLRQ.

7KH JRDO RI WKLV H[SHULPHQW ZDV WR WHVW ZKDW SRVW SURFHVVHV FRXOG EH XVHG WR LPSURYH WKH OD\HU
DGKHVLRQ VWUHQJWK RI )'0 3' SULQWHG SDUWV. )RU WKLV H[SHULPHQW, , GHVLJQHG D WHVW SDUW WR EH
3' SULQWHG RXW RI 3/A ZLWK WKH VDPH J-FRGH IRU DOO 20 SDUWV. 5 SDUWV ZHUH XVHG DV D FRQWURO. 5
ZHUH SXW LQ WKH RYHQ DW 3/A¶V JODVV WUDQVLWLRQ WHPSHUDWXUH. 5 ZHUH SXW LQ D VHDOHG EDJ WKHQ
SODFHG LQ ZDWHU VHW DW 3/A¶V JODVV WUDQVLWLRQ WHPSHUDWXUH. )LQDOO\ 5 ZHUH FRDWHG LQ CA JOXH
DQG WKHQ OHIW WR FXUH IRU 24 KRXUV. 7KH SDUWV ZHUH WHVWHG RQ DQ AWZRRG PDFKLQH ZLWK WKH
SULQWHG SDUWV VHFXUHG WR WKH JURXQG DQG DWWDFKHG WR D URSH UXQQLQJ RYHU D SXOOH\ ZLWK OLWWOH
IULFWLRQ. A EXFNHW ZDV DWWDFKHG RQ WKH RWKHU VLGH RI WKH URSH DQG VORZO\ ILOOHG ZLWK VDQG XQWLO
WKH OD\HUV RI WKH WHVW SDUW JDYH RXW. AIWHU WKDW, WKH EXFNHW ZDV ZHLJKHG DQG WKH IRUFH H[HUWHG LQ
QHZWRQV ZDV FDOFXODWHG. )URP WHVWLQJ, LW ZDV IRXQG WKDW SXWWLQJ WKH SDUWV LQ WKH RYHQ LQFUHDVHG
WKH OD\HU VWUHQJWKV RI WKH SULQWV E\ DSSUR[LPDWHO\ 63%. +RZHYHU, WKH ZDWHU DQG CA JOXH SDUWV
GLG QRW KDYH D QRWLFHDEOH LQFUHDVH LQ OD\HU VWUHQJWK. 7KLV VKRZV WKDW LW LV SRVVLEOH WR LQFUHDVH
WKH OD\HU DGKHVLRQ VWUHQJWK RI 3' SULQWHG 3/A SDUWV DIWHU SULQWLQJ.

SWXdenW Name(V): J. Shanks

AbVWracW:

223
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: Building my own Drone!

CRQVLGHULQJ WKH WRSRJUDSK\ RI CRQQHFWLFXW WR KDYH D GHQVH WUDLO RI IRUHVW DQG PRXQWDLQV, DQG
DOVR WKLV ZKROH LGHD RI XVLQJ GURQH WR GHOLYHU SDUFHOV, RQH ZRXOG OLNH WR IXUWKHU ORRN LQWR KRZ
WKH ZHLJKW RI DQ REMHFW DIIHFWV WKH VSHHG RI WKH GURQH DQG LWV IXQFWLRQDOLW\.

7KLV SURMHFW ZKHQ FRQFOXGH ZLOO JLYH GURQH GHYHORSHUV DQ DGGHG NQRZOHGJH RI KRZ WR
UHGHVLJQ GURQHV WR VHUYH WKHLU SXUSRVH. AFFRUGLQJ WR (6DK, 2019) GURQHV, DUH DOVR NQRZQ DV
XQPDQQHG DHULDO YHKLFOHV (8A9V), WKH\ FDQ LPSURYH WKHLU ZD\ RI IO\LQJ LQ WKH ZD\ WKH\
IXQFWLRQ; KRZHYHU, GURQH GHOLYHU\ VXIIHUV IURP VKRUW EXW VXIIHULQJ SUREOHPV VXFK DV OLPLWHG
EDWWHU\ OLIH, DQG ZHLJKW FDUU\LQJ FRQVWUDLQWV.

(+DQ, 7DR, HW DO., 2021), DOVR PHQWLRQV KRZ GHYHORSLQJ GURQHV UHTXLUH KLJK FRPSXWDWLRQDO
UHVRXUFHV DPRQJ RWKHU WKLQJV IRU WKHVH GURQHV WR EHFRPH XQPDQQHG GHYLFHV WKDW FDQ IUHHO\
PRYH LQ WKH DLU.

SWXdenW Name(V): ,. CDPSEHOO

AbVWracW:

141
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: A 6SHFWURVFRSLF 6WXG\ RI ,URQ-BDVHG 0LQHUDOV RQ (DUWK DQG 0DUV

7KH VWXG\ RI LURQ-EHDULQJ PLQHUDORJ\ RI URFNV DQG URFN IRUPDWLRQV LV YLWDO IRU XQGHUVWDQGLQJ
WKH JHRORJLFDO SURFHVVHV RQ WHUUHVWULDO SODQHWV VXFK DV 0DUV. 7KH FRPSRVLWH PLQHUDO
FRPSRVLWLRQ LV FKDUDFWHUL]HG E\ DJJUHJDWHV RI QDQRFU\VWDOOLQH )H-R[LGHV WKDW DUH VSHFLILF WR
JHRORJLFDO SURFHVVHV GRPLQDQW DW WKH WLPH RI WKH IRUPDWLRQ ZKLFK LV QRW ZHOO XQGHUVWRRG
FXUUHQWO\. )XUWKHUPRUH, WKH PRUSKRORJLFDO, FU\VWDOORJUDSKLF, DQG PDJQHWLF SURSHUWLHV RI WKRVH
QDQRSKDVH PLQHUDO FRPSRVLWHV DUH QRW ZHOO XQGHUVWRRG XVLQJ H[LVWLQJ WKHRUHWLFDO PRGHOV. B\
FRPSDULQJ DQG FRQWUDVWLQJ WKH QXFOHDU K\SHUILQH SURSHUWLHV RI )H-EHDULQJ PLQHUDOV, ERWK RQ
(DUWK DQG 0DUV, ZH FDQ JDLQ VRPH LQVLJKWV LQWR PLQHUDO IRUPDWLRQ RQ HDUO\ 0DUV., GDWD
REWDLQHG E\ 0LQLDWXUL]HG 0RVVEDXHU 6SHFWURPHWHU (0,026-,,) RQERDUG 1A6A¶V URYHU,
6SLULW, ZHUH DQDO\]HG XVLQJ D VRIWZDUH, 5HFRLO�,  WR LGHQWLI\ WKH PLQHUDO FRPSRVLWLRQ E\
PDSSLQJ XQLTXH PDJQHWLF ILQJHUSULQWV± LVRPHU VKLIW, TXDGUXSROH VSOLWWLQJ, DQG K\SHUILQH ILHOG.
7KH GDWD DOVR VKRZHG WKH SUHVHQFH RI QDQRSKDVH FRPSRVLWHV LQ DPRXQWV DOPRVW WZLFH DV PXFK
RQ WKH FUDWHU HGJHV, 6RO-74, FRPSDUHG WR SODLQ URFN\ WHUUDLQ, 6RO-34. 7KH FRQWULEXWLRQ RI
QDQRSKDVH FRPSRVLWHV ZDV GHWHUPLQHG E\ FRPSDULQJ WKH VXE-VSHFWUDO DUHDV RI WKH SURILOHV WR
ODE-V\QWKHVL]HG PDJQHWLWH VDPSOHV, PHDVXULQJ 12QP-200QP. 7KH QDQRSKDVH DQG EXON
FRPSRQHQWV RI WKH PLQHUDO VKRZHG DQ LQYHUVH SRO\QRPLDO UHODWLRQ, ZKLOH WKH PDJQHWLF ILHOGV
RI WKH K\SHUILQH VLWHV VKRZHG D SRO\QRPLDO GHSHQGHQFH RQ WKH FU\VWDO VL]H.  7KH QDQRSKDVH
FRQWULEXWLRQ RI ERWK (DUWK-EDVHG DQG 0DUV-EDVHG PDJQHWLWH, DQG ZHOO-GRFXPHQWHG UHVHDUFK RQ
QDQRSKDVH PDJQHWLWH, LQGLFDWHV DFWLYH FU\VWDO QXFOHDWLRQ DQG JURZWK VWDJHV. 7KLV RIIHUV
LQVLJKWV LQWR WKH SRWHQWLDOO\ DFWLYH JHRORJLFDO SURFHVVHV FXUUHQWO\ RQ 0DUV.

SWXdenW Name(V): 3. 6KDQNDU

AbVWracW:

256
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 0RGXODU 5RERWLF 6\VWHP IRU 0XOWLSXUSRVH 5RERWV

A SRVVLEOH VROXWLRQ WR D PRGXODU URERW ZDV GHVLJQHG DQG GHYHORSHG. A VPDOO VFDOH, 3' SULQWHG
SURWRW\SH ZDV EXLOW. ,W XVHV YHU\ VLPLODU HOHFWURQLFV WR D SURSHU, IXOO\-IXQFWLRQDO URERW, EXW LW
RQO\ KDV EDVLF IXQFWLRQDOLW\ DV LWV SULPDU\ JRDO LV WR GHPRQVWUDWH PRGXODULW\. 7KH PRGXOHV XVH
D 'B15 FRQQHFWRU WR FRPPXQLFDWH DQG VKDUH SRZHU ZLWK WKH FRUH. 7R WHVW WKH HIIHFWLYHQHVV RI
WKLV VROXWLRQ, D PRFN URERWLF V\VWHP ZDV FRQVWUXFWHG. ,QLWLDOO\, D FRUH ZDV EXLOW WR KRVW WKH FRUH
FRPSXWHU DQG SRZHU V\VWHPV. 7KLV FRUH KDV IRXU 'B15 FRQQHFWRUV, DQG WKHUHIRUH VKRXOG EH
DEOH WR VXSSRUW 4 PRGXOHV DW D WLPH. 7KH PRGXOHV XVHG WR WHVW DUH UHDOLVWLF DQG VLPSOH; D PRWRU,
GLVWDQFH VHQVRU, ZKHHO, OLJKW VHQVRU, RU DQ\ RWKHUV QHHGHG WR WHVW FHUWDLQ DVSHFWV. 7KHVH
PRGXOHV ZLOO EH DEOH WR SOXJ LQWR DQ\ SRUW RQ WKH FRUH DQG IXQFWLRQ ZLWKRXW SUREOHPV. 7KH
FRUH FRPSXWHU FDQ UHFRJQL]H DQG FRQWURO HDFK PRGXOH¶V FRPSXWHU IURP HYHU\ SRUW. :KLOH WKH
URERW LV SRZHUHG RII, PRGXOHV FDQ EH UHPRYHG DQG DGGHG. 2QFH SRZHUHG RQ, WKH FKDQJH LV
UHFRJQL]HG. 6XFFHVV LV GHILQHG E\ D FRQWLQXRXV DQG VWDEOH VWUHDP RI GDWD EHWZHHQ WKH FRUH DQG
DQ DWWDFKHG PRGXOH YLD WKH 'B15 FRQQHFWRU. 7KH PRXQW LV GHHPHG VXFFHVVIXO LI LW LV HDV\ WR
RSHUDWH, EXW VWLOO SURYLGHV D VHFXUH FRQQHFWLRQ. 7KH VXFFHVV RI WKLV OHDGV WKH ZD\ IRU WKLV
WHFKQRORJ\ WR EH LPSOHPHQWHG LQWR D PRUH FRPSOH[ URERWLF V\VWHP.

