Reference Manual for the
Bodzio Software
Ultimate Equalizer V 3.0

Prepared by
John Kreskovsky
Music and Design
www.musicanddesign.com
© 2011

for

Bodzio Software Pty. Ltd.
P.O. Box 2345
Rowville, 3178 VIC.
AUSTRALIA
Phone: +613-9-775-7707, Fax: +613-9-775-7708
Mail: bohdan@bodziosoftware.com.au
http://www.bodziosoftware.com.au/

',6&/%$,0(5

%RG]LR 6RIWZDUH PDNHWHQRHEAUHD/GVELRY LRISOLHG ZLWK UF
SURJUDP GHVFULEHG KHUHLQ LWWUFXDQMWWDELSHWRURDQEWQHVYV IRU I
SXUSRVH 7KLV SURJUDP LV VROWGN & \WR LMY HEWOUW\UDQG SHUIRUPD
EX\HU ,Q QR HYHQW ZLOO %R®ULFGBBHFAMDRYH EQGRUMEGH LQFLGHQWDO
RU DQ\ RWKHU GDPDJHV UHVXOKMH GURURP M HYGHI HFWW XDW EHHQ DGY
SRVVLELOLW\ RI VXFK GDPDJHV
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LV SRZHUHG XS EHIRUH WXUQLWQR R®NRXUXWHSW KH HDWPE OROLHUYV DUH WX
DOORZ WKHQ WR SRZHU G RV RHE H&R W KILW XQUAGQHEYB/HRVUK DMIRHWERRHSYUHHONWIA XW PR
YROWDJH WUDQVLHQWYV DVVRFVEWWGREZLWKRFPE WHDFHEKWQXIS\DXQUEDPSOLIL
VSHDNHUYV



Introduction:

7KH 8OWLPDWH (T XD OW]HUHVWRRD @KLERHDORRZY UDSLG DQG |
GHYHORSPHQW RI PLQLPXP SKDVH RU IQOMHDU S RDVHFMLRWVAR X GV S HD N
GLILWDOO\ HPXODWHYV WKHVH BMYBYRRYHMXWXYQGJRVRWEXI& LV URXWHG
VXLWDEOH PXOWL FKDQQHO VRX&G/KB BOWLOUWHQDKBOLQHWKIH FDSDE
DFFHSWLQJ XS WR FKDQQHO DRKDMRIHOYSKWDDO® KB RKRVSXW ZKHQ WK
FRQILIXUHG ZLWK WKH UHFRPPHQWHG VRX®S WRUGD QUKBIRHB XWSXWV F
PDQDJHG LI D VHFRQG 'HOWD DO VRBQ G KAD UGBH [VELQY W\ RI WKH VRIW:
WKH XVHU WR VHWXS DQ\WKLQN WHWPHR VAPHOIR FRXQ@WHOURRP PXVLF
VIVWHP RU D IXOO FKDQQHO P FRE®PH/ WKEBDWHBXOWWED\ VSHDNHUYV
XVHG WR GHVLJQ OLQHDU SKDVH FHNRWHN RWNRFLDWH®ZQWKXWKH ZRRIH L
KLJK SDVV FXW RIlI LV DOVR @LRFW UY HHGRXHEWSHD NGIU MPKDW KDV QHDU
UHVSRQVH ZLWK QR WLPH GRPP WX 8 L&/MAVLU QY LRRL QUAH CFROWHILY HWW HQW LU b
UDQJH

2QFH WKH ILOWHU JHOQMHU\DIWH GXWKM\LRQN SOBIFHG LQ D VXLWDE
HPXODWLRQ XVLQJ ORQJ ),5 GQ JSWRFH VIVORMRHIML VIKH FBIHW KW HH IXQGDPH

$FFXUDWH PHDVXUHPHQW RI WKHVISR@MWHLGXDO GULYHU 63/ U
'"HILQLQJ WKH DFRXVWLF WDUJNWKW IFRUOMDLFXDS BDVRMEDVWEE RN H L
&RQVWUXFWLRQ WKH ILOWHU KHCD DR PHEW Q K G FALIMRKQ W K K LGKL Y2
63/ UHVSRQVH SURGXFHV WKH WDUJHWHG DFRXVWLF RXWSX\

7KH 8OWLPDWH (TXDOLHRPH QWROX®&/HWY WRHDEMXDLQ WKH UHTXLU
RU 63/ GDWD PD\ EH LPSRUWHG IURF\RMWKHULRPADXBUBNPMHE@WIIOH GLIIUDI
VLPXODWRU WR PRGHO DQG FRLRIHPMW HWEBI IGUH YMWH & DWSROVXLUHG SU
OLEUDU\ Rl KLJK ORZ SDVV DQG HRIX BOILLMWQR QWKHK Q FRRXRWLF WDUJHW
WKH FRQVWUXFWLRQ Rl WKHRIVQWHWHWGIDIQVDHG IEQR® VWVRGY WS$' VFKHPIE
JHQHUDWRU ,Q DGGLWLRQ D QREZWURQ®XHQB U GURWR R GIHOCO®H G

7KLV PDQXDO VHUYHYDWIRRGQHVFWREK SWKWOHVRFHUWKH 8OWLPDWH
LQFOXGHYV DQ H[DPSOH Rl WKH ®&BWQIQHOSRIRFHALY SRY R@B\FORXGVSHDNH
GHVLJQ RI DGGLWLRQDO FKDQQHOV IROORZV GLUHFWO\



%DVLF SHTXLUHPHQWYV

7KH 8OWLPDWH (TXDOL]JHU LV DIORZERIHE3IXFURRWRZBUHHB XODWLRQ
GULYHU UHVSRQVH HTXDOL]DWLRQVWBIXWAW GHRGHUDWRXXWMH WKH VRI
HITHEFWLYHO\ \RX PXVW KDYH DV B&IZQMPKKP BLW RGRIVWLQJ VIVWHP I
SURFHVVRU VSHHG RI * +] RU JUWRX\QHJ FHUBOWIPLFURSKRQH IRU PDN
GULYHU 63/ PHDVXUHPHQWY D PLBEQRSWRR D GDSWASULWMRHBRQYHUW WK
DQG /5 LQSXWV RI WKH '"HOWDKLV/PIMWR BEB FRYIKIMMUDWLRQ \RX ZLOO
XVH WKH 8OWLPDWH (TXDOL]JHU EXWEXVBVWRKHLREWEXW GBSDELOLW\ RI
(TXDOL]HU FDQ EH H{WHQGHG WRBXDBKBQ@HOV HEWLYRXD® 6DUGY +RZH
VXFK D VHW XS ZLOO UHTXLUH \WLQ& SRWKUIDRBWHBHSGRBEABWDVH UHIHU
$SSHQGLRY D PRUH GHWDLOHG GLVFXV\Q\RQ G ID%& UWER 8P MXGDGXIRO V F
FDUGV PXVW EH V\QFKURQL$BSHINGGLYFXVVHG LQ
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"KHQ WKH 8OWLPDWHQH ®DOKLHHRDILY IRHYW RBU LV DW WKH WRS
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J)LIXUH 8OWLPDWH (TXDOL]JHU PDLQ PHQX

7KH PDLQ PHQX FRQVLVWV Rl WKH IROORZLQJ VHOHFWLRQV
+ )LOH

« ,PSRUW ([SRUW 'DWD

+« 'ULYHU )LOHV

£ G6IVWHP '"HVLJQ
-
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SXGLR OHDVXUHPHQWYV
SVHU +HOS

(DFK PHQX LWHP LV GLVFXVVHGHESQBQDWHIRZLPOUBMKIBUHVHQWHG IRC
GHVFULSWLRQ RI WKH DOO PHQX VHOHFWLRQV

JLOH OHQX
7KH ILOH PHQX LV VKKRYBOHFWLURQHLOMFLUVW EH) GLVFXVVHG
H[SDQGHG XSRQ LV UHTXLUHG
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JLIXUH )LOH OHQX
IHZ6HOHFWLQJ 1HZ FOHDUV WKH PBLERBIHQBRBM®MG FOHDUYV
SUHYLRXVO\ ORDGHG GDWD
2SHQ '"ULYHAHODHFANLQJ 2SHQ 'ULYHU IL O H VD M@RSZ @ RADKEH DX V H U
GULYHU ILOH 7KH 63/ GDWD VMYRIWHIG QB MK & LWISOIDEWE & QG W K
HGLWRU VFUHHQ WR EH GLVFXVVHG ODWHU
6DYH '"ULYHUWHPHFAVLQJ 6DYH 'ULYHU )LOH WO YMWHWWKHEB/ GDW
LPSRUWHG RU REWDLQHG IURP I RHON XU MAKHQ BVP H @ @GGW LYHH
GHILQHG E\ WKH XVHU
2SHQ 3URMMMAFWLQJI 2SHQ 3URMHFW D CHJRZW LK HS X R MU PR O
6DYH 3URSWHAFWLQJ 6DYH 3URMHFW D®WRM N FWKHQXWHKH WR V
FXUUHQW VWDWH RI GHVLJQ
3ULQ@WH 3ULQW VHOHFWLRQ ZLO®O 6V IGQWSOKD WGHIYGIVL G\H FAXKIH
BOWLPDWH (TXDOL]HU PDLQ ZLQGRZ
([LWMLW FORVHV WKH FRGH
$ERMMOHFWLQJ $ERXW ZLOO RSHQ DHVRIOQOUPILWIGRRZ VERIWQ.
WKH FRGH 7KH ZLQGRZ ZLOO B RMEMUOMKRG ZRWK MWXHVDHOUOLIDWDL
WKH FRGH <RX PD\ QHHG WR UHIHU HXHQ FRPWV XQIUALDWLQX P
ZLWK %RG]LR 6RIWZDUH
SUHIHUHIBAHQ/WKH 3UHIHUHQFHY VFUHHQG VRDQGH U HAWILQD VR
SORWWLQJ FRORUV
5HVWRUH 'BHMONMXYWKH SUHIHUHQFHV WR WKARG/M ZKLFK FDPF
& ?)ROGHUBQDPH? ?'UKWHGBLYCABIQOAHQDPHG ZLOO EH WKH
ILOH ZKLFK ZDV RSHQHG 6HOISF\@LW K WKIL\O HWEHR ZFEWO \UHR
& ?)ROGHUBQDPH? ?3UKRMHFVRAMHGMWBIQOMHQDPHG ZLOO EH W
SURMHFW ILOH ZKLFK ZDV RSHXDHG BHEBBAWLVQKLWKILYD HVEGH B H |

,PSRUW ([SRUW 'DWD OHQX

TKHPSRUW ([SRRHQXD WVOORZV WKH XVHU WR LP $RHDW X6BH FBHDQWD TURP
VIVWHPYVY DQG WR H[SRUW 63/ GDWmWNWKHIHINRPORHWK N WBORVLPDWH (T>
$XGLR OHDVXUHPHQW WRRO RI QRRVWGVKRAQ LLKOHMXUEKH PH



_Impu:urt,l'Expcurt Diaka: Driver Files  Audio Meast

Import IMP SPL, Z [Ref=0dg]
Import LMS SPL, 2, T5 [Ref=5PLdE]
Import CLIO SPL, 2, TS

Import MLSSA SPL, 2

Import DAAS SPL, 2, TS

Impork LALD SPL, 2

Export SPLIPhase Ak 0.0d6 [ TRG), TET]

JLIXUH ,PSRUW ([SRUW 'DWD PHQX

,PSRUW ;[;; 63/ >5HIS00BHBN@WKH XVHU WR LPSRUW 63/ GDWD R
WKH, PHDVXUHPHQW V\VWHP

([SRUW 63/ 3KDVRBGBOURZG/9%WKH XVHU WR H[SRUWEBES8/ GDWD IRU
VRIWZDUH

'ULYHU )LOHV OHQX

"OKHHU PHIIKVDOORZV WKH XVHU WR HIEW G MKFHUGEWY MH QLFROW N\
DFFHVV WKH EDIIOH GLIITUDFWIRR GURXBDVWBR Q@ DVWWRIRO QBGLMOHFW GLIIH
FRORUV IRU SORW WUDFHV 7REQULFHUIXNWHY PHQX LV VK

Driver Files  Audio Meas
Diffraction Model
File Editar

Pen Colours

JLIXUH 'ULYHU )LOHV OHQX

"LI/UDFWLRQSHRBHWKH EDIIOH GLIIUDFWLRQ VLPXODWLRQ WR
)LOH (GAIMHRIN WKH GULYHU +%7 (GLWRU VFUHHQV

3HQ &RORALORZV WKH XVHU WR FKDQJHLOH QVRRIORUV ZLWKR XV
SUHIHUHQFHYV VFUHHQ

6\VWHP 'HVLJQ
61KWHP "HPHODX JLYHV WKH XVHU DFFHVVWWRVBIPYDULHW\ RI GHID
FRQILIXUDWLRQV ZKLFK FDQ EHUMUHG RU HGLWHG DV UHTXL



System Design  Audio Measurements  User Help

_urrent Syskem

Stereo 2 x 2 Way (Deltal010LT)
Stereo 2 x 3 Way (Deltal010LT)
Steren 2 x 4 Way (Deltal010LT)

Horme Theatre 1: FL2-C1-FRZ-RR1-3UE1-RLL (Delkal010LT)
Haorne Theatre 2@ FL2-C2-FRZ-RR2-SUBL-RL2
Home Theatre 3: FL3-C3-FR3-RR2-5UE1-RLZ
Horme Theatre 41 FL3-C3-FR3-RR3-3UBL-RLS
Haorne Theatre 5 FL4-C3-FR4-RR2-SUBL-RLZ

Home Theatre 5: 6 x 1 Way (Deltal010LT)
Home Theatre 6: 6 x 2 Way

ELAME Skereo
BLAMNEK Home Theatre

BLAME Quadra

JLIXUH 6\VWHP '"HVLJQ PHQX

$XGLR OHDVXUHPHQWYV
S R OHD VX PMRKOQMOORZY WKH XVHU WR DFFHVV WKH 'LJLWDO
PHDVXUHPHQW WRRO LQFOXGHG VU RIWXKMHUBOWLPDWH (TXDOL]JHU

Audio Measurements

Digital - ML5

JLIXUH $XGLR OHDVXUHPHQWY PHQX

8VHU +HOS
SVH#HOSURYLGHY DFFHVV WR WKLV +HOS ILOH

User Help
LE Help i

J)LIXUH 8VHU +HOS PHQX



JLOH 7\SHV

8QGHU WKH )LOH PHQX WZR EMIEWLPHEBWW G HAMWNBHEDIIHD Q G
SURMHMPIYV

'"ULYHU )LOHV

'ULYHU ILOHV FRQVKBILQQW KWLE&3 DED WDLMHUWYVHG LQ WKH FRQV
ORXGVSHDNHU 7KLV GDWD PXVW MLKWK PIKDE/HK PHPNQQWHEBRROMNQ LQFOXGH
BOWLPDWH (TXDOL]JHU VRIWZD URMHRY X P RHWYM &/ \NMWVRRPRW KEHQFH VSHDNH
GHVLJQHG XVLQJ WKH 8OWLPDWHD KTFXUD/OLPISH GNGIFBFGDWE V8 QRW UHTX
GULYHUV 7KHUH DUH ILYH W\DHW RILEWILYHY LIVOME EXMAKH [LOH H[WHQ\
GLVWLQFWLRQV DUH IRU FRQMHHGW A\ S OVLBHGWILYHQV G LI

+ RRIHU ILRORMWU ILOHV DUH LQWHQGHG GNWR YHRIQW DV B G6 BV GIRRDHIRWY
WZR RU PRUH ZD\ VSHDNHUV :RR MW H @HM @D MAH) DPXGL DX H
ILOH QDPH VSHFLILHG E\ WKH XN\HHWUIZRH QD QB YW &R A/ MKW HRWIL R Q
DGGHG DXWRPDWLFDOO\ ZKHQ WRKHUILO®IN LV VDYHG DV D ZR

+ &8SSHU EDVVSASHINVEDVV ILOHV DUH LQW HQIRKHIGGW R YIHRIQMWXDMH)GEB V G
XSSHU EDVV GULYHUV LQ WKUHKHWUPRNWVZIROWSYHDWH QD PHG DV
QDPH XEIOHQWAPIHY D XQLTXH ILOH QDPH VSHFLIYHGIBVKWHKH XVHU ZK
GULYHU ILOH DQGXWRHVH)WERGLBRXQNRPDWLFDOO\ ZIDH)Q WKH ILOHYV
XSSHU EDVV ILOH

+ 0LGUDQJHOLGAMIQIH ILOHV DUH LQWHQGH G WIRY AR ¥ WIVHE @8V GDWD
PLGUDQJH GULYHUV LQ WKUHH RUDBRM HLDOMHW B HIENSBAHGS DG/
ZKHQWPIHV D XQLTXH ILOH QDPH VSHFLIYHGI BN KHKB WWWHW 2KE88 B R
WKH H[WHQGLR @GGHG DXWRPDWLFDOO\ ZOHRL W E B QLI® HVOIHY VDY H

* 7ZHHWHUIZHMHANHU ILOHV DUH LQWHQGHGUW RHRRQXYADH® B8/ GDWD |
7TZHHWHUV LQ WZR RU PRUH ZD\ W SHMHNEQ D RHGABWEFPH BIH L O H
QDPIHV D XQLTXH ILOH QDPH VSHFLIYH@GIBENV KB WKWWHW 2K BDRG WK
HIWHQWRHY DGGHG DXWRPDWLFDOO\ ZIODHWZWMKMW HLOHMW HY VDYHG |

+ 6XSHU 7ZHHWHKXB HUOHZWHHWHU ILOHYVY DUH LQWBPQEBHGWRYHRYWDLQ
XVHG DV VXSHU WZHHWHUV 6XSHG KXMHAN A A BEMHVD DH QDP



XQLTXH ILOH QDPH VSHFLILHG BNKWKEUWWHW Z2KED VRBLWEH H[WHQ
LV DGGHG DXWRPDWLFDOO\ ZKWQSWWKHVAOHWIHIWMDR®HG DV D

SURMHFW )LOHV

SURMHARMD WLPHWHO\ FRQWDLQV DOO MMHLIFQIR BMMHWWRRU VESRDOW H
ZKLFK LV UHTXLUHG WR GLJLWW OQ\GHPXD\DW KIHWMKSHBNRUV)RWIHQJ PXOWLF
DPSOLILFDWLRQ 7KH\ DUH FUHDVWH® WXFVR RVWICFDHOBO D QIGHED Q EH UHR S
ORDG D SUHYLRXVO\ VDYHG SURMHFW



RUNLQJ ZLWK 'ULYHU )LOHV

&UHDWLQJ D 'ULYHU )LOH
'ULYH ILOHV FDQ ERRFADHBDWHG LQ RQH RI WZ
63/ GDWD IURP DQRWKHU VRXUFH FDQ EH LPSRUWHG
63/ GDWD FDQ EH PHDVXUHG XVLAU WKHVEDW OP® WIR RDOXL
DQG WUDQVIHUUHG WR D GULYHU ILOH

&UHDWLQJ D 'ULYHU ILOH E\ ,PSRUWLQJ 63/ GDWD

63/ GDWD LV LPSRUWHG E\ VHQMWHPLQRP®KHKBSSSREIWLDWRUW 'DWD
)RU H[DPSOH /06 IRUPDWWHG 63N BOWPBWLL I PABKRH WOIG6 EA PHQ X LWHP  $
PDNLQJ \RXU VHOHFWLRQ DQ 2SHYKRIDBPWRQ JILIXWBSSHKMH BRUUHFW W\S
H[WHQVLRQ ZLOO DXWRPDWLFDODQ G H/ N&BFHFWHGCH 6IHDH FRQRVDLQLQJ W
GDWD DQG FOLFN 2SHQ

| Ogen B
| Lock frr: | o3 WE 0 =~ &t e
3 (] On_wosser bt

My Racint
Docurents

Dieskiop

My Decagmenis

35
el Ciorrgada

«

il r 1 |
Wiy Hotwockl  Fie pame (B wooted Sl | Geen ||
Place: = I_I |

Fiers of bype: [LME Pl [ 74T

JLIXUH 2SHQ GLDORJ IRU LPSRUWLQJ 63/ GDWD

$IWHU FOLFNLQJ 2SHQ D VHFRQOG\GVRRRQ ER[)ZUROHDSSHDU



56 .30

bttt el
=
I

s itk s,k ki 1 ] i

e
o
b
ook Pk P P o0 i ok Pk P 8 5 =3 ok Lk 1 = 8
AL 00 G0 ol T LT G0 P 0 ol = et
w
o

i
(3
i bn e e B B e B e i B e

[ e
LD A g
i

J)LIXUH ,PSRUW 63/ GDWD GLDORJ ER]|

7R LPSRUW WKH 63/ £&DS/0D EXBPANWRWKMAKH GDWD ZLOO DSSIMDH LQ WKH +¢

T Ellvnr Ul rdw o
‘ SPL [ Phase ve. Freguency
HighPuss Tl LewFare Tad T | — ¥
Siep (@0 S [0 He I Inchude Distance [ PHASE Fiots
I7 Inehode Erstanes b AMBLITUDE Flots
(Bl [120 S (120 dBhost | g [T Wt
Culekats Ampldide + Fhass | Rt Hep |
Use fs Mue CalFile |
s A Prosmp Cal Pl ||

J)LIXUH ,PSRUWHG 63/ GDWD



&UHDWLQJ D '"ULYHU ILOH E\ OHDVXULQJ 63/ GDWD
3OHDVH UHIHU WR$W& HRVHHFINORWDHR QW V

6DYLQJ D 'ULYHU )LOH

$IWHU WKH GDWD LYHG® $RUNH B SISV ROQLEMW N DBEWWYYHU ILOH E\ V

"ULYHUIPIRPHWKIPHHQX 6HOHFW WIOH GEBRAHIG XSSHU EDVV

XQLTXH QDPH IRU WKH6GUYBYHAKUMHQG FOLFN
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$IWHU FIHFWDLQ@GLDORJ ER[ ZLOO RSHQ DWKKRD®P IDOPORXWKH XKHU WR
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:RUNLQJ ZLWK 3URMHFW )LOHV
&UHDWLQJ D 3URMHFW )LOH

8QOLNH SUHYLRXV YHUOL®RIYHU WKH @ OMWIDADMH J D QHZ SURMH
QHHG WR ORDG GULYHUV LQW RJIWKHU S URWMHBDWDEFHBUGILKBOWO\ DV UHTX
SURMHFWHG LV GHYHORSHG 7KRW \WJOH AWHSMULIRQY RH ® BOYRWLPH GXULC
GHYHORSPHQW WR VDYH WKH ZRW N7&HUSR B MHGE W RV DWIBREBWHG E\
SURMHFW

6DYLQJ D 3URMHFW

2QFH D QHZ SURMHF WDKD ¥ H N B @ HGJ B WVIHG\ IS E\ VHOHFW L
SURMMRIFP WKH ILOH PHEXYEHKHQRWKRISHQV HQWHU D XQLTRIE QDPH IRU V
FOLHANYALIXUH I WKH SURMHFW G HIYGI OWRKSFRXJW WEW SURNVNREGHU GH)
DOO VHWWLQJ IRU WKH FURVVIRG H® IW& AVSLLRRMHEMO L EH VW RLQJ SUHY L
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$XGLR OHDVXUHPHQWYV

%HIRUH \RX VWDUW

%HIRUH \RX FDQ EHJLQWWR\RR NH @6 DMMXHGI WHROKDYH WKH IROOR
HTXLSPHQW

+ $ 3& ZLWK VXLWDEOH VRXQGFDUG 'HOWD /7
$ VXLWDEOH PLFURSKRQH
$ FDOLEUDWLRQ ILOH IRU WKH PLFURSKRQH
$ PLFURSKRQH SUHDPSOLILHU FRBERWHEOH ZLWK \RXU PLFU
$ UHVLVWLYH SUREH

- £ + &

'KHQ PDNLQJ PHDVXUHPHQWYV ZLW KF W b HFRESEINSGDHMERKWHW X S
RXWSXW IURP WKH PHDVXUHPH QWA XW HK DI@ME MBISWRH RHCRW D 17
VRXQG FDUG 7KH LQSXW WR WKH W HEBIVKRG® HBDWHWG WWRHPQRSXXW FKDQQH
RI WKH 'HOWD /7 VRXQG FDUG

.l \RX DUH DPELWLRXRZ@RRLFUR EKRQB SROHDPS DV GHVLJQHG E\
'DOOKWWS P\VWLWH YHUL]RQ QHW W DSPWPHBIBS UK WP S U R DSBHDW S
VXLWDEOH IRU XVH ZLWK D 3DQD¥RRDLFVXOH RU \®RX PRQ SXUFKDVH D
PLFURSKRQH EDVHG RQ WKLV HOWFOW HW ARQYEHQ \ADWY R VFKFDBLFURSKR
EH FDOLEUDWHG IRU EHVW UHVXOWV

%XLOGLQJ WKH 5HVLVWLYH 3UREH
7KH UHVLVWLYH SUREWKHN KREGIWDNVNR DIWWBHOXIDWP \RXU SRZHU I
PDNLQJ PHDVXUHPHQWY %XLOGINQD WIKAHSOHTWDVNG 7RURENN D G% SU
\RX ZLOO QHHG RQH HDFK RI WKH IROORZLQJ
N RKP UHVLVWRU
N RKP UHVLVWRU
JHPDOH 5&% MDFNV ZLWK SODVWLF FRYHUYV

:KLOH G% LV XVXDOO\ VDWDHYPHO\RERI DRWEBOXBWHR®W GLITHUHQW YDC
EH VXEVWLWXWHG IRU WKH QR RREQOUHYLVWRU DV OLVWHG L



$SWWHQXDWLRQ 5HVLVWDQFH
N
N
7DEOH

$00 SDUWV FDQ EH REWDLQHG DWDDQHN GIIW B RBEIDAAWN SKOW WIVPVW R UH

RI DQ 5&% SOXJ IURP 3DUWV H[SUHVV SDUW

JLIXUH 5&% SOXJ IRU SUREH FRQVWUXFWLRQ

% H

$V VKRZQ WR WKH OHHWNIK® JSORVWLF PRIPRU I[URP WKH SOXJ DC
N RKP UHVLVWRU EHWZHHQ W KH JAHRXWQISUOW Bl UPR X PO \DALGS/ VW R WULP \
RI WKH JURXQG OXJ RQ WKH 5&$DYGIXHQRIXNK @NQBWRXWVERHVROGHU WKH |
WKH WULPPHG OXJ 7KHQ FRQQHFIW WRRH WAOVRHWKHWNWBRJ RI WKH S
DOO FRQQHFWLRQV $ VPDOO BQ HRH XV HHEO W RWOMVPDWOH WADKSSHWEW K H JU R X G
FHQWHU WHUPLQDO GR QRW FRWH SQDMWRVERQARYFW 3KBEOBFRPSMOHWHV W
7KH SUREH FDQ EH FRQQHFWH G R\RQ WKW FDBORI BRQDMWWURQ EHWZHH(
SRLQW DQG WKH SUREH FDQ EH IPWIG ¥V XIVQ Q JDD OUHDW RPHBGLSY RQ HDFk
FDQ DOVR EH SXUFKDVHG DW 5D0GL R/ R KKCOANH HYW.WDDGHVYVDWERUV IRU WH'
FRQVWUXFWLRQ VLQFH LW LV IFRY R\RR BB H DWKIH R VOWWRU @MHU WLPH

