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Scientific Article

This paper investigates whether aircraft noise modeling can be improved by more accurately pre-
dicting the aircraft weight and thrust compared to the current methodology European Civil Aviation
Conference (ECAC) described in Document 29 (Doc. 29) . Using Aircraft Condition & Monitoring
System (ACMS) data from multiple aircraft types, two new weight estimation methods are proposed
for departures: a climb slope and distance based approach, and a specific-energy method. The
Mean Absolute Percentage Error (MAPE) of the current stage length approach is compared to the
newly proposed methods. For thrust estimation, departures during the initial take-off roll and climb
out are modeled using weight-dependent interpolations of the Fixed-Point Profile (FPP)s. For the
other parts of the departure process, median FPPs, for which boundaries are determined by a flight
segmentation model, are used. Arrival thrust values are predicted using a random forest regression
model trained on flight path angle, calibrated airspeed, and corrected net thrust. This random forest
model accurately captures thrust peak magnitudes and locations for most flights. Noise contour
plots are generated for an original Doc. 29 model, an ACMS Doc. 29 and a new weight and thrust
Doc. 29 model. For the ACMS Doc. 29 model, the ACMS thrust and weight data is directly used as
input data for the noise model. The new weight and thrust estimates reveal closer agreement with
ACMS Doc. 29 contours than with the original Doc. 29 method. This result indicates the rigidity of
the FPPs and outdated Aircraft Noise & Performance (ANP) database entries contribute to current
modeling inaccuracies. The results demonstrate that the incorporation of performance relationships
can significantly improve the theoretical Doc. 29 model.

1.1. Introduction

Aircraft noise has a significant impact on the health of communities located in the vicinity of airports. People
living in these areas suffer from sleep disturbances and have an increased risk of cardiovascular diseases
[1]. Furthermore, long term noise exposure can be associated with a poorer psychological health condition,
although the effect is not as strong as the previously named health outcomes [2]. As these negative effects
of aircraft noise cannot be ignored, it is crucial that the aviation industry makes efforts to minimize noise
pollution.

To gain insight into the amount of noise pollution around airports, aircraft noise can be measured and moni-
tored with measuring equipment. By recording flyover events, the instantaneous sound levels at the time of
the flyover can be determined. However, capturing every flight with measuring equipment around an airport
as large as Amsterdam Airport Schiphol is infeasible due to both technical and budget constraints. Real life
noise measurements always contain background noise in varying levels, impacting the quality of measure-
ments. The routing options, combined with the variability of the weather conditions, make it impossible to
get a sound measurement of every flight. In addition, the impact of noise reduction measurements prior to
implementation, such as new flight routes, cannot be determined with measurements alone and requires a
model capable of accurately predicting aircraft noise emissions.

To limit noise exposure in the surroundings of airports, several Noise Abatement Procedures (NAP) are al-
ready being used for both departures and arrivals. For departures, two different Noise Abatement Departure
Procedures (NADP) have been designed by International Civil Aviation Organization (ICAO). The NADP1
procedure minimizes noise directly underneath the flight path of the aircraft, while the NADP2 procedure
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1.2. Description of the data 3

minimizes noise in areas located relatively further away from the airport [3]. For Schiphol airport, densely
populated areas are located relatively further away and are often not located directly underneath the flight
path. Therefore, the NADP2 procedure is the preferred departure procedure at Schiphol Airport [4]. For
arrivals, no default arrival procedure is in place at Amsterdam Airport Schiphol during the day, as aircraft
are guided to the airport by Luchtverkeersleiding Nederland (LVNL). During night time runway usage is lim-
ited to minimize noise effects. For Doc. 29 best-practice noise models, altitude and thrust are modeled with
a set of arrival profiles. The real altitude trajectory of every flight is compared to all altitude trajectories in
the database and assigned to the best matching one. The noise load for this flight is then computed based
on this matched trajectory [5]. The current existing profiles and procedure do not allow for much variability
between flights. This paper aims to introduce a more dynamic way of modeling these procedures to reduce
model errors.