SWXdenW Name(V): B. 2FKV

AbVWracW:

233
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 'HWHFWLRQ RI WZR KRVW JDOD[LHV RI 2175 c TXDVDU GXVW DEVRUEHUV

, UHSRUW WKH GLVFRYHU\ RI WZR KRVW JDOD[LHV RI 2175 c TXDVDU GXVW DEVRUEHUV (2'AV) DW DURXQG ]
= 1 XVLQJ WKH ZRUOG¶V ODUJHVW JURXQG-EDVHG RSWLFDO WHOHVFRSH, WKH 10.4-PHWHU *UDQ 7HOHVFRSLR

CA1A5,A6 (*7C) ZLWK WKH 26,5,6 7XQDEOH )LOWHU (57)). 7KH GHWHFWLRQ ZDV PDGH WKURXJK
WKH

WUDGLWLRQDO 36) VXEWUDFWLRQ WHFKQLTXH, ZKLFK ZDV YHULILHG WKURXJK D 36) VLPXODWLRQ

VWXG\. 7KH PHDVXUHG LPSDFW SDUDPHWHUV IRU WZR TXDVDU GXVW DEVRUEHU KRVW JDOD[LHV DUH 18.79
NSF DQG 0.36 NSF ZLWK D PDJQLWXGH RI 22.74 DQG 21.44 AB, UHVSHFWLYHO\. 7KH GHULYHG VWDU
IRUPDWLRQ UDWH LV DURXQG D IHZ VRODU PDVVHV SHU \HDU. 7KHVH PHDVXUHPHQWV VKRZ WKDW GXVW
DEVRUEHUV KDYH PXFK VPDOOHU LPSDFW SDUDPHWHUV WKDQ RWKHU TXDVDU DEVRUEHUV VXFK DV 0J ,,
DEVRUEHUV DQG GDPSHG /\PDQ AOSKD DEVRUEHUV, VXSSRUWLQJ WKHVH DEVRUEHUV DUH OLNHO\
DVVRFLDWHG ZLWK GLVN FRPSRQHQWV RI WKHVH GLVWDQW JDOD[LHV. CRQVLGHULQJ WKDW PRVW RI WKHVH GXVW
DEVRUEHUV VKRZ KLJK PHWDOOLFLW\ DQG GXVW GHSOHWLRQ, WKHVH GXVW DEVRUEHU JDOD[LHV DUH OLNHO\
H[FHOOHQW SUREHV WR WUDFH WKH HYROXWLRQ RI JDOD[LHV OLNH WKH 0LON\ :D\ JDOD[\ LQ WKH HDUO\
XQLYHUVH. 'HWDLOV RI P\ DQDO\VLV DQG UHVXOWV ZLOO EH UHSRUWHG.

SWXdenW Name(V): B. :DQJ

AbVWracW:

180
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: ,QWURGXFWLRQ WR 6XUUHDO 1XPEHUV: ([SORULQJ 5HDO, ,QILQLWH DQG ,QILQLWHVLPDO 9DOXHV DQG
7KHLU +DFNHQEXVK *DPHV

The surreal number system, discovered by John H. Conway and Donald Knuth, contains real,
LQILQLWH DQG LQILQLWHVLPDO QXPEHUV, IRUPLQJ D WRWDOO\ RUGHUHG ILHOG. 7KLV SDSHU GLVFXVVHV WKH
FRQVWUXFWLRQ DQG YDOXHV RI VXUUHDO QXPEHUV, PDLQO\ IRFXVLQJ RQ LQILQLWH RUGLQDOV, LQILQLWH DQG
LQILQLWHVLPDO VXUUHDOV, DV ZHOO DV WKHLU UHDOL]DWLRQV DV +DFNHQEXVK JDPHV.

SWXdenW Name(V): <. :RQJ

AbVWracW:

50
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 5HPHGLDWLRQ RI )LUH-)RDP 3)AV IURP CRQWDPLQDWHG :DWHU 8VLQJ DQ (FR-)ULHQGO\ DQG
5HXVDEOH :DWHU )LOWUDWLRQ 6\VWHP

3HUIOXRURDON\O VXEVWDQFHV (3)A6V) SRVH QXPHURXV KHDOWK ULVNV, KRZHYHU WKHLU FRQWLQXHG
SUHYDOHQFH LQ PDQ\ FRPPRQ JRRGV KDV FDXVHG WKHLU FRQWDPLQDWLRQ RI PDQ\ ZDWHUVKHGV.
5HFHQWO\, FOLPDWH FKDQJH-LQGXFHG ZLOGILUHV KDYH FDXVHG DQ LQFUHDVH LQ 3)A6-XVH DV D ILUH
UHWDUGDQW, ZKHUH WKHLU VSUD\-DSSOLFDWLRQ LQWR IRUHVWV KDV OHG GLUHFWO\ WR WKHLU UXQRII LQWR
VWUHDPV, ODNHV, DQG ULYHUV. ,Q WKHVH ZDWHUZD\V, 3)A6¶V SHUVLVW, DQG DUH FRQVXPHG E\ ILVK, DQG
HYHQWXDOO\ KXPDQV. ,Q OLJKW RI WKLV UHFHQW LQFUHDVH LQ XVH, D VLPSOH DQG HIIHFWLYH PHWKRG IRU
UHPHGLDWLRQ RI 3)A6 LQ ZDWHU LV QHHGHG. ,Q UHVSRQVH, WKLV UHVHDUFK FXOPLQDWHG LQ WKH GHVLJQ RI
DQ HDV\-WR-IDEULFDWH, DQG KLJKO\-HIILFLHQW, 3)A6 ILOWUDWLRQ V\VWHP, PDGH IURP D FURZG-VKDUHG
3'-SULQW GHVLJQ, DQG QDWXUDO, ELRIULHQGO\ ILOWHU EHGV. 7R EHJLQ, FDUER[\OLF-DFLG IXQFWLRQDOL]HG
(10QP) CG6H TXDQWXP GRWV ZHUH ILUVW IDEULFDWHG (DGDSWDWLRQ RI /LX), DQG XVHG DV WKH EDVLV IRU
VHQVLWLYH IOXRUHVFHQFH (540QP) PHDVXUH RI SHUIOXRUR-RFWDQRLF DFLG (3)2A, WKH PRGHO 3)A6),
GRZQ WR a8SSE. ,Q XVH, 3)2A¶V LQ ZDWHU LQWHUUXSW WKH VROXELOLW\ RI C22+-CG6H¶V LQ ZDWHU,
FDXVLQJ D TXHQFKLQJ, RU UHGXFWLRQ LQ CG6H VROXWLRQ IOXRUHVFHQFH. 6HSDUDWHO\, WKH PXOWLOD\HU
ZDWHU ILOWUDWLRQ V\VWHP (0:-)6) ZDV GHVLJQHG LQ 7LQNHUCDG WR IXQFWLRQ ZLWK D W\SLFDO 1.5/
SODVWLF ERWWOH, 3' SULQWHG, DQG DVVHPEOHG WR LQFOXGH 25J (HDFK) RI 6L22 DQG BLRFKDU. ,Q XVH,
WKH ($5 DV FRQVWUXFWHG) 0:)6 UHGXFHG 1SSP RI 3)2A-FRQWDPLQDWHG ZDWHU WR 1.8SSP LQ RQH
ILOWUDWLRQ SDVV, WR DV OLWWOH DV 10.7SSE, ZLWK 5 ILOWUDWLRQ-SDVVHV. ,QWHUSUHWDWLRQ DQG H[WHQVLRQ RI
WKH 0:-)6 UHPHGLDWLRQ PRGHO VXJJHVWV WKDW a20 ILOWUDWLRQV DUH QHFHVVDU\ WR DFKLHYH ZDWHU
SRWDELOLW\, DW WKH 70SSW (3A :DWHU AFWLRQ /HYHO.

SWXdenW Name(V): A. .OHVKFKHOVNL

AbVWracW:

265
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 'HYHORSLQJ D 0DFKLQH /HDUQLQJ AOJRULWKP WR AFFXUDWHO\ 3UHGLFW *HRPDJQHWLF 6WRUPV

*HRPDJQHWLF VWRUPV, PDMRU GLVWXUEDQFHV RI (DUWK'V PDJQHWRVSKHUH E\ VRODU ZLQGV, DUH
FDWDVWURSKLF. 7KH\ FDXVH VHYHUH GDPDJH WR VDWHOOLWHV, SRZHU JULGV, DQG FRPPXQLFDWLRQ
LQIUDVWUXFWXUHV. /DUJH VFDOH VWRUPV FDQ FDXVH WULOOLRQV RI GROODUV RI GDPDJH WR VDWHOOLWHV, DQG
FDXVH HOHFWULFDO EODFNRXWV DQG LQWHUQHW RXWDJHV RQ PDVVLYH VFDOHV WKDW PLJKW QRW EH UHSDLUHG IRU
PRQWKV, RU HYHQ \HDUV. (DUO\ SUHGLFWLRQ LV FULWLFDO LQ PLQLPL]LQJ WKH KD]DUGV. +RZHYHU, FXUUHQW
PRGHOV HLWKHU GRQ'W SUHGLFW WKH JOREDO PDJQLWXGH, RU RQO\ PDNH SUHGLFWLRQV ZLWKLQ RQH KRXU RI
WKH RFFXUUHQFH, ZKLFK LV QRW HDUO\ HQRXJK. (DUO\ SUHGLFWLRQV RI JHRPDJQHWLF VWRUPV DUH
H[WUHPHO\ FKDOOHQJLQJ. 7KHUH LV D ORZ FRUUHODWLRQ EHWZHHQ FXUUHQW VRODU PHDVXUHPHQWV DQG WKH
PDJQLWXGH RI VWRUPV WKUHH KRXUV ODWHU, PDNLQJ LW GLIILFXOW WR GHWHUPLQH PDJQLWXGHV IURP WKH
HDUO\ VRODU GDWD. 0RUHRYHU, KLJKHU PDJQLWXGH VWRUPV RFFXU UDUHO\, FDXVLQJ WKH GDWD WR EH
KLJKO\ LPEDODQFHG, ZKHUH PRUH VHYHUH VWRUPV ZRXOG EH LJQRUHG. 6RODU PHDVXUHPHQWV RIWHQ
FRQWDLQ QRLVH RU GLVWRUWLRQ ZKHQ WUDQVPLWWHG E\ VDWHOOLWHV, GHFUHDVLQJ WKH TXDOLW\ RI GDWD. 7KLV
SURMHFW DLPHG WR SUHGLFW JHRPDJQHWLF VWRUPV DV HDUO\ DV SRVVLEOH, XVLQJ PDFKLQH OHDUQLQJ RI
VRODU SDWWHUQV RFFXUULQJ EHIRUH VWRUPV. 7KH DERYH FKDOOHQJHV ZHUH RYHUFRPH E\ XVLQJ
WHFKQLTXHV LQFOXGLQJ XQGHUVDPSOLQJ, IHDWXUH VHOHFWLRQ, DQG FRPELQLQJ GDWD IURP PXOWLSOH
VRXUFHV. )RU WKH ILUVW WLPH, WKHVH WHFKQLTXHV HQDEOHG SUHGLFWLRQV WKUHH KRXUV DKHDG RI WLPH DW DQ
82.55% DFFXUDF\, ZKLFK RXWSHUIRUPV FRPSHWLQJ DOJRULWKPV E\ a3%. 3UHGLFWLQJ JHRPDJQHWLF
VWRUPV DFFXUDWHO\ LQ DGYDQFH ZLOO SURYLGH D VXIILFLHQW ZDUQLQJ WLPH ZLQGRZ IRU SUHSDUDWLRQ,
JUHDWO\ GHFUHDVLQJ WKH GDPDJH FDXVHG.