J)LIXUH 5S5HVLVWRU FRQQHFWLBQREHIWLIXQNG FRPSOHWHG



&UHDWLQJ D OLFURSKRQH &DOLEUDWLRQ )LOH

)RU WKH PRVW DFFXUDWHUPINBIVXUIIQFEN QW VBIR®W H \RX VKRXOG K
PLFURSKRQH FDOLEUDWHG 7KFHRBMILEY DWLIR/AQVI RO HUHKKXQG\ YV DPSO
DQG SKDVH 3KDVH UHVSRQVH LV QRWL@HEHYO EH JKRHWDMUHG ZKHQ Wt
FDOLEUDWLRQ GDWD LV FRQ YA-DUMHH GT KW XN\HHU ZPLHADKY YAKHHP IQWLW RRO 7K
FDOLEUDWLRQ GDWD VXSSOLHGVEHWMR WPK R | PO/ FMKMQA\IGHE HRUWD DQ )5
7KLV GDWD P XV W SEHVS B R WHHV VTHK® O V]IHQI WK HD V V X U H

ILOE’ HWHQVLRQ

PDWFKHV WKH I[UHTXHQF\ VFDOHRIFR&H 8SCRVIHPOMUD WK DVOKH FDOLEUDW
XVH ZLWK WKH 8OWLPDWH (TXBOIREGOREZLIQW Q) R FH &RBRD PXWW EH IROOF

2SHQ WKH 8OWLPDWH (TXDOL]JHU VRIWZDUH
JURP WKH ,PSRUW ([SRUW 'DWD PLHDQ@WH VIHFFCSHRAWW WK b PSS WRSHU
,03 IRU )5' ILOHV /06 IRU W[W ILOHV

BHDUFK IRU WKH ILOHV FRQWDLO{RIOWKE EDW KEWRXW LRLF GRS
DQG RSHQ LW 7KH PLFURSKR QHKGIDWPS RAK\E X30L® OB $ WF U HIHQW

VKRZQ LQ )LIJXUH
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J)LJIXUH RQH KHDGHU OLQH LV SUHVHQW

ODNH VXUH WKH FRUUHFW FROXPWQLQD WDH BKW K N HGR URJWH EWSWR R
QXPEHU RI FROXPQV LV HQWHUHG

.l WKH PLFURSKRQH GDWD LV UHLQUWEBBEOWRR G% HQWHU
&OLFNSRIKOPIL EXBIMVRQ 7KH GDWD VKRXOG DEBHBQ DY WKH +%
VKRZQ LQ )LIXUH ZKHUH WKHDSALDRN QGQMKIHVIWKHBIDL@H LV
SKDVH
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)LIXUH ,PSRUWHG PLFURSKRQH GDWD
3KDVH GDWD LI VXSSOLHG ZLW KV KB HFAVF WGREKRIGL QRIDRE@HKRZ WKH SKD
GHWHUPLQHG ,Q WKH H[DPSOH WIKMKSWE W HP GPWRSB KKQHMMIMGFDOFX0ODW
DPSOLWXGH XVLQJ D GLVFUHW HLRIQO EHHAIW WoRR G B VAW D QW ¥R U'XIWW R WK H ¢
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LPSRUWHG GDWD DW WKH ORZDIUHTXHQF\ OLPLW RI WKH GDW
YRU WRA 3DVV HOWBWASHTXHQF\GDRSHODW PDWFKHV WKH
LPSRUWHG GDWD DW WKH KLJK RWRKIHKG GB\WDL PARZ RY KUK HL L BV K
FDOLEUDWLRQ GDWD H[WHQGYV SBWW H W W R &AL S\UR E B E O H
IUHTXHQF\ DV N +]
&OLFNEWRFAXODWH $PSOEWWBRQ IKPIREVHUYH WKH FKDUDFW
WKH +%7 UHVXOW )RU WKH H[DXSGIH WKLHUHYWHKHR EQ QRX)ID W |
DPSOLWXGH LV WKH WKLQ E O DFRD CQLQHH WKKSU RWRI K N/ K H [3Q G NV®
FDOFXODWHG SKDVH LV WKH WKHO EOX B H LY H\REG R X\ K VWK
+%7 UHVXOW GLYHUJHV IURP WK®JLRS RUK\NHH &D®XWME VHBHIREL
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YLIXUH

+%7 JHQHUDWH PLFURSERRHBYSRQWEKXGH DQG SK

:KHQ VDWLVILHG WKDW \RX KDYBVRBWWN VQHGHWACFL/E N WK I H V X
OLNH &DBXY)WOARQ 7KLV ZLOO DXWRPD® IGHD/MD L QWRGWKKH FDC

"LILWDONRRO

7KH ILQDO FDOLEUDWLRQ UHVSRQVD H EQ \PHOARFEH YDYHG WR
63/ 3KDWRP WISRUW ([SRRMQ X WD

7KH 'LJLWDO 0/6 7RRO
"DKMHVDONR/BEO LV XVHG WR PDNH 63/ PHDWXW RPEHO WYHRI WXKHREBU L
ORXGVSHDNHU SULRU WR FURV VR $HB FGHYWHORK\P QWS HFHHLE/& LIQDO F|
OD[LPXP /HQJWK 6HTXHQFH KHQFH OX§ LW RVRWEHR X\OHDWWH® K7KLV VLIQDC
UHFRUGHG DQG WKHQ PDWKHP DKMH KIQGA-W ULPSXIRUP HEVUSROR/ BV 7KH LP
UHVSRQVH LV WKHQ WUDQVIRU®FGUIHYS R QVKHXXQ QW DV )DMAT ¥RXULHU 7L
%HIRUH GLVFEXVVLQJ KRZ VXFKGHHW Y XUHPHWQWR/ONUIR WP OVKH 06/ WRR
IDPLOLDUL]HG WIKAVRBO LV RSHQHG E\ V HIOXGH\R LQ-IDUAN (PR QVIKIH
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JLIXUH "LILWDO 0/6 WRRO VFUHHQV DQG GLDORJ

'KHQ LQLWLDOO\ RSHQHG WKH VERZHM Q Q/ KIRIXW® DS THBIUSRYIMVLRQ RI W]
GLDORJ DQG SORW VFUHHQV P DE Hs MW KHIW I XAR OASKEQBSXWIRRIXDHG/ SR Q VH
SORW VFUBMEQUWRKXHQF| 'RPOHBQ DIRE OMWOH X UHPHQ WAL B R @ B UTRKM

0/6 OHDVXUHPHQWILBRAWKRY ONZIRWBRQWUROOLQJ WKH PHDVXUHPHQV
DQBURFHVIRWSHUIRUPLQJ SRV WOBRFHNYH@B| RADHAQ KDV WKUHH
WDBE/ 3KD¥KWHUH WKH PHDVXUHG &/NMH 3G/ABESDHH & KH UHVSRQVH RI
WKH PLFURSKRQH FDOLEUDWLR @ ASIDMW B UFRDZHK B ¥/HY BHDAWIE DVYRBFLDWHG ZL
WKH SRVW SURFHVVLQJ RI 63/ GNVWDHIHN 8 LAMSIOD FK® QUKHY YW RPDWLFED O (
RQ ZKLFK IXQFWLRQ LV EHLQJ SZKHRUPEBGLYRIW HMPEOMXUHG WKH VFUt
DXWRPDWLFDOOWYZLWRRWIHE HHKHZKHQ 63/ GDWD LV JHQHUDWHG 6LPLC
3RVW 3URPMDKLUMJVHOHFWHG WKH SORWRWW BHQ FZH\O\OL @ Z LSIORKV W RKW KX-
FDQ DOVR VZLWFK VFUHHQV DVH \WWUFRB PADEHOHFWLQJ WK



7KH 0/6 6LJQDO *HQHUDWRU &RQWURO

0/6 /HOQIJWHWY WKH OHQJWK LQ VDPS@HVX\RHGVK® W6/HVLJIQDO
PHDVXUHPHQW SURFHVV 7KH OR RKVIK LEFK THKH® E\HL R ERDALIW G
IURP WKH LPSXOVH UHVSRQVH DIQRQW KHVHMA TEX HOKEH U 1D WRGRXRM
6DPSOH &LWHGHGOES GIMEJRK H[DP S OHFDAS OVK Y WA W
WR DQ@/W IOW QWIRK WKH ORZHVW IUHTXHQF\ UHVROYHG
+] DQG WKH UHVRI®XW LRJQ ZHRKROWX B L R Q
PHDQV WKDW D IUHTXHQF\ GRPDIEQVB D@HGSRWQHY HBXOG EH R
6DPSOLQNSFDNNHWKH UDWH DW ZKLFK GUVEBIWWHRRQGBFWHG L
TKHDPSOLQIDEDMHNVHWY WKH KLIKHVW I[UHEXHQF\ DW ZKLFK G
REWDLQHG 7KH KLJK IUHTXHQED @SE® L QJIGALY MEHE DV WK H
7KXV D N +] VDPSOLQJ UDWH \LHOGMDW RS SHU+JUHKKHQ
XSSHU IUHTXHQF\ OLPLW LV FDPWOHG WKH I\TXHVW IUHTXHQ
'HOD| 5A/BIA&V D WLPH GHOD\ EHIRUH 8DIAKDOW ARCROHEMMIHG U
PHDVXUHPHQW WRRO 7KH WLPH G® ODKH G PW B FV D\R W QWRH WH
7KH GHOD\ ZLOO EH DSSOLHGIWQM AKHFKH G R [ QVIRRW WHFOMH V
ER[ VKRXOGXQWRBIEQ KK® FKHFNHG
2XWSXWNOIMWH®KH DXGLR OHYHO RI \@WH RGWSRWOG EQHD ROV H @
LQ FRQMXQFWLRQ ZLWK \RXU D X3 WR WM N W HPKHROKPHOFRQ WK R
VLIQDO $0ZD\V EHJLQ D PHDVXUVHPHQMND WHWY IVRR) |ELLVRKD\@ GL
LQFUHDVH LW VORZO\ WR WKH GHVLUHG OHYHO
3UH HPSKIDIVKVHG WR HITHFWLYHO\ KLIRDS®V,WIEO® HEW WKH W
XVHIXO IRU SURWHFWLQJ GULMAXNQBERPVH[FK OB UWLHR Q@ RZKIW
VPDOOHU WKH YDOXH RI SUH H M8 RDIVILLH WXHIQHK L JAIHW KW KKIL F K
SDVV ILOWHU 8VLQJ WKLV | HIDMXUH BG N B HDY HOF W VN WWKHH U H
PHDVXUHPHQW ,I WKLV I14BWK UgK IFEGNR &E R{KHKRXOG EH
FKHENHG DQG D VLQJOH YDOXH RIGWEKH XSWHGHREKD® OVGWH.R X U
PHDVXUHPHQW GXH WR WKH HIl HFWWVR® 3/ ZKHNH O H Ull RD B HQ J
PHDVXUHPHQWY D YDOXH RI JHUR VAW WKID FSWRIUN P © RDRALMK LS D
ILOWHULQJ HIIHFW

,PSXOVH 5HVSRQVH 3URFHVVLQJ

TKHPSXOVH 5HVSRQ VHDIHDF WV KIMHG WR H[DPLQH WKH LPSXOVH
GHWDLO DQG WR VSHFLI\ WKH H® GRZ WK SiH) Y Q5 @HKGIIMAKS X®VH UHVSRC
REWDLQLQJ WKH IUHTXHQF\ UHV PRGI\FH %D A NIPFDS0 HDRIUR VY ZLGRZ LV VK



J)LIXUH JUHHQ WUDFH 7KH ZH Q@B X ®WH/ XIHW\G R\QAMDHVXW K G LQ WKH ))7
WKH I[UHTXHQF\ UHVSRQVH JRHV VPRRWKO\ WR JHUR

] LS Wigaiten R ponssy Ref=- 191000 In=-194.47  Bin=52, Scrall[0 - T52] =0
180 r Impulse Hesponse vs, Time 1

[ Acoustical Distance: 000D cm |

08000 0d CRE AR T 57 RIS T8 93 1002 174 1250 135 M
>

JLIXUH 'LQGRZHG LPSXOVH UHVSRQVH

LOGRZ 7FRM)WUROV WKH PDQRU LQ ZKLVWKZIMKGRIZHSXOVH UHV
<RX PD\ ZLVK WR H[SHULPHQW Z&SM\K \BR | VHHIHH QRVZ 2L RIG\R Z W\
LQIOXHQFH WKH IUHTXHQF\ UHVSRQVH

LOGRZ LIGWKVHG WR FRQWURO WKH H[MWHIRZ RLBWHK EDQGRZ
EH VHW E\ HQWHULQJ WKH OH@PSIOHQ RUWKHWH QROPEWHFR 7 KH
VWDUWLQJ SRLQW RI WKH ZLGRIZRV Y BVWVEKH SSICDRFW QUIF W H QF Z K
WKH ZLQGRZ LV VXSSRVHG WR RWDWMRQ F® G WKNQQEIH DIGM X V
E\ XVLQJ WKH OHIW ULJKW DUURZVEBPH TKRP$SWRXVWLBD® RI
UHIHUHQFH LPSXOVH 7 WGRR XV B HOONBH) \B LRISW R HHBL QQ W K
LPSXOVH SORW VFUHHQ 30ODFL@UWE H FYUKWHR S ORW DWF\UEGHQH |
VLGH WKH JULG DQG FOLFNLQUHZV QQVDERXW PR LVQK HWIKWUIRZS
WR WKH FXUVRU GXREEDWMIFRQE RKARQWUROV WKH GLVSOD\ RI W
'KHQ D ZLQGRZ LV XVHG WKH IUHTGXHQFER L DM B LYHTRWQFD O
GHILQHG E\ ZLQGRZ OHQJWKQGVHFW H® B WIKMHL WKID\GHG DU
WKH IUHTXHQF\ UH V SRQRHV SEORHE NG Q

=RRPV XVHG WR PDJQLI\ WKH DPSOLWHKK H FOBX® WH. RIH WE R QW
1RWH W KPS ONKFHRQM/ URO DIIHFWV, ROVMWKH ORZHU

3XOVH '"MOIXIVHG WR UHPRYH H[FHVV SKDWR{ ARPSMRN BWMHGDW
IRU LQWHU FKDQQHO ODWHOQFNW, W R KR X8 G Q® NV DLAYON HELH RK L
ODWHQF\ LV REVHUYHG LQ WKHGRRS WHVW WR EH GLVFXVV



63/ OHDVXUHPHQW &RQWUROV
8VH 6DYHG B6XO/RIIN WKH XVHU WR ORDG D BHWYRRXMO\ VDYH
IRU SURFHVVLQJ :KHQ WKH FKHRMN BRQ L0 6F E M ANHQ DLYG W
FOLFNHG WKH XVHU ZLOO EH SHUR BB WX@GVW R IDORDEQW K H LOHHV L L
6KRZ 3KINKRZV WKH SKDVH UHVSRQVH LQ S\OKRHWIVATKHQF\ U H\
ZKHQ FKHFNHG
$GG [[ G% WR &K3WHG WR VFDOH WKH 63/ GBWWKHS RU GRZQ LQ
YDOXH HQWHUHG
63/ 6PRRWBDQRZV WKH XVHU WR DSSO\ VPRIR&/KBRJ WKH WR
GDWD 7KH GHVLUHG VPRRWKLQJ FPXXLVAMN LM UAKMIF M H & F/H | R U H
EXWWRQ
5XQ 0/6HQHUDWHV WKH 06/ VLIJQDO DQBVESROVHFXQYOWKHW LPS)
WKHHG 6DYHGERKMMIFKHFNHG
EDOFXODBWUEGRUPY WKH ))7 RI WKH ZLQGRXZHGE LPSXOVH UHVS
GLVSOD\V WKH UHVXOWLQJ IUMNBXHWHTXHD¥S RERIH BQ W K H
XQGHU WKH 63/ 3KDVH WDE
EOHDUFBSHDUS/BNKHITXHQFI "RPOHBQ
6DYH YDYHV WKH LPSXOVH UHVSRQVH IRU IXWXUH SURFHVVL(

&DOLEUDWLRQ )LOHV

&DOLKWHDO WY RPWLRHWOORZV WKH XVHURWRILGORD/GD QBSRUW
VHOHFW ZKHWKHU RU QRW WK HMWKRMMWG \E Bl HY SRQMHG PM B WKKIHHPHQ W 7.
FDOLEUDWLRQ ILOHV PD\ EH ORD/GWENBRE&BUIHIHED B HLWOUHHVG W RVKH
FDOLEUDWLRQ ILOHV ZHUH JHQHW BMAHESU B VD& VWAMRRPD/W HIEDDBRYO-RDGHG ZK
LV RSHQHG 7KHVH FDOLEUDWL.HR@QWR2OVWHID\ODUHPBHQ YDWAMEL ,I QR FDOL
ORDGHG RU FUHDWHG SUHYLRXO\DOW WIKGILER G MW IGRHQ DXHOWE\R @QARH |

8VH FRRQWUROV ZKHWKHU WKH FDR®DEPBDNRQOHEBQW LYKBISSOL
GDWD LV DSSOLHG ZKHQ WKH ER[ LV FKHFNHG

,PSRUW &DO DQORDWWKH XVHU WR LPSRUWFDOLEUDWLRQ G
JHQHUDWHG DQG VDYHG WR D ILOH

6KRZ &DO QGLYSFOD\V WKH FDOLEUDW LR Q DPBWDORMGWDENKH 0L
VFUHHQ

5HVHW &DHUD\NOHW WKH FDOLEUDWLRQ GDMW BDIDQE WHEBOPEH V |
GDWD

7KH 3URFHVVLQJ GLDORJ



7KH 63/ SRVW SURFHVVLQJ |HDWXWHMNVLERERB KAANDED BWEWKH WRS
Rl WKB OHDVXUHPHQ W W EERIWURBH WARA@PWURO LV VKRZQ LQ )LIJXUH

$W WKH ULJKW RI WKH VP D O OODERMBNEAXHHDANEIHD EX W W R Q V
%XIIHWBOLFNLQJ WKHVH EXWWRQ VWWH¥HVW RY/WG D WPHBMNVKHU |
PHDVXUHPHQW RU WKH PRVW UH FAKQWIO \HR S QRO & WDLDAHW 1 TI0t
GDWD VWRUHG LQ D EXIIHU LOBWVSPWHHG LQ WKH VPDOO S
7KH FKHFN ER[HV6KRIRZXBKBMXPQ FRQWURO WKH GLVSOD\ RI !
VWRUHG LQ D EXIIBE QD SWRHFSHIMMIOUF U HH Q

7KH FKHFN ER[HV WR WKH OHIWRD WX & YWDOONRUR\G DQ HILVI|
EXIITHUV WR EH VXPPHG 7KH DQBLDAKHRPMKER B3V LGHWHP H G
LQ SKDVH RU ZLWK LQYHUWHGQSKDNW V8| V&R WLDY IF DAL IEH WHX P P
7KH VXPPDWLRQ LV JHQHU QW& /EN BERPML Q O ONKRH U % X 11HU
VXPPDWLRQ LV VWRUHG LQ WK H 2FODOAWFHKWH FENKHIIGH (G DENKD | HW
LQFOXGHG LQ WKH VXP

6KRZ 3KBKIRZ 0D VWMXHIBAMNRZ '"ULFRHQWUROV GLVSOD\ RI WKH QDF
LWHPV LQ WRHIP BURF-AORWOAUFUHHQ

OHUJH Q% ®W +PHUJHV WKH 63/ GDWDWR WKDOWULQ EXIIHU
DW WKHHTXHQF\ VSHFLILMWIGH ¥WDUVMU EXIITHU PXVW FRQWDLQ W
EHORZ WKH PHUJH IUHTXMXH OQW D RERVYH WKH PHUJH IUHTX
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'"HSHQGLQJ RQ WKH HGJH W\SH WKUH FXOWOWHWH RIQE XM) GTEHRH D
GHILQHG DV LQGLFDWHG E\ WK WPDIOOH\IGIORZ SORW ODEHO

TROVEHG AROUHD AT ¥ 00,00, ¥=1146.00

|| Loication X0, Yes0 ) o}
I Dipols  PistonMadal

o

JLIXUH 'LITUDFWLRQ ORGHO GLDORJ DQG SORW VFUHHC

. 8QGHUKH 6SHDNHU OLF 'L\WKH FERIFENWVERGYV FRQWURO ZKHWKH!
GLUHFWLYLW\ PRGHO LV XVHG DQ G IZK$HWKHG RQ YRW S@®RWH 1
FRRUGLQDWHY ; DQG < LQGLFIXWMHPWKH ; < SRVLWLRQ RI W

. 8QGHGBLW %DI/IOH 6KINKH ERIEFN ER[HV FRQWURO WKH EDIIOH

0 $GEQVHUWY D QRGH DIWHU WKHFO®WW FXUUHQWO\ QX
o ,QVHUW DQWHUWY D QHZ QRGH EHWZHHQ QRGH 1 DQG



'"HOHMWMB/ORZYVY WKH XVHU WR FOLFN RQ D QRGH WR GHOF
ORY®MOORZV WKH XVHU WR FOLFN IRRQ D) QRGEHD JGIMLY HU
WR GHILQH WKH EDIIOH VL]H VIKHSHRWBLFRVLWLRQ WK
S5DVIMBAHIULQHY WKH GLVWDQFH EHWZHHQVRRMOPAQLPXP
EH OLPLWHG WR FP

- 8QGHUWLYHU-V &KDUDFWHULVWLFV

(0]
0
(0]
(0]
(0]
(0]

"TODPHWHILLQHY WKH GULYHU-V HIIHFWLYH GLDPHWHU
/RFDWLRYKRZV WKH SRVLWLRQ RI WKH GULYHU
"LSROAYRNHV D IODW EDIIOH GLSROH PRGHO
([DPSOBURGXFHYV D GULYHU RQ D VTX®PRIHQBDIIOH DV D
([DPSORBRURGXFHV RQO\ D GULYHU DV D VWDUWLQJ SRL
SLVWRQ PRGWOROV WKH QXPEHU RI VRXUWFHW XVHG WR

7KH KLIKHU WKH QXPEHU FKRVHQ RYKMRIURBWHU WKH Q

6LQFH ZH DUH JHQHUDOO\ LQW IEDH\DW HGNIHE GIRIZH FIW/T X

VHOHFWLQJ LYV DSSURSULDWH

- SORWQHUDWHY WKH GLIIUDFWLRQ UHVSRQVH
- 'ROHORVHVLWWKMBFWILRQ ORGHOHU

2QFH WKH EDIIOH LS/ORMWEXSVWRIFRLQD WHKEBHUDWH WKH EDIIOH
UHVSRQVH DV VKRZQ LQ )LJXUH

= Enciosure Diffraction Modeling, Frequency = 49997.0 Hz, SPL = 6.67 =foE3
SPL [ Phase vs. Freguency
g { 1
1 SR
1
=0
&
A0
420
-.}II,B
-6 |
Cdeg 10 20 X&) GOBN00 200 MOAOEN Mk A Sodk Bk Bl 20 NADR:

JLIXUH %DIIOH GLIIUDFWLRQ UHVSRQVH

SHUIRUPLQJ WKH OHUJH

W LV DVVXPNGEWKOQWVIB/RGBIMHD 3RVW 3URFHVVLQJ VFU

DQG WKEMIWKHGLIUBMEWOR® KDV EHHQ SUHYLRXVOL@®RWPKEKKWHG DV GHV
IROORZLQJ VHFWLRQV )LIXUH VINERYYUHKHH GRALW IS WRHEHYVDU DQG QHDL
UHVSRQVH RYHUODLG LQ WKH SORW VFUHHQ
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YLIXUH )DU DQG QHDU ILHO G R\DW B IRRAHNV OIDQ & S@RWKWFUHH Q

7R PHUJH WKH GDWD WHKHVIROEBBZLQJ SURFHGX
6LQFH WKH QHDU ILHOG GDWD 'LYIVDFWGRLQQ VER |%XU | H U G GV
H[HFXWHG \LHOGLQJ WKH UHVSRQRX RKREZ X QB KHBXUMQ G
UHFKHFBEAWRHEX U ERY WR GLVSOD\ WKH UHVXOW

jﬁ?ﬂmw 'LM
SPL + Phase | Mike & Preamp  Post Processing |

‘T Post Proceasing SPLJ Phase | =

JLIXUH 'LITZUDFWLRQ DGGHG WR QHDU ILHOG UHVSRQVI

1H[W WKH OHYHO RI WKH QH D UH G XFOHEG 6\ R GPIDAWMF IR XAWKAD & HRU W |
ILHOG XVEQG WEW WR 63/ L @KIHXIDAIUIISHOG OHYHO LV WKH UHI!
7KLV PXVW EH GRQH ZLWK WKH XNRXRIQWX & DRHGIWZ RN B W K H



IDU DQG QHDU ILHOG GDWD KD YJH W KWKWREZ K HWKRHQ WHRWOUO WL R X
DGGLQJ G% WR %XIIHU

SPL ¢ Phase | Mike + Preamp  Post Processing

o 100 {  PastProcessing SPLJ Phase . ).
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J)LIXUH $GG G% WR %XIIHU

'LWK WKH 63/ PDWFKHG WKH PHUIH IBBIQ XEHQ § H B KRHWARHH & KDHNV
63/ OHYHOV DUH WKWWNDP W XNHQI DQG %XI/IIHU DW +]

7R YLHZ WKH UHVXO®WRX GRNHER[M\KHRU WKH EXITHUV FRQWDL
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$OVR FKHFN WKH ER[ WR YLHZ WK G OB\6H DUKHM LB H @ B O WV RKW K

JLIXUH
=TS Fraquancy Domain o
SPL + Phage | Mike + Preamp Post Pracessing |
125 180 T Post Processing SPL j Phase |