SWXdenW Name(V): ,. <DQ

AbVWracW:

240
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: BLRPLPHWLF 5HPRYDO RI 0LFURVSKHUHV :DWHU CRQWDPLQDQWV, YLD CDOFLWH-IQIXVHG, CRUDO-
OLNH 0HODPLQH 6SRQJHV

7KH GHWULPHQWDO WKUHDW PLFURSODVWLFV (03V) KDYH RQ WKH HQYLURQPHQW LV ZHOO-HVWDEOLVKHG.
HRZHYHU, WKHLU HIIHFWLYH DQG HIILFLHQW UHPHGLDWLRQ LQ DTXDWLF HQYLURQPHQWV KDV \HW WR EH
HVWDEOLVKHG. 7KLV UHVHDUFK SURYLGHV D KLJKO\ HIILFLHQW/SUDFWLFDO PHWKRG IRU WKH UHPRYDO RI 03V
WKURXJK WKH FUHDWLRQ RI DQ AUWLILFLDO CRUDO 6SRQJH (AC6). 7KH AC6 ZDV FRQVWUXFWHG RQ D
2[2[1.5FP (150�P-SRUH) PHODPLQH VSRQJH, ZLWK D 37FE DGKHVLRQ OD\HU, DQG CDC23 IRU 03-
FDSWXUH. 7KH FXELF-VKDSHG AC6 UHPRYHG a176N-03V (a93%) LQ 45 KRXUV, IURP 0.1PJ/PO
03-FRQWDPLQDWHG IUHVK RU VHDZDWHU. HLJK 03-FRQFHQWUDWLRQ, ORQJ-WHUP H[SHULPHQWV ZHUH
FRQGXFWHG WR H[DPLQH IXOO FDSDFLW\ RI WKH FXELF-AC6. FROORZLQJ 1 ZHHN RI VXEPHUVLRQ LQ
0.5PJ/PO 03-FRQWDPLQDWHG ZDWHU, 6E0 DQDO\VLV KLJKOLJKWV 03 UHWHQWLRQ WKURXJKRXW LWV
LQWHUQDO VWUXFWXUH, GHPRQVWUDWLQJ WKDW LW LV QRW D VXUIDFH-RQO\ UHPHGLDWLRQ GHYLFH. AW IXOO
FDSDFLW\, WKH AC6 FDQ UHWDLQ 2065N 03V SHU GHYLFH. 7R HYDOXDWH AC6 UHXVH SURSHUWLHV, D
VLQJOH AC6 ZDV XVHG, DQG UHXVHG WZLFH PRUH, LQ VXEVHTXHQW 0.1PJ/PO 03-FRQWDPLQDWHG ZDWHU
samples. Marginal decline of MP-remediation over 3 “reuses” highlights the ability to reapply
WKH AC6 LQ FRQWDPLQDWHG ZDWHU, XQWLO LWV 03-OLPLW LV UHDFKHG. AQ LQYHVWLJDWLRQ IRU RSWLPDO
AC6 VKDSH ZDV FRQGXFWHG. EOOLSVRLG DQG FXELF VKDSHG GHYLFHV EHKDYHG VLPLODUO\, IXUWKHU
SRLQWLQJ WR WKH LQWHUQDO QDWXUH RI AC6 03-FDSWXUH. FLQDOO\, SURORQJHG VWDELOLW\ VWXGLHV
GHPRQVWUDWH SURORQJHG AC6 LQWHJULW\, DV D PDULQH-VDIH, HDV\-WR-XVH 03-UHPHGLDWLRQ WRRO,
FRVWLQJ 30�/WHVWHG GHYLFH, RU $12 IRU D GHYLFH WKDW PLPLFV D W\SLFDO 625FP2 FRUDO. IQ XVH, WKH
AC6 LV VLPSO\ ORZHUHG LQWR 03-FRQWDPLQDWHG ZDWHU, OHIW XQWLO LWV 03 ORDG LV UHDFKHG, DQG WKHQ
VLPSO\ OLIWHG RXW IRU 03 UHFRYHU\.

SWXdenW Name(V): 1. 3DUN

AbVWracW:

275
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 1HFN IQMXULHV LQ FRRWEDOO

BDFNJURXQG:
AWKOHWHV, ERWK DPDWHXU DQG SURIHVVLRQDO DQG RI YDULRXV DJHV WUDLQ LQ WKHLU VSHFLDOW\ WR LPSURYH
SHUIRUPDQFH, EH DW WKH WRS RI WKHLU JDPH DQG WR DYRLG LQMXU\.  7KH\ ZRUN ZLWK D YDULHW\ RI
H[SHUWV-NLQHVLRORJ\ VSHFLDOLVWV, DWKOHWLF WUDLQHUV, SK\VLFDO WKHUDSLVWV, VSRUWV SV\FKRORJLVWV,
FRDFKHV DQG PDQ\ RWKHUV WR DFKLHYH WKHLU JRDOV.  IQ WKH ZRUOG RI IRRWEDOO, VWXGLHV DUH HPHUJLQJ
DERXW ERWK VKRUW DQG ORQJ WHUP HIIHFWV IURP KHDG DQG QHFN LQMXULHV LQFOXGLQJ SRVW-FRQFXVVLRQ
V\QGURPHV, OLJDPHQWRXV DQG PXVFXODU QHFN LQMXULHV.

0HWKRGV:
8VLQJ D TXHU\ RI 0ED/I1E, 3XE0HG, DQG YDULRXV RQOLQH MRXUQDOV, YDULRXV DUWLFOHV ZHUH
UHYLHZHG GLVFXVVLQJ YDULRXV LQMXU\ SUHYHQWLRQ VWUDWHJLHV.  BDVLF LQWHUYLHZ TXHVWLRQV WR VFKRRO
DWKOHWLF WUDLQHUV ZHUH FRPSLOHG IRU WKHLU SURIHVVLRQDO RSLQLRQ DQG H[SHULHQFH.  /HWWHUV WR WKH
HGLWRU, FDVH UHYLHZV DQG ERRN FKDSWHUV ZHUH RPLWWHG.

5HVXOWV:
A FRPELQDWLRQ RI VL[WHHQ VWXGLHV DQG UHYLHZ DUWLFOHV IRXQG HYLGHQFH WR VXSSRUW WKH K\SRWKHVLV
WKDW VWUHQJWKHQLQJ SDUWLFXODU PXVFOH JURXSV ZLOO KHOS WR GHFUHDVH WKH LQFLGHQFH RI LQMXULHV LQ
VXUURXQGLQJ DUHDV.  7KLV ZDV IXUWKHUPRUH VXSSRUWHG E\ GLVFXVVLRQV ZLWK WUDLQHUV DQG
WKHUDSLVWV.      7KLV SUHPLVH FDQ EH DSSOLHG WR VWUHQJWKHQLQJ H[HUFLVHV LQ WKH QHFN, VKRXOGHUV
DQG XSSHU EDFN WKDW ZRXOG GHFUHDVH WKH LQFLGHQFH RI QHFN/KHDG LQMXULHV LQ IRRWEDOO.
AGGLWLRQDOO\, VHOHFWLYH SDSHUV UHYLHZHG WKDW XSGDWHG HTXLSPHQW DQG UXOHV UHJXODWLQJ FHUWDLQ
FRQWDFWV ZLOO GHFUHDVH WKH LQFLGHQFH RI LQMXU\.  FXUWKHU VWXGLHV DUH QHHGHG WR KHOS GHOLQHDWH
VSHFLILF UHVXOWV RI H[HUFLVH SURJUDPV WKDW ZRXOG EH PRVW HIIHFWLYH.

SWXdenW Name(V): C. /RWK

AbVWracW:

228
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 7KH 6\QWKHVLV DQG 3URSHUWLHV RI D 1RYHO 3RO\HVWHU 0DWHULDO

7H[WLOH ZDVWH LV DQ HQRUPRXV SUREOHP LQ WKH IDVKLRQ LQGXVWU\. 2QH ZD\ WR DGGUHVV WKLV LVVXH LV
to find ways of making used materials into “new”; usable material as a way of reducing this
ZDVWH. 7KLV H[SHULPHQW DWWHPSWHG WR FUHDWH D QHZ PDWHULDO IURP SRO\FRWWRQ (D FORWK W\SH WKDW LV
D PL[WXUH RI SRO\HVWHU DQG FRWWRQ) WR SDUWLDOO\ DGGUHVV WKLV LVVXH. 7KUHH H[SHULPHQWV ZHUH
SHUIRUPHG: ILUVW, D 2-VTXDUH LQFK SLHFH RI 50/50 SRO\FRWWRQ (0.35J) ZDV VXEPHUJHG LQWR 25P/
RI 12.6-PROH VXOIXULF DFLG. AIWHU 15 PLQXWHV RI VXEPHUVLRQ, WKH FORWK ZDV GULHG RYHUQLJKW,
WKHQ PDVVHG DW 0.39J. )URP WKH ZHLJKW JDLQ, LW FDQ EH FRQFOXGHG WKDW D FKHPLFDO UHDFWLRQ
RFFXUUHG; VRPHWKLQJ LQ WKH VXOIXULF DFLG ERQGHG ZLWK WKH FORWK, DQG QHZ PDWHULDO ZDV PDGH.ௗ
,Q WKH VHFRQG, WZR 2-VTXDUH LQFK SLHFHV RI 50/50 SRO\FRWWRQ (0.35J) ZHUH VXEPHUJHG LQWR 3.0-
PROH VXOIXULF DFLG; RQH IRU 15 PLQXWHV DQG RQH IRU 30 PLQXWHV. AIWHU WKH\ ZHUH OHIW WR GU\
RYHUQLJKW, ERWK FORWKV KDG WKH VDPH PDVV, WKHUHIRUH WKH PRODULW\ RI WKH VXOIXULF DFLG QHHGV WR
EH KLJKHU IRU ERQGLQJ WR RFFXU.  7KH ODVW H[SHULPHQW WHVWHG WKH VWUDLQ RI WKH ERQGHG SRO\FRWWRQ
YV. WKH RULJLQDO. BRWK FORWKHV ZHUH KXQJ IURP D ULQJ VWDQG. 8VLQJ WKLQ PHWDO ZLUH, 800J ZRUWK
RI ZHLJKWV ZHUH KXQJ IURP HDFK FORWK IRU 5 PLQXWHV. 7KH UHVXOWV VKRZHG WKH RULJLQDO FORWK ZDV
0.89% ORQJHU WKDQ EHIRUH ZKLOH WKH ERQGHG FORWK ZDV 3.51% ORQJHU WKDQ EHIRUH, WKHUHIRUH WKLV
QHZ PDWHULDO KDV PRUH VWUHWFK WKDQ WKH RULJLQDO.

SWXdenW Name(V): 0. 0F1XOW\

AbVWracW:

249
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: AFFHVVLEOH 3URJUDP DQG 6\VWHP IRU AFFXUDWHO\ AOLJQLQJ D 6WDU 7UDFNLQJ 0RXQW 8VLQJ D
CDPHUD.

AVWURSKRWRJUDSK\ LV D SRSXODU KREE\ LQYROYLQJ FDSWXULQJ LPDJHV RI WKH QLJKW VN\. 2QH PDMRU
FKDOOHQJH LQYROYHV HOLPLQDWLQJ VWDU WUDLOV, ZKLFK DUH VWUHDNV LQ LPDJHV FDXVHG E\ (DUWK¶V
URWDWLRQ. 7R FRPSHQVDWH IRU WKLV, D VWDU WUDFNLQJ PRXQW LV XVHG WR PRYH WKH FDPHUD DORQJ ZLWK
WKH VWDUV. 7R XVH PRXQWV OLNH WKHVH, WKH\ PXVW ILUVW EH DOLJQHG SUHFLVHO\ ZLWK WKH 1RUWK
CHOHVWLDO 3ROH, WKH H[DFW SRLQW ZKHUH (DUWK¶V URWDWLRQDO D[LV PHHWV WKH VN\. 7KLV H[SORUDWLRQ
DLPV WR LPSURYH DOJRULWKPV XVHG E\ D FRPSXWHU SURJUDP WR FDOFXODWH WKH SUHFLVH ORFDWLRQ RI
WKH 1RUWK CHOHVWLDO 3ROH. 7KH ILUVW VWHS LQ LPSURYLQJ DOLJQPHQW DFFXUDF\ LV WR LPSOHPHQW DQ
DFFXUDWH VWDU FHQWURLGLQJ DOJRULWKP. 6WDUV DSSHDU LQ LPDJHV DV D EORE RI SL[HOV, DQG ORFDWLQJ WKH
H[DFW FHQWHU LV QHFHVVDU\ IRU WKH DFFXUDF\ RI IXWXUH FDOFXODWLRQV. 7KH QH[W VWHS LV WR GHYHORS D
PHWKRG IRU ORFDWLQJ WKH SRVLWLRQ RI HYHU\ VWDU LQ DQ LPDJH. 7KHQ, WR SURYH WKH H[DFW D[LV RI
URWDWLRQ RI DOO WKH VWDUV LQ DQ LPDJH, D PHWKRG ZLOO EH GHYHORSHG WR XVH HYHU\ VWDU ORFDWHG QHDU
WKH D[LV RI URWDWLRQ WR FDOFXODWH WKH SRVLWLRQ RI WKH D[LV. 7KH JRDO RI WKH VWXG\ LV WR GHYHORS
SUHFLVH DOJRULWKPV FDSDEOH RI SRODU DOLJQLQJ D VWDU WUDFNLQJ PRXQW, DQG LQFRUSRUDWH WKHP LQWR D
FRPSXWHU SURJUDP WR UHGXFH WKH SUHYDOHQFH RI VWDU WUDLOV LQ DVWURSKRWRJUDSK\.

SWXdenW Name(V): 6. 6WDXEO\

AbVWracW:

219
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 'HYHORSLQJ DQ ,QGXFWLYH 6WHQW WR AFFXUDWHO\ 'HWHFW WKH 2FFXUUHQFH RI ,Q-6WHQW 5HVWHQRVLV

ASSUR[LPDWHO\ 30% RI SHRSOH ZKR DUH WUHDWHG ZLWK D VWHQW IRU WKH QDUURZLQJ RI D YDOYH KDYH
LQ-VWHQW UHVWHQRVLV ZLWKLQ 6 PRQWKV. ,Q-VWHQW UHVWHQRVLV LV ZKHQ WKH VWHQWHG DUHD QDUURZV HYHQ
DIWHU WKH VWHQW LV LPSODQWHG ZLWKLQ WKH ERG\. 7\SLFDOO\ WKHVH JR XQQRWLFHG XQWLO WKH V\PSWRPV
RI D QDUURZHG YDOYH EHFRPH VHYHUH, VRPHWLPHV JRLQJ EDFN WR WKH VWDWH EHIRUH VXUJHU\.
7KHUHIRUH, D QRYHO VWHQW LV FUXFLDO LQ RUGHU WR GHWHFW ZKHQ LQ-VWHQW UHVWHQRVLV LV RFFXUULQJ
EHIRUH WKH FRQGLWLRQ ZRUVHQV. ,Q WKLV SURMHFW, D CA' PRGHO RI DQ LQGXFWLYH VWHQW, D VWHQW WKDW
KDV WKH DELOLW\ WR WUDQVPLW VLJQDOV, ZDV FUHDWHG DQG RSWLPL]HG. 7R GR WKLV, ILUVW D WUDGLWLRQDO
VWHQW ZDV FUHDWHG XVLQJ WKH 6ROLGZRUNV SDUWV IHDWXUH. 7KLV VWHQW ZDV WKHQ VLPXODWHG DQG
VWUXFWXUDOO\ RSWLPL]HG E\ SORWWLQJ LWV )DFWRU RI 6DIHW\ ()26) SORW. 7KLV PRGHO ZDV WKHQ
LPSRUWHG LQWR AQV\V (OHFWURQLFV 'HVNWRS JLYHQ D OD\HU RI JROG DQG DVVLJQHG DQ LPSHGDQFH
YDOXH. 7KLV SURYLGHG WKH VWHQW¶V FRQGXFWDQFH FDSDELOLWLHV. A WUDQVPLWWHU ZDV WKHQ FUHDWHG
ZKLFK WRRN WKH IRUP RI DQ LGHQWLFDO VWHQW ZLWK D ODUJHU GLDPHWHU. 7KLV VWHQW ZDV JLYHQ DQ
LPSHGDQFH YDOXH. 2QFH VLPXODWHG, WKH PDJQHWLF ILHOG ZDV SORWWHG. 5HVXOWV RI WKH VLPXODWLRQ
VKRZ D VXFFHVVIXO GHVLJQ DV WKH PDJQHWLF ILHOG RI WKH WUDQVPLWWHU UHDFKHV WKH VWHQW. 7KH
LPSOLFDWLRQV RI WKLV SURMHFW DUH WKDW WKLV GHVLJQ FDQ EH XVHG LQ PHGLFDO GHYLFHV WR DFFXUDWHO\
WUDQVPLW VLJQDOV WR GRFWRUV ZKHQ WKH LQ-VWHQW UHVWHQRVLV RFFXUV. 7KLV UHPRYHV FXUUHQW ULVNV RI
ZDLWLQJ XQWLO WKH QDUURZLQJ ZRUVHQV EHIRUH GHWHUPLQLQJ WKDW UHVWHQRVLV LV RFFXUULQJ.

SWXdenW Name(V): 3. BDKHO

AbVWracW:

252
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: A CRPSDULVRQ EHWZHHQ WZR ORFDO HOHPHQWDU\ VFKRROV: ZKLFK LV EHWWHU SURWHFWHG DJDLQVW
WUDIILF-UHODWHG QRLVH SROOXWLRQ XVLQJ HQYLURQPHQWDO QRLVH EXIIHUV?

5HVHDUFK IURP WKLV H[SHULPHQW FRQVLVWHG RI UHFRUGLQJ WKH GHFLEHO OHYHOV LQ JUHHQ DUHDV WR WHVW
WKH HIIHFWLYHQHVV RI WUHH OLQHV, VKUXEEHU\, HWF. RQ QRLVH SROOXWLRQ, UHFRUGLQJ WKH GHFLEHO OHYHOV
VXUURXQGLQJ ORFDO VFKRROV WR VHH KRZ LQYDVLYH QRLVH LV WR WKHLU HQYLURQPHQW, DQG VXUYH\LQJ WKH
VWDII RI WZR ORFDO HOHPHQWDU\ VFKRROV WR VHH KRZ WUDIILF-UHODWHG QRLVH OHYHOV DIIHFWV WKHLU OLYHV.
7KH GDWD FROOHFWHG ZLOO EH DQDO\]HG WR GHWHUPLQH KRZ HQYLURQPHQWDO QRLVH EXIIHUV FDQ
PLWLJDWH H[SRVXUH WR WUDIILF-UHODWHG QRLVH SROOXWLRQ QHDU HOHPHQWDU\ VFKRROV. 7KH FRQFOXVLRQV
IURP WKLV VWXG\ DUH WKDW ZKHQ VFKRRO VWDII LV LQ WKH SUHVHQFH RI QRLVH, WKH\ IHHO PRUH DQ[LRXV.
:DGGHOO HOHPHQWDU\ VFKRRO DOVR H[SHULHQFHG KLJKHU QRLVH OHYHOV WKDQ .HHQH\ DV WKH\ GRQ¶W
KDYH D QRLVH EXIIHU VXUURXQGLQJ WKH SHULPHWHU.

SWXdenW Name(V): (. *UHHQILHOG

AbVWracW:

123
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: AQDO\VLV RI /HDGLQJ-(GJH 'URRS )ODSV RQ AHURG\QDPLF /LIW DW 'LIIHUHQW AQJOHV RI AWWDFN

+LJK-OLIW GHYLFHV RQ DLUFUDIW DUH FULWLFDO WR WKH VDIHW\ RI IOLJKW RSHUDWLRQV, SDUWLFXODUO\ GXULQJ
WDNHRIIV DQG ODQGLQJV ZKHUH WKH DLUFUDIW PXVW JHQHUDWH VXIILFLHQW OLIW WR RYHUFRPH LWV ZHLJKW.
7KH SXUSRVH RI WKLV VWXG\ LV WR FRPSDUH WKH HIIHFWV RI OHDGLQJ-HGJH GURRS IODSV RQ
DHURG\QDPLF OLIW DW KLJK DQG ORZ DQJOHV RI DWWDFN (ARA). 8VLQJ WKH 32:(583 4.0 UHPRWH-
FRQWUROOHG SDSHU DLUSODQH, GDWD ZDV FROOHFWHG IURP WKUHH SODQH PRGHOV LQ IRXU FDWHJRULHV HDFK ±
FOHDQ FRQILJXUDWLRQ DW 0� ARA, DW 15� ARA, DQG GLUW\ FRQILJXUDWLRQ (GURRS IODSV H[WHQGHG) DW
0� ARA DQG 15� ARA. ,Q HDFK FDWHJRU\, 10 WULDOV ZHUH FRQGXFWHG WR PHDVXUH WKH DLUERUQH WLPH
DIWHU WKH WKURWWOH ZDV UHGXFHG IURP 35% WR 7%. AIWHU 40 WULDOV ZLWK WKH ,QYDGHU PRGHO, LW VDZ
DQ DYHUDJH LQFUHDVH RI 3.498 VHFRQGV DW 15� ARA ZLWK GURRS IODSV, D 116.8% LQFUHDVH
FRPSDUHG WR ZLWKRXW GURRS IODSV. AW 0� ARA, WKH PHDQ GLIIHUHQFH ZDV 1.738 VHFRQGV, D 66.8%
LQFUHDVH. AW 15� ARA, WKH 2QVODXJKW ZLWK GURRS IODSV IOHZ IRU 1.132 VHFRQGV ORQJHU RQ
DYHUDJH, D 34.8% LQFUHDVH. +RZHYHU, EHFDXVH WKH S-YDOXHV IRU 2QVODXJKW (0� ARA) DQG
9DON\ULH DUH RYHU 0.05, FRQFOXVLRQV FRXOG QRW EH PDGH IURP WKRVH GDWD. 7KHVH ILQGLQJV
LQGLFDWH WKDW OHDGLQJ-HGJH GURRS IODSV LQFUHDVH WKH DLUERUQH WLPH PRUH DW KLJKHU ARAV, ZKHQ
FRPSDULQJ WKH VDPH PRGHO. AOWKRXJK QHYHU LPSOHPHQWHG, OHDGLQJ-HGJH GHYLFHV FRXOG KDYH
LQFUHDVHG WKH CRQFRUGH¶V RSHUDWLQJ UDQJH VLQFH WKH\ SURGXFH H[WUD OLIW DW VXEVRQLF FUXLVH
VHJPHQWV DQG GHFUHDVH IXHO EXUQ, ZKLFK DUH FUXFLDO IRU LQFUHDVLQJ WKH HIILFLHQF\ RI IXWXUH
VXSHUVRQLF DLUFUDIW.

SWXdenW Name(V): 7. 7DQ

AbVWracW:

254
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 7KH 2SWLPL]DWLRQ RI D *URXQG CROOLVLRQ AYRLGDQFH 6\VWHP DQG ASSOLFDWLRQ WR ,QKLELW
CRQWUROOHG )OLJKW ,QWR 7HUUDLQ AFFLGHQWV )RU 6LQJOH (QJLQH ALUFUDIW