JLIXUH OHUJHG 63/ DQG SKDVH UHVSRQVH

W LV REVHUYHGRWKPRAQWKAXFRKD/ DW WKH PHUJH IUHTX
FRUUHFWHG E\ SHUIRUPLQJ DQ HRAUJPDMWDREGQ UWRAIREIHUDMNWNHYWKH FRUUHF
UHVSRQVH $JDLQ WKH SRUWLPQVRGWKMW K AWSR QDAH IDOWBF&E3/ LV XVHG



UHIHUHQFH :KLOH WKH +%7 FDIREW SWEIMR-BBHBIQ IMKHY PRUH FRQYHQ
WR XVH WKH GULYHU +%7 (GLWWRUW U B Q3R HIR W KHPSGME BLIX I RCY ANK H

WKWLYHU
8QGKEWS| ODVWHU % XI/IHUWQMRHBX//HRU; WKH GULYHU EXIIHU DQ
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o ,I WKH SKDVH URWDWLRQ LV DUHDD VBHHE WHKDDVH WKWV B R /|
RI WKH KLJK IUHTXHQF\ WDLO
o ,I WKH SKDVH URWDWLRQ LV GHWYHVKO R SWKRI GIKW DK L QK
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System Design

'KHQ DOO UHTXLUHG PHDVXUHPHQWW P GH \SIHIW FDRHEHWIQH WLDWHG Kl
B8OWLPDWH (TXDOL]JHU FRGH LWIHPLWVROQ\&BSNOHBHRKHQBWRQWURO G
GLVSOD\HG ZLWK D GHIDXOW VW® WQR)L2OAHOD\RXW BH®HKHRQWY RI WKH
VFUHHQ ZLOO EH DGGUHVVHG VHSRUBWHWK BEWOHRIZF K. FWBIQU@HO LV ODEH
ORZHU OHIW KDQG FRUQHU RI QK WFKIHH HIQO WHFUVY. RQHPR@M BLURU WKH F
QRWH WKDW HDFK VHFWLRQ RI \EK S O/IFRHHQWHOH FEXH URIWV IRMBU WKH YHL
KRUL]IRQWDO VHSDUDWRU DQG\GDDHIXK®B G7WIR N.IOW MK IEGRF/LUHG FUR®
W\SH DQG VORSH DORQJ ZLWK R/ ¥ MWHIP DHITX BGIL LW LR RHRW DU JHW 63/ UFH
HDFK GULYHU DQG WKH V\VWHP BAR DVEKKR\DHHF VB ORI@® R ®HRBOH 'HVLJQ IR
GHWDLOHG GLVFXVVLRQ Rl VBIRWWLIQUWKH ILOWHU EOREN SDU
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JLIXUH 6\VWHP 'HVLJQ &$' VFUBRO DQG FRQWURO GLD



6\VWHP 'HVLJQ OHQX

7KH 6\WWHP '"HVLJQ OHQX DOORZW KMUKMHOXS/WHHGW RL § H G VR @ B
UHSURGXFWLRQ DQG KRPH WKHD® HUGI IR IIDPXIDMV V EKKHH® DAM DFH FRMH WK H FK R
ZLOO EH GLVSOD\HG LQ WKH &$"\ \SRURFHM ® Q\GR WIGH. W VHDF RIFKDQQHO DV
VHWWLQJ FURVVRYHU ILOWHU XDBTXMRQEREYV ®RIGYQRSHMN. YHTV DQG DV
DQG RXWSXW QRGHV ZLWK WKH D8RURYU LYBDMDH) M RXRUGH FQ URSWHK. RQV DUk
DYDLODEOH WR DOORZ WKH XVHIRW R FAHYW K B KALKH VEAKMRPW HV LJQ PHQ X
VKRZQ LQ )LIXUH ,W VKRXOGVEHRQRVWKHDY WKBOWRPH RSOLVWHG LQ W
VHOHFWLRQ LQGLFDWLQJ WKDWPW®&DW HABQHEORUDAVDRQ EDOQ EHQJOH 'HC
VRXQG FDUG (DFK RSWLRQ LV GHVFULEHG IXUWKHU EHORZ

Swstem Design  Audio Measurements  User Help

Current Syskem

Steren 2 x 2 Way (Delkal010LT)
Steren Z x 3 Way (Deltal010LT)
Steren Z x4 Way (Deltal010LT)

Home Theatre 13 FLZ-C1-FR2-RR1-5UB1-RL1 (Deltal010LT)
Home Theatre 2: FL2-C2-FR2-RR2-5SUBL-RLZ
Home Theatre 3: FL3-C3-FR3-RR2-5UB1-RLZ
Home Theatre 4: FL3-C3-FR3-RR3-5UB1-RL3
Home Theatre 5 FL4-C3-FR4-RR2-SUBL-RLZ

Harme Theatre 5: 6 x 1 Way (Deltal010LT)
Home Theatre 6; 6 x 2 Way

BLAME Stereo
BLAME Home Theatre

BLAMNE Quadro

JLIXUH 6\VWHP "HVLJQ PHQX RSWLRQV

EXUUHQW 6KMMHWHPUUHQW VI\VWHP RSWLR@ DMVROWKWH WKH XVHU
SUHVHQWO\ GLVSOD\HG V\VWHPHUKIRXYD S IKHWVPRIY WRKNHRFIR GH I ) R
H[DPSOH LI WKH XVHU FKRRVHWMRYXDHWRIKQWWR WFKIH I8 0 & LKH
FRXOG UHWXUQ WR WKH 6\VWHB UHWMHQWFUBRDREHAGE WK WKH
FRQILIXUDWLRQ E\ VHOHFWLQJ &XUUHQW 6\VWHP

7KH IROORZLQJ GHIDXOW V\VWHPWHK DY HKDFRKRBRRH® \KW Y XWX ~V\VW
ILOWHU EORFNV ZKLFK FDQ EHHXWHKB WR VWHRX MDQGHWRER YRURVVRYH !



EORFNV ZKLFK FDQ EH XVHG WRRWHMW VKK HKWVDDNWWO RZ/ IIBIWE RU ED
SDVV IRU WKH LQGLYLGXDO GULYHEWLRBEY 8 QVEXK/WMBWILE WGLWLQJ
GHIDXOW FRQILIXUDWLRQV FDQGHOPRRGEIQ L HIGOMMHUGEQRBNRUDY QHF

6WHUHR [ 7KDYV RSWLRQ ORDGVYV D GHIDXOWVWKBE@YHO VWH!L
VKRZQ LQ )LIJXUH

1 Sterea System Configuration

LP -BdBfoc

t LP -BdBioct L LP -BdBioct
Fo: 1000.0 Hz  Fo: 10000 He

t LFeddiect T HB
Fo: 1000.0He Fo: 1000.0 He

LP -&dBioct LP -8dB/oct LP -8dBioct LP -8dBfoct

Houta

b Filz Loaded

Houtz

b File Loaded
Sl

Front-Left Front-Right

J)LIXUH 6WHUHR [ ZD\ FRQILIXUDWLRQ

6WHUHR [ 7KDY RSWLRQ ORDGV D GHIDXO®W\VWKIPQMWHO VWH L
VKRZQ LQ )LIJXUH

% | Stereo System Configuration |__E_'__| (=

Eessel

Eezsel
LP -5dBioct

E] O ut1 Bessel
4 Nb File Loaded LP -BdBfoct
EQ Range:

LF -BdBioct LP -BaiBioct LMD
Fo: 1000.0Hz Fo: 1000.0 Hz = Fo: 10000 Hz  Fo: 1000.0 Hz EQ Range:
H: =

E] Out2 Bessel Eessel

t File Loaded LF -BdB/oct LP -SxiBioct LP -BdBoct LP -BaiBioct LMD
= Fo: 1000.0Hz  Fo: 1000.0 Hz Fo: 10000 Hz  Fo: 1000.0 Hz

Eessel Eessel Eezsel Eessel Bezsel Bessel

LP BdBioct LP -BdBioct LP SdBioct LF -BdBioct L
Fo: 10000 Hz  Fo: 1000.0 Hz Fo: 10000 Hz  Fo: 1000.0 Hz

Bessel Bessel
LP -BdBoct LP -BaiBioct LMD
Fo: 10000 Hz  Fo: 1000.0 Hz E

Beszel Bessel
LP -BudBfoct LF -BdBioct L
Fo: 10000 Hz Fo: 1000.0 Hz

Front-Left

Front-Right

JLIXUH 6WHUHR [ ZD\ FRQILJXUDWLRQ



6WHUHR [ 7KRY RSWLRQ ORDGYV D GHIDXO®OW\VWKIPQMWHO VWH L
VKRZQ LQ )LIXUH

| Stereo System Configuration E” =) |@

Houts

Mo File Loaded
EQ Hange:

Bessel Bessel
LP -EdBJ/oct LP -8dBioct
Fo: 1000.0 Hz Fo: 10000 Hz

exsel Bessel
LP -EdBioct LP -6dBioct
Fo: 1000.0 Hz Fo: 1000.0 Hz

IN P
Gain: 0.0 dB

6ut2

L S ]
Bezsel Bezsel Bessel Bessel Bessel ezl Bessel o ut6
LP £dBioct P BdBioct LF £dBioct  LP SdBioct b File Loaded LP BdBloct  LP -SdBioct LP EdBjoct  LP -SdBioct b File Loaded
Fo: 10000 Hz Fo: 1000.0 Hz Fo: 1000.0 Hz Fo: 1000.0 Hz EQ Range: Fo: 1000.0 Hz Fo: 10000 Hz Fo: 1000.0 Hz Fo: 10000 Hz EQ Range:
H

Hz

o

oﬁt

dB

6ut3 g

H Bes
LP -EdBioct LP -6dBioct t File Loaded LP -EdBJ/oct LP -8dBioct b File Loaded
Fo: 1000.0 Hz Fo: 1000.0 Hz EQ Range: Fo: 1000.0 Hz Fo: 10000 Hz EQ Range:
4

i]-|

& M File: Loaded
EQ

-
Out Bessel Bessel

& Mt File Loaded LP -GdB/ect  LP -SuBloct
EC Range:

Bessel Bessel
LP -GdBioct LP -6dBioct

Fo: 10000 Hz  Fo: 1000.0 Hz Fo: 1000.0Hz Fo: 1000 Hz

Front-Left Front-Right

JLIXUH 6WHUHR [ ZD\ FRQILJXUDWLRQ

+RPH 7KHDWM#HL/ RSWLRQ ORDGV D GHIDXMPWZKHWRPMKMKHDW H
OHIW DQG ULJKW IURQW VSHDNHUWUDRKID QB\® DDHE WV B G G- K L J
VSHDNHUV DQG WKH VXEZRRIHU DWHR QZD®W RZAH W KID\XR S U W F

DSSO\ HTXDOL]DWLRQ WR VSHORNHWV) IXIMHIG LQ WKHVH SRVLWL

& Home Theatre System Configuration
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Bewel Bemel ool Beol
AP faflost 1P AdBact LF Aot AP Sdemt )
Fo MDOGMe Fo dN0SHs o 0B Fa 000
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£, SR B g
G b " it e Tan
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Gindn: G058 o B0 Gan 35 o8
Rear-Left Subwoofer Rear-Right

JLIXUH +RPH 7KHDWHU RSWLRQ



+RPH 7KHDM#HUO/ RSWLRQ ORDGV D +RPH DRODIWRQW\VWHP

DQG VXUURXQG VSHDNHUV DUH RED\V XHZRRKR VAKIH DKAL/L WAIVRVH P
UHTXLUHV XVH RI PXOWLSOH VRXQG FDUGV )LJXUH

1Rear-!.eft

|Su bwoofer Rear-Right

J)LIXUH +RPH 7TKHDWHU RSWLRQ

+RPH 7KHDWHU ASPWDR@ WR 2SWLRQ EXW DDO/IURQW VSHDN
JLIXUH

2] Home Theatre System Configuration

Front-Left

Rear-Left Subwoofer Rear-Right

J)LIXUH +RPH 7KHDWHU RSWLRQ

+RPH 7KHDWHU AFPWDORP@ WR 2SWLRQ EXW D®O IURQW DQG U
VSHDNHUV DUH ZzZD\V )LJXUH



Rear-Right

e

LF o LF sdmect

Fo 1000M Fo EXOOMr | Foi0000M: Fo 1030aMr |

Fo19000H: Fo 1000k  Fo 00t Fo 10000 Hr

Subwoofer

LPgmoct 1P Sdmioc

Fo WHO.0Me Fo 10000M:| Fo 10000Mr FomaNOMr |

in

Front-Left

Rear-Left

RSWLRQ

+RPH 7KHDWHU

JLIXUH

ZD\\

+RPH 7TKHDWHU ) 2FMWMR @HIW DQG ULIJKW VSHDNMBUV DUH

Y)LIXUH

ZD\V

UHDU VXUURXQGYV

Rear-Right

Subwoofer

Front-Left

Rear-Left

RSWLRQ

+RPH 7KHDWHU

YLIXUH



+RPH 7KHDWHU ZSWERPQQHOV DUH ZzZD\V 7KLV DOORZV WKH
(TXDOL]JHU WR EH XVHG WR SURRUGHK RWYDHDRBOLWW\WGEHRQ RS D
FRQYHQWLRQDO VSHDNHU ZLWK SDVVLYH FURVVRYHU )LJXUH
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J)LIXUH +RPH 7KHDWHU RSWLRQ
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JLIXUH +RPH 7KHDWHU RSWLRQ

%/$1. 6WHUHR +RPH 7KHDWHHA\DH) B SAXDIEQYWR SURYLGH D EODQ
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J)LIXUH 'ULYHU 2SHQ 'LDORJ

6HW WKH IUHTXHQF\ UHVSRQVH6RY Wb \ZKRBOK HVKWH G UL
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KLJK ) ITUHTXHQF\ OLPLWWDYURH W K L\VKRXIDW/ EH
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FURVVRYHU QRUPDO SRODULWLYHBRXOG EH XVHG IRU |
6HW WKH JDLQ ,Q JHQHUDO WKLV VKRXOG EH OHIW D
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JLIXUH &KHFN :IVMR BRPBRYH DQ HOHPHQW IURP WKH DFWLYH &$'

LW LV GHVLUHG WR GLVSOD\&3$RGHUINNPEHUNGDRIGHRN WKH 6KRZ
1RGHVQG RU 6KRZ BOH/ WHUFUHHQ ZLOO DSSHDU DRHQKRZQ LQ )LJIX
ERWK DUH FKHFNHG 1RWH WKDWVWRG EHN PWZLIROH SKKILOOWW W KR YQRH Q
QXPEHU 1RGH QXPEHUV VHUYH QRT3XENS®\V HGRMVQMHU\ \M OB @ HDRV V
FRQQHFWHG WR HDFK RWKHU ZHWKRXW KDYLQJ WR WUDFH ZLU

JLIXUH &DG VFUHHQ ZLWK 1RGUWSQRPEHUY DQG JULG GL

$IWHU WKH VFKHPDWLF KDV EHHSUFRRFBOMWNGFW® HE HGBHAHQMG G L
63/ GDWD ORDGHG DQG WKH LQ SX& ADQYGE FEX\W S QW CB\R UMBWH FYRDHG 3
VHH WKH VHEBW(RQPRIRUVLQVWUXFWLRQ RQ VHWWLQJ WKHVH SDUD



2QFH WKH &$' VFKHPDWLF KDV EHHS RBREQHFWHRBQWACHQ 8RS X VHG W
FRS\ D VSHDNHU IRUP RQH FKDQ® HODWK IDHQ RIVKHY LMWK HOIFRSWR FR €
FXVWRP PXOWLZD\ VSHDNHU VFKIOPWW LIFYRIW R R UR GHD ERMIQEUH& R S\
6SHDNRSHQV D GLDORJ ER[ DV VKRZQH. @ SHDXNHH F K& QFHND WWKR E H
FRSLHG DQG WKH FKDQQHO WKHRSHRM NUKLYV W[ ESHOMR SLKIE JURQV
FKDQQHO VSHDNHU LV WR EH RRSQ® BOW R O\ KEBLLOYR GRAQHIRINP FW K H
FRS\ UHVXOWLQJ LQ WKH &$' VFIKIREQ QR 2 INXIHDUL QBWN WKDW DC
HOHPHQW VHWWLQJV LQFOXGLQIVWKHQWREXW & WIXHGLPISX@QBIQGE R X
DQG WKH GULYHU ILOHV DVVFRHDWHG 2UWKDWKR RRSUHGDWRVWKH
FKDQQHO 7KXV LW LV QHFHVVDUWFKWYRJIJMYNKHRVKRIXQIBFFNYG U QS XW
RXWSXW DVVLJIQPHQ®GL Q WEBHHP HQBEW W ,W PD\ DOVR EH QHFHVVDU\
GLIITHUHQW GULYHU ILOHV LVSHONHUWY ZRW W R H DG/X UHHGH QG LY L G X [
XVLQJ LQGLYLGXDO PHDVXUHP HHMNMV FRW WEHOWLDEUBQWHVUSIFH E
WKH OHIW DQG ULJKW FKDQQH® GRALY HVXORDIQQ B H. Gl SHHUOH NGO\ P D
FKDQQHOV 3O0HDVH VHH "WIOH RHTRWYRQLRQQJ WKH HOHPHQW SDUD

J)LIXUH &RS\ VSHDNHU GLDORJ



YLIXUH S5HVXOW RI FRSLB®KDQH PURKAD Bl HIK WK DAQKHH U RIGRWY HHIWK D W
LQSXW DQG RXWSXW VRXQG FDU Gl PKIMRQEIDHIMVFR SQR B QVO\G KKDXWW EH +
'ULYHU ILOHV LI DVVLJQHG EHIRSIHH® KH) BRED\ DUAXLQWR HGLWLQ.

3ORWWLQJ &XUYH 6HOHFWLRQ

7KH UHVSRQVH RI HDHRK SIORWOMDG L EHSHIDGHQWO\ $GGLWLR!
UHVSRQVH RI HDFK FKDQQHO P XWR\& \E HQSIO\R R/ \§ 8 B\ EHKRIUH \DWHWP WR JHQ!
UHTXLUHG ILOWHU IXQFWLRQV H® & RPRI® A B WGWLR) WIQH VRSHES KW FKDQQ!
EHIRUH SORWWLQJ WKH UHV SR QVKDR| FOSQN LFRK® QRHPKWRWHXXYKIDW ZLOO E
7KLV LV DFFRPSOLVKHG E\ FOLPNLR®VRWROQKHLEXUWH 6HDKHF 30RW FRQW
GLDORJ ZLOO RSHQ DV VKRZQ GAVILUKGHSOR®KWBNLWEBHY DQG FOLFN

JLIXUH &OLFN &XUYH 6HOHFWLRQ



JLIXUH 3O0RW &RQWURO 'LDORJ

7KH SORWYVY ZKLFK FDQ EH VHOHFWHG DUH DV IROORZV

BHOHFWHG )LOWHU 7KLV LV \MNHG BVSWRRN H RR XWKH.L FLOYWHUHW [RU
OHDVXUHG /RXGVSHDNHU 'ULYHW IZOMN BUHBHWHYVSRDWHYH X
,QYHUWHG +%7 HUURU 7KLV LV WFKXDOH JBROQR/G RH WKW HG WR PDN
GULYHU-V UHVSRQVH IODW RYHWRWKHVISHAXHBE\ LUDWKH GULYHU (
FRQWURO

,QYHUWHG +%7 HUURU )LOWHWK H KL% 7LFRW KH FRVIRREX P R WKH VHC
63/ WDUJHW ILOWHU ZKLFK VKRRQWHKW RJ AWKIR QL\OFW B H VW B HEAS G LJLV
HPXODWHG

&RUUHFWHG /RXGVSHDNHU 'ULYRU WKL \G UV YW KHFBHUSRQWIE E\ WK
ILOWHU DQG ZKLFK VKRXOG U HWYIXYCHW ZK-H/S RQKVH FIRW B H B WXIEH G
&RUUHFWHG 6\WWHP 7KLV GLVSO/XR RVKMKHHWYISRRGIVRII RVKIHOO GU
ZKLFK DUH LQFOXGHG LQ WKH SO RMXVQHKGI R@ QW GV IWKKWWBVSRQV
FRPSOHWH VSHDNHU V\VWHP

7KH SKDVH SORWV FRUUHVSRQ G BRRK W KA I8 3% KSIDRHNVYORWW B GBGH WXUQHG
VHSDUDWHO\ WR NHHS WKH SORWWWHHHG IURP EHLQJ WRR F



'LVSOD\LQJ &KDQQHO 5HVSRQVH

'LVSOD\LQJ WKH UH YV SR\ AOUMH Y ARRPHSMAK/ KHG E\ FOLENLQJ
IRU WKH DSSURSULDWH FKDQQHUH. QORKH/ )WHAWHRG\RIHWER G\VWHP &R
GLDORJ )LJIXUH (DFK FKDQQHQW®\SORW\WERBW WEHEHQGZLOO DXWRP]
RU PRYH WKH IURQW LI LW LV KHGIQHQ$OBKEKQEQWKB SRV ZKLFK VSHDNE
EHHQ GHVLJQHG PXVW EH SORWWHGNKXVWRERD GGRW®/ IFE QORI PWLRQV EH
VIVWHP FDQ EH SOD\HG ,I \RXDRGL AN M RH\SWRIW ERWWRKGSOLFDWH 287 3!
3RUWV )RXQG® SRSV XS )LIXUHFKHFG®LWK H N @SXWWKHRQRXWSXW SRUW I
IRU DOO V$EIRQ®XIW DRABORXWSXW S R U WIVORSMBIEVNEEHH W FHH AR KUHH SVOKRNYS/D BRI \/
DQWVSHDNHU FDQ EH GLVSOD\HG DIERW VPR QWRNHGOSRQGRNJ WR D EOD(
QR FRPSRQHQWYV VKRZQ LQ WKEW &&'DVFRUHMHQY VRIFWLRIQDRQWO QRW XV
WKH SUHVHQW FRQILJXUDWLRQ WRMH5MHFRYDILHHGEK 5 REWSVHIPOD DSSHDU
&OLFN 2. WR FORVH DQG FKRIRWHSWRM FEXWVFWRVR H RREKD QJH WKH SOF
RSHQ WKH 30RW &RQWUR O&& U & RaH BYIFMMARG. QJ W K H

JLIXUH 6\VWHP 1RW UHFRJQL]HG
SRSXS

JURP WLPH WR WLPHR LML WVYHO BEHWGHV UBYEGRWH RI RQO\ RQH RI |
GULYHUV LQ D PXOWLZD\ VI\VWHEKBRQFBEPWXWBHLY KN RKEVEHHOD\ RI D GUL)



DFKLHYH SKDVH DOLJQPHQW RI D SRROH FRLW ISKWVRQ/ WXMHPHG RIl VHI
2Q0\ (4 FKHFN7ERY LV DFFRPSOLVKHG E\ RSBQGAIQNOWRK H) LLIXYHIU V\PRER

HDFK GULYHU WR EH H[FOXGHGLIQRUP, VKX 6 8 RAVK Y V 3R FWHLFQN )LOWHU 30
FOLFNLQJ 'RQH

J)LIXUH 'ULYHU VA\PERO GLDORHV($RQXGLIQRPD HHEHYHMIHTXHQF\ UHVSRC
FLUFOH G VRWWLQJ GULYHUYW®HK®IDY FLUFOHG LQ

7KH SORW IRU D VLPSOH ZD\ VUHMWHRF KN/WRR@B VL QQGLFDWH WKH VSHF
KLJK SDVV DQG ORZ SDVV WD U JHW HIO@HW DUHV B/RKGI VD VXBHG ZRRIHU
WZHHWHU UHV YRQOHMWHVKBIUH WKH FRUUHFWHG ZRRTHH BEGWZHHWHU
UHBQBOXH.QHV DUH WKH V\VWHP 63/ DQ® B KDN H H I RRWHY WK DL K H
FRUUHFWHG ZRRIHU UHVSRQVH PEWWKHW®@ MKMWDUPHWWRDFWG] ) DOQ
+] ) DQG WKH FRUUHFWHG WZHWWH WDHYSWQEHWIZHMBKHG+] ) DQG

) ZKHUH ) DQG ) DUH VSHFLIRHGW @ ROKHURQ YA BIORJ

JLIXUH B3BORWWHG UHVSRQVH RUD VLPSOH ZD\ VSHDN



1RWH || WKH 63/ PHDVXUHPHQWY MDQGHHYHE L R EBBBBEHICR LERKIHY H U

RITVHWY DUH DXWRPDWLFDOOKDY¥HRAYWHBVIRU S§QDVINQEDQHBURIIDWLRQ
GULYHU RIIVHWYV PXVW EH DFFRNX @WMIDG \I| RRIUEG ID GHMMXH/QW. GIUWYHUYV DV Q
7KLV LV HDVLO\ SHUIRUPHG EXUNMBHRMMODKHFR/ ISGRRXEBKBHESNHU "ULYHU
H[FOXGLQJ DOO GULYHUV RWIQHWG WKRIE WKHI S\MOZRRWW R 7EKHH GHQID\ FDQ WK
DGMXVWHG DV UHTXLUHG WR YWWRXIXOWKHUWHFHURVWRWHIKDMBLR® LQWR DO

30D\ &RQWURO

%HIRUH WKH VI\VWHP FDQ EH S XD\ WO [FEDXQM) HD@\G RIS XW SR
DVVLIJQHG DQG DOO ILOWHU DI\G G3HJ L QMG & WHHD MBWQSV\R S HBEWL R Q
%HIRUH SOD\LQJ WKH IROORZL®© B & W3HB4DVKRXDIG LEMEBHUIRUH

JLIXUH 30D\ FRQWURC
6\VWHP 'HVLJQ 'LDORJ

ODNH VXUH WKH 8VIHQE6%WWKEBEVBB/ 2QO\ (4
ER[HV DUH FKHFNHG RU XQFKHFNHG DV L
&RQWURO 'LDORJ

&KHFN WKDW WKH VDPSOH UDWRWYV VHW
DQDORJ LQSXW IRU 63',) LQSXW
30RW HDFK FKDQQHO RI WKH VIVG\HP 7K
WKH ILOWHUY DUH FRUUHFWON GBI QHG
RXWSXW SRUWV DUH DVVLJQHG

&OLFN VBRIEHJLQ SOD\EDFN

$GMXVW WKH YROXPH WR WKH GHVLUHG

:KLOH SOD\ EDFN LV DFWLYH LIREWDUH XV

/IW VRXQG FDUG ZLWK RXWSEKN FKDQQH
WKH SDUDPHWHU 3W /W ' DQ®@ )U GLVSOD!
QXPEHUV DQG 12 6\QF ZLOO EH GLVSOD\HG
HISHFWHG ,I \RX DUH XVLQJ D &§XBO 'HOWD
' DQG ' ZLOO DOVR GLVSOD\ QXPEHUV DQC
VIQFKURQL]HG 6<1& ZLOO DSSHDU DW WKH