CRQWUROOHG IOLJKW LQWR WHUUDLQ (C),7) LV DQ DFFLGHQW LQ ZKLFK DQ DLUZRUWK\ DLUFUDIW, XQGHU SLORW
FRQWURO, LV XQLQWHQWLRQDOO\ IORZQ LQWR WKH JURXQG, D PRXQWDLQ, D ERG\ RI ZDWHU, RU DQ REVWDFOH.
C),7 DFFLGHQWV ZHUH LGHQWLILHG DV D FDXVH RI 25% RI 86A) CODVV A PLVKDSV. 0DQ\ DUWLFOHV
UHJDUGLQJ C),7 DQG *CA6 V\VWHPV KLJKOLJKWHG WKDW WKHVH GLG QRW DSSHDU LQ VPDOO DLUFUDIW. 7KH
V\VWHPV ZHUH RQO\ SUHYDOHQW LQ FRPPHUFLDO-VL]HG DLUFUDIW VXFK DV WKH RQHV RIIHUHG E\ BRHLQJ
DQG ALUEXV. 7KHVH V\VWHPV FRQVLVW RI UDGDU, OLGDU, DOWLWXGH, V\QWKHWLF YLVLRQ V\VWHPV, DQG
PDSSLQJ. 7KHVH FRPPHUFLDO V\VWHPV ZHUH XVHG DV D VWDUWLQJ SRLQW. 7KH SXUSRVH RI WKLV
FRQWLQXDWLRQ SURMHFW ZDV WR SURYLGH DQ DIIRUGDEOH, VPDOOHU, HDVLHU UHWURILWWHG V\VWHP WKDW DOVR
LQFRUSRUDWHG DQ DFFRPSDQ\LQJ DSS WR SURYLGH SLORWV ZLWK LPSRUWDQW LQVWDQWDQHRXV IOLJKW GDWD
LQ RUGHU WR GHFUHDVH C),7 DFFLGHQWV. ,Q FRQMXQFWLRQ ZLWK WKH SK\VLFDO KDUGZDUH, WKH DSS
SURYLGHG WHOHPHWU\ GDWD IURP WKH GHYLFH. 7KH H[LVWLQJ V\VWHP FRQWDLQLQJ WKH AUGXLQR, :,),,
DQG *36, WKH GHYLFH ZDV DGGHG RQWR WR LQFOXGH DSS FRPSDWLELOLW\. 7KLV DSS LQFOXGHG LPSRUWDQW
WHOHPHWULHV VXFK DV DLUVSHHG, ZDUQLQJV, DQG DOWLWXGH. 5HYLVLRQV ZHUH PDGH WR WKH V\VWHP FRGH
WR VXSSRUW WKLV DSS. AGGLWLRQDOO\, KDUGZDUH XSGDWHV WRRN SODFH WR HQVXUH WKDW WKH GHYLFH UDQ
DQG RSHUDWHG DV LW VKRXOG. 7KH DSS ZDV VXFFHVVIXO LQ SURYLGLQJ D YLVXDO DLG IRU SLORWV, ZKLOH
DOVR GHFUHDVLQJ C),7 DFFLGHQWV WKURXJK WKH SURYHQ, WHVWHG C),7 DOJRULWKP. /DVWO\, WKLV V\VWHP
FDQ EH DSSOLHG WR QRW RQO\ SODQHV EXW DGMXVWPHQWV FDQ EH PDGH WR ILW KHOLFRSWHUV, XOWUDOLJKW
DLUFUDIW, DQG HYHQ SDUDPRWRULQJ.

SWXdenW Name(V): 0. BHDXGHWWH

AbVWracW:

250
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 'HVLJQLQJ DQG 7HVWLQJ DQ AFWLYDWHG CDUERQ CORWK 6WRUP 'UDLQ )LOWHU WR 5HGXFH WKH
3UHYDOHQFH RI 3KRVSKDWHV DQG 1LWUDWHV LQ WKH /RQJ ,VODQG 6RXQG

([FHVV DPRXQWV RI QXWULHQW SROOXWDQWV HQWHU VWRUP GUDLQV DQG DUH GLUHFWO\ GHSRVLWHG LQWR WKH
/RQJ ,VODQG 6RXQG. 7KHVH SROOXWDQWV FDUU\ KDUPIXO OHYHOV RI QLWUDWHV DQG SKRVSKDWHV, ZKLFK
FDXVH HXWURSKLFDWLRQ DQG OHDG WR ORZHU GLVVROYHG R[\JHQ OHYHOV, DOVR NQRZQ DV K\SR[LD, ZKLFK
NLOOV ILVK SRSXODWLRQV DQG HYHQ HQWLUH HFRV\VWHPV. 0\ UHVHDUFK FRPSOHWHG LQ 2020-2021 KDV
VKRZQ WKDW WKH FDUERQ FORWK ILOWHU XQLTXHO\ GHFUHDVHV ERWK SKRVSKDWH DQG QLWUDWH
FRQFHQWUDWLRQV, UDWKHU WKDQ RQH RI WKH IDFWRUV RI QXWULHQW SROOXWLRQ DV VHHQ LQ RWKHU ILOWHULQJ
PDWHULDOV. 7KH SXUSRVH RI WKLV \HDU'V ZRUN LV WR UHSOLFDWH P\ SUHYLRXV ILQGLQJV XWLOL]LQJ D
ILQDOL]HG LQQRYDWLYH, HIIHFWLYH, DQG HIILFLHQW SURWRW\SH RI P\ FDUERQ FORWK VWRUP GUDLQ ILOWHU. ,W
LV K\SRWKHVL]HG WKDW WKH ILOWHU ZLOO UHGXFH ERWK QLWUDWH DQG SKRVSKDWH OHYHOV. )LOWHU HIIHFWLYHQHVV
LV GHWHUPLQHG E\ PHDVXULQJ WKH FRQFHQWUDWLRQ RI WKH SROOXWDQWV LQ WKH VLPXODWHG DQG UHDO
VWRUPZDWHU UXQRII EHIRUH DQG DIWHU WKH XVH RI WKH FDUERQ FORWK ILOWHU. A UHGXFWLRQ RI 100% RI
QLWUDWHV ZDV VHHQ LQ RQH WULDO, DQG WKH DYHUDJH GHFUHDVH RI QLWUDWH ZDV 62%. 3KRVSKDWH OHYHOV
DOVR GHFUHDVHG E\ DQ DYHUDJH RI 73%. 7KH VWRUP GUDLQ ILOWHU SURWRW\SH LV FRQVWUXFWHG LQWR WZR
VHSDUDWH SDUWV, RQH FRQWDLQLQJ D PHVK DWWDFKPHQW WR UHPRYH KDUPIXO GHEULV, RQO\ DOORZLQJ
ZDWHU WR SRXU WKURXJK, DQG D VHFRQG SDUW WKDW FRQWDLQV WKH FDUERQ FORWK ZKLFK ZLOO ILOWHU WKH
FRQWDPLQDWHG ZDWHU. 1XWULHQW SROOXWLRQ DIIHFWV WKRXVDQGV RI ERGLHV RI ZDWHU DFURVV WKH ZRUOG
DQG ILQGLQJ D VROXWLRQ WR FRPEDW QLWUDWH DQG SKRVSKDWH RYHUIORZ ZLOO FUHDWH KHDOWKLHU ZDWHU IRU
DOO PDULQH OLIH.

SWXdenW Name(V): A. BDUQHWW

AbVWracW:

248
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: CRUUHODWLRQ BHWZHHQ 5DLQIDOO DQG 'LVVROYHG 2[\JHQ LQ /RFDO 1HZ +DYHQ :DWHUZD\V: A
3UHGLFWLYH 0RGHO IRU +XPDQ ,PSDFW RQ WKLV 6\VWHP

7KH 0LOO 5LYHU ZDV RQFH DQ DEXQGDQW UHFUHDWLRQDO DQG FRPPHUFLDO UHVRXUFH WR WKH 1HZ +DYHQ
DUHD, EXW KDV EHHQ GHFOLQLQJ LQ ZDWHU TXDOLW\ IRU VRPH WLPH QRZ. 7KLV LV GXH LQ SDUW WR WKH
SROOXWLRQ WKUHDWV, ERWK SRLQW DQG QRQSRLQW, WKDW LW IDFHV. 7KLV VWXG\ ZDV GHVLJQHG WR HYDOXDWH
SRVVLEOH FRUUHODWLRQV EHWZHHQ UDLQIDOO WKDW ZRXOG ZDVK WKHVH SROOXWDQWV LQ DQG GLVVROYHG
R[\JHQ OHYHOV LQ WKH ZDWHUZD\V.  6L[ VLWHV ZHUH VHOHFWHG, DQG YLVLWHG LQ D UHSOLFDWHG GHVLJQ WR
SURILOH ERWK WRS DQG ERWWRP R[\JHQ OHYHOV IRU FRPSDULVRQ DJDLQVW UDLQIDOO LQ WKH ZDWHUVKHG (24
-48 KRXUV SULRU WR VDPSOLQJ). 3UHOLPLQDU\ UHVXOWV IURP WKLV ZRUN LQGLFDWH WKDW UDLQIDOO HYHQWV RI
DV OLWWOH DV 1-2LQFKHV LQ D 48-KRXU WLPH IUDPH KDYH VKRZQ PHDVXUDEOH LPSDFWV RQ R[\JHQ
OHYHOV LQ WKH ULYHU (52 = 0.975, 52 = 0.801). 7KHVH ILQGLQJV DUH ZRUULVRPH IRU PDULQH OLIH LQ
WKH DUHD DV LPSDFWHG R[\JHQ OHYHOV IHOO WR K\SR[LF OHYHOV LQ WKLV ELRORJLFDOO\ FULWLFDO HVWXDU\.
7KH SRWHQWLDO ORQJ WHUP LPSDFWV RI K\SR[LF FRQGLWLRQV RQ WKLV HVWXDU\ VKRXOG EH WKH IRFXV RI
IROORZ-XS VWXGLHV DV LW ZLOO EH D FULWLFDO SLHFH WR PDQDJH WKHVH QXUVHU\ KDELWDWV. AQRWKHU
VXLWDEOH IROORZ-XS ZRXOG EH WR H[DPLQH WKH SRWHQWLDO FRQQHFWLRQV EHWZHHQ KHDY\ UDLQ HYHQWV
DQG FKDQJHV LQ K\GURG\QDPLF IORZ LQ WKHVH ULYHUV DV WKDW LV NQRZQ WR FRUUHODWH WR GLVVROYHG
R[\JHQ LVVXHV. AOO RI WKLV ZLOO EHWWHU VHUYLFH FRDVWDO ]RQH PDQDJHUV ZKR DUH DV GHWHUPLQHG DV
HYHU WR UHWXUQ WKLV, DQG RWKHU, V\VWHPV WR WKH HFRQRPLF DQG HQYLURQPHQWDO OHYHO VHHQ LQ WKH
SDVW.

SWXdenW Name(V): 7. 0DLQHV

AbVWracW:

248
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK ,QVWLWXWLRQ.
4. ,V WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: A CRPSDUDWLYH AQDO\VLV RI 7KHUPDO, 6RODU, DQG 0HPEUDQH DHVDOLQDWLRQ

7KH REMHFWLYH RI WKLV SURMHFW ZDV D FRPSDUDWLYH DQDO\VLV RI YDULRXV GHVDOLQDWLRQ PHWKRGV
LQFOXGLQJ PHPEUDQH, WKHUPDO, DQG VRODU GHVDOLQDWLRQ.  AOO WKUHH PHWKRGV KDYH WKHLU RZQ
DGYDQWDJHV DQG GLVDGYDQWDJHV, DQG WKLV VWXG\ VRXJKW WR FRPSLOH D FRPSUHKHQVLYH GDWD VHW IRU
XVH LQ LGHQWLI\LQJ WKH PRVW HIILFLHQW PHWKRG IRU VSHFLILF VLWXDWLRQV, HVSHFLDOO\ DV WKH ZRUOG
PRYHV WRZDUG PRUH IUHTXHQW XVDJH RI GHVDOLQDWLRQ. 7KH SURILFLHQF\ RI HDFK PHWKRG ZDV
LQYHVWLJDWHG XVLQJ YDULDEOHV VXFK DV WKH H[WHQW RI SUHWUHDWPHQW UHTXLUHG, LQLWLDO ZDWHU TXDOLW\,
DQG WLPH HIILFLHQF\. 7KH LQGHSHQGHQW YDULDEOHV LQFOXGHG HQHUJ\ UHTXLUHG, UHVXOWLQJ ZDWHU
TXDOLW\, DQG ULVN WR WKH HQYLURQPHQW. BUDFNLVK ZDWHU IURP WKH /RQJ IVODQG 6RXQG ZDV
FRPELQHG ZLWK VHD VDOW DQG VRLO WR VWDQGDUGL]H WKH LQLWLDO ZDWHU TXDOLW\. EDFK PHWKRG ZDV
VXFFHVVIXO LQ GHVDOLQDWLQJ WKH VWDUWLQJ 1 JDOORQ RI ZDWHU WR D SRWDEOH UDQJH RI WXUELGLW\ DQG SH
DV ZHOO DV D 0.0 SSW VDOLQLW\. 7KHUPDO GLVWLOODWLRQ UHVXOWHG LQ WKH ORZHVW WXUELGLW\ DQG PRVW LGHDO
SH EXW ZDV QRW YHU\ WLPH RU HQHUJ\ HIILFLHQW. 6RODU GLVWLOODWLRQ KDV WKH DGYDQWDJH RI UHTXLULQJ
QR HQHUJ\ LQSXW DQG UHVXOWHG LQ RQO\ VOLJKWO\ ZRUVH SH DQG WXUELGLW\ DV FRPSDUHG WR WKHUPDO
GLVWLOODWLRQ KRZHYHU LW¶V LQHIILFLHQF\ LQ WHUPV RI WLPH UHQGHUHG LW LPSUDFWLFDO IRU XVH RQ D VPDOO
VFDOH. 0HPEUDQH GHVDOLQDWLRQ ZDV H[WUHPHO\ TXLFN DQG XVHG D PLQLPDO DPRXQW RI HQHUJ\ DV
FRPSDUHG WR WKHUPDO GLVWLOODWLRQ KRZHYHU WKH UHVXOWLQJ ZDWHU ZDV VLJQLILFDQWO\ PRUH EDVLF
FRPSDUHG WR WKH RWKHU WZR WHFKQLTXHV DQG WKH WXUELGLWLHV ZHUH VOLJKWO\ KLJKHU DV ZHOO.

SWXdenW Name(V): 5. 0DF1DXJKWRQ, 0. <HDJHU

AbVWracW:

241
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: 7KH EIIHFW RI AOWHULQJ 7KH 0DWHULDO CRPSRVLWLRQ LQ 8OWUD HLJK-3HUIRUPDQFH CRQFUHWH
(8H3C) :LWK 5HJLRQDO 0DWHULDOV 2Q CRPSUHVVLYH 6WUHQJWK

8OWUD HLJK-3HUIRUPDQFH CRQFUHWH (8H3C) LV D PRGLILHG FRQFUHWH PL[WXUH ZLWK KLJKHU
FRPSUHVVLYH VWUHQJWK DQG GXUDELOLW\ WKDQ VWDQGDUG FRQFUHWH.  8H3C H[KLELWV VWURQJHU
SHUIRUPDQFH GXH WR D EOHQG RI ILQH DJJUHJDWHV, FHPHQW SRZGHU, DQG ZDWHU, ZKLFK IRUP D GHQVH
PDWUL[.  7KLV VWXG\ LQYHVWLJDWHV WKH WDVN RI GHYHORSLQJ FRVW-HIILFLHQW DQG HQYLURQPHQWDOO\
FRQVFLRXV FRQFUHWH ZLWK UHJLRQDO PDWHULDOV.

7KH ILUVW SKDVH RI WKH LQYHVWLJDWLRQ FUHDWHG D QHZ 8H3C PL[WXUH XWLOL]LQJ HROFLP I/ (10) 06,
D FHPHQW SRZGHU ZLWK KLJKHU FDOFLXP FDUERQDWH OHYHOV, D FKHDSHU DQG HQYLURQPHQWDOO\
IULHQGO\ PDWHULDO.  A FRQWURO PL[WXUH XWLOL]LQJ HROFLP II/9 ZDV GHYHORSHG FRQIRUPLQJ WR
VWDQGDUG 8H3C PL[WXUHV.  0L[WXUHV ZHUH SRXUHG LQWR FXELF PROGV WKHQ OHIW WR FXUH LQ D
FRQWUROOHG HQYLURQPHQW RU D VWHDP FXUHU.  CXEHV ZHUH WKHQ WHVWHG IRU XOWLPDWH FRPSUHVVLYH
VWUHQJWK DW GLIIHUHQW WLPH LQWHUYDOV DIWHU SRXULQJ.

:KHQ FXUHG LQ VWDQGDUG FRQGLWLRQV, WKH QHZ PL[WXUH KDG D FRPSUHVVLYH VWUHQJWK 86% DV VWURQJ
DV WKH FRQWURO DQG QHDUO\ 7 WLPHV VWURQJHU WKDQ WUDGLWLRQDO FRQFUHWH.  :KHQ FXUHG LQ D VWHDP
FXUHU, WKH QHZ PL[WXUH KDG D FRPSUHVVLYH VWUHQJWK 83% DV VWURQJ DV WKH FRQWURO DQG RYHU 8
WLPHV VWURQJHU WKDQ VWDQGDUG FRQFUHWH. 7KH LQFUHDVH LQ FRPSUHVVLYH VWUHQJWK RI WKH QHZ
PL[WXUH FRPSDUHG WR VWDQGDUG FRQFUHWH DOORZV IRU LQIUDVWUXFWXUH WR EH GHYHORSHG ZLWK KLJKHU
SHDN ORDGV LQ D FKHDSHU DQG HFR-IULHQGO\ PDQQHU.  IQFUHDVHV LQ FRPSUHVVLYH VWUHQJWK LQGLFDWH
DQ LQFUHDVHG OLIHVSDQ RI VWUXFWXUHV.  7KLV PHDQV WKDW LQIUDVWUXFWXUH FDQ EH EXLOW WR ODVW ORQJHU DW
FRVW-HIILFLHQW UDWHV.  2QJRLQJ H[SHULPHQWV ZLOO SURYLGH VWURQJHU VROXWLRQV WR LQIUDVWUXFWXUH.

SWXdenW Name(V): J. Ho, N. Magold

AbVWracW:

246
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R

<HV 1R
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TiWle: BH\RQG 6XQVKLQH: 2SWLPL]DWLRQ RI 6RODU EQHUJ\ 3URGXFWLRQ 8VLQJ AXWRPDWHG 5RERW
CRQWURO

:LWK WKH WKUHDW RI JOREDO ZDUPLQJ, JUHHQ HQHUJ\ JHQHUDWLRQ KDV EHFRPH D OXFUDWLYH DOWHUQDWLYH,
ZLWK RQH RSWLRQ EHLQJ VRODU SDQHOV. AV D UHVXOW, WKH HQHUJ\ LQGXVWU\ KDV VRXJKW WKH XVH RI VRODU
SDQHOV GHVSLWH WKHLU UHODWLYHO\ ORZ-FDSDFLW\ IDFWRU RI 24.5%.  7KH FDSDFLW\ IDFWRU LV GHWHUPLQHG
E\ FRPSDULQJ DFWXDO HQHUJ\ SURGXFHG E\ D VSHFLILHG VRXUFH YHUVXV WKH WKHRUHWLFDO PD[LPXP
HQHUJ\ WKDW FRXOG EH SURGXFHG E\ WKDW VRXUFH RYHU WKH VDPH SHULRG RI WLPH. 7KLV ORZ-FDSDFLW\
IDFWRU, RIWHQ H[SUHVVHG DV D SHUFHQWDJH, LV SDUWLDOO\ FDXVHG E\ WKH DFFXPXODWLRQ RI SDUWLFOHV GXH
WR YDULRXV ZHDWKHU DQG HQYLURQPHQWDO FRQGLWLRQV.

7KH JRDO RI WKLV H[SHULPHQW ZDV WZRIROG.  7R LGHQWLI\ WKH HQHUJ\ HIIHFW GXH WR WKH ORZ-
FDSDFLW\ IDFWRU, ILYH OLJKW VHQVRUV ZHUH XWLOL]HG EHQHDWK SLHFHV RI SRO\FDUERQDWH. 7KHVH SLHFHV
LQFOXGHG GLUW, OHDYHV, DQG ZDWHU, HDFK WR VLPXODWH WKH DIWHUPDWK RI ZHDWKHU FRQGLWLRQV, VXFK DV
UDLQ DQG ZLQGVWRUPV. 7KLV UHVXOWHG LQ DQ DYHUDJH LOOXPLQDQFH GHFUHDVH RI 32% IRU GLUW DQG
GHEULV, DQG OHVV WKDQ 3% GHFUHDVH IRU ZDWHU, ZKHQ FRPSDUHG WR WKH FRQWURO FDVH.

7R HQKDQFH WKH FDSDFLW\ IDFWRU, D FRPSXWHU-FRQWUROOHG DXWRPDWHG V\VWHP ZDV GHVLJQHG DQG
SURWRW\SHG WR UHDG HQHUJ\ RXWSXWV, LGHQWLI\ DQRPDOLHV, DQG FRPPDQG WKH URERWLF PRYHPHQW RI
D GHYLFH XVHG WR FOHDQ WKH SDQHO.  7HVWLQJ RI WKH FOHDQLQJ SURFHGXUH VKRZHG LPSURYHPHQW LQ
LOOXPLQDQFH FRPSDUHG WR LWV GLUW\ FRXQWHUSDUW, RI 20% IRU GLUW DQG GHEULV, DQG 5% IRU ZDWHU.
FXWXUH ZRUN LV IRFXVHG RQ LQWHJUDWLQJ RXU FRGH ZLWK ZHDWKHU ASSOLFDWLRQ 3URJUDPPLQJ
IQWHUIDFHV (A3IV) WR UHGXFH XQQHFHVVDU\ FOHDQLQJV ZKHQ VXQOLJKW LV ORZ.

SWXdenW Name(V): A. CKULVW\, 1. 9DFKKDQL

AbVWracW:

249
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R
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TiWle: 3LH]RHOHFWULF :LQG HDUYHVWLQJ EOHFWULFDO EQHUJ\ CRQYHUVLRQ

3LH]RHOHFWULFLW\ LV WKH DFW RI JHQHUDWLQJ HOHFWULFLW\ WKURXJK WKH DSSOLFDWLRQ RI PHFKDQLFDO
HQHUJ\ DQG SUHVVXUH WR FHUWDLQ FU\VWDOV DQG SURWHLQV. IW LV OHVV FRPPRQ, KRZHYHU, IRU
SLH]RHOHFWULFV WR EH VROHO\ WDNHQ DGYDQWDJH RI IRU WKHLU SXUH HQHUJ\ KDUYHVWLQJ IHDWXUH.

2YHU WKH ODVW 10 \HDUV, UHVHDUFKHUV KDYH K\SRWKHVL]HG ORZ-FRVW DQG VPDOOHU HQHUJ\ KDUYHVWLQJ
GHYLFHV WKURXJK SLH]RHOHFWULFLW\. A SLH]RHOHFWULF WUHH LV D ZLQG KDUYHVWLQJ GHYLFH WKDW FRQQHFWV
D WUHH-VKDSHG VKHOO ZLWK EUDQFKHV WKDW DUH FRQQHFWHG WR OHDYHV ZLWK SLH]RHOHFWULF JHQHUDWRUV.
:LQG DSSOLHV SUHVVXUH WR WKH OHDYHV ZKLFK LQ WXUQ FDXVHV WKH SLH]R JHQHUDWRUV WR EHQG, DGGLQJ
SUHVVXUH DQG JHQHUDWLQJ HOHFWULFLW\ WKURXJK WKHP.

7R WHVW KRZ OHDI VKDSH DIIHFWV WKH HOHFWULFDO RXWSXW RI WKH SLH]R JHQHUDWRUV, WKUHH OHDI W\SHV
ZLWK DSSUR[LPDWHO\ WKH VDPH VXUIDFH DUHD ZHUH GHVLJQHG LQ RUGHU WR PHDVXUH WKH SRZHU
JHQHUDWLRQ. A W\SLFDO OHDI VKDSH, DORQJ ZLWK D QDUURZ VDPSOH DQG ZLGHU VDPSOH ZHUH WHVWHG.
7ZR VL]HV RI SLH]RHOHFWULF JHQHUDWRUV ZHUH DOVR WHVWHG. A IDQ ZDV XVHG WR EORZ DLU RQWR WKH
OHDYHV DQG YROWDJH PHDVXUHPHQWV ZHUH PDGH WR LQGLFDWH HQHUJ\ JHQHUDWLRQ.

7KH UHVXOWV RI WKH LQYHVWLJDWLRQ VKRZHG WKDW WKHUH ZDV QRW PXFK GLIIHUHQFH EHWZHHQ WKH WZR
VHQVRUV DQG RQ DYHUDJH WKH QDUURZ OHDI JHQHUDWHG 25% PRUH YROWV WKDQ WKH MDJJHG OHDI, ZKLOH
WKH ZLGHU OHDI JHQHUDWHG 12.5% IHZHU YROWV WKDQ WKH MDJJHG OHDI. IQ D ZRUOG ZLWK DQ
H[SRQHQWLDOO\ JURZLQJ VXVWDLQDEOH HQHUJ\ PDUNHW, SLH]RHOHFWULF WUHHV ZLWK ZLGHU OHDI VKDSHV
FRXOG EH D JUHDW DOWHUQDWLYH WR RWKHU HQHUJ\ KDUYHVWLQJ PHWKRGV.