:KLOH SOD\EDFN LV DFWLYH \RXQFBXQ@'PRQLV
DQG RXWSXW SRUWYV E\ FOLFNIRQWKWHKH FKH
OHYHO PHWHUV 2QO\ LQSXW DOEH RXWS)>
PRQLWRUHG DW D WLPH 7R VWRBG@GOD\EDF
VWRSSHG WKH YROXPH OHYHO ZLOO UHWXL



5RRP (TXDOL]DWLRQ

+LJK SHUIRUPDQFH ORXGVSHDNHUW DW H DWISQ F DADKCH ELHWFAW DEJ U L Y
VSHFWUDOO\ IODW ZLWKLQ ©) NRRP MQYLYPQEHOWHGILIQLILFDQW FK
UHODWLYH SKDVH UHVSRQVH DU IXRXRO X FOKVIHUBED®JHW LKW LPEUH
FODULW\ RI SLWFK

30DFLQJ D ORXGVSHDNHU LQ D WXIIVF V@ XWQRER ¥ ROUDRH PR VHH[F LW F
PRGHV DQG WKXV LQIOXHQFH WK H \WK®DLW®D P\Y B UKRJ KWK VRKQELHYV PRGD
LV KLJK DV WKH URRP PRGV RYHWH\DSSR FDK WR) EMW RRUWRKPLIRUP DQG (
ORZ IUHTXHQFLHV WKH PRGDO \GHQNDVWQIFH® EX W®&E PRMMOURRP PRG
WKH URRP LPSULQWY LWV RZQXXX® URXEWH WBLWRIRKY BQ\WKH VR

*HQHUDOO\ WKH ORZHU WKH ITUHTKH®KHRPRWKHPYRKBRXGP SKYDVH
FKDUDFWHULVWLFV ZLOO EH HERIOBAHMEXKG EW OAKMW KRRP/ HDRIGPLQLP XP SK
HTXDOL]J]HU EHFRPHYV PRUH YLDPAGNWXDFF WKIWHLYXQEWQWKHLWHULD ZH
LQWR DFFRXQW ZKHQ GHFLGLQ®{ R/QVWEW HIR RPRRISWVRIDWIMR ZRXOG E'
KDYH VRPH IRUP RI D GHWHFWRUUHWXHDAQF\ZRRQGHLWY GZRBWH WKH UF
GHILQLWHO\ HIKLELWLQJ PLQLPXP SKDVH FKDUDFWHULVWLFV

BHFRQGO\ VRXQG ZDYHIRUP VXPPDWRRQ LL\Q DV KB DOVLDOHQ LK S H C
SURFHVV DQG PDWKHPDWLFDOOMWLRQLQKXROWHVUMHZWMREDQGGRW JXD
HTXDOL]DWLRQ DUHD ZLWKLQ DOGL¥EW HQUHDIWHRR A K/EDWZZRNOHQJWK
PHDVXULQJ SRLQW 6XPPDWLRQVRIXGGUHFMWO DSUR G KFOIHFMSHOA WX GH YDU|
OLVWHQLQJ ORFDWLRQ WKDW FDDKNBBEQZLG®% BH) IRBIITXHQRGH DQJIHV Z|
VXPPDWLRQ ZLOO UHVXOW LQ DPSOLWHNGH WHRDEHQRLQVRHKPHSEDVH UH.J
WKHUH ZLOO EH IUHTXHQF\ UHJLR QAL & HWHIV X\OKW VX PPDVALIRDX GH G
TTUHTXHQF\ VXFN RXWV® DV VRPHWH®D®O WR HERM QKGI WH QILRXP SKDVH Ul
+RZHYHU ZH ZLOO DOVR UHD ®LN H) RQKDIWD QFRP SKIBDYHGIKHQRPHQRQ

)LQDOO\ DQ DSSOLFDWLRQ RI D FH\QLPXR FIRMWHUREB BRIRE PRG
LQHYLWDEO\ UHVXOWV LQ LQMHBERRBJIZDWKVQHWHKHIFRIQWHF WLKRQ [UHT
7KHUHIRUH XQOHVV WKH URRP PR RHEWD B[R X\ CIHYG WHRWGOWQLQ VLIQLI
FRORUDWLRQ \RX UHDOO\ QHHGG YR WRQHWV GHIQG FBUWDGYD\QWDJIHV F
HTXDOL]DWLRQ 7KLV LV EHFDXVBEQRZEHUT XHQP\ DHEBXFH WKH 63/ D
IUHTXHQFLHV DQG ZLOO DOVR FWHRW HG HDF BH DMH SWKIRR/MH RUHOTXHQFLHYV



EHFRPH OHVV GHVLUDEOH WKD® RVKE XU LUERRP PRGDOOIWREOZHOO ZK
EDVV JRQH"

ORVW FRPPRQ DSSURDFKHV WR URRG®YBFBXNMLHNMNK @& RXFORP L&HNRL J
DFRXVWLF WUHDWPHQW DQG WRH®@ D& NWKH CRKMROVNRD GBLBQWRBUREOHPYV
PLQLPXP SKDVH URRP UHVSRQVHV FDQ EH UHGXFHG

,PSOHPHQWDWLRQ RI WKH 5RRP (4

‘KHQ GHVLJQLQJ URRR\HEZXDDUHD WDRRQFBWODWHHNLQJ DQVZHU
TXHVWLRQV ZKDW DUH WKH [ QHTEXISQRLHW KHKHUKDDH |AD ZKDW
ORFDWLRQV ZKHUH WKH VRXQGHIGVDHISHFWHKBZWRXEK HPFXDRY]DWLRQ ZF
SURYLGH

7KH ILUVW VWHS LQ DSSURDFKLIFHNVRRPLEBHQMOL]IIFWWR® G WRR WKH
SKDVH UHJLRQV $ PLQLPXP SKDWHW\KDYWHRVKWH WREAHRVYH WWPH GHOD\ IR
SDVVLQJ WKURXJK LW DQG ZKRVHGHVIZRQKNBYHFDR EHW WERPHWXNFK DV WKI
ZH FDQ FUHDWH D ILOWHU ZKLKK YQYWRPELZRDXWIGR QURIGKKEHVD 10ODW |
UHVSRQVH DQG FRUUHFW WKH SHKINVHVURMSROQVYHPBO ZIHBG YKHZ EXW \
RXU SXUSRVH 6R WKH PLQLPXP RFRVHERXNORGSHMI/OIRY WKH MVDJH RI RX
HTXDOL]JHU

,GHQWLI\LQJ SEPHIRXHN 1L RRYV

/[HW-V WDNH D ORRN DW WKH PHDWRHBDE XURRPHQWVERY VIR ODKHFW H (
DQ 0/6 VIVWHP EXLOW LQ WR WKMWRB(GHWHVPQRW WRKWVREQLPXP SKDVH
WKH UHVSRQVH E\ ORRNLQJ DW WQIGH SIKHDIVWHX U H GSRRS/BIMVKIGW KKH ORXG V!
WKH URRP



JLIXUH OHDVXUHG 63/ DQG SKDVHQRIOB RXFGABWMDRIGI U LQ

‘H FRXOG DQWLFLSDWH WKDW W KMSRIBWHLER WEG SRNVVXEQF\UHOD YV
PLQLPXP SKDVH UHVSRQVH EXW X.QQNLOQVRWPRDRPRRI) FRQYLQFY WKLV Z
EH UHDOO\ VXUH

([DPLQLQJ WKH IODWQHVV Rl JURXB GWEDB\FORAVMHIL BAUR @HWHUPLC
PLQLPXP SKDVH UHJLRQV +RZHYHNOH VEKIM/WSIWR EDH W RYWIEWRVORRN DW
JURXS GHOD\ ,I ZH ZHUH DEOH WRKBVH®MH \DD B HV WHPT Y\HKIDF\ UHVSRQV
PHDVXUHG RQH EXW LV GHILQLWHQ@HDFRXQIGP WKIS&DVUHBMWIH D GLIIHUH
UHVSRQVH E\ VXEWUDFWLQJ SKDMR UHR/FS RWK\HH PRIDVXEK & \SMDVH UHVSFE
WKH PHDVXUHG V\VWHP ZDV D PLQLWKXR ${BNWVW\WSRIXSWEHQD\ EDVHC
GLIIHUHQWLDO SKDVH UHVSRQRH) YRXOKOE HDI \| GHW LOMQHR Q&R WKH HJ
GHOD\ IURP D IODW ZRXOG LQB\LEDWBH WX DWK MV IQIRQ | BHFXPIXQP SKDVH W
ZH KDYH MXVW ODLG GRZQ WK SKOMHS GHWRFWRU° PLQLP

7KH PLQLPXP SKDVH V\VWHP LV FEHDWHEREH WONRYJIJRDALO®%7 RI
PHDVXUHG IUHTXHQF\ UHVSRQVH FIK®LPFY%F FKDWOHRXKDSVHNVRD WKH PHDYV
VI\VWHP ‘H FDQ WKHQ XVH WKLVFIKDAXODWVYEBRYVRH WKRXHAJFHVYV JURXS

+HUH LV WKH H[FHVV JURXS GHEGDVEXKDBGEXWRORVPHGH FRDQVREBHD UO\ L
WZR UHJLRQV ZKHUH WKH H[FHVYWVRIRJRXBWGEBDOQPM GHYL L VWKG DURXQG



JLIXUH &EDOFXODWH®RI([FRXES VIRXISHB O\ VLQIJOH ORFDWLRQ

7KHVH UHJLRQV FRUUHVSRQG ZLWKH® KHHG X$\Q F\Q UM K B RR)W/DIV XD V
DQWLFLSDWHG VR ZH KDYH D ARQSUUBLDWWRRQRI WRAHDHMMUQRWH WKDW
+] DQG PDQ\ GLSV IURP +] WR EDVWDHWGE DIRMK DWKHRRFQRQ PLQLPXP ¢
EHKDYLRXU RI WKH URRP DQG WEKHUIHIRHHVFRXOAK HUHH HW KB OY D O X H
"PLQLPXP SKDVH GHWHFWRU® LV EHFRPLQJ DSSDUHQW

+RZHYHU VLQFH WKH DERYH LV OLQHWXNOWRRIH BRVYRWHRIQQ WW ZRX
SUXGHQW WR WDNH DGYDQWDJH WKHVERRWVHER Q©GQ FIMOLWR QU HZ KRIFK LV 'V
DYHUDJLQJ

6SDWLDO DYHUDJLQJ

6XPPDWLRQ RI WKH VRXQG ZDYHYV LIVQ GWMISH QEELD/QWH R W K R REL VW
WUDYHOOHG E\ HDFK FRQWULEXWHQXHNRKD RIZWKHV $&LDIHFRQOQW ORFD'
WKH OLVWHQLQJ DUHD ZLOO HUKIVESLRA GH.VIHUH QW QURMT XUHFRWPPHQGHG
HTXDOL]DWLRQ HIIHFWLYHQHVV DMWWRRURPWKRB P HDWZDYHPH@W ORFDV
+] IUHTXHQF\ WKLV WUDQVOMWH$VWWXPRQERXW.FDPBOWVWHQLQJ URR
PE\ P WKH VLQJOH PHDVXUHPWROMLBRHLQW WROSURRWGEHHIILFLHQW H°
DOO VHDWLQJ DOORFDWHG DWHMIGH EPIHIN/ XDBPH QWY RRXSMBURD SV HYHC
RQ WKH VDIH VLGH

7ZR PHDVXUHPHQWY KDYH EHHQ WRRHWRL QOW KN WOULIVW/H QNKLIV UF R (
ERWK LQVWDQFHV WKH ORXGVSHDWNRRDWWYGEG QQ D WREARRIHRI WKH UR
PLFURSKRQH LV ORFDWHG QHDW WWKKH QLYWW CPHD-WXSRPHWYWREFEORVH WHE
FRUQHU RI WKH URRP 7KH VHFRQQ@ EZHWYXXWHKRHQWURBKR@WIKYHDU WKH



WKH URRP 7KLV LV UHDOO\ QRWHD IBHPRRPB HIRGRHPGHZXDRILIDOWLRQ PHDV)
+RZHYHU LW LOOXVWUDWHY UKWKURRIF[WHMBR QRMD/Q DHNG LV WRFLDWH
JURXS GHOD\V

J)LIXUH 5RRPFURBGERQWHQHDWKWKH FRUQHU ORFDWLRQ



JLIXUH SR R B FWHREKAR@WHHLDL WKH FHQWUH RI WKH URRF

,QVSHFWLQJ )LIXUHVY DQG ZH BEBQDRRDERRBH WHWDIRQKHY DUH
GLIIHUHQW LQ WKH WZR ORFDWALRQN\ ROXVR PHQERXP SKRXHE GHWHFWR
GLIIHUHQW IUHTXHQF\ UHJLRQV IRU7WIKWH IWZR QP HDFXQGIRGWYW. OO0 XV WU
HDUOLHU VWDWHPHQW DERXW VRXQIE SOWHVYLRNYEPEBYHE®GD DML GKHQR!
$YHUDJLQJ RI WKH WZR PHDVXUHHRZHLQW \ BARGXFHY WKH IROO



XUH $YHUDMHG URRP UHVSRQVH

%HLQJ JXLGHG E\ WKHJHDPRK VZBURKBXGBODYRLG HTXDOL]LQJ
UHVSRQVH DURXQG +] DQG  +]

LIVLQ X PH. Q L PKHPQSNKDVH UHJLRQV



,QFLGHQWDOO\ SOHBVHXQRMHRQWKDWUMKH L FDWLQJ RXU
IUHTXHQF\ UHVSRQVH LV IODW ALWRPQYE KDV BUHDRRIUPRGRQVH 7KLV
WKDW ZH DUH QRW GRLQJ DQ\ HXKQPILHNYWER QQIW MKIRIVM OIH.Q DJUHHP
HDUOLHU FRQFHUQV DERXW |RPOBFX RO LL]Q®L\RRU DEURNVW HOER HQG RI W
VSHFWUXP

6R IDU ZH KDYH LGHQRWQM D@ GUBRRPA @RFDMWLRQV ZKHUH ZH
PLQLPXP SKDVH HTXDOL]DWLRQ W HFXIQLAXHHQW WAWR WHYWHFEXQAVKQRIRRP HT
SURFHGXUH

(TXDOL]DWLRQ 7KUHVKROG

7KLUG DQG LPSRUWD QW DSDUDWHWE USRWHBRPQH Y KRZ PXFK H
VKRXOG DFWXDOO\ EH DSSOLHG WRRQAMH PHDMXDH GD WIRRIFQWHR G XF L (
(TXDOL]DWLRQ 7KUHVKROG SDUWKHWWMKR GG DB% Q\QQW WKKEIMW WKH HTXDC
WR GHVLJQ D YHU\ VSHFLILFU MKW VZH 000 V$HUDWHLR@ W HDVXUHG 63
IUHTXHQFLHV ZKHUH WK HDFEHRDHX WHKG 68K UNWVREQ®BH ,QWXLWLYHO\ ZH P
WKHUH ZDV D SHDN LQ WKH PHDVXKRG Gt &HYEHRYWKHKHTWROH]HU ZRXO(
H[DFW FRUUHVSRQGLQJ GLS LQUMKISRIIXID OLRHW K H HVIXAHPOFVLRQ RI WKH
63/ DQG HTXDOL]JHU IUHTXHQF\ UMVSRQVHTXRXQEE WHNGE @V H

/RZHULQJ WKH (TXDOR]DWILRWL¥KUBXRERBGVLYWSLFDOO\ UHVXO)
ZLGHU IUHTXHQF\ EDQGV DSSHDULQ@L ®HERLYP WKHH WREXBOKRIGLRQ U
EDQGV 7KLV LV JHQHUDOO\ GH\GRDEDH H RIZM YOHO RRQQWK ADWHY WKDW
FRUUHVSRQGLQJ H[WUD DPSOLWRKBWLEB® °SRRAH Q "XRVUB OWRXH G OHYHO

&RQWLQXLQJ RXU H[DDAVG H KOHYWH- VG BOVN WIPBIDWIXKP SOLILFDWLRQ L
FRXOG WKHUHIRUH DIIRUG WRGOR ZE LV B/& B\ MK DWVEBDEBNWR. QH DW G%
Rl WKLY VHOHFWLRQ LV VKRZQ RQ )LIJXUHV DQG

7KH EODFN OLQH RQ )LJXUH V KRIZHW WRKBIG( OXLGIL PODAW L IBEQ6 7VHW WR
WKH VOLGHU FRQWURO 6HFWLIERRZRIJWB SKP HEWRYHHE KB/ WKUHVKROG |
DQG SORWWHG DV WKH URRP HDE&XOL]J]HU UHVSRQVH EOXH JU



&RPELQHG UHVSRQVH RI URRP HTXIX®IHH UDNMVWIOR WMOHNG JROQ S K
REVHUYDEOH WKDW WKH FXUYRXQGTXGWH 71 EW LIJGLWLWR WVKH QHXW
G% \RX ZLOO QHHG WR LQVHUWGSWUBILAX ST\ DP HIQQDIR RXB FRPH \RX
DFFRPSOLVKHG VLJQLILFDQWO\ SRRRW KIQUWKRXBRBRDNHU UHV

J)LIXUH (TXDOL]DWLRQ 7TKUHWKR O G % © BEMSFOM\NHIE W G %

J)LIXUH 6HWWLQJ (TXDOL]DWLBR® RIQUWKKRIQU® DNV G %

,Q PDQ\ LQVWDQFHV WKH H[WEH DMITXLIULFG VDVRY KH PRVQRWRIIHQG
63/ SHDNLQJ LV GXH WR URRP PRGDONBPSQIRQFDWGRGLFWHG DV DQ F



J)LIXUH DERYH 7KH PHDVXUHG URPRG3/HHWZHWIQGHOW O\ DERYH WK
RU G% RQ WKH JUDSK VR \RXORERXW GRQHDKYUHH WKRIO@G@ XODN G% 7KH UH\
HTXDOL]DWLRQ FRUUHFWLRQ KVREORWMMHEG DV WKH EOXH JUDS

J)LIXUH BUHGLFWHG URRP UHVSROQWVIBDWLRQUVIRSSOXUWH HT

1RZ ZH DUH UHDG\ WR JBRPXRXQW\RUHYKRIQORH ZHUH IRFXVLQJ
UHYLHZ WKH 5RRP (4 FRUUHFWLR@ IRDANWH W KHI DXQO/OH8( IDUHAVWHQF\ UDC
J)LIXUH ,W LV REVHUYDEOH WWEW IBKDONGOILHNVIERQYIHQRDU DQG IODW
RXWVLGH WKH HTXDOL]DWLRQ UDLIBEGH HAKIDMUDVFWHYIHUWVLEHRL WKH SKD
JXDUDQWHH WKDW QR RWKHU FG&DWNAWMR ULV FEVH RRIKRRU HVEGR XY FHS W Z
LQWHQG WR FKDQJH WKHP W DOGIVRXSQWRMHVFI/® DBMH RSH WIRWRRARG DV D |
SKDVH HTXDOL]JHU LQGHHG



J)LIXUH 5RRP (TXDOL]JHU-V FRPSOHWMNWH'DHQURRYFVEIKRY H
+RZHYHU WKH HTXDOL]JHU FDQ DSXDR/IR SSHWYDLWH DVHIH QL HDH) ,Q

FDVH WKH SKDVH UHVSRQVH Rl WKHHHOQXOGOAZJA0 DWW DODWHU DQ\ RU
FKDUDFWHULVWLFV RI WKH URRP UHVSRQVH

)LIXUH 5RRP (TXDOL]JHU=-V FRPUSOHWHU/ LRAPWLFRKDVH W

$UPHG ZLWK WKH IROORZLQJ LQIRUPDWLRQ

1. . GHQWLILHG IUHTXHQFLHV RI PLQRDPKP SKDVH URRP EHKDYL



2. 6SDWLDO DYHUDJHG URRP UHVSRQVH PHDVXUHPHQWYV
3. 6HQVLEOH VHOHFWLRQ Rl WKH (TXDOL]DWLRQ 7KUHVKROG
4. OLQLPXP 3KDVH /LQHDU 3KDVH ,RYHG\RQILOWHLUGGHVERQHE

ZH DUH DEOH WR HQKDQFH WKH ORBXGVEBUPDN@EHORY WKHHT RHQWHQLQJ UF
WKH DOORFDWHG OLVWHQLQJ DUHD

&DXWLRQDU\ 1RWH 2Q 5RRP (TXDOL]JDWLRQ

ORUH H[WHQVLYH WUHBWP HQWH R \S D\FKRPIFIRMMG ZLWK URRP
KDV EHHQ DYDLODEOH LQ WKH $XBOHUFQGRWPDREG LY RRYLWXKWO\ EH\RQG
WKLV VKRUW SDSHU 1HYHUWKHOHEWVFRRPHQ@WEBFWSREOHGY WRSO\LQJ
HTXDOL]JHU WR WKH VRXQG VRXUFMUHRKW OBWGDOBD NDHIHFIM. QJ WKH ¢
SHUFHSWLRQ FKDUDFWHULVWQF VKLY WWRN OG \PWRBQLQUQERAIDWMLW LPEUH
QRWH DQG KDQJ DV ORQJ DV WK H IGFRWWH & DVRQRWWEKHHQHF@BRWH G VR X
WDONLQJ KHUH DERXW D PV WLMRH ZtRBHRYHLRUWWMS DFPFIRXQVR RI WHP
GLVWRUWLRQ DQG XQGXH QR G DOWIKMSORRFE FWUDREOHHIQIR PRUG BEDPDJILQ
RYHUDOO OLVWHQLQJ H[SHULH@FHI DAKXU B VREKRDF RPMLEXOGDQFH RQ
VRPH GLUHFW VRXQG GHJUDGDWER® WRURKULK) HWXDOW]D\WMURQ KDV EHH
WR RXU NQRZOHGJH 6RPH UHVHDDBKHUWLRRJI WKW WHKDAX OHTX LQ QRW
WKDQ G% VKRXOG EH DSSOLHGRXOWKUMHBXFHRQR ®N-WKRWLILQDO 57
5RRP UHYHUEHUDWLRQ EHORZ VG H B @ X ODNFR X\W\QV XK VED O00QZD\V  H[W
OLVWHQLQJ WHVWV DUH WKH EHVW FULWHULD

2SHUDWLRQ RI WKH 5RRP (4 &RQWUROYV

7KH 5RRP (4° HOHPHQW LV TXLWHHRRRPRE Q[F DUBRDDWRZAVLQLPXP S
URRP HTXDOL]DWLRQ IRU HDFK HRRFOER\DHIH XS KWR HPHIDR/QXWHG URRP
UHVSRQVHY WR FDOFXODWH VSEXQDWHWHERPHFBYGHEMWHR FDOQFWLRQ
WR WKLV SDUWLFXODU ORXGV SHDRRKY R MO @R2ARIQ GRIXNBITXHQF\ Ul
EHORZ +] DQG DSSO\ WKH URRPZERKUFHFXW.RRQF MURH DXYARALG RYHU HT XL

7KH 5RRP (4 LV LPSOHPHQMWRH BV ®LENRS LQRP WKH XVXDO OL
WKH FRQWURO ER[ 7KH 5RRP (4DFRGWURR LYFRAFFRUDEEHVKH S5RRP (4
LQWR WKH ORXGVSHDNHU GHYVLWQR E\WXHD 6 UQZ MIKIL ¥ KHDQHWP H Q



)LIXUH 5RRP (4 'LDORJXH %R]

7KH OHYHO RI DXWRPDWLRQ URVQMWR\RQ VOKHWIKGHPLRURSKB@EH LQ V
WR  WHVWLQJ ORFDWLRQV D @G| X VW FXUBRYDQIL RQH7TEXWW D UH WKH
EXWWRQV OHDVXUHPHQW SURFHV\0OZRKOGK i HPTEKD VXU HPXH QWR BLFURSK
/IRFDWLRQ DQG SUHVV WKH EXWIMRW IRBRDMH BQ/ WRIKHK®Z XS I UH\
PRYH WR /RFDWLRQ DQG UHSHDWVWRKRIQP XBVWRHMRHFQWLRQG ,I \RX PL
PLVWDNH ! MXVW UHSHDW WKH PHDVXUHPHQW

7KH UHVW LV GRQH E\ VRIWZDURQRX PHDNRHAWHWR W XMQG WKL

ZRUN DV ZHOO $OVR LI DQ HUURH EKPNVMDBRHRQ PIREHRQW\VRHHG WR UL
PHDVXUHPHQW

7KH IUHTXHQF\ UDQJH Rl LQWHUHVW LQYWRRPBGONRDOO 5RRP |
FDOFXODWLRQV DUH SHUIRUPHG UDYQHIH W,K\H LIK IXVW WKH GLVSOD\ ZKLI
WR WKH +] TUHTXHQF\ UDQJBOFXO\DKLNGZ DR RPKFHREUHFWLRQ FXUYH
E\ WKH RWKHU VHFWLRQV RI WKIi& SRBIMIDPLELYKRXW WKH QH



ORYLQJ WKH PRXVH FXWXWRHG BBRBKDWKH GAWBWD\ VHFWLRQ ZL
FXUYH GDWD RQ WKH GLDORJXH ER[ KHDGHU VHH DERYH

7KH 5RRP (4 GLDORJXH ER[ KDV W KAL) \P DTIQHGER/[S DD \QWRMF DG M X V
7KH WRS DQG ERWWRP GLVSOD\SODUM REO\ ,PEIXORHWLHMSBRWH ,5 GL\
MXVW D FRQILUPDWLRQ WKH PHDRXWHPWMQW ZION (FREOVHFEWRESF HOD\ L
WKHUH WR LGHQWLI\ WKH QRQ PHQUPXRHXMDVHFDOHD$CRQ WKkH DFWLRQ
WKH PLGGOH GLVSOD\ VHFWLRQ

7KHUH FDQ EH RQH 5RRP (4 HOHPHRWSHWR\WRXRGVISHDHM HDW H6 S5RRF
SRVVLEOH LQ D +7 VAIVWHP (DBEBRVHRRP X& MR O IPSHKWVH UHVSRQVHYV
LQ XS WR ORFDWLRQV 7KXVDWRHUH,BV BDSYRNGY MBFOMRWBRWDUG GLVN
WKHVH ,5V LV VLPSOH DQG DXWRPHWEONBIY POFK PWHDBDRIYVHEHQW WKH
DXWRPDWLFDOO\ VDYHV WKH ¥ LY D SWOIQFDDVUKG ILEHW 78LILOH DV DC
6RXQG(DV\ SURJUDP 7HVW UHVXOSMDURE )PROQWXAHH®E ORXBFDWLRQ D
LQ H)URQWB/HIWB/ UHYV°)IL@HYVDIUEHVIRXWRPDWLFDOO\ RYHQWULWWHQ LI
UHSHDWHG IRU WKH VDPH ORFDWHRIRODIRVKRIXWLDBIVQRQB FUHDWHG
PHDVXUHPHQWYV