SWXdenW Name(V): D. Pueschel, J. Watrous

AbVWracW:

242
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[

<HV 1R
<HV 1R

<HV 1R
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TiWle: 7XUI YV. GUDVV: 7KH HIIHFWV RI KHDW

7KHUH KDV EHHQ FRQVLGHUDEOH FRQWURYHUV\ LQ WKH SDVW RYHU WKH XVH RI WXUI DQG JUDVV ILHOGV, RQ
ZKLFK LV PRUH EHQHILFLDO WR DWKOHWHV¶ KHDOWK, VSHFLILFDOO\ LQ WKH WUDGHRII EHWZHHQ KHDW HIIHFWV
DQG GXUDELOLW\. 7KLV SURMHFW IRFXVHV RQ WKH HIIHFW RI KHDW RQ VDPSOHV RI JUDVV DQG WXUI. 7KHVH
VDPSOHV ZHUH FRPSDUHG WR VHH ZKLFK VDPSOH DEVRUEV PRUH KHDW: LI JUDVV ILHOGV GR QRW DEVRUE
DV PXFK KHDW DV WXUI, WKHQ WKH\ DUH PRUH EHQHILFLDO WR DWKOHWHV¶ KHDOWK. IQ WKLV H[SHULPHQW, WZR
WKUHH-JUDP VDPSOHV RI WXUI DQG JUDVV ZHUH SODFHG XQGHU D KHDW ODPS IRU 30 PLQXWHV. 7KH
WHPSHUDWXUH RI HDFK VDPSOH ZDV PHDVXUHG LQ WHQ-PLQXWH LQWHUYDOV VWDUWLQJ DW URRP
WHPSHUDWXUH. 7KH KHDW ODPS ZDV DERXW 4 LQFKHV DERYH WKH VDPSOHV, DQG WKH\ ZHUH SODFHG XQGHU
LQ ZD\ IRU HYHQ KHDW GLVWULEXWLRQ. 7KHUH ZHUH 3 WULDOV GRQH DQG WKH UHVXOWV RI DOO WULDOV HQGHG
ZLWK WXUI EHLQJ DW D KLJKHU WHPSHUDWXUH. 7KH KLJKHVW WHPSHUDWXUH WKH JUDVV VDPSOH UHDFKHG DIWHU
30 PLQXWHV ZDV 27 C� DQG WKH WXUI UHDFKHG 32 C�. :KHQ WKH VDPSOHV ZHUH IHOW WR WKH WRXFK LW
ZDV FOHDU WKDW WXUI KDG D KLJKHU WHPSHUDWXUH WKDQ WKH JUDVV. BDVHG RQ WKHVH UHVXOWV, WXUI DEVRUEV
PRUH KHDW WKDQ JUDVV DQG DW D IDVWHU UDWH ZKLFK VXSSRUWV WKH FODLP WKDW WXUI ILHOGV DUH PRUH
EHQHILFLDO WKDQ JUDVV.

SWXdenW Name(V): A. GDODVNL , 5. =HOD\D

AbVWracW:

218
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
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<HV 1R

<HV 1R
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TiWle: I 6HH 9LWDPLQ C

IW LV VDLG WKDW DOO W\SHV RI MXLFH KDYH GLIIHUHQW DPRXQWV RI YLWDPLQ C LQ WKHP. 7KLV H[SHULPHQW
WULHG WR WHVW WKUHH GLVWLQFW W\SHV RI MXLFHV WKDW FRQWDLQ YLWDPLQ C. 7KH LQYHVWLJDWLRQ ZKHQ
FRPSOHWHG ZLOO WHOO ZKLFK W\SH RI MXLFH RXW RI OHPRQ, OLPH, DQG RUDQJH MXLFHV KDV WKH PRVW
9LWDPLQ C. 7KH SURFHVV LQYROYHV XVLQJ EDVLF ODERUDWRU\ WRROV VXFK DV D EXUHWWH, EUOHQPH\HU
IODVN, WKRXJK D WLWUDWLRQ RI OHPRQ, OLPH, RUDQJH MXLFHV, LRGLQH VROXWLRQ, YLWDPLQ C
SRZGHU/DVFRUELF DFLG SRZGHU, 1% VWDUFK, DQG GLVWLOOHG WR DFFRPSOLVK WKLV H[SHULHQFH. 10P/ RI
WKH MXLFH, ZLWK WKH VWDUFK EHLQJ WKH LQGLFDWRU ZKHQ UHDFWHG IRU WKH DQDO\VLV. IW EHFDPH HYLGHQW
WKDW DOO WULDOV WXUQHG LQWR GDUN EOXH FRORUV. 8SRQ IXUWKHU LQTXLU\, WKH EOXH HYHQWXDOO\ WXUQHG
GDUNHU EOXH. 1RWDEO\, DOO WKUHH MXLFHV XVHG FKDQJHG FRORU. /HPRQ MXLFH VKRZHG D GDUNHU EOXH
FRORU FRPSDUHG WR OLPH DQG RUDQJH MXLFH. 7KH UHVXOW RI WKH WULDOV ZLWK OHPRQ MXLFH WXUQHG RXW WR
EH DQ DYHUDJH RI 312.3 PJ (DERXW WKH ZHLJKW RI WHQ JUDLQV RI ULFH)/P/ DV UHSRUWHG LQ WKH
H[SHULPHQWDO GDWD WDEOH. 7KH LPSOLFDWLRQ LV WKDW OHPRQ MXLFH FRQWDLQV PRUH YLWDPLQ C SHU
PLOOLOLWHU. IW ZRXOG EH H[SHFWHG WKDW RUDQJH MXLFH KDV WKH PRVW YLWDPLQ C IURP WKH UHVHDUFK EXW
LV QRW WKH FDVH DV HYLGHQW LQ WKH UHSRUW.

SWXdenW Name(V): G. HHUUHUD, A. ATXLQR

AbVWracW:

214
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
[

[
[
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<HV 1R
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TiWle: DHYHORSLQJ D 5HVHDUFK 7RRO WR HHOS DHWHUPLQH WKH 5LVN RI CKURQLF 7UDXPDWLF
EQFHSKDORSDWK\ LQ FRRWEDOO 3OD\HUV

CKURQLF 7UDXPDWLF EQFHSKDORSDWK\ LV D SURJUHVVLYH LOOQHVV WKDW LV FRQQHFWHG WR WKH IUHTXHQF\
ZLWK ZKLFK WKH KHDG UHFHLYHV UHSHWLWLYH WUDXPD. CKURQLF WUDXPDWLF HQFHSKDORSDWK\ (C7E) LV
IRXQG LQ PDQ\ IRRWEDOO SOD\HUV DIWHU WKH\ GLH, DQG FRXOG EH WKH FDXVH RI ZK\ VRPH SOD\HUV GLH
HDUOLHU RQ LQ OLIH. HRZHYHU, SOD\HUV FDQQRW EH GLDJQRVHG ZLWK C7E XQWLO DIWHU DQ DXWRSV\ LV
SHUIRUPHG. 1RW HQRXJK LV NQRZQ DERXW WKH QHXURSDWKRORJ\ RI C7E WR EH DEOH WR GHYHORS D
WRRO WR GLDJQRVH OLYLQJ SHRSOH ZLWK C7E. 7KH SXUSRVH RI WKLV SURMHFW LV WR GHYHORS D GDWD
FROOHFWLRQ WRRO IRU IRRWEDOO SOD\HUV WR XQGHUVWDQG WKH FRQQHFWLRQ EHWZHHQ KLWV WR WKH KHDG DQG
V\PSWRPV WKDW PD\ EH DVVRFLDWHG ZLWK C7E. 7R GHYHORS WKLV WRRO, D VXUYH\ ZDV FUHDWHG IRU
IRRWEDOO SOD\HUV WR ILOO RXW DIWHU WKHLU JDPHV. 3OD\HUV DQRQ\PRXVO\ UHFRUGHG WKHLU SOD\HU
SRVLWLRQ, WKH QXPEHU RI WUDXPDWLF KHDG LQMXULHV, DQG HVWLPDWHG QXPEHU RI KLWV WR WKH KHDG
GXULQJ D JDPH DQG ILOOHG RXW D TXHVWLRQQDLUH IRFXVLQJ RQ V\PSWRPV WKDW DUH DVVRFLDWHG ZLWK
C7E. 7KH GDWD UHFHLYHG IURP KLJK VFKRRO IRRWEDOO SOD\HUV FRQYH\V D ZHDN SRVLWLYH FRUUHODWLRQ
EHWZHHQ WKH VHOI UHSRUWHG QXPEHU RI KLWV DQG WKH QXPEHU RI V\PSWRPV DVVRFLDWHG ZLWK KHDG
LQMXU\. 7KLV VWXG\ ZLOO KHOS IXWXUH UHVHDUFKHUV IXUWKHU WKHLU XQGHUVWDQGLQJ RI C7E DQG LQFUHDVH
DZDUHQHVV DPRQJ IRRWEDOO SOD\HUV RI WKH FRQQHFWLRQ EHWZHHQ KHDG LQMXU\ DQG C7E.

SWXdenW Name(V): G. /DXULD, C. HLVOHU

AbVWracW:

221
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):

[
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[
[

<HV 1R
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TiWle: 7KH FXWXUH RI 3ODVWLF

3ODVWLF, D QHZO\ V\QWKHWLF PDQXIDFWXUHG DQG GXUDEOH PDWHULDO, VDZ LWV EHJLQQLQJ DW WKH FUDFN RI
WKH 20WK FHQWXU\. IQ WKDW HUD, SODVWLF¶V GXUDEOH DQG ORQJ-ODVWLQJ QDWXUH JDYH KRSH WR SODVWLF,
EHFRPLQJ WKH PDWHULDO RI WRPRUURZ, LW ZDV WR DQ H[WHQW WKDW EYHU\ERG\¶V 0DJD]LQH LQ 1907,
called synthetic chemist work on plastic “miracle workers.” Now at the turn of the century,
SODVWLF VXSSO\ KDV QHYHU JURZQ ELJJHU, ZLWK KXQGUHGV RI WKRXVDQGV RI SODVWLF EDJV EHLQJ XVHG
HYHU\ GD\. :KLOH DOWHUQDWLYHV IRU SODVWLF PDWHULDOV, VXFK DV SDSHU DUH IUHTXHQWO\ XVHG, FXWWLQJ
GRZQ WUHHV WR UHSODFH SODVWLF, FDXVHV D FRPSOHWHO\ QHZ KRVW RI SUREOHPV. 7R VHH WKH
VXEVLGL]DWLRQ RI SODVWLF, PDNLQJ EDJV ELRGHJUDGDEOH VHHPV OLNH D ZRUWK\ VROXWLRQ. 7KHVH EDJV
FRXOG OHDG WR IXWXUH LQQRYDWLRQ LQ WKH TXDOLW\ RI WKHLU GHVLJQV, SURYLGH DQ RSSRUWXQLW\ IRU XVHUV
WR EHFRPH PRUH HFR-IULHQGO\, DQG WKXV SURYLGH SHUPDQHQW DQG EHWWHU VROXWLRQV WR OHVVHQ WKH
TXDQWLW\ RI SODVWLF XVHG E\ KXPDQV. 7R WKLV HQG, WKH JRDO RI WKLV H[SHULPHQW LV WR FUHDWH D
ELRGHJUDGDEOH PDWHULDO WR VXEVWLWXWH SODVWLF, VR WR DYHUW WKH LPSDFW RI SODVWLF RQ WKH
HQYLURQPHQW.