JURQWB/HIWB/ UHV &HQ WWRIBW BSHYKWB/ UHV
JURQWB/HIWB/ UHV &HQ WWRIBW BSHYKWB/ UHV
JURQWB/HIWB/ UHV &HQ WWRIBW BEHYKWB/ UHV
JURQWB/HIWB/ UHV &HQ WWRIBW BEHYKWB/ UHV
JURQWB/HIWB/ UHV &HQ WWRIBW BSHYKWB/ UHV
JURQWB/HIWB/ UHV &HQ WWRIBW BSHYKWB/ UHV
SHDUB/HIWB/ UHYV 6XEZRRRDHBBLIKWB/ UHV
S5HDUB/HIWB/ UHYV 6XEZRRDHBBLIKWB/ UHV
SHDUB/HIWB/ UHYV 6XEZRRRDHBBLIKWB/ UHV
SHDUB/HIWB/ UHYV 6XEZRRRDHBBLIKWB/ UHV
SHDUB/HIWB/ UHYV 6XEZRRRDHBBLIKWB/ UHV
S5HDUB/HIWB/ UHV 6XEZRRDHBBLIJKWB/ UHV

7KH LOGLYLGXDO FRQWURO HOHPHQWYV IXQFWLRQ DV IROORZYV



UHVVLQJ ZDQBHWOXVW FORVH WKH GLDORJXH

3UHVVLQJZRQ® WUDQVIHU WKH 5RRP (4 5RRPQ4UBIKXDN RM WKH
URRP (4 SURFHVV EDFN WR WKH 5RAR\P GUDUFRP RORWRKH EBOFRRPHV |
WUDQVIHU IXQFWLRQ ,W ZLO @ EHKQWIHUD VKHE VDVR R Y\ LRWWK KH V\VW
EH VDYHG WR SURMHFW ILOH R@/KH $HRMMAVPHLW X IOR® XVH WKL
WUDQVIHU IXQFWLRQ

%\SDVV 5RRP &KHFN WKLV RSWLRQ LI \RX QHHRU WHRFWHRRYHXWYXH

IURP EHLQJ LQFOXGHG LQ '63 SURGHVYHMPRY ZQ W WA R\RSR® RIARED
WKH GLDJUDP

&OHDU $JORBWB[DFWO\ WKLV | FOHDUVY LQWHUQDO GDWD
6FDODU $YHUPKHFNHG WKH DYHUDJHV RI XGHWHD O PXODN WHIEPBIQ W V
VFDODU TXDQWLWLHYV |1 XQ FIKHWNRHGP MDKEK DN A Q WH/VDRIHXFD O F X O

YHFWRU TXDQWLWLHYV

5RRP (4 )UHTXHQF\ SDhRSP\ HOQWHU ORZ DQG KLJKUD@GHRI WKH IL

\RX DUH LQW BOHYDW H G5 RQQ RB\W HHJ F H-HGER) HFPMA QIF K WID®@ J Hr |

6KRZ OHDVXUHG XDBE/HHY GLVSOD\ RI PHDVXUHG SKDVH

6KRZ 5RRP(4 3KPQBEOHY GLVSOD\ RI URRP FRUUHFWLRQ SKDVH




9. 6KRZ 5RRP(4 PEQDEOHYV GLVSOD\ RI URRP FRUUHFWLRQ 63/ FXUYH

10. (TXDOL]HG 5RRPQEBEOHY GLVSOD\ Rl URRP FRUUHFWHG 63/ FXUYH

11. 3URMHFWHG 60RSHWWRRZ+%¥]WDLO ,W ZLOO IFAHSWRYWHWRE®RZ HQG |
'"HOD\ FXUYH

12. (4 $PSOLWXGH ,2QGFKHFNHG WKLV RSWLRQ JSHKOQHRNbIDWHHWS RQ/\M O L ¢
RWKHUZLVH D VWDQGDUG PLQLPXPWKDVHALWHKVBORVPHHDXMVRE]DYV
FXUYH

13. 7KH (4 7KUHSPROBHWHU YHUWLFDO VOLGHWU RGMWKWHGHLY KOB G
VWHSV E\ WKH YHUWLFDO VOLGBIG Z63ODE R YHT WIK®IL WIGU BV KR Y H U\
PHWKRG <RX ZLOO QRWLFH WKRWPE{4P DJHTSOHIIDAW LDDIQWHK H 64

7TKUHVKROG J/RFDWLRQ \RX HFOQ LAKIDW HBOFRHXDXOLON HIZW Y HTXDC
LGHD LV WR KDYH DV OLWWOHOMHDBY S\RR/ XIVEHWH VDSHUWHBWQ RQ R
EDVV®

14. /RFDWLWRURXJK WR |RRDWVRWRIJHWKHU ZLWKBNFN ERYHG §¥H
6DYHG ER[ LV FKHFNHG WKH PHDVXUHPH®WLRXWONPVEZYBG BRD
PHDVXUHPHQWY I 8VHR[EDYHXQ,BKHFNHG WKH PHDVXUHPHQW V
VWDQGDUG 06/ WHVW PHDVXUHPHMWE VRIXX HK@RHS Z<DR)XH ZRHODDV RBIH P H



15.

16.

17.

18.

19

20.

21.

22.

23.

VA\VWHP PLFURSKRQH SUH DPS HWFZHUWRR® QXFWWE BRGOBRW
PHDVXUHPHQWYV

9ROXPH 7'LVSOD\V WKH RXWSXW 0/6 VLWKXMHOVOHBHO EBUMRYWWG |

'LQGRZ LIGWKZLQGRZ ZLGWK XVHG GXULQJ 0/6 SRVW SURFHVVLQJ

'LQ 7LPH >PM@ZLQGRZ ZLGWK LQ PLOOLVE BRYGNSHURABVFXQUQJ 0

$GG G% WRVEVIWY PHDVXUHG 63/ FXUYH XHE\RWVIGH DIHENFKQVHG QXP

.$GG 'HOD\|>$y¥c/&@/ VPDOO GHOD\ LQ PLOOH8HBRQGY WR WKH PHDV)

$PSO =RIRPKOWLSOLHV ,5 DPSOLWXGH E\ WKH VHOHFWHG IDFWRU

0/6 /HQIWK6HOHFWYV WKH OHQJWK RI 0/6 VKHXH@RHP X¥HG GXU

PHDVXUHPHQWYV

&RUUHFW :LWK '"ULKIW RSWLRQ DOORZV \RX WR ZARFREIWUSO\ DQ X

WUDQVIHU IXQFWLRQ E\ +%7 FRUOWHWLRIH¥FHORBHQ@RRUWKKLY GU
LWV QRUPDO HTXDOL]DWLRQ SURHHVOVHG KHRUH HFW :QWRKANMHER HU 2
DOORZV \RX WR VHOHFW D SRWW WKKDWHEKBRVUW&H+ %0 LFFRHQUQHAIFW H G
LQVWDQFH \RX ZRXOG ILUVW GH¥ROBHFWKROQ+%XUDY@HFXKWRLWKH Z
FRQQHFWHG WR SRUW 7TKHQ \RX FDWHPVWR RKR (WIKH6VDPH ZRR
DQG LQFOXGH LWV FRUUHFWLRQ BFPXXVYHGL@3IWKHOSURHHFRGILOHLF
DFFRUGLQJO\ 1RZ LI \RXU +%7 ERYVUHWWLRZIER®R\EWVLYKBGIXGHG L
PHDVXUHG 63/ DQG WKH PHDVXUHG WDWFFRWPRIGHNW VZ LY HRWAL D O O\
RSWLRQ DOORZV \RX WR XVH 5RRRIHUZLRWK VKIKHD \GVH-WMORES ZRRQW R
URRP FRUUHFWLRQ FXUYH DV L \BXWKFWXBRDOL]|HEQGWIKYHEB IRU
SXUSRVH <RX FDQ VFUROO GRZSWKR® 1WRWFE ®KMRNARDHEROM V
WKH IHDWXUH

/L 5L/HIW ,QSXW DQG 5LJKW ,QS¥W VLJQDO OHYHO LQGLFDWR



ODNLQJ 0/6 5RRP (4 PHDVXUHPHQWYV

OHDVXULQJ URRP UHVSRQVH LV QR I®WUIHWHOEW PHIRAX URDPNAH@WY RQ
ORXGVSHDNHUV %\ QRZ \RX VKRKXW G ERF HVR/L CBLDHD ¥ HWBKR) WNDRF AWK H
VFUHHQ DQG VHOHFW 'HOWD /7WOSRWILRKBQQHD KM QQBKOHFW 'HOW
OXOWLFKDQQHO IRU )LUVW 2XWBXW HW ®DLKS URAFIHD WK LWRXIQG FDUG KDU
URRP PHDVXUHPHQWY 1H[W SO HPVGIL R RIGDIVOMW HAHFQWIRD)RA B OO R Z
OHDVXUHPARDSMWHU VHOHFWLQJ XS WR AXHUD DX U W R H Q BVH DVRE D AMVALHR@W

SURFHVYV 7KHTXRER E]BMHR QKRR HK B X @ CERESASSEDYZHOWARHIINGG IBP APLSED
ORQJ 0/6 VHTXHQFHY 3OHDVH VHWHFHW /6 VHOKNBQWK IRU



6DPSOH 6\VWHP "HVLJQ
,Q WKLV VHFWLRQ DIQWHi[ D P$D®ILRH W R 8SSIOWIGPWR WKH GHVLJQ F
VWHUHR ZD\ VSHDNHU V\VWHP HLDRSEH SHNYBHQWHGO BHHIRU D VPDOO
VSHDNHU ZLWK ° ZRRIHU DQG ° GRPH WZHHWHU
W LV DVVXPHG WKDW WKH VSHDHWUQHG ORGXWHK KBV IEYHHID/ ®UH PRXQ\
EDIIOH 6LQFH GHWDLOV RI WKIHWKE® MADILR@XTULWD WEGBHWRI WKH 8OWLP
VRIWZDUH KDYH EHHQ DGGUHVWLW [PQ® @XVKMH W K H PAVDIPEE@WH FHW LJQ ZLOO
WKH GHVLJQ RI D VLQJOH FKDQQ®I] VHWVWHPLMURPRORE BREUHFWO\ 7KH G
SURFHGXUH IROORZV WKLV RXWOLQH
2EWDLQ DQG VDYH QHDU ILHOG RINDWKUXPHIW RHDQ\IGHQGH |
ILHOG PHUJLQJ
2EWDLQ DQG VDYH IDU ILHOG PHDW X UWRHQKH/ ARUURS R RGUH. D'
IL[HG SRVLWLRQ UHSUHVHQWW LI AHJIJWEH VGR \QLHDQUSIR HIOGL B
QRW UHTXLUHG DQ)£BFH XENQPFHWKRIUPHG EHIRUH VDYLQJ
JRU HDFK GULYHU UHTXLULQJ AHUILKOR GW B QHDIX BDQ LID O
o /RDG WKH IDU DQG QHDU'AUDING CCDM BR QM BN V VL QJ
WRRO
o ORGHO WKH EDIIOH GLIIUDFWLRQ
o &RUUHFW WKH QHDU ILHOG GDWD IRU WKH EDIIOH VWHS
o OHUJH WKH FRUUHFWHG QHDU ILHOG DQG IDU ILHOG GD
o 3HUIRUP DQ +%7 Rl WKH PHUJHG LGADRUDDXQ@ @D YWKH )LOH
$IWHU WKH GULYHU ILOHV KDY N HEGHFWVFW K B VDG DR VDW H G, ¢
OD\RXW IRU WKH V\VWHP GHVLJQ
.l QHFHVVDU\ OD\RXW WKH UHTKUV WGF ¥ BIQHR-IDNW R [RH GHVH. J ¢
6HW WKH YDULRXV ILOWHU SDUDPHWHUV DV UHTXLUHG
/RDG WKH UHTXLUHG GULYHUV DEUA YHW HTKID GID]DDVRRWHU R L
6SHFLI\ WKH LQSXW DQG RXWSWWPSRUWY DQG SORW WKH V\V

1HDU )LHOG OHDVXUHPHQWYV
‘LWK PLFURSKRQH FHQWHUHG RH) WIKH RIRRKHUPDR FLLVRBRBQMKLQ WK H

WKH EBMKG®IHQHDU ILOHG 63/ GDWD R IXWK®JZXRR HiHd L OWRARBHQMHLG) H G

IURP WXGILR OHDVXPHMRXQ W W XIILFLHQWO\ ORQJ ))7IZH G GRRE PXVXWHH VS

DFFXUDWH ORZ IUHTXHQF\ GDWDW KM ZLQARP WKRXDBSXWDH UHVSRQVFH

$FRXVWLFDOO\ GLVWDQFH WRKH/PRB©®XUGHPWHIQW LRUVKRZQ LQ )LJIXL



$IWHU REWDLQLQJ WKH 63/ GDWID LW KiP RHDLD WHO\GVDNWSRIQQ D ZRRIHU
ZLWK XQLTXH QDPH6BYAN HOHFAMIRYIL IMHOMH Q X

JLIXUH 1HDU ILHOG 63/ PHDVXUHPHQW IRU WKH ZRRIH

)DU ILHOBURHPDNQWW PHQW V
)DU ILHOG PHDVXUHRHQM\F DR SIKW QNHQVZDWK[ MG SRVLWLRQ DQ

DFRXVWLFDORGLY¥ROOYWBQW GHOD\ UHPRYHGY/HU RBPGW K AXIVAVILR@VRI ZHKY S R

WKLV LV GRQH PDSFEHHRHXGEHDQ@ O\ DQG SDUWLFXODUMNIRW ODUJHU PX
VI\VWHP ZLWK ZLGHU GULYHU VSRKOQJENWKRWILWURGKE @-WVWKH GHVLJQ
DORQJ WKH GHVLJQ D[LV LI SRMVWMEZOWK)RORWHDGOHWHWV\VYWDFLQJ VXFK
GHVLJQ H[DPSOH SUHVHQWHG KHW HW WRXLYK LVWQLRW BGW FIUUWDWO H

'LWK WKH PLFURSKRQHWRHKN GHMWO\QFRVIWRIPRWKH PLFURSKRQH
EDIIOH VXUIDFH LV FDUHIXOO\ PMHIDIVXXIWHEPB QW QYRWHEP EMHRQQHFWHG
WZHHWHU 7KH LPSXOVH UHVSRAQVHHRRGMIGH TKZIHWWBUW \R WWKH ))7 ZLC
SRVLWLRQHG VEFRXW KLBWDWEKIHWIODQHE LQ WKH LPSXOVH SORW VFUHHQ
EXW QRW OHVV WKDQ WKH PLAHURSKR)QH ZLR ERZIOH GIWK VRRXOG H[WH
EHIRUH WKH ILUVW UHIOHFVWIHE@ DAW R D QZX¥ RIHRAVHIE XWKHDGN BVWXW ZKLFK
HYHU ZLQGRZ LV FKRVHQ LW WKRX®G& BPHH XV KIGHIRRIQDW/O IIDWK WKH ))7 Z
VSHFLILHG WKH 63/ LV JHQHUDWIRD VIHRP WWKKREZRBSIX®@ YHIXHH 6LQFH W
"LILWDONRERO PHDVXUHY RQO\ UHODWLWHR6DB G MYE 8NVWIEIH RPZPR QG H G




YDOXH WR SODFH WKH 63/ DVQARFHOQWKRLY G% WKW HODHYHO DVXPHG WR Ul

WKH 8OWLPDWH (TXDOL]JHU IL@WHIOEG HHNM @V K A UGHMQM Q78URFHVYV

JLIXUH 7ZHHWHU IDU ILHOG 63/ PHDVXUHPHQW

JIRW (GNWRIHQHG 1MRPH W BPEIAY¥KYD Q% IBHUIRUPHG DV VKRZQ LQ
YLIXUH SVAARKIGEH 'L VWDQORSWIR QKWRFAREWDLQ WKH EHVW SKDVH PDW

J)LIXUH +%7 DSSOLHG WR WKH 7ZHHWHU UHVSRQVH



IUHTXHQF\ ,I QHFHVVDU\ WKHKMQR'SW RILONVKBQKD DK RUEIT DGMXVWHG WR
SKDVH PDWFK 7KH VORSH RI WKH V9% DUYDMG VDRS P RW AKK M 63/ GDW D
LPSRUWDQW WR PDWFK WKH SKBVHQ DKW@HHKANHHGDWIZ HVHYWMBVLRQ GU
XQLTXH QDPH

7KH PHDVXUHPHQW V\\RV\M R H. ¥ RRH FIRIQIGIE WHKG WRRIHU IDU ILHO
UH F R UTKHG | DAK HL HIOUG 18 B ARG HAVAS RUZNRHS IR B B G5 RORN-HRUAYBH R \@AKEGWRH UN Q HV [V
ZLWKRXW PDNLQJ DQ\ FKDQJHV WRGL/GIVRESE W HOWWHQJI\WNQFH QJ WK
VDPSOLQJ UDWH RW\WE® GREZ % WREY/ZLOO DVVXUH WKDW WKH UHODWI
FRQVHQWLHQW IRUSEB® VGRLLACHADN) BKPIO EHQGRZ OHQJWK VKRXOG UHPDL
DV XVHG IRU WKH WZHHWHU 7KHBHUHYVEDW HWAKKRYQPISOWLEHVLIQ LV D
ZD\ VSHDNHU WKH ZRRIHU IDU IUHOGYH®/ GO WX GDDXHLIRECHHU GULYHU |
GLUHFWO\ W UD QMR B M WELIWRHR O/ \KHERDAHF KN DEJ\EE W L Q % X1 RHIU
H[DPSOH

JLIXUH RRIHU IDU ILHOG 63/ UHVSRQVH

OHUJLQJ :RRIHU 1HDU DQG )DU )LHOG 63/ GDWD



/IRDG WKH IDU ILHOG DQG IQQVDRS AW FU RFHBDANGIYV E\ VHTXHQWLDOC
RSHQLQJ WKH GULYHU ILOH FB@W DQ QMKI#ND KWMREDW D HY K AW LR J WK H
3URFHVWDEJID QG DONKHIQ % XMMUHLY WKH EXIIHU LQ ZKLFK WKH GDWD LV
VWRUHG :LWK WKH GDWD OR DG HGDWHIHWIKH V& IMWIHS- W\ R\GR WHHY SRQV H IR

XVLQJI 'WKMWD FW L R RR&G HO

%DWUWDHOHITUDBWERQRQ
QU RAPUWPEEDYKVY HIOHIFAINF WL R QQORIEMO LITUDFWLRQ GLDORJ

XS WKH EDIIOH DQG SRVLWLRQ W KH/ ZRRIXIUI B GGORWR FBRRPDWH WKH
GLIIUDFWLRQ UHVSRQVH DV VKRZQ LQ )LJXUH

JLIXUH ORGHOLQJ RI EDIIORUGLIIUDFWLRQ IRU ZRRIH

‘LWK WKH GLIIUDFWLRQ PRGHONIQH ARP YDHWHE WRROXDQGN BV GLVFXVV
PDQXDO VHRPWURIQQRQDU DQG 1HBDWDHOG 63/




$GG GLITUWDOR WWKRHQEXIIHU FRQWDLQLQJ WKH QHDU ILHOG GDW

$GG [[ (R WKH QHDU ILHOG GDWD YR6BV OHRY IPO VDMK WWKHH ID U
VHOHFWHG PHUJH IUHTXHQF\
OHUJH ;; WRKKUH ;; LV WKH EXIIHU

IRU YK HVI DMK HL B ®IGH®&D W D
IRU WKH QHDU

ILHOG GDWD 7KHLOQBYRKDWHWKRFOQGIRBHHDU D
&RS| ODVWHU % X/IHERBR WR/EWLYHU

JURP WKHYHUPHQ@X VHOHFW WKH )LOH (GLWRWKIHQG SHUIRUP D
PHUJHG UHVSRQVH

6DYWKH UHVSRQVH LQ D ZRRIHU OHU H[WHQVLRQ GULYHU IL

JLIXUH OHUJHG QHDU DQG IDD ILHOG ZRRIHU 63/ GDW

JLIXUH +%7 DSSOLHG WR WKH AHHUJHG :RRIHU UHVSRQYV



'HVLIQLQJ WKH &URVVRYHU

2QFH WKH 63/ GDWIRIRH BWDHGWIQH WHKH. WHWW HP KDYH EHHQ PHD\
GULYHU ILOHV VDYHG \RX DUHMWRYHGA \RR GB¥KIJPKWRBHWRN) WKLV VDPS
VWHUHR ZD\ VIVWHP RQH FKD QE}HGHRILWEHGY \ VK\HH F HZALRO®G FKDQQHO Zl1
JHQHUDWHG E\ FRS\LQJ WKH ILGVWQEKWRQQBO® WRLWYKID W ISKRYH V\VWHP

GHVLIJQHG ,W ZLOO WKHQ EH VINRZWKREZ WRWHMR DRIQ® WRHBD SKDVH DV
SDVVLYH VSHDNHU ZRXOG EH

/ILQHDU 3KDVH V\VWHP

JURP WKH PDLQ PHQX VHOHBW G \WKARHRR/ HHWIKHQ FRQILIJXUDWLR
VXLWHG IRU \RXU VA\VWHP 6LQFH DVVRBHIUHR GHAD\ YNGWWR H
DYDLODEOH FKRLFHV DUH HLRMKPEbUS$ & W 6I\WHHHBUHHRIW KIID\6 WHU H R

[ ZD\ LV FKRVHQ ZKLFK HOLPLQXW®E @\ WXH RXNH @& KNHR VFSIH D |
VFKHPDWLF LQ WKH &$%$' VFUHHQ

JLIXUH &KRRVH WKH FRQILIXUDWLRQ IRU WKH VSHDNH
VI\VWHP IRUP WKH 6\VWHP "HVLJQ PHQX



7KH &$' VFUHHQ ZLOO DSSHDU DXN KRZQ XQW) IFIRX@IKHIXUDWLR(
WKH VWHUHR [ ZD\ VSHDNHU FROQVLDWVLQXWHDFKHWQS W ZR
HOHPHQWY ZKLFK FDQ EH XVHG IRWRKH® WZR J WVOKNHH ¥ SHHDRMHIQ \
HDFK GULYHU WR VHW WKH DFR>X\DWNVF WDHDHHWWY IBQ GNVBRZKS
ZRRIHU EDQGV 7KH LQSXW DQOGVRXWRSEWIBDROW W 2 DXE \EHVKI
ODUIHHHIQR SXWUIBD@GRXWSXW W\SH E\ WKH LQSXWGDQG GULYHI
PD\ EH FKDQJHG LI GHVLUHG

J)LIXUH &DG VFUHHQ DSSHDUBMQFWHMIMRA U [VHOHMFMR@IL WK DWLRQ

,Q WKMWHP '"HVLJQ GIFDDRURIOVN LV UHFRPPHQGHG WKDW WKH
ER[ EH FKHFNHG )LJXUH S UR YL GHH @ DAWK DIWQ MWUKIPIWAHHAS? ESHKI R U
VDYLQJ WKH GULYHU ILOHV 7KHKHFINHBOY K4 FKREZ LLO/OXIQHYV X O\
OLQHDU SKDVH VSHDNHUYV




JLIXUH &KHFN WKH 8VH +%7 'DWD LI WKH +%7 SKDVH
ZDV JHQHUDWHG EHIRUH VDYLQJ WKH GULYHU ILOHV

5LJKW FOLFN RQ DQ\ DUHD RI WKMQ&H OV FRX H®& LIRK W K6 HFV L J
7KH FKDQQHO ODEHO LQ WKH ORKH W KO HWWKHGE 6 KIPRQUIXH R0
UHGQGLFDWLQJ WKDW VSHDNHWAHY UHDG\ IRU HGLWLQJ )LJIX

YLIXUH JURQW /HIW VEREZEDMQAQJ WKH IURQW OHIWRWSHGNMUQRKDQQ'F

‘H DUH QRZ UHDG\ WR HGLW WKHUS BIOBIPHWWWV DRIG WAKUWL Y IHC
DVVRFLDWHG ZLWK WKH OHIW IURQW VSHDNHU

,QLWLDOO\ WKH YRLFLQJ HOHRHNQMWYV DAFRR® EGIL EXKIDO/ EN ®R S HIQ
HDFK HOHPHQW DQG FKHFNLQJ %\8DVV 7KH (OHPHQW )LJXU



YLIXUH %\SDVVLQJ DQ HOHPHQW

7KH E\SDVVHG HOHPHQWY ZLOOHRBRO NVEHBHG DV IVOURK LQ WK

JLIXUH %\SDVVHG YRLFLQJ HOHPHQWYV

1H[W WKH FURVVRYHU IUHTXHQPN IR \S MW IDH) G RRRU B H LD Q G HW\ZHH
)RU WKLV OLQHDU SKDVH H[DP $QMKRU GIHY FURWZRWH G LY WR
XVHG 30HDVH QRWH WKDW WR LIQQNZLHV | GR W HY FUSRRQARHY HRWD
EH XVHG IRU OLQHDU SKDVH V\VWHPYV

7R VHW XS WKH FURVVRYHU FKRKRMNHK B KGO OF EWIFNYWREUD W FIG :
WKH WZHHWHU RSHQ RQH RI WFKHRIQ OMKHHU HEOCHPRH\Q W L DIQVE N ®f
ILOWHU FRQILIJXUDWLRQ ILOWHUY WLMSKUBIQG FXW ROIL FWNH TRQ |



7KLV ZLOO VHW WKH KLJK SDVWW DIUW KWV KRHU EWKDBHYV WH E HWVRH B
HOHPHQWY WKH ILOWHU FRQIWKHDMLRGUHIK® EH VKRZQ RQ

YLIXUH BHWWLQJ WKH WZHHWHU KLJK SDVV WDUJHW
,Q D VLPLODU PDQQHU FKRRVHH DE UDXWKUZKDOFP ZQWOL@H

DVVRFLDWHG ZLWK WKH ZRRIHU DRXGNWNNHW I\WKHWHGHERRMA U
/ILQNZLW] SHRQH\H U N +] ORZ SDVV WDUJHW )LJXUH

JLIXUH 6HWWLQJ WKH ZRRIHU ORZ SDVV WDUJHW



)RU WKH PRPHQW WKH UHPDLQ RRIHUODMHG \EDHRHFW W U E WK B
EH E\SDVVHG DV ZDV GRQH IRU WKV Y RIKFL QU RH)O\H DHIQW/ \F KD G
&$' VFUHHQ ZLOO DSSHDU DV VKRZY LQ GIRIGHH ZKHQ W

)LIXUH &DG VFUHHQ DSSHDURRRHDI VOIG WHWMWE U WKH
WDUJHWV DQG E\SDVVLQJ UHPDLQLQJ FRPSRQHQWYV

‘H FDQ QRZ ORDG WKH GULYHU-HU6KH 0B PMWPWL QWD WKHQG WZLLYA

WZHHWHU ULJKW FOLFN RQ WKH HOAUH Y HEU BIQ HKR H/ORV R.SH QV KA
HOHPHQW GLDORJ )LJXUH

JLIXUH /IRDG WKH WZHHWHU DILQ 5 DQBPWHAWMA WWKH QHFHVYV

&OLFN %YURZVH DQG ORDG WKHRWZHWWWHH $WWH WXH.Q FW ORI LDAC

DQG ) IRU WKH +%7 HTXDOL]DWSRQVRI WHKH{ FATZHDHOW HOUW U RIC
VKRXOG EHJLQ VRPHZKHUH EHORZ WRIG FHORGVDERMHY LWH TXHHGDH
+] DQG . +] KDYH EHHQ FKRVHQVM U7 KLK/HP+HBPQ O WPKDW W

WZHHWHU 63/ UHVSRQVH ZLOO EH WDXDE W HIG OWR LP WM KIS RW



H[DFWO\ EHWZHHQ WKRVH OLPLWV 3RWWR LFK H EBKHDE OXGRHN YK
FOLFN 'RQH

3HUIRUP WKH VDPH RSHUDWLRQ IRULPUKNW ZRBINWKHGHW7 W
HTXDOL]DWLRQ VR WKH ) LV EHORD WKHVFRRYHR YLMU BARU QYK
H[DPSOH ) +] DQG ) N +] KDDN EKR\OHQQMLWXD H
7KHVH PD\ KDYH WR EH DGMXVWSIRQNMWWSORWWZLQJ WKH UHV

J)LIXUH /IRDG WKH ZRRIHU ILOH BQGODWHWMWKWH QHFHVVD

‘H QRZ KDYH WKH EDVLFV RI D FRPYOMHWGH G D QZ 3\O/R WS MIXKH
UHVSRQVH ,QLWLDOO\ LW LW HKMKPBWHIG WLIRO @6IRWJI RQ®R QWHKIH/
PHDVXUH 63/ RI HDFK GULYHU JRRIX FROU ZEDRKVWRVNRDUW E
SORWWLQJ RQO\ WKH ZRRIHU W\R ANHHSWHKIHHGORW VFUHHQ OF
2SHQ WKH 3ORGLBEBRWHERGOLFNLQJ WKEKW WWRYH DEH® HFKWER Q
6HOHFWHGQGOMBWYW XUHG /RXGVIHDNHU 'UZKHQ FOLFN 'RQH

J)LIXUH 3ORW &RQWURO 'LDORJ



1H[W FOLFN WKH EXWWRQ6WRDSNHRW WEKXURIRQW /HIW

JLIXUH &OLFN )URQW /HIW JHQHUDWH SORWYV IRU
WKH OHIW IURQW VSHDNHU

7KH VHOHFWHG UHVSRQVH SORWWHRLDY DISEEAHD U QVKH XSWORW V

J)LIXUH 3ORWYV RI WKH VHOHRBWN®& KLOW FSWD WAD D QHSWYREZQ G GULYHU 6

,Q JLIXUH QRMIGF A LWR BMWKLY GHVLJQ ZH DUH QRW DWWHPS
WKH ORZ IUHTXHQF\ UHVSRQVH \RIDWKBQAMRRIHR X\ XK K/YH V
ORZHU IUHTXHQF\ OLPLW IRU WKHZRRVHHTXBWLIMRVWR® RU HAT X
ZKHUH WKH WDUJHW UHVSRQVH FGRWDH V7 MLKH LRHDW XDEHREX @3 /
+]

2SHQ WKH ZRRIHU DQG VHW ) WR +]



&OLFN WKH &XUYH 6HOHFWLRQ EXSRWR® FINGHI QR X GD/GE DINHHL
"ULVYHWR WKH FXUYHV WR EH SORWWHG

&OHDU WKH SORWYV DQG UH SORMWW KHVUWYISRIQN B 1 RKUH WIKHH/ X
WKH H[DPSOH LV VKRZQ LQ )LJXUHRUUHRMHG H ROXRZV SHKDHN H L
'"ULYHU UHVSRQVH Rl WKH ZRRIH®&3 | RIDORD \E MKRZ PWM DN XZRHRG H |

) IUHTXHQF\ RI +] $OVR QRWRRHHW KD BRZNHKH WKW ZR U U
UHVSRQVH VKRZQ LQ YLROHWXPWYKH DNV &\D B H W\E H H Q WAHKLH F
RI' ) DQG ) +] DQG N +] IRU WKHDZBRIMU+] IRY WKH
WZHHWHU

JLIXUH 3BORWV RI WKH VHOHFWHG KLJKWD PDVWWQ GCORX W GE/IDQW HWR U U
GULYHU UHVSRQVHV DIWHU FKDRQEQRJ WKH ZRRIHU ) ITUHTX

$Q H[DPSOH RI D SRRUO\ VHOHFWKG) ZRRIHU ) ZIKHVKRZQ
+] 7KK VVLVVQRRWDIBX Y. VDIEBGH



YLIXUH

3RRUO\ VHOHFWHG ZRFAHY ORRWH WKHIDEBUXBW FKDQJH LQ VORSH

7KH ILQDO V\VWHP IUHTXHQF\ UHXSRQVHZLW K/ K\RZH) ARU YLHIF \
ZRRIHU ) DQG ZKHUH WKH FXU YHI\W WRR EMKHORMOMF B/ I ZE YHO W
&RUUHFWHG /RXGVSHDNHU 'ULYHW HPQ&3 WEK® G& B K DWH WHIGH 6\
VIVWHP 63/ LV VKRZQ DV WKH WKVMN R FS&K DOVLHD HE \ DY ISH WK KIL F |
JUHHQ OLQH $V FDQ EH VHHQ VHR¥XUWGEHXGUQY HAUK B HWLHD
SRVLWLRQ PHWKRG SIHWFEVWHEB 8QWLPDWH (TXDOL]JHU DXWR
FRUUHFW IRU WKH GULYHU BRYNW WKV R®W. @XK HQF URI/W RUYH\W



JLIXUH JLQDO VA\VWHP IUHTXHWQH\ DQG SKDVH UHVSRQ

'LWK WKH VI\VWHP QRZ GHVLJQHG5ZHKAD QURROYH \RIH BVNRHW K BIL Q
WKLV H[DPSOH LV D VLPSOH VW®\UBRFRPS/DOH K KMIGL & \ LR SHDV I
WKH &RS\ 6SHDNHU FRQWURO |URWURIOHGAD RIP WYXU® FRQ

JLIXUH &RS\ 6SHDNHU DQG &RIDORNRHIDNHU &RQWURO G

$IWHU SHUIRUPLQJ WKH FRS\ 5L XDAN H) URXHD WISHDON H/UH W W Q (
LQFOXGLQJ WKH LOQSXW DQG RXWHEXWHIRUWLDXVHIQPHQWYV DC



YLIXUH

$SSHDUDQFH RI &$' VAVUKIH QURIQWH UHFWSYISBIDNHU WR WKH 5L

IRWH LQSXW DQG RXWSXW SRUW ZXKMWFKIQPNQWWWUR WIikR YIDAH W

%HIRUH WKH V\VWHP FDQ EH SO B\WRGR B HIBG GWWL\R Q B BHY/W R
UHVROYH WKH FRQIOLFW EHWQE& HRXW®EKW BRE W LKW LQS K QMWL
2SHQ WKH ULJKW VSHDNHU LQSXWRHQHEMQ B/RD Q/GQXP\EHID WR
ULJKW VSHDNHU

2SHQ WKH ULJKW VSHDNHU GULYHU FIRUKMHF@W R X IVGE WH G\ k
QXPEHUYV

.|l VHSDUDWH 63/ PHDVXUHPHQWYV HHUH POS HQ RWK W KOHH GAU LDY
ULJKW VSHDNHUV WKH FRUUH®PW \GSHDNMHUUM. ® KR XA G BH HO RID &
WKLV SRLQW

2QFH DOO WKH FRUUHFWLRQ\D ®DO®BKEHHIKD S BHIRW RH GV R B OV
PXVW EH SORWWHG WR PDNH WKGE FBQ®@ HFGL BOVLOYR WKH MF
IXQFWLRQV $IWHU SORWWLQY OO G\KMEDEHEV WKH VI\VWHP L

&KDQJLQJ WKH 9RLFLQJ RI WKH 6\VWHP

7KH YRLFLQJ RI HDFKJMNSHIRPHIW BWQEE W/ FWIMRL QJ WKH SDUDPHW I

YRLFLQJ HOHPHQWYV )LJXUH EXKRIYHIOML @ F MAROE OLOYWHG HOHPHQW WR E



JLIXUH 9RLFLQJ HOHPHQWYV

VHWWLQJ WKH SDUDPHWHUV DVKFHHMOUWIRGE ®W & WP DRMQE\SPWNHG 7KH GF
VSHDNHU FRQILJXUDWLRQ LQFOKNDBFK WRHEFNAD HRERPVEW IREGLWLRQDO
HOHPHQWY FDQ EH DGGHGLWILQHB WXKH A/GIKEWVWBWXEUHY ZLSLQJ D ZLUH LC
LQSXW EUDQFK RI WKH FLUFXLW VPRYTQUURWS K WR HPOMPMHOSDWFH IRU WKH
YRLFLQJ HOHPHQW V DQG UHFRQWHBWD®YL YWKM HIDGHERHQMRQDO DOHPHC
SODFHG HOVHZKHUH RQ WKH &$' \HG MM QQDQBKW KHRD OREOWHRY HOHPHQ\
WKH ZLUHV DV VKRZQ LQ )LJXUH




YLIXUH 8VLQJ FRQQHFWLRQ HWR MHBME WR LFR QW H GHBHQ W V

7KHUH DUH D QXPEHU RI ILOWH W VH®GF WRILR §R LEK IQRKLBFQ EG L Q J

4 3DUDPHWULF SHDN QRWFK ILOWHU

BKHOYLQJVWREWGHU ORZ SDVV VKHOI

BKHOYLQJ QCRWGHU ORZ SDVV VKHOI

BKHOYLQJ VWBE®GHU KLJK SDVV VKHOI

BKHOYLQJ QC®RWGHU KLJK SDVV VKHOI
7KH SDUDPHWHUV WR EH VHU IRHQGWHK INEFWHAD\ DWKHVKIHLQ SRVLWLY
QHJDWLYH DQG IRU WKH 4 SIUBDHVBOIHFRY KHKH. BIWHBW R$ DGGLQJ D Ol
VKHO! ZLWK G% JDLQ DQG FHQWHRUERRNMHEDFVRIDQG+P 4 SDUDPHWULF
FHQWHU IUHTXHQF\ Rl N +] 4 %%&RGLSC%LYDYRRDQ LQ )LIXUH 7KH
UHVSRQVH VKRXOG EH FRPSDUHG WR WKEMH D KRBKD VB §L\J WHHP

)LIXUH (IIHFW RI ORZ SDVV VKSDUEPNW ERFR¥WE QGBS YRLFLQJ HOHI
WKH VIVWHP UHVSRQVH
(I WHQGLQJ 7DUJHWLQJ %DVV 5HVSRQVH
7DUJHWLQJ %DVV UHVSRQVH

7KH GHVLJQ RI WKH VDPSOH ZDWMHBWYRZDRQOSOHAH® SDVV DQC
SDVV ILOWHU IRU WKH FURVWRY BB Z 7IKI ¥HTRLYBBFWKIFWWLRQ RI WKH
UDQJH ) IRU WKH ZRRIHU EHYRDGHI XMKD\UBKB VHRRWR IDQXLW\ LQ WKH C



UROO RIlI Rl WKH ZRRIHU 6HHJWHKH GLVDRMBHR®KD MHHEAAJWHP VHFWLRQ
+RZHYHU WKHUH LV DQRWKHU ZiD\UR R @W RXIUB VWKHIVUH M6 RRIW WR DOWH |
7KLV LV DFFRPSOLVKHG E\ DG GIMBR QWKL IKRSWKH ARORVHU WDUJHW ZKLFK
WKH LQWHQGHG ER[ DOLJQPHQ\W ® V H\® RV B0 \WKH SIRR/ZH.E GIH YOD OL]DW L R (
UDQJH ) WR D IUHTXHQF\ EHOR R WKHF RUXXHSDIWWH TWCHQIHW ,Q WKH VL
GHVLQJ )RU WKH VDPSOH GHVLEQ WBKIFL IL VQDFWR PISSUNKIHEX VO\ E\SDV VI
HOHPHQW LQ WKH ZRRIHU EUROFKGRIUWKB NFZIWFX KWIJRVSDVV ILOWHU ZLW
IUHTXHQF\ +] FKRVHQ VR DV EHK\HWWRDOLW AKMHY HVISR RH DOLJQPHQW D\
JLIXUHV DQG 7KH ZRRIHU BEDXDWBHBWLRG DVQJH] 7KH UHVXOWLQ
VIVWHP UHVSRQVH LV VKRZQ LQ )LJXUH

YLIXUH +LJK SDVV ILOWHU EARR RHQ BUD®W K R\GK MHEU 1BW WKH HQFO
IUHTXHQF\ DOLJQPHQW



JLIXUH SORWWHG ZRRIHU PHDRXHWW G/ DHYISW QMH BSRQGVHRZLWK DGGHC
ILOWHU HOHPHQW

J)LIXUH 6\VWHP IUHTXHQF\ UHNGRRYWHZHWXDORRHBUEHWZHHQ DQG
WR PDWFK WKHBORIUKGHULHG+] KLIRBSOGMY N +] ORZ SDVV WDUJHW

1RWH WKDW EHORZ WKH YDOXH W&KHFMWNAMVEHIRUNMSHRQRRIHROOV RII DW
DSSUR[LPD"RHOMHU 7KLV LV EHFDXVH EHQRZBV SRKHVW RLYVIWXNIH LIPGW MH (



WKH UDZ ZRRIHU 63/ UMRIFGHWHURBID RIl Rl WKH ZRRGRW GERB BLRMG ZLW
RIl R WKH WDUYHRW GHMOWR/OD RII EHORZ )

([WH R/AGH QG L9QD VoY DSHN 5 R QVRIQ V H

7KH VDPH WHFKQLTXH BWIFE& WRH RRRIBIROUBQSRQVH WR WKH EF
DOLJQPHQW FDQ DOVR EH XVHG @ARHH{ WB /G NOKHG E-DYVORWXSRI  $V DQ H
VXSSRVH WKDW LW ZDV GHVLUHGOWR |FIRU@JI W KK B IR RSO ER[ DOLIQPF
RUGHU +] /LQNZLW] RERKGHDWY WRWXWWHUZRUWK 7KLV FDQ HDVLO
DFFRPSOLVKHG E\ FKDQJLQJ WKI$S\DW BPH®HQ VR ILW KHKKLIRRIHU FLUFXL
GHVLUHG UHVSRQVH 7KH UHVR® WVRYKRFXK IDQV)SHRUHFDWLRWHG WKDW
H[WHQGLQJ WKH ORZ IUHTXHQRVWXRMXRW BH DBISOEBGWWRWKH ORZHU IL
7KXV FDUH VKRXOG EH WDNHQ ZKHWQSRQWHIQ 3SGU RYKPDEMWE G% ERRVW
DGGHG WR H[WHQG WIKFRUIEBHIRQREMRRD E\ RAKDOH WRGHMWDPRQDOO\ |
SURFHGXUH FDQ EH XVHG FRUUHRWH @& KHVIVOHP QIRKQKIRASIDBRURP D % X\
WR/DQNRNELWHVSRORB VW KW KFHR BGY N GV-WOHAT X IR GVRGHEN (BR SIRAB\W/ Il FWHH[QVGHHOGS
WKH SRUW WXQLQJ IUHTXHQF\ @XAKKOW HQWHI@MLHRRH ZHRF®BVLRQ RI WKF
SRVVLEOH GDPDJH

JLIXUH 6\VWHP UHVSRQVH ZLWKJARRVIHORMUEBKLDSDVY¥]WoXWWHUZRUW I
UHVSRQVH



IRQLQHDWU 3KDWVH &\WWH P

$ QRQ OLQHDU SKDVHRWWWHPKLW KOHVSKIDWHOLQHDUL]DWLRQ SH
WKH 8OWLPDWH (TXDOL]JHU LWQRWSBI®HNHUH BK 7KK KLTHW WEW VDPH SKDVH
WKDW D VLPLODU VSHDNHU ZLW K BEDWWRYHURURBNPW LKBIYBIQDRIR GHVLJIQ £
LGHQWLFDO WR WKDW RI WKHQMH. g HHHE WKRQH W K\HWHHIPHAWV R IRGULYHU RI
DFFRXQWHG IRU LQ WKH GHVLUG ZIKH@ XV L\QN UDKH KO W WPDDVH (TXDOL]H
GLVFXVVLRQ ZLOO SLFN X9 URHPUWEKDNRIRIS AMMWHMEQVH RI WKH FRPSOHW
OLQHDU SKDVH VA\WVWHP LV VKRZ@\LWHGE IXQYEH JUHARHWMULDFHY VKRZ WKH
DPSOLWXGH DQG OLQHDU SKDZ/ MW KH ARUWLROAHWH & DIPESHDE WKEBH UHVSRQ!
GULYHUVY DQG WKH RUDQJH WUD WV#HVRY WRKHWKHE SXD&XDWHEBRQVYHUYV EHIR
VI\VWHP SKDVH LV OLQHDUL]HG J7RFRFGRYVRYNBALW] W\NH 5HFDOO WKD
OLQHDU SKDVH VA\VWHPV DUH GHWRYYHG F XYWZE W IXWHSH FRWH WKDW WK
WKH GULYHUV LV QRW DOLIJQHGELREURXJK WKH FURVVRYHU UH

JLIXUH 5HVSRQVHV RI OLQHDW BYKPBWH G/ G/WLHH DWW G FR

7KLV VIVWHP LV HD\VQ @\LPRIQYHSKDH/E WRVIY R E\ PDNLQJ D VLQJ
LQ BKHVHP &RQWURKL\. F&R QRKHIFN W &/ RIQBDRNWKRZQ LQ )LIXUH




JLIXUH &KHFN 63/ 2Q0\ (T WR RDEHQMPWK BWDWHP QR

5H SORWWLQJ WKH VIVWHP UHVSRENHGZU\WKXBW ¥Qa@ YWMKHKUHVSRQVH Vi
Y)LIXUH 1RWH WKDW WKH V\VWHKRZSKDKH WUHH® OQREWDWLRQ RI D F
VSHDNHU VI\VWHP DQG WKDW WEWHH QWK ESRQVRKHWHMSRRQ 7KLV G
WKH XQFRPSHQVDWHG GULYHU RPIMHWO DIUP HE WX GOV R JQRK\DH/ MV KDW W K
SKDVH IROORZV WKH ZRRIHU SKDWHK H W ZHRWIRWH BXHDYF\ DW&KLJIK IUHTXH

JLIXUH 5HVSRQVH RI QRQ OLQHDU SKDVH VA\VWHP

7KH GULYHU RII VHW IRV W RE HRARPHSHV) WOXWWHBEHVY SRQVH GLS LQ V
UHJLRQ 6LQFH WKLV LV D /LQNKDIWHWGSE H HWHRQY MR ERW 2WHKHHQ WKH ZRRIH
WZHHWHU VKRXOG EH ]JHUR DW W®&HQRUW KM RS/ IS RIQOWKH[D@GLYLGXDO
EH GHWHUPLQHG WKDW WKH ZRRJIHHVSRWVW KH BPERKXWRY HEHIUHTXHQF\ 7
WZHHWHU SKDVH DW WKH FURVMRYHMVS KW WK BKOWH GGIIHUHQFH L
GHJUHHV DW N +] )RUP WKLV WKUHHEGCHWB\FRQ WIPH/AMH¥ IRBTWKH RIIVHW FD

GLUHFWO\

'"HOD\ SKDVH GLIIHUHQFH [ )FI [ PVHF



7TKH TXHVWLRQ LV WKHQ ZKLFKEGUDRYHO L\HKCR WRG MRRRN [GHODW )LIJXUH
LV DSSDUHQW WKDW DW ORZ IURRKH®Q FS WDRH WUWHIP LVQEBHH2RZ WKDW R
WZHHWHU 7KH ZRRIHU SKDVH UHDBDFKHAHKH WZHWMWERXSWDVH UHDFKHYV

GHJUHHVY DW DERXW +] 7KXVURKHD WRRIHUDBKWNH WAKDQ WKDW RI WK
LQGLFDWLQJ WKDW WKH ZRRIHUWEZWHIEWBD\HBGKER WIPHD WIKPSHWHKHREYLRXV |
VLPSOH ZD\V VSHDNHU EXW LQWXDWLRD\PDVWH PP RMKHH FPRPSOH [ 6LQ

ZRRIHU VKRZV JUHDWHU GHOD\RWHKHF®HIRRDA WKAXRUWBWVD ¥ FRPSXWHG
EH DSSOLHG WR WKH WZHHWHU

2SHQ WKH WZHHWHU PQIBPHQWHRR®YWMN M GDDARIPVHF LQ WKH
"HVODRW F I50'F OH@BGLPOLFN GRQH

JLIXUH (QWHU WKH FRPSXWHBR®MOIROLGRYKH WZHHWHU

5H SORWWLQJ WKH V\WDWH RV KHVERBWRD VKR ZIVI WU H LV QRZ 1
WKH FURVVRYHU UHJLRQ DQG WHKWD W QGEKW ZSKHDWHURR YWKH ZIR\RHD FK RWKH
WKH FURVVRYHU UHJLRQ DV WEH\FURRXREHBU ,ILWKHALWHWERQVH LV QR!
VXUH WKH GHOD\ ZzDV DGGHG WRGWGMWDRQDROYVLDW H BB\UENM HQOHFHVV DU\
DGMXVWPHQW WR WKH GHOD\ GHSHMHGE RD VR FKRIZY B F2HIDHWWHIOD G $OVR
UHPHPEHU WKDW LV WKH FBRGHRYHQYPNULY LAM]WWKBH RQH GWHYHU W\SLFD
PXVW EH VHW WR UHYHUVHG SEKBVRUHQWKKHS&DVHHELG HVARFH WKURXJ!
FURVVRYHU UHJLRQ LV GHWHUP Y HR UGRHVWH/ MGNDAL VWOIL RHBWVRK HU VKR XO
DOO GULYHUV FRQQHFWHG ZLWK QRUPDO SRODULW\



JLIXUH 6\VWHP UHVSRQVH ZLWKROGHIOLDL\YHRPBHYMIYWLRQ

)LQDOO\ WKH RIIVHW FRPSHQ VDNH®R QR BD/Q ENZ LW WK\SH FKIRVVRYHUV E
WKH SRODULW\ Rl RQH Rl WKW GRXVHUQRBPDWIOD VE ZKE FBKHHS QRWFK DW
FURVVRYHU IUHTXHQF\ VKRXOG B/H REW MK¥HHGH YISRQMH IRU WKH VDPSOI
ZLWK WKH WZHHWHU SRODULW\ LQYHUWHG

JLIXUH 6\VWHP UHVSRQVH ZKK®@ AWHGCWZLMHKWHUY HUWRGQ@ SRODUL



30D\LQJ WKH 6\VWHP

DUQLQI KHHQ HHWHIW XWILQI WK HHIHEED UMK € MReY IR Y TIHEFAEHL I EDHITIIN HHW WA\
PDNH VXUH WKH 3& LV SRZHUHG K D ESOR UH WK UKQAVR PO NHK VXUH WKH |
DUH WXUQHG RIl DQG DOORZ WHAUUIROS RR M IVNGHR-Z @& E FRKRN/M IV QGHHFFHH/AXADI
SUHYHQW YROWDJH WUDQVLHQWS DQGRVKRW HG| ZUWR 8& VRKLWW \RX DF
DQG VSHDNHUYV

‘KHWKHU WKH GHVLJQ LV D OLSHKDWHS\KYWHRUDWRYBLYHRLQW WKH
UHDG\ IRU SODDEBRRWUDRWDNKHU GLVEXVVHG LQ D X WIS DAUKDHV FRWHIFHVE MR Q
VRXQG FDUG LV FKRVHQ IRU SOQ F BN HR PAR® B BIMW IWKH VRXQG FDUC
\RXU VRXUFH RU SUHDPSOLILHB SWIRBH RDXWH KKQSKRY \RKMWBOH VRXQG FI
SRZHU DPSOLILHU V DQG WKHQXWBRWN PWRWWKHIHDFPFSUDWHIEMU GRUL Y HU V

7XUQ RQ DOO V\VWHP $®P'SEDRF & VWKQW KHVDRIOK PH FRQWURO L
BOWLPDWH (TXDOL]JHU VHW WRILHU RRUX GKHDWHHODF R QMOUFRS®D EHWZHHQ WKH
VRXQG FDUG LQSXW LQLWLDG®\ WRW BRMWID IR} RDMWRNPVBKRYHO &OLFN
EXWWRQ DIQQBNKHGLFDWRUV RQ WKH 8OWLPDWH I(OTKDW LWHB G QS & R/JWLKF
OHYHO <RX PDNH KDYH WR VHOMFIV) G\LK B-FEXVAWR DY RRMHRHISD K H
LQSXW OHYHO LQGLFDWRUYV U HMVBRIQYSX W, IFKRDE 6 RRARW REEBHFWLRQV Rl
WKH SUHDPSOLILHU JDLQ 'R QRKWH LSFLUHD ZHK MUKHWBRHQ QRLFDWRUYV DU
IXOO VFDOH

'LWK WKH LQSXW OWWON ¥ WRIZOVWOEWLKYD VAR WIKHHFYROXPH RI WKH
(TXDOL]JHU 7KH YROXPH FDQ EHDDVGIMPH BAHGVRQH WRHFINUDWZ EXWWRQ D
WKH YROXPH VOLGHU &OLF NL@RPUHD WK MW KD LYRHX ED EE\ZLOFRIDLFNV :KLOY
YROXPH LV VWLOO ORZ UH FKPHW NWVEK\HORRWHAVY V WIR) VEW BVKH JRLQJ WR
GULYHUV 2QFH \RX DUH VXUH HYRUUMWKWQY LD/GHMXY@HWWHG ROXPH VLW
HQMR\ \RX VSHDNHU V\VWHP