SWXdenW Name(V): K. Nieves, J. Calderon

AbVWracW:

182
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):
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TiWle: 8WLOL]DWLRQ RI 5HF\FOHG 0DWHULDOV DV DQ EIILFLHQW IQVXODWRU IRU 3RZHU DLVWULEXWLRQ /LQHV

7KH SXUSRVH RI WKLV SURMHFW ZDV WR FUHDWH HIILFLHQW LQVXODWRUV IURP UHF\FOHG PDWHULDOV LQ DQ
HIIRUW WR LQVXODWH FXUUHQWO\ XQLQVXODWHG, KLJK-YROWDJH WUDQVPLVVLRQ OLQHV. 3RWHQWLDO PDWHULDOV WR
EH XVHG DV LQVXODWRUV ZHUH UHVHDUFKHG DQG VHOHFWHG IRU VWXG\ EDVHG RQ KLJK-WHPSHUDWXUH
UHVLVWDQFH DQG GXUDELOLW\. FRXU V\QWKHWLF FDQGLGDWHV ZHUH VHOHFWHG: Q\ORQ, FKORULQDWHG
SRO\HWK\OHQH, HWK\OHQH SURS\OHQH, DQG QHRSUHQH. IW ZDV K\SRWKHVL]HG WKDW PHOWLQJ DQG PROGLQJ
WKHVH PDWHULDOV DURXQG VROLG FRUH FRSSHU ZLUH ZRXOG UHGXFH HQHUJ\ ORVV GXULQJ WUDQVPLVVLRQ
IURP WKH VRXUFH DW D UDWH WKDW LV FRPSDUDEOH RU PRUH HIIHFWLYH WKDQ WKH FXUUHQW H9DC V\VWHP
ZKLFK DYHUDJHV D 10-12% ORVV RI HQHUJ\. IQVXODWRUV ZHUH KHDWHG XQWLO PDOOHDEOH DQG WKHQ
PROGHG WR D 12 JDXJH FRSSHU ZLUH LQGHSHQGHQWO\ DQG LQ FRPELQDWLRQ. 7KH LQVXODWRUV¶
HIILFLHQF\ ZDV WHVWHG E\ PHDVXULQJ DPSHUHV WUDQVPLWWHG WKURXJK WKH ZLUH XVLQJ D PXOWLPHWHU.
5HVXOWV ZHUH FRPSDUHG DJDLQVW ERWK D EDUH 12 JDXJH FRSSHU ZLUH DQG D 12 JDXJH FRSSHU ZLUH
ZLWK VLOLFRQH LQVXODWLRQ DV FRQWUROV. DDWD DQDO\VLV VXJJHVWV VHYHUDO RI WKH K\EULG PDWHULDOV
SURYHG PRUH HIIHFWLYH LQ LQFUHDVLQJ DPSHUHV WUDQVPLWWHG, LOOXVWUDWLQJ D UHGXFWLRQ RI HQHUJ\ ORVV
DFURVV WKH VSDQ RI WKH LQVXODWHG ZLUH.

SWXdenW Name(V): C. 4XLQVRQ, C. CKR\

AbVWracW:

183
Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):
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[
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<HV 1R

<HV 1R
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TiWle: AVVRFLDWLRQ EHWZHHQ AJJUHVVLYH BHKDYLRU LQ 3XUHEUHG DQG 0L[HG BUHHG CDQLQHV DQG
GHQH 9DULDQWV

IQ 2017, RQH LQ VL[W\-QLQH SHRSOH ZHUH ELWWHQ E\ GRJV. 7KLV VSDUNHG RXU H[SORUDWLRQ RI WKH
JHQHWLF URRWV RI  DJJUHVVLRQ DQG KRZ LW FRUUHODWHV WR FHUWDLQ EUHHGV RI GRJV. 3UHYLRXV VWXGLHV
KDYH LGHQWLILHG JHQH YDULDQWV IRU GRJ DJJUHVVLRQ XVLQJ JHQRPH ZLGH DVVRFLDWLRQV. IW LV
K\SRWKHVL]HG WKDW GLIIHUHQFHV ZLWKLQ D1A DPRQJVW FHUWDLQ EUHHGV RI GRJV DUH DVVRFLDWHG ZLWK
GRJ DJJUHVVLRQ. IQ RXU VWXG\ ZH PLQHG GDWD IURP DDUZLQ¶V AUN. :H ZLOO GHYHORS D PXOWLSOH
OLQHDU UHJUHVVLRQ PRGHO XVLQJ 5 VWXGLR WR VHH LI WKHUH LV D FRUUHODWLRQ EHWZHHQ PL[HG YV.
SXUHEUHG, WKH SUHVHQFH RI WKLV FKURPRVRPH, DQG LI LW LV KRPR]\JRXV YV KHWHUR]\JRXV RU
QHLWKHU. 7KH GRJ DJJUHVVLRQ VFRUH ZLOO EH WKH GHSHQGHQW YDULDEOH ZKLOH FKURPRVRPH
18:20272961:A:C LV WKH LQGHSHQGHQW YDULDEOH. :H ZLOO WKHQ FDOFXODWH WKH FRHIILFLHQW RI
GHWHUPLQDWLRQ WR VHH ZKLFK YDULDEOH H[SODLQV KRZ PXFK WKH GHSHQGHQW YDULDEOH LV H[SODLQHG E\
WKH LQGHSHQGHQW YDULDEOH. 7KLV QXPEHU QHHGV WR EH DGMXVWHG WR DFFRXQW IRU WKH KLJK QXPEHU RI
YDULDEOHV - WKLV PHDQV ZH¶OO DOVR KDYH WR FDOFXODWH WKH "DGMXVWHG U VTXDUHG" ZKLFK JLYHV D PRUH
XQELDVHG HVWLPDWH. :H SUHGLFW WKDW WKH PL[HG EUHHGV ZLOO EH DVVRFLDWHG ZLWK JHQHWLF YDULDQWV
WKDW FRUUHODWH ZLWK DJJUHVVLYH EHKDYLRU. 7KLV UHVHDUFK HQDEOHV XV WR ILQG D SRVVLEOH H[SODQDWLRQ
EHKLQG GRJ DJJUHVVLRQ E\ DSSO\LQJ D VFLHQWLILF SHUVSHFWLYH EHKLQG D GRJ'V UHDFWLRQV.

SWXdenW Name(V): C. 1HPHF, G. 3DVFDO, 6. AXJXVWLQH

AbVWracW:
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Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):
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[
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TiWle: DHYHORSLQJ 0HWKRGV WR EQDEOH EQYLURQPHQWDO 5HFRJQLWLRQ IRU AXWRQRPRXV 9HKLFOHV

9HKLFOH DFFLGHQWV DUH UHODWLYHO\ FRPPRQ DQG FDXVH VLJQLILFDQW ORVV RI OLIH WKURXJKRXW WKH
ZRUOG. :KLOH DXWRQRPRXV GULYLQJ (AD) KDV EHHQ DFKLHYHG EHIRUH, LPSURYHPHQWV DUH QHHGHG
EHIRUH DXWRQRPRXV YHKLFOHV (A9) EHFRPH UREXVW DQG WUXVWZRUWK\. DHYHORSLQJ D YHKLFOH
DPELHQW RI LWV HQYLURQPHQW LV FULWLFDO IRU LPSOHPHQWLQJ DXWRQRPRXV YHKLFOHV. IQ WKLV SURMHFW,
WKH JRDO ZDV WR FUHDWH DQ HQYLURQPHQW DQG PRGHO YHKLFOHV FDSDEOH RI GHWHFWLQJ REVWDFOHV.
FURP KHUH, WKHVH PRGHOV FDQ EH VFDOHG XS WR OLIH-VL]H YHKLFOHV WR FUHDWH VDIHU PHWKRGV RI AD.
AQ HQYLURQPHQW ZDV FUHDWHG ZLWK SLSHV DV JXDUG UDLOV, FDUG ER[HV DV REVWDFOHV, DQG ZKLWH WDSH
RQ WKH JURXQG DV URDG PDUNLQJV. 7KH PRGHO FDU FDQ WDNH LQ LQIRUPDWLRQ IURP LWV VXUURXQGLQJV
DQG PDNH LQIRUPHG GHFLVLRQV DERXW KRZ WR SURFHHG. IW FRQVLVWV RI D PRGLILHG 7UD[[DV 6ODVK
4[4 3UHPLXP CKDVVLV, DQ 1YLGLD JHWVRQ 7;2  PRGXOH, 9E6C 6 0N9, HRNX\R 10; OLGDU, DQG
D /RJLWHFK FDPHUD. 7KH FDU FDQ WUDYHO IRU DQ H[WHQGHG WLPH E\ XWLOL]LQJ D /L32 EDWWHU\,
DOORZLQJ IRU PRUH WHVWV. IW VHQVHV LWV HQYLURQPHQW WKURXJK D HRNX\R 10; OLGDU VHQVRU DQG D
FDPHUD. 7UDQVIHU OHDUQLQJ ZDV LPSOHPHQWHG WR GHWHFW WKH REVWDFOHV WKURXJK FDPHUDV. 526
(5RERW 2SHUDWLQJ 6\VWHP), D VRIWZDUH OLEUDU\ IRU EXLOGLQJ URERW DSSOLFDWLRQV, DOORZV WKH FDU WR
LQWHUSUHW DQG XVH WKH GDWD REWDLQHG WR SHUIRUP DFXWH GHFLVLRQV. 2YHUDOO, WKH PRGHO SURYLGHV DQ
DSSOLFDEOH IRXQGDWLRQ IRU WHVWLQJ QHZ AD PHWKRGV VDIHO\ DQG HIILFLHQWO\.

SWXdenW Name(V): A. 6RQJ, .. 7LKDL\D, 5. FUDQFLV

AbVWracW:
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Word CoXnW

1. AV D SDUW RI WKLV UHVHDUFK SURMHFW, WKH VWXGHQW GLUHFWO\ KDQGOHG, PDQLSXODWHG, RU LQWHUDFWHG ZLWK (FKHFN
DOO WKDW DSSO\):
                                   KXPDQ VXEMHFWV                  SRWHQWLDOO\ KD]DUGRXV ELRORJLFDO DJHQWV
                                   YHUWHEUDWH DQLPDOV             FRQWUROOHG VXEVWDQFHV

2. 6WXGHQW LQGHSHQGHQWO\ SHUIRUPHG DOO SURFHGXUHV DV RXWOLQHG LQ WKLV DEVWUDFW.
3. 7KLV SURMHFW ZDV FRQGXFWHG DW D 5HJLVWHUHG 5HVHDUFK IQVWLWXWLRQ.
4. IV WKLV SURMHFW D FRQWLQXDWLRQ?
5. 0\ GLVSOD\ ERDUG LQFOXGHV SKRWRJUDSKV/YLVXDO GHSLFWLRQV RI KXPDQV (RWKHU WKDQ P\VHOI RU P\ IDPLO\):
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TiWle: Lunar Rover Landing Project

Caelan Hart and Fabian Hopstaken

This project will reflect on the present issue of scanning for data on another planet such as
Mars safely and efficiently. The project's goal is to create a possible detection mechanism that
could provide a safe landing zone for a lunar rover, whilst protecting materials collected and
the technology of the rover.  It is important to create a simplistic and safe prototype for a lunar
rover that can protect cargo. The parameters that must be considered are the atmospheric
pressure of a planet such as Mars as well as being able to identify the landscape on other
planets when deploying a rover onto the surface of the planet.  To accomplish this research of
NASA-type models and performing tests on a prototype to help create a basic understanding
of the parameters for such a feat. Current results show that the overall atmospheric pressure of
Mars is 6.518 millibars or 0.95 psi which can be compared to Earth's sea level psi of 14.7 PSI.
The atmosphere of Mars consists of 95% Carbon Dioxide and much less than 1% of Oxygen.

Conclusions include that any planet, such as Mars, is very hostile.  A prototype would need to
resist the atmospheric pressure of Mars as well as the environment itself in order to protect
equipment and the material collected. The implications would allow for future development in
lunar modules.

SWXdenW Name(V): C. Hart, F. Hopstaken

AbVWUacW:

231
WoUd CoXnW

1. As a part of this research project, the student directly handled, manipulated, or interacted with (check
all that apply):
                                   human subjects                  potentially hazardous biological agents
                                   vertebrate animals             controlled substances

2. Student independently performed all procedures as outlined in this abstract.
3. This project was conducted at a Registered Research Institution.
4. Is this project a continuation?
5. My display board includes photographs/visual depictions of humans (other than myself or my family):

x
x

x
x

Yes No
Yes No

Yes No

Yes No
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