. \RX FDUH WR P DN H DFLMX V \& © RRNVIEWRSH KHG M X VWRHQ WV  UH S
FKDQQHOV DQG WWHRQKFOUFW IGHVBKWQJIHY 1RWH WWDWWHKEQVKWRSSHG
YROXPH OHYHO ZLOO EH UHVHW WR

'RQ-W IRUJHW WR VDYH WKH SUWRR HMDN i IDIOK DKO@UTHRH QDPH
9HULI\LQJ 6\VWHP 3HUIRUPDQFH

7KH ILUVW VWHS LQ YHULI\LQJLW KGL VH\AWH P HOH/XIRWPHDQW HR | WKH V\
IUHTXHQF\ UHVSRQVH )LIJXUH RS WHKHH QMY XOHQRYBPQGDIKDVH UHVSRQ\
H[FHVV GHOD\ UHPRYHG RI WKHQEDQHDKD S KDWN WOBVQRYEDQ EH VHHQ



VAVWHP H[KLELW IODW IUHTXHQF\+JHWB RQN H ]JIURPDIEEKWHQWY ZHUH PI
ZLWK D PVHF %ODFNPDQ +DUULW RD@GRIZ Rl RMKH WD MKHD U SKDVH V
VWDUWLQJ DURXQG +] LV D 7KHHIVH O WFR MK QR I LREBWZUYHG LQ WKH Ol
UHVSRQVH 7KLV LV EHFDXVH W KN OLYHDIHBSWDLWPHE XOWMHPLWKRXW D OR
ZKHUH DV WKH QRQOLQHDU SKDVH @HFDNY RPEXO/RXAKVORQYHU SHULR
WLPH ZLWK D ORQJ WDLO W ISKRWY HWL K WGE\ WIXIHO QRHFDLY HIBRQHQW L D ¢
H[WHQGV WR LQILQLWH WLPH

YJLIXUH JUHTXHQF\ DQG SKDVB Q& RRIOMLH RD O ISKDIVWB V\VWHPV

$ PRUH YLVXDOO\ UH®B DKM $ ZDN\RRIPDHFH\RI WKK BD\WVWHP LV W
VIXDUH ZDYH VWLPXOXV DW YD UQR X\H ORZT WHO FEBR VIVRRHW DUHTXHQ F\
ZDYH KDV IUHTXHQF\ FRPSRQHQW\D FRQWIDWONE QX \R DB HR GG KDUPRQLFV

$W VLQIl VLQ | VVQQQI Q

7KXV WR UHSURGXFH D VTXDUHFRP SR @O@OWW KX MWH EXHQFSURGXFHG ZL
FRUUHFW DPSOLWXGH DQG SKDV K HAKMHGDPSWK GHVLIQ ZDWQG N +]

VIXDUH ZDYHV 7KHVHV IUHTXHQFUBQMSDQGVKKRKXWOREVSRRMUGH D JRRG
LQGLFDWLRQ RI WKH VI\VWHP SHWIRXFKD Q FN K RZI MKHVUHWXOWV IRU ERW
OLQHDU SKDVH DQG QRQOLQH DU SKODAMH UH VWOIWW LAKR Q@ WXHDOHIW DQG V
SKDVH UHVXOW RQ WKH ULJKW KNUMKR/XORBPEHGQRWRGWLRIWLQ WKH ZD\
WKDW PXVW EH DWWULEXWHG VWR YHR R UW LK FWL R QMW HTE&DVWDWH WH
D WUXH DQHFKRLF FKDPEHU WKHR @V FPWVORMWURRHOHPQAPWHG 1HYHU
W K H +] FDVH VKRZQ LQ )LIXUWH V\VWKHPOWIQRIDW V8K VKDUS ULVH DQC
WRS H[SHFWHG 7KH QRQOLQHDUWZKIDNWWHEDWHVBRRAM HROORZHG E\ WKF



UHVSRQVH DQG WKH VORSHG WR® LYHDQY BKWVH FK RIUVWKERQVH DOVR \
RYHUVKRRWY WKH FRUUHFW O/HIYOHS(R P7 & LV FOXOYW WG Z KHHIQH FRPISD ULV RQV F
DQG QRQOLQHDU SKDVH V\VWH P VKHHUBPRSDGE M X(Q M @ IWKHRDXFEK WHTXHQF\
FRPSRQHQW LV FRUUHFWO\ UH SSKKPDG/XFW\G/ WO PV KHK & RIBDCFINQRDOLQHDU Sk
WKDW WKH GLITHUHQW IUHTXHQFRBRPSR@N QW g FGHRWKOW \DXPH GHOD\HG
DPRXQWYV 7KH RYHUVKRRW LVRD UHVXOW RI WLPH GLVWRUWL

)LIXUH VKRZV WKH UDP HNFRPSDURDVRQ@DRH $JDLQ VRPH GLV
LV REVHUYHG GXH WR URRP UHLQHPW LRDW Hr RDNWHDMI DU KHVRRZV WKH H
VKDUS ULVH DQG UHODWLYHORKDO QOB W \WW 8 P 7RKRIUG RFOHMHD\UVE RZV WKH V
EHWZHHQ WKH ZRRIHU DQG WZHHWHU UHVSRQVH

)LIXUH VKRZV WKH UHVXOW IRUKH § L#] HWUKQUHHYVZENWZHHQ OLQHDU D
QRQOLQHDU SKDVH ZKLOH FOHDLUDRKHYW GHFW XPH HVEHVIX WGDPHQWDO

JLIXUH +] VIXDUH ZDYH UHVERQWHW /LUQRHIDUL @HKDU SKDVH ULJ



J)LIXUH N +] VITXDUH ZDYH UHMSRAWY 1R@HODQISBOVWKDVH ULJK

J)LIXUH N +] VITXDUH ZDYH UHMSRAWY 1R@HODQISBOVWKDVH ULJK

FURVVRYHU SRLQW DQG WKHRM WK FRRIGH BERAMBWRUBNRRRE RS VIV
UHVSRQVH

'LWK WKH V\VWHP GHVWIQH A HIQRWKHR I LW@MHHOHQHDU SKDVH V\
H[DPLQHG WKH HIIHFW Rl FURVVRRHEYV WERSH JLIHMBRQVH Rl WKH OLC
SKDVH DQG QRQOLQHDU SKDVH VWWHWHPRRKHQ WRHNVYER®H RIFURVVRYHU
LQFUHDWHRUBRU G% RFW BOW LARMKANKKID\O LM/ HDVLO\ DFFRPSOLVKHG
VHOHFWLQJ WKH QHZ G% RFW BARZVORRASH/H IR/ FFDIDAARADIW H DQG ORD
WKH QHZ ILOWHUYV



YLIXUH N +] UHVSRQVH RI O%IQBI\DH \D\Y & MR @ O\W®& HDUR VV R Y H U

7KLV UHVXOW VKRXOG EH FRPSDDKUW RV K CFW ARY KNRRAGKHUHZ D V

&KDQJLQJ WKH RUGHU KDV QR H IAFAW R® DWK MV @ HQAHML B BWRLQW 7KH C
SKDVH VI\VWHP UHVSRQVH LV VQH®L | GKBQWR WE&LH | K@M YR FURVVRYH!

)LQDOO\ )LJIXUH UKHRG2AF MQKIH WHK HH R@/RE8 RYH BKWMRUH VSR Q V H

RI WKH QRQOLQHDU SKDVH V\VWHPRZRRRXHWRIRH 2RDW CEHW WHWSRQVH W
PXVW EH FRQQHFWHG ZLWK LQYVHQWEHG SRDWDH MW W B PWKGIGQWRH LQLWLI
SXOVH LV WKHUHIRUH LQ WKHS ZHHR Q R\ HGHW WD WQP D Q/\ \DKFGHL® HQWHK XV LE
QCRUGHU FURVVRYHU VRXQG EHWWEHUNKBEQVWKRVEHRD KHMXOW RI WKH
ZDYH IRUP REVHUYHG KHUH D Q GRARXIOH ERWH® WQ B OFRWRAR@MHDU FURVVF
VSHDNHUV RI DQ\ RUGHU VLQFAZDWHKHRZPOWH DD W LSYUHH WHRRUWKH GHVLJQ SF

YLIXUH N +] UHVSRQVH RI O LKQDHDH \D QW HFRRQICHHRIH BURS/ VR Y H U



$SSHQG:IK\ KVH [DSIRIL G\WR LRHD PXIDHNVXKHGIWE Q W "

7KH UHFRPPHQGHG P HD WX XN P HAL IMKMSASR BR/DAF HLVRD R L YAAON
WKH PHDVXUHPHQW V\VWHP XS DQGHPR @WNH DWIO WXHPMHDAMMRSKRQH DW
SRVLWLRQ DQG ZLWK D IL[ GHODE DWHP® RHGW K R PGW\KW DEXFWDIURP WKH Pl
WR D UHIHUHQFH SRLQW RQ WKHK Y SNDWHREZ GDLQOH JXKHV$VH7 KLY VHWXS
UHFRPPHQGHG EHFDXVH ZKHQ HDFIG GMKHY WDRN GBHOBXUMG BRRYHG WK
UHVSRQVH IRU DOO GULYHUVI ZLIOH WG DW G ¥ HWSIHWHKI IGIHF Q/MVK GLITHUHQF
GULYHUV WR WKH PHDVXUHPHQWVSRR IQWW U VWIKGIRRHDWKHHPHQ JQ D[LV T
GHVLJQ GLVWDQFH WKH PHDVXU HGWBXDNE\UHMVORIG WHWHKID G KOOFVH GLITHU
EHWZHHQ GULYHUV UHODWLYH WR WKH GHVLJQ SRLQW

(IDPLQLQJ )LIXUH $ILDWM G \EGWHKIKG @ OM V GRIP WKH GHVLJIQ SRLQV
UHIHUHQRRQSRKBW SHDNHU EDIIOH WKDWH LL\WP $WROEH UHRBRBE H ULRP WKKH
RI WKARXVWLFDO/ IGRYQ/RQAMKH 06/ LPSXOVH UHVISRYDWBORW 5HPRYLQ
SURSDJDWLRQ GLVWDQFH IURR ®IOMV & URLHIHUN PHDWXQWDE/ I KW LY H W R
GHILOLQJ WKH SRVLWLRQ RI HVXD® SH KIKD GHH HYR A KMKVEHGIH VRFLDWHC
WKH SURSDJDWLRQ GLVWDQFH HQRM W KR GWKIY\H D IDAF R X VUMIWDE QHG LQ V
'KHQ D OLQHDU SKDVH VSHDNH W QW GADW BQIN & BXBKHYIVKHVSRQVH LV
DXWRPDWLFDOO\ OLQHDUL]H® DW MYKH W5RJ MYKHJ DBLKFD RH HVXDB GG LVWD Q F H
GULYH SKDVH ZLOO EH OLQHRUIHHGDOH®IDWLYGIFWR7WRW DNF WKH UHOD\
DXWRPDWLFDOO\ FRPSHQVDW WG GRAU 7KXWV H[WKEDWOQL®WEHDU SKDVE
UHODWLYH WR WKH DUF RI HT)SIRQ GWVWBEFHLOR WKW BHY WIQH FRUUHF
UHODWLRQVKLSY DW WKH GHVLUGHORBLQW DSEWKFWAUOHBWDY SKDVH \
UHODWLYH WR WKH GHVLJQ SRLQW



JLIXUH $ OHDVXUHPHQW VHWXS

,Q WKH FDVH RI D VSOMPQGUQEPVYLSRBGHDV\YWHP WKLV PHDVXUH
DSSURDFK DOORZV WKH XVHU WHRUHDASIRIQ VRIY R U B D F 8\0RMLLSRHIMWAL Q W K H
(TXDOIS/®RW VFUHHQ DQG DGG WKH DGSINRSW MDRVFHR®IS 6 RV DAR HH DRAK W K H
RIIVHWYV BR SOH M EQ LRROROQR QHDU 3KDVH 61VWHP



$SSHQGKER20'RHV ,W :RUN"

TKHRUHWLFDQ&EDFNJIJURXQG

+HUH ZH OLPLW WKH GRSPX\OW RQ WIRHWMK B VEHIY WHDQVIHU IXQF!
DV DQ H[DPSOH )LIJXUH & VKRZVWHKHVBRDWHURIGD RFRMIHU LQ D VHDOH/
ZLWK WKH DPSOLWXGH UHVSRQVH HE QU HGFEYE SWCH/ BKIDRIP MKH SRLQW
PHDVXUHPHQW WR VRPH ZHOO GR L ®HIP B & H WHKE FEDSI@BIQWHXUIDFH KDV

UHPRYHG 7KH FKRLFH RI UHIHUAWY/HG S\OCEQYH ZXIOQWEAN GLVF

JLIXUH & B5HVSRQVH RI ZRRIHU LQ D VHDOHG ER]

7KH PHDVXUHPHQW VRRZWKW KHHVYBRQVYXO®XH WR WKH EDIIOH VW
DQG RWKHU GULYHU LUUHJIJXORWQLWILMKH7&H LW B DOQND ME HKGHAYMR WHG DV '
LV WKH FRPSOH[ IUHTXHQF\ MWS H® WWHKH ZHHND QQGRII WMKHD WDUJHW IXQF
ORZ SDVV DFRXVWLF UHVSRQVH RKRZAH V2&RI HDUW PLUKHERW GSBEUN  +]
/ILQNZLW] 5LOH\ ORZ SDVV UHVSKGOVARRMXIHQORD WERWHBHRQRQPVH 7KLV WI

UHVSRQVH LV GHWQRWHG DV 7



JLIXUH & J/RZ SDVV ZRRIHU FURWYRYHU DFRXVWLF WDUJH

,Q RUGHU WR EULQJ WKH DERMMWLEGVRXWOXWORHQW ZLWK WKH

ZH PXVW GHYHORS D ILOWHU ZUWK QWVK\H RO FAKN WDIHVSRBEQYMIRI WKH ZRR
FRPELQDWLRQ FDQ EH H[SUHVVHG DV

77V (4 (M TV
6LQFH LW LV GHVLUHG WKDW WRRI BB RPOMHAKE R KX MW SWON RHWRB O\ DERYH

UROO RIlI RI WKH ER[ KLJK SDVVEWD\WRIZRQFRPMHDIQQEB TEHQKDB ¥ERYH WKH ORZ
RIl R WKH WDUJHW UHVSRQ@AVY WKIHQI EOIVWGHI LIXRGEVWIMVRQ (4

(a4 7vVY" V or® 0  BLIK
(4(¢ (4(d0rz torz0
(4(¥ (4(8«Lik Oklikd

ZKHUBRD QGLOOUH VRPHZKDW DUELWUDULO\ HKREDY HBVRWXK K@ LQ )LJIXU
FKDUDFWHULVWLFV RI WXH GULYHU UHVSRQVH

%HWZHHQ W KKDMPUIBWK H | X QEWLRFD® Q(£H IDFWRUHG LQWR WZR FRPSRQ}

(4(¥ +%PYT[V7T orzOO0 HLik

BXEVWLWXWLQJ WKH H[SUHVV IWRKD R LQWR ZH ILQG

+%FN7 "V orD 0O DL I K



JLIXUH & T7KH+PRUN RI +%7
7TKDW+POT W %7V WKH"LQ YERW B BRHDQ@E 6« 2XWVLGH W4 ¥ W DIQJ HO-DWV7
'KDW LV GRQH QH[W LQ WKH 6RXBG (IDW WSO WIL\WVEMH (WKBOIKDVH DVVRFL
™V DQG UHFRQVWUXFW7WKH 3KDWAKRI H@WLUH I[UHTHH@FY%BOBBJH XVLC
WUDQVIRUPDW%RQV WRNHYVKH IRUP Rl D PLRIQP XPQS ML RIY HKXBRL]DWI
IODWWHQV WKH UHVSRQVH RI QFA\HUG Q U1 ¥ HE RAZ 6 G (BA967T W H TR B
WKH SUHVHQW H[DPSOH LV VKR ZRP EQQD MWIRA ¥R | DI WKIR FQ L Q
JLIXUH &

JLIXUH% 7+ DSSOIVHG WR '
$V LQGLFDWHG E\ (4 WHKKN WKRB G URBGXRW (RI PLQLPXP SKDVH HT.
IODWWHQLQJ WKH GULYH UHV XRQVFN RYQUHDDQ&SH DB LWiH & 1KRIRN ILOWHU
ILQDO RXWSXW RI WKH VA\VWHP LV

29 +WPVT[VT'[V

ZLWK WKH UHVSRQVH DSSHDULQ® 06 WWXKREQ LQV)HIX UHQEWDRRQ RI1 WKH



JLIXUH & )LQDO ILOWHUHG UHVSRQVH DQG WDUJHW
ILOWHU VKRZQ LQ )LIXUH & $W FDUD BN IWHWHQ QWWHRQOW GBILUO\ LUUHJ.
6XFK D ILOWHU WUDQVIHU IXIQFQWR\R Q ZRRO\G. EBHGWIRLBROMHYH ZLWK DQ
SDVVLYH ILOWHUV RU ZLWKHGLJUWBDQ,BEDVOD\HEN HPRRODWHG XVLQJ ),!

J)LIXUH 7UDQVIHU IXQFWLRQ RI WKH ZRRIHU ILOWHU
3KDVH /LQHDUL]DWLRQ

(TXDWLRQ GHILQHWWWHKH ERRYANU FLRXWHSXMRPEQQDWLRQ WR E
JHQHWYW®@ %G DUH PLQLPXPR SKDWHWHWKHU PLQLPXP SKDVH RU PLQLPX
SOXV D GHOD\ GHSHQGLQJ RQ KRY WKH GHIHUHQPFHBOMQHPHQW LV GHI
7KHUHIRVHLY DOVR PLQLPXP SKDVH RU BHQDRXPHIKDYH BONVLQWHUHVYV
KRZ ZH FDQ PHGXWH @ JHUR RU OLQHDU SKMRWBHHRISWQR H. G:HQR\DLNHL H V
JLUVW



sV 2% 2V2_

GHILQHYV D WUDQVIHU IXQFWLPM SKRDVAEKDVEXKMDM WWHDYBOLWXGH UHVS
22V _ LV WKH PRIJLWEBIKBHRRIGZ WKH \L Q GHHUNBIHREI DV

oV sV 2.\ 2 V2

LV D WUDQVIHU IXQFWLRQ WKDDW KDEXWKHN KB EHKDRY MWK @HIDWLYH
RI WKH SKDWHRU LQ WKLV FDVH WKH QBEJ WILRH RI WKH SKDVH RI

=\; )V 2% >»V & yavVv

ZKHUH

< \K +% PV T[V7

=V LV WKHUHIRUH D WUDQVIHDPISK@QFV2{L RIQEXK\L ZK VKIO VHWIRH RU OLQHDU
SKDVH 7KH WHUPV LQ EUDFNHWYV

) V) >V € ¥0@

UHSUHVHQW WKH ILOWHW WWKDEK IPXVM EHVERRQODWHG WKIWMRKUK '63 XVL
6LQEWN 'LV JLYHQ REWDLQHG WURX DK R B DARRI Hilb RIVQ EHOVEKIHU &

HDVLO\ FDOFXODWHG RU GHILQH®€ \D Q& DOH R LPQIGALPX B ISIKDWVH DQG KDV
FDVXDO LPSXOVHWHVEROYHE\\WKH LQYHUVH )R¥WLHBK&WD GDI®UPDWLRC
EH HPXODWHG XVLQJ ),5 ILOW HUQ WHSKIRLSTXIHWBH®S TILHE RAHG DQG VDP!
GLVFUHWH WLPH DSSWR[L®DWRLFOMYRVK 1 VDPS KL O6L BIRMD B DQ L P X P
SKDVH GRHV KDYH D FDXVDQ WPBX GV EHVSROWALVH ZLQGRZHG DQG V
REWDLQ [ Q DQG FRXOG DOVR EH GIIPTOODMW H B 2HWLHQU )Z5 WHH QRW LQWH
HPXODMLQEXW YDWKHKLY LV HDVLO\ DFFRPSOLYREBEBOBAHSURFHQVLQJ WI
UHYHUVH RUGHU 7KDW LV LSUHYHZLWAK \DKIQ BALKFUHWH WLPH DSSUR[LP
LPSXOYHW RIWKHQ [ 1 Q UHSUHVHQW YV RYKMDGILRFQY M\RHWMK HPIHP B XSV H RI ;



1 The target function could include the low frequenail off of the woofer and appear as a band pass

response and the frequency limits extended to &ecjes where the response was down 20 or 30dB
relative to the band pass level, for example.

21 T(s) may be composed of any combination of textkfiiters as required.



$SSHQGEWHBWWLQJ &RGH 3UHIHUHQFHYV

7KH 3UHIHVFHOQWHQ LV DFFHVVHG W KRIHRXX K 7W K HY PIRVVDL RLIOBIOORZ WK

XVHU WR VHOHFW WKH GHVLUH®MRSQW ARGV LRRUO L\ B M VE P@ISULW\ R1 W

UHIHUHQFH FKDQQHOV RI WKH 6i6F RIRRRUDY [DQGE W\R \ 8 H CCHFGV 2ZWM K J K
%H VXUH WR VHOHFW WKH FRUFEBIF® | RX QW 5 XW IDAREH B XWRSOQ/G
EHIRUH DWWHPSWLQJ SOD\ | L OOWHIUP/D B/HV L THQHEGL MMLQJ WKH 8
.l WKH LPSXOVH LQ WKH 06/ WKRIR SRIOD Q RW\ SFPLQD BWH Q. X B UM H (
HLWKHU FKDQQHO E\ FKHFNLQJ WKH DSSURSULDWH FKHFN ER
. \RX DUH XVLQHMNWVLQJOHVRXQG FDUIGQBXWK DRYWEIW
DQG LQSXWV VKRXOG EH FKHENHG
, \RX DUH XV'HDIW®XDO/W VRXQG FDU®MSEXWWK REWSKWYV DQG
LQSXWV VKRXOG EH VHOHFWHG
,JJ\RX LQWHQG WR GHVLJQ D VWHQISKW \\RXHPXXWL QB GHFE W
LQSXWV B6HOHFW RU RXWSXRQGHBH WZIR) HR@IKHWKHU
VRXQG FDUGV DUH LQVWDOOHGG FOWIGNERQWORD & Q QMIOH WHRHK
KDUGZDUH VHWWLQJ PXVW VSHWVHIVHG DVKHJ FERBMIIGR @ (RQ 30 H L
&DUG DQG 3& 6HWWLQJ
| $XWR BWBKMFNHG WKH FRGH ZLOO DWWSRIRIMMIERD @ OY B&D G
DQG DXWRPDWLFDOO\ VWDW SO H@EDGEN7EKM @R BM HRIEOR G\H LLYWRE
IRU XVH ZKHQ WKH 8( VHUYHV DWW RK PPHRAVW KN H PDIGH Q W R
LQVWDOODWLRQ RI D VRXQG VKHWDMAHILRU VWHUHR RU KRPH W
'LDJUDP RHIOHFWLQJ WKLV RSWLRQ DXWRRBWQFDIOHIQ FORVHYV
SOD\ LV VWDUWHG 7KH &$' VFUHHDODLOZK H @ RSSHQ) DX W R/RS\S H
'"HOD\ 2XWSXW VKRXOG EH OHIW DW
30RW FRORUV DUH FKDQJHG ELFPQHANQDR H QQEGKW KHIR WVY. RU
VOLGHUV WR DOWHU WKH FRORU DV GHVLUHG
/LQH WKLFNQHVV DQG W\SH DUGRZOMH@MNG O R G PDW &6\ KX\
WKH FOLFNHG SORW YDULDEOH







Appendix D: Special measurement considerations. Drivers connect ed in
parallel or series or to amplifiers of differentga  in.

.| D VSHDNHU V\VWHP LV WR EH B HRQH RUGPRHILF IG ZLOWUKDRI WKH V
W\SH FRQQHFWHG LQ VHULH VLRI G PHHDO/X M G PHKQHAD SUKRHF HBXUWH VKR XOG
PHDVXUH WKH UHVSRQVH UH O DRV LW KHWRUW KHUVHVVY. MDKSIR IZQWO EH XVHC
VSHDNHU )RU H[DPSOH LI D :070HVSBHQMGE URQFBEHLRE GRUUHFW 06/ VLJ
IRU WKH PHDVXUHPHQW RI W K HW B HWM MHUWLIHW HAMRDXDGLEKHRGHDVXUHG L
PLGUDQJH GULYHUV FRQQHFW H® DVGWEKH P B DY & UBHG XD/GIG WK H UHVSRQ\
LQ D VLQJOH GULYHU PLGUDQWNKRX®IG EXHRHWB KX WHRR BUDLQ FRQQHF)
WKH\ ZLOO EH XVHG DQG WKH GHYXB8W ZWRLUHG LMOB VLKQLMO ZLOO DVVX
UHODWLYH IDU ILHOG VHQVLWHGLWR RV KWK PIL\S BB QWHIW FRE SIRRIHUV ZLC
7KH QHDU ILHOG PHDVXUHPHQWVG/ERWR GVE 8 VGRU E M HIHW FIROQRAH FWHG DV
XVHG 6LQFH RQO\ WKH VKDSH RIDW KHHWDHV 8 RIQMH IRH TWKHHIG WKH PLFUF
ZRXOG VWLOO EH SODFHG FORRHY IR RHIH GRU LW KK W DRGDWKH GLITUDFWL
VLQJOH PLGUDQJH RU ZRRIHU WRHUBDAWOH BRXQW IFRDESSOQHG WR FRU!
ILHOG UHVSRQVH EHIRUH PHUJL/GKHWRVWKHP DRX OLG VK @ \EH GHVLJIQHG
ZD\ XVLQJ WKH 8OWLPDWH (TXDOL]JHU

.l WKH DPSOLILHU VUWRHEHVXWRX® GRKDYBIF&LGIHUH®W JDLQ RU LG
WKHQ WKH VSHFLILF DPSOLILNb WRKRXG8HEH IRUHEDWIR GRZHU WKH GUL
WKH PHDVXUHPHQW VWDJH RI GHMLHOWS$O/MLQL JR®FH OMKHH GRRU WKH PHI
RI WKH WZHHWHU LV HYWDEOPDKB G RQK/DWD @MY RO DRRXDGEVHTXHQW G
PHDVXUHPHQWY DVVXULQJ WKDWLEQ\JBLQHUBOKWVVIHQDBDPWOYLW\ RU GU
ZLOO EH UHIOHFWHG LQ WKH PHDVXUHPHQWYV

,Q WKH PRVW JHQHUDWHPVHWKBRREOGSHD EHBNNQ GRZQ LQWR D
VIVWHP UHJDUGOHVV Rl KRZ PDQ@\F&UEDGEYDYWVH XW¥NG DQ AD\ OLQH DUL
KDYH D QXPEHU Rl WZHHWHUV DOHRWKHYHYXPEEG RHW IDGURDMKHU QXPEH
ZRRIHUV :KHQ WKH GULYHUV IRUVKDFIG EDVE&E 5 VKR YOWG PHERQQHFWHG
VHULHY SDUDOOHO DV WKH\ Z1G0JQ FHHQXE\HW KCHQ B P\BIORXIOHBU EMKDW ZLOO E
WKH VSHFLILF EDQGSDVV X QO HMYHDOQ FDIOH DRIS WIHYBREQ\DHJHRU HDFK D
WKHP EH PHDVXUHG DQG VDYH® HQUMNWHQWALIRY L WKHHEDIQGED VYV



Appendix E: Sample Design Files.

7KH ILOHV IRU WKH VDPSOH G HKWL3Q WLWHAD WHF ONX®HDGE |HIUWEKDWN D J H
ILOHV LQFOXGH WKH IROORZLQJ

2FWB B)DU WZH ILHOG 6ZHEWWD IDU
2FWB BPHUJH ZIU 63/ RIRWHDU PHUJHG
2FWREHWB KLI H 3URMHFDNP $IOBHHF DV

7KHVH ILOHV VKRXOG EH SODFHG 1?6 H DRROHWH/? SFOQVIRPD /& (4 7THVWLQJ
WKHQ RSHQ WKH 3URMHFW ILOMD PRGHWKFRGUH¥FMWLW VKRXR)G FHDFH WKH (
IROGHU RI D GLIITHUHQW QDPHRSHIHE KRR XSHRMMH KW YVNHOMRLEURZVH WKH
IROGHU WR ORDG WKH GULYHUWU OIGCOARR IHKWH 6BHDIUOBI@D UHJUSIURYLGHG VR
H[SHULPHQW ZLWK PHUJLQJ WKH GDWD



$SSHOQGdRxde aDuE DG 3& ERXQEG GHIWWIL QD

6RX¥QE RDVBBUG

)RU VDWLVIDFWRU\ REHUDXDLRIQ HRU WRHNZOWHPWKH 'HOWD 17
FDUG V DQG 3& 6RXQG VHWWLQJ KK VMO BHD VHW7RPRRMMEWDUG KDV D EX
PLFURSKRQH SUHDPSOLILHU DVWHWRORLDWAG ZLMKK Y PIFWRKKCRDMH SUHDPS
PXVW EH GLVDEOHG EHIRUH LQVWRIOWLQ JDWKRIP'HDIWBHG EA UHSRVLWLR
MXPSHUV RQ WKH 'HOWD /7 SOHQWH ® HLHUF XMK\H ERO W® /7 PDQXDO
LQVWUXFWLRQ RQ GLVDEOLQJ WKH)BXMURKRRQHGWHD®SOLDLGIVR XVHG
FRQQHFWRUV ,W ZLOO EH QHF HRWVIDE\UW RDILW KB UVRXBEK DG SWHUV WF
5&$ LQSXW FRQQHFWLRQV WR FXWQQBOYJ WRIG '"HESWDHU UG RSHQ WKH (
FRQWURO SDQH DQG VHOHFW WIK® MDXGHADUH7WID & DW WIKRZ §KRXOG EH
VKRZQ

JLIXUH ) 'HOWD /17 FRQWURO SDQHO

'KHQ XVLQJ WKH DQDORJ LQSXWV WR WKH "HOWD 17
6DPSOH 5DWH 6HW WR
%XIIHU 6L]IH 6HW WR DW OHDVW
ORGH 6HW WR FRQVXPHU



'DWD 7\SH 6HW WR DXGLR
(PSKDVLV 1RW LQGLFDWHG
6&06 1RQH

'KHQ XVLQJ 63',) LQSXW
6HW WKH VDPSOH UDWH WR PDWHKUWKDW RI WKH LQSXW
6HW WKH VI\QF VRXUFH WR ([WHUQDO 63",)

3& 6RXQG

2SHQ WKH 3& &RQWURO SDQHO DQRKX@BOHFW +DUGZDUH DQG
8QGHU 6RXIQGHFW 0DQDJH $XGLR 'HYLFHV

'KHQ WKH 6RXIQIRJ RSHQ VHOHRWDEN KHK B GLEDRN ZLOO ORRN |
VKRZQ LQ )LIXUH )

JLIXUH ) 6RXQG GLDORJ 6RXQG WDE



+LIJKOLIJKW OXOWKIHRXBQQFHN 6HW 'HIDXOW
&OLFN 3URBSOGIEWHOWHFW WMHD BG YR IBHESOD\ VKRXOG DSSHDU
VKRZQ LQ )LIJXUH )

JLIXUH ) OXOWLFKDQQHO 3URSBN\EWENY $GYDQFHG WDE SO

6HW WKH VDPSOH UDWH DQG ELWLBHSWK YR FKDQQHO
&OLFN WKHWWOEYBQ® PDNH VXUH WKH OHYHO LV VHW WR
&OLFN 2N

1RZ VHOHFW WKW BHERGWRB 6RXQG GLDORJ 71N 'LDORJ VKR.
VKRZQ LQ )LIXUH )



JLIXUH ) 6RXQG GLDORJ 5HFRUGLQJ WDE

+LJKOLJKW 0X0WQEKIDOLEMN 6HW 'HIDXOW
&OLFN 3URBQEWHOHFW WKHD BG YR BHESOD\ VKRXOG DSSHDU
VKRZQ LQ )LIXUH )



JLIXUH ) OXOWLFKDQQHO 3URSHRWAHYI$GYDQFHG WDE UH

6HW WKH VDPSOH UDWH DQG ELWL®HSWK WR FKDQQHO
&OLFN WKWOEYBQ® PDNH VXUH WKH OHYHO LV VHW WR
&OLFN 2N

6HOHFW WKHVEREX QG WKH 6RXQG GLDORJ DQWRVHRV WKH 6RXQ(
BRXQGV

&OLFNWRNFORVH WKH GLDORJ



$SSHQGBAFFKURQLILQI/MHORXIQG FDUBXQG FDUGYV

%\ %RKGDQ 5DF]\QVNL
6BRIWZDUBWR®W\LRWG

BRXQG FDUGV KDYH EXLOW LQ F QR NV HXEH KR RMKHLHW WQRHH U QD
WR UXQ LQ DFFRUGDQFH ZLWKYWRHW K ROQ&L WIKGXHOF PRRNNVDUH FU\VWD
LV XQOLNHO\ WKDW WKH\ UXQ RQFN[FWQ\VWRBO/BRHHUHD¥HY SHUIH
PDQXIDFWXULQJ WROHUDQFH ZNOPRPRRYH WRRHWKHWY Z\RWWRPOPG FDUG'
DSDUW LQ WLPH (YHQWXDOO\ G OAIFONY BHFR FE DHFNLGHQWR XEXQQLQJ W
FDUGV RQ WKHLU LQWHUQDO DO ® R/\WSIDHARPR FORIFEYV LV UHDO

$FFRUGLQJO\ WR 0 $XGLR 'HOWD V /3 RMWHEU @WWRRPRBPHEMHU -V )F
“7KH QHZHVW GULYHUV FDQ GR LPX@W L FLDW® \VQRW EXESRMWHG? 7KH!
ZD\V WR V\QFKURQL]H WKH WZR FDRFWV ,8/3V, XRUVFRRURBXE&WR GHWHUPLQF
LV EHWWHU HDVLHU IRU \RX RKRLRDKEHIH ALKRXOG EH XVH

KWWS IRUXPV P DXGLR FRP VKRZDNKXUMW G &SKSG 'L UHFOWNV7 HV W

$YLG IRUPHUO\ 0 $XGLR LV DFWXBAOWHQ &R UNVMQIVWKM K PXOWL FD!I

,QGHHG LQVWDOOLQJ WKH VHFRQA FROB)DWH U7 RDXWHGE WBGRZV
DFFHSW WKH FDUG ULJKW DZD\ FORHS YW KHEVHFRQGVREUBME /7 FRQW
DQG LQ :LQGRZV 6RXQG 6\WWHP H[BARW)\ MVRBEHIRXRGV\QFKURQL]H \
FDUGV WKH :RUG &ORFN RXWSXWUWRPQPOYWHQVWDOGH®WKBHHGY WR E
WKH :RUG &ORFN LQSXW RI WKHVD/DDHGI° FRHG/\QHKE OARX@¥FH RQ WKH
KDV WR EH VHW WR "H[WHUQDO RRIULGH&O RIFNFH 7 Ki) GERDAKRIU ZLOO FRF
PD\ EOLQN UHG HYHU\ VHFRQGG RAKL\D FPRUBH GLYVUWRDO $XGLR

7KH WZR GHOWD /7 FDUGV DUH QRZOOQERWRGUIH® DIPWEUW LG
+RZHYHU ZKHQ \RX FKHFN WKH ,54 RZWVLHQPHQWYQDIHUQG KH RULJL
LQVWDOOHG 'HOWD /7 ZLOO EHDWQHUWIKAFH®ENHY4LQVWDOOHG 'HOWD
VHUYLFHG E\ ,54 &RPPRQO\ WKHNGI4Y DYIFHUBRIPOMEH O\ PV (YHQ \
WKH FDUGV DUH V\QFKURQL]HGJQWHKHFSR®WOSE QR FMKXN HWDZRXOG EH PXF
WKH WZR 'HOWD /7 VRXQG FDUGVFBSEHPNHI WR W&H 'BYG EH VHUYL
VLQJOH ,54 8QIRUWXQDW HOAL WK GUKLWHDDLY QRW G



,PDIJLQH WKDW \RXU VA\VWHP GHMLIZABWOIVY IIRY VERRIVDPB HQFOF
EH SRZHUHG E\ GLIITHUHQW VRX@OFDUHEXOWKLM) ZRXRIGUW DG WZHHWF
WKHLU FRUUHVSRQGLQJ VLIJQDOV,VHSWWDW ISGRBOHR DSDUW

<RX FRXOG DUUDQJH \RXU V\VWHPOLG ULXHU\D FARQVWKDAWILQJ D
ORXGVSHDNHUV ZRXOG EH SRZHUHEQ R R WMK N RXWOQFHDLUBU WKH UHL
UHDU VSHDNHUV IURP WKH RWKHLUWEXW®RXQKH UKILDW FRSKHOBEN ARVNZRXOG EH
DURXQG PV 7KLV WUDQVODWHDWQRHR MIQ DRIMNHIUALDRUGLRPH XVHUYV
QRW EH D SUREOHP DW DOO &RODPKNKAN EBER IDRWEWQRQDSSU

6ROXWLRQ

3HUPDQHQWO\ GHOD\ DOO GULYHBV LTKIRQ HDWREEBGGRDWGLBE\ 8OWL|
(TXDOL]JHU 9 8( 7KLV EULQJVPWKMOLURGWQWRZUMIXWLQV PV RU
WLPHV DW N+] 7KLV FRXOG EHLRRUBQBFFHBWDEQGE\VRRXWG QRW EH D

6ROXWLRQ

$ QXPEHU RI PHDVXUHPHQWYV GHYVQMLHEO VO WH®E RU & HGMA HHIH W K
VIQFKURQL]HG 'HOWD /7 VRXQG FPWRHGKDIKH PHNROSWHUIILQGLFDWH
GLIIHUHQWLDO ODWHQF\ YDULHWVURBOO\ PO/L D) @ QMRNGRE QXPEHU Z
QXPHULFDO EUDFNHW +RZHYHU BHKIMWOBWH QRU DHEBHO VMWRRQ | LW
FKDQJH IURP RQH GDWD IUDPH WHRXDSURWK/HTB ODN\H LB XWVIWPRIQ\ RQ WKH 8(
SDQHO WKH DXGLR GDWD EORFNW G VWAL WEKH SW RR HWRHEG ZEWK D G
ODWHQF\ RI PV EXW WKH GO IEHUHQMG DRUOBDWHQFHYVORQ ZLWKLQ
WLPH DFFXUDF\

.| RQH FRXOG DXWRPDWLFDOOWH®HD RX UHD FEK I VHIVNQR/Q D O QD WH O
TIDVWHU® VRXQG FDUG E\ WKH H[DWWL\Q XFAREXHIG RW KWHRABHOMIVFDO O\ DOL
VWUHDPV IURP ERWK VRXQG FDUIB\DEEMKDE\ RQH VDPSOH WLP

‘\QDPLF 6\QFKURQL]DWLRQ VFKHPNRRQGVERUE®OWD 17

7KH HVVHQFH Rl WKH VFKHPH LVIM®R DR LWKHGRYVDSKXWUHD FRQYH U
ERWK VRXQG FDUGV WR ZLWKLQHW &BO'H$ VIDPHS G 10 REINHG ¥LQFKURQR XV C
'RUG &ORFN PHFKDQLVP WKH RXWISXWR NKRROSO EHK V@KYVQFWKH GLII
ODWHQF\ Rl HDFK DXGLR VHVVLRQ EHWZHM® FDKIHG W DRI HGOAMWBR EH PHDV
DQG WKH IDVWHU VRXQG FDUG QMHIBPMREP BHWOD\HG E\ WK



7KH VFKHPH HPSOR\V VKRUW 0/6 ESOUNW RHOKHDWEBWIDW 2XW DQC
WKH VDPH 0/6 EXUVW LV JHQHUDWIOGVDW 2XWSXWH RXUWKMH/ DUH VRIW
WULJJHUHG DW WKH VDPH WLPHVR @/&H X XHH® L QBXED AN 7KH '"HOWD
WKHVH DUH ,QSXW DQG ,QSXWLV LIGIMQWKRDEB WRHOBULRUPLQJ ORRS
06/ VIVWHP $IWHU FRQYHUWLQJ WKH BHWERQVWY \RRHPEXQ FOHDUO\ \
WKHLU VKDUS SHDNV DUH GHOD@GUHG WRPSOE\ WHFHUDOKKXGLVWDQF!
WKH ,5 SHDNV LV WKH GLIIHUHDW. DOR PNDWOH QIR UILJEUMKEHILQDO VWH
W\SLFDOO\ WKH ILUVW 'HOWD G LI1HUWY @GMIODAHGDPAHWKH DQG IURP QRZ
WZR VRXQG FDUG RXWSXWV ZLWK E&/MHBFHEXWRWNV KB UW VUHDMHDWHG@RUPDO
RXWSXWV 7KH 0/6 EXUVW LV NDORBQUQZKUFKXRQFWIRH VN+] WUDQVO

PV 7KH DPSOLWXGH Rl WKH 0/6l BWKH WD[VPREOAHYHR® VR LW ZLOO Q

WZHHWHU FRQQHFWHG WR WKH VPOHORIZWISKWXWLRB $AKID ®GALWDQ EH
W\SH VR WKH ORZ IUHTXHQF\ FRQWHQMGLY EDVLFDOO\ +3

,Q VXPPDU\ HYHU\ WLPH ZKHQ \RXWWBBVRQW&H FRQIMYUREX SDQHO
VIVWHP HPLWV PV RI TXLHW Q RLG/H RIQQWIRDRKX\WEXWRWU PO 6RXQG F
VIQFKURQL]HG DQG WLPH DOLJQWMGPWR ZLWKLQ RQH VDPSOH

7KLV FDQ EH IXUWKHU LPSURYHGRXWBXW\R (RRWFBDQHSHIOBDSYV QRP
RQH RXWSXW IURP HDFK VRXQGF DRIG VDR/HWKHWH @ FR XPHDXMWYHPHQWYV 7
\RX FDQ WDNH WKH PHDVXUHPHQWR FRPRQHWMODRBWRN-DOGQHYHU H
WKDW WKH VIVWHP SHUIRUPV WKHP



JLIXUH * "\QDPLF 6\QFKURQL]DWHRYINVFKHPH IRU [

+RZ DU B W B VWD DWRUAFK 6 QU B KK UWARQDLL ] [IDWVLLARQ  FPHHWVKKARGS™

'KHQ WKH FRPSXWHU LV WXUQHG RQ ZWKG VRX¥FEERDUB BRWX F
FRQQHFWHG YLD ZRUG FORFN PHEKQ QUNAP DL@GWL(PHLUAO BDFK DXGLR
VHVVLRQ 7KH VIQFK VKRXOG EH ZIN¥KMPD RRGIL YD REOMH )RKLY ZRXOG H

PLFURVHFRQGVY 7KH PD[LPXPLRKDWHRMWVXRK DBVXQRHQW LV LOOX
JLIXUH +



JLIXUH * OD[LPXP SKIXVUNHUBHRWZHIHERQQFKURQL]HG FDUGYV

$ :'0 EXIIHU VL]HV RI ZRUNHG ZRFBXVRHQU WRKKIHWRBSWHAW CFWLQJ VAVWHI
'LQGRZV ELW 7KH 'HOWD /7 GULYH&RQ@DNTXHQWO\ SOHDVH VHC(
$6,2 :'0 EXIIHU VL]H DV VDPSOHYV



J)LIXHBWD O0DNWHRWXQ'G FDUG VHWWLQJV

JLIMOWD " YOURMOG FDUG VHWWLQJV

7KH IROORZLQJ SDUDPHWHUV DUH XRMAMXNUIRKQDWA RHG FIRQW WG
VIQFKURQL]HG VRXQG FDUGYV

1. ,5 JRFDWLRQ RI WKH ,5 SHEINVGRQ ,DRWKLVRKQ@BSOH WKH ,5
ORFDWLRQ RI WKH TIDVWHU® VRXQ GD 6B U KIH O RFIDRSLARHD) VRIL PW K H
VRXQG FDUG LV VDPSOH WLPHWKDRKHMHI RUX HEHWY BZXGOR VHVV
WULJJHUHG E\ WKH 30D\° EXWWRQ

2. 'l 'HOD\ &DOFXODWHG GEOGD\ QHF LML MAR EULQJ WKF

VRXQG FDUGY LQWR DOLJQPHQW IRWLIHYBNXP DXG IZR VO VPKICRQI VUL JJ
WKH “30D\° EXWWRQ



3. 3w BURFHVVLQJ WLPH 7LREGNDNHQ SURFHWO/OLVR¥EWSXW SDU
FRQYROXWLRQ RQ RQH EORFN RI ZRG®W OXFWD D WKLY OQXRBHU G
RSHUDWLRQ Rl WKH '63 HQJLQH

4. |w IDSVHG WLPH /DSVHGGWVLRWD NIQPED BIEMEFR®GLR V\VWHP
GHOLYHU FRQVHFXWLYH EORFNWWRNVRREOR GEBWID RAKLWRXPE PV
QXPEHU ZLOO IOXFWXDWH VOLBKW®WHGEXY HQUMXKH RSHUDWLRQ

5 )uU 5XQQLQJ WDOO\ RI SURFHVVHG IUDPHYV

6. ' JLIXUH RI PHULW IRU IDVYWHXFRXQ & KEPXGG EK ZLWKLQ
7KLY QXPEHU ZLOO IOXFWXDWHW®RIQJ RW @&/\KE X868 HQWIKHHRSHU

7. JLIXUH RI PHULW IRU ODXIL\ D XRXQPWE WORMXO G EH ZLWKLQ

XQLWV 7KLV QXPEHU ZLOO |®XFRSHDUDW VRQJIRMDK K& X8BL 8 QW QH
8. 6<1&+ ,QGLFDWRU WKDW WKH VRX®@®G FDUGVY DUH V\QFKURQL

&RQFOXVLRQV

6\QFKURQL]LQJ WZR 'HOWD /7 VRR®S OCADKGG ZD @ IEHQDEQH VDPSC
XVHF IRU N+] VDPSOLQJ UDWWKRKZIN\ 2RK O® FFROWSRUDWLQJ WZR F
ODUJH +RPH 7KHDWUH V\VWHP LRPREQYLBWDQJGRILX S R

JRU DQ XQFRPSURPLVLQJ SHUIRUPMWRHIURWS LEUDGNUVDERPSUL\
LQGLYLGXDO ORXGVSHDNHU ER[HV WR WKH VDPH VRXQG FDUG

W VKRXOG EH QRWHG WKDW W& H/ AIQHDPH. FG BINQFRKLLERIGEL TDEVRIYR] LV FC
RI VIQFKURQL]JLQJ WKH WZR VRXQG LPADZGWKS ORI BKWEOH |HWKRU EHWZH!
VRXQG FDUGV DW DOO 7KLV ZRXRIE GDYWHHKDBISHQ H®SPEGHWR| FORFI
FRQYHUWHUV RQ ERWK VRXQG FIDWAWVIUHFLVHO\ DW WKH VDP

7KH OLPLW RI ILQDO DFFXUDF\ RQMGH \VWKHPHRUE &EWFHNUPRU 63"
VIQFKURQL]DWLRQ DFFXUDF\ SUWRGUGMB LE\$WQICHWKRXQIGY POUWR RQH VDI



$SSHQGLB& )BUPZDBHADSHFRAPFPRBOWERYVRQV

6LPSOH &RQILIJIXUDWLRQ

OLQLPXP S5HTXLUHPHQWY 7KH 80O WIP WWMWHGDIRWU MDWLRVIPAWRU\ RSHU
PLQLPXP RIl WKH VKHOI 3& FRQILIJIXUDWLRQ

&38 * +] $0' 6HPSURQ URFHVVRU

ORWKHU ERDUG ZLWK RQH RSHQ BQWB[SDQV VR Y® FWURBRWQVWDOODWLI

5%0 *E

2SHUDWLQJ 6\VWHP :LQGRZV +RPH 3UHPLXP ELW

6RXQG &DUG 6LQJOH 'HOWD RUD OEBRALIQQIS XDMQDQEB®JI DQDORJ RXWSX

$GYDQF& GRB@I ERQUDWURDN LR Q

&RPSXWHU

&38 ,QWHO &RUH L *+] /[*@PPHQW®WHIY WRIKVH PRUH DGYDQFHG &3¢
IXWXUH XSJUDGHV RI WKH 8OWICAFDWHM+{TXQG@ LN+ PBURBHOXLQJ RI ELY
GLJLWDO VWUHDPV OXOWLFRUH &38 PD\ EH UHTXLUHG

ORWKHUERDUG ZLWK 3&, VORWV(;VXBKIDWE, %$BET( *$
"5 W LV FXUUHQWO\ QHFHVVDILWKR X3&H PERRWMUBRBDUGBXWSXW RSWLF
RQO\ XVH RXWSXW RSWLRQ WIKMIDB B&KRWKHRWE RIVUBGHIED W H

5%0 *E 7KLV DPRXQW RI 550 VKWROWGX QH IMXGRFVYHQBLW HIILFLHQWO\
+' 3DWULRW *E 66 OE EXITHUHG $% ' \RHKRRWWVWHP PD\ EH H[SRVHG

WR VLIQLILFDQW YLEUDWLRQVW RY LEHIQINIRF L\DXE DRRMHVUR/ KDYH WUDGLW
KDUG GLVN GULYHYV



2SHUDWLQJ 6\V\HP :LQGRZV 3WBRIHKVVRRQIHUDVELW B\VWHP LV QHFHV
\RX QHHG WR UXQ RXWSXW R SADIURIY Z Z WIKV OLDW EB@ DVRMQBW WKH WLPH
WKHUH LV RQO\ :LQGRZV ELWHGULIYFW DYIE. Q0B P2 M BYRXRXQG FDU
LQWHQG WR XVH 'HOWD /7 VRXQ®GRDGV ERW REMXDWLQJ VIVWHP

ORQLWRU /* ( 7 7KLV LV SUREREION RMKMW KPWOZRKOE ZRUN ZLWK 8( JI
VIVWHP $Q\ FRQWHPSRUDU\ PRQLWRU VKRXOG ZRUN

B3RZHU 6XSSO\ *RRG TXDOLW\ ORZKQ®LVH ORZ BDQS@HGWK LV
UHFRPPHQGHG 7KH IROORZLQJ ZGQ BAHOMHF WD D WAKLH/ W68R X L
KWWS 77ZZ KDUGZDUHVHFUHWY FRP SDJH SRZHU

30HDVH QRWH WKDW SRZHU VXBISORZP B& FMORFD WHKEWRDIWLQGXFH (0,
LQWR WR RQH Rl WKH VRXQGFBUBGYJ ®RRH VIKEE DWW LRQ PD IEHMWUHTXLUHG
YLVLW

KWWS WHFKJDJH FRP DUWLFOH ®VXVB[RQDUBG BVRXQGBFDU

KWWS Z7Z7Z7Z PXUDWD FRP SURGXFWVMGBPBEG&IDVH FRPSXWHU SG

6RXQG FDUGYV

JRU LQSXW 'HOWD /7
30OHDVHKWWISW ZZZ P DXGLR FRP SURGXFWAPBIQBXV '"HOWD /7 K

'ULYHU '"HOWD 6HULHYV ,QVWDOOHIRU :LQGRZ2\HU

'"HOWD /7 LV EHLQJ XVHG ZLWKRWIBXMKDW ,@6KWVHDQG ,QSXW DUH P
/5 W\SH LQSXWV ZLWK KLJKHUPIOLK) 4ROP SHOU REHGKWR/ RXQG FDUG WI
WKHVH LQSXWV WR "OLQH OHEX\O9 ®5XOWW B GRS IHRPOPBHIQDGDSWRUV W
VWDQGDUGL]H DOO LQSXW OLQHV WR 5&$ W\SH

JRU RXWSXW 'HOWD /7 1 WKRXYXW S XWX IHRRUHIDW DRMUL R Q
'HOWD 6HULHYV ,QVWDOOHU IRU "WIOYGRLEZ V ELW )RU RXWSXW FRQIL.

\RX ZLOO QHHG WZR '"HOWD /7 VRXQG FDUGV

6RXQG 3URFHVVLQJ &RQILIXUDWLRQV



,QSXW &RQILIXUDWLRQV

DQDORJXH LQSXWV IRU VWHUHR LQSXW VLJQDOYV
DQDORJXH LQSXWYV IRU +7 VIVWHP

2XWSXW &RQILIXUDWLRQV
$Q\V RI WKH $QDORJXH 2XWSXWV RI '"HOWD 17

$Q\V RI WKH $QDORIXH 2XWSXWV RI WZR '"HOWD /7

+HUH LV D VXPPDU\ RI SRVVLEOHVFRQILIXUDWLRQV :LQGRZ

1. '"HOWD | LQ RXW ! :LQGRZV ‘:LQGRZV

2. '"HOWD /7 LQ RXW ! :LQGRZV ‘LQGRZV

3. '"HOWD /7 LQ RXW ! :LQGRZV 'LQGRZV

4. '"HOWD /7 'HOWD /7 LQ RXW:ILQ®REARZYV | PRWKHUERDUG

QHHGV [3&, VORWYV

3OHDVH PDNH VXUH \RX XVH FRESHHWPW GQL YNWWHRURBRNWKH '"HOWD
FDUGV