The most commonly used calculation method in Europe for aircraft noise modeling is the Doc. 29 best-
practice noise model. This model is described in three volumes, giving comprehensive guidance in the way
noise contours have to be calculated [6]. The model requires input parameters such as altitude, latitude,
longitude, and airspeed [7]. Furthermore, weight and thrust values are required as input parameters, but
data for these two parameters is usually not publicly available, as they are proprietory to airlines. Therefore,
in the original Doc. 29 methodology, both of these parameters are estimated depending on the trip length
and flight procedures. An accurate prediction of the weight and the thrust of the aircraft is required, as
errors in the estimation of these input parameters propagate all the way to the final outcome of the model.
Research by Sun et al. showed that estimating aircraft weight is possible based on the take-off run [8].
The runway recursive estimator showed more promising results than the lift-off moment estimator. Ayzit
et al. suggested a deep learning method to determine the weight of the aircraft. This method concluded
that the flight performance parameters are indicative for the aircraft weight, but differ per flight phase [9].
For predicting thrust, Schwab and Zellman showed that derated climb segments can be categorized [10].
However, this categorization of derated climb modes is dependent on the type of aircraft. These methods
show that flight performance parameters can be used to get more accurate estimates for thrust and weight.

This thesis proposes a new method to estimate the weight and thrust input parameters for the Doc. 29 noise
model for Airbus A330-303, Boeing 777-300ER, Airbus A321neo and Boeing 737-800 aircraft. The goal of
this paper is to improve the weight and thrust estimation method of the current Doc. 29 method, resulting
in a more accurate prediction of the noise contours around the airport. To assess performance, the noise
contour plots of the original Doc. 29 model, the new thrust and weight Doc. 29 model, and an ACMS Doc. 29
are compared with each other. The ACMS data is regarded as 'gold standard’ operational data [6], meaning
more accurate data is not available at all. Therefore, using the ACMS data as direct input for the Doc. 29
noise model, the theoretical best Doc. 29 baseline model is obtained. Furthermore, the ACMS data can be
used for verification and validation of the estimated parameters, allowing the development and evaluation
of these new methods. For radar track data, weight and thrust data are unavailable. Therefore, in this
paper, the aim will be to estimate the weight and thrust of nominal flights using the other available aircraft
performance parameters. In conclusion, the results in this paper can be linked to the following research
question; What effect does improving the weight and thrust estimation using ACMS data have on the noise
contour plots around Amsterdam Airport Schiphol?

Section 1.2 explains the data used in this paper, Section 1.3 the original Doc. 29 methodology, and Sec-
tion 1.4 the newly proposed methodologies for estimating both weight and thrust. In Section 1.6, the results
of the weight estimation are presented, and the impact on the noise load is evaluated. Finally, in Section 1.7,
conclusions and recommendations are discussed.

1.2. Description of the data

For this research, flight data to and from Schiphol Airport originating from the ACMS of aircraft is provided
by an airline for Airbus A330-300, Boeing 777-300ER, Airbus A321neo and Boeing 737-800 aircraft. As this
ACMS data is obtained directly from the systems onboard the aircraft itself, it is a highly reliable data source
[6]. The methodology presented in this research was developed with data for the Airbus A330-300 aircraft
and was later applied and adapted to the other evaluated aircraft types. For this reason, the methodology
presented in this paper will be based on Airbus A330-300 data. Similar plots for other aircraft types, following
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LV VHW WR WKH ZHLJKW DW WKH ODQGLQJ WKUHVKROG )RUERWK GHSDUWX
IURP WW&GI6

2YHUDOO WKRHFFXBDBRXWODWLRQ PHWKRG FDQ EH VXPPDUL]JHG IRU GHSDUWX
FKDUWMKQ@QHDQQXJXUH

JLIXUH )ORZ FKDUW VXPPDUL]LRR WKRIGEKQUHOPHWKRGRORJ\IRU GHSDUWXUHYV

JLIXUH )ORZ FKDUW VXPPDUL]LRRN WKRIGHKOIUHORHWKRGRORJ\IRUDUULYDOV

SURSRVHG PHWKRGRORJ\GHSDUWXUHYV

'LWK WKH FXUUHQW PRIFWKRGFRICRIQMRE FKDQJHV WR WKH ZHLJKW DQG WKUXYV
DUHLQWURGXFHG LQ WKLV VHFWLRQ 7KLV SDSHU DLPV WR LPSURYH WKH H
IOLJKW SHUIRUPDQFH SDUDPHWHUYV VXFKDVDOWLWXGH WUXHDLUVSHHG

URWDWLRQDO VSHHG RI WKH ORZ SUHVVXUH FRPSUHVVR#8& 116G MWQGVW KU X VW
DUHRQO\XVHG DV YDOLGDWLRQ RUWUDLQLQJ 6BMWDLREDDIDR D EIRBUVWWM GRIR G
WKHFKDQJHVLQWURGXFHG LQ WKLV SD SHUXU HVXAHWIHWKRGRIOHRIO BRI RER UM
WKH SDSHU FDQ EH SHUIRUPHG ZLWK RSHQ VRXUFH GDWD DQG LV YDOLG IRU (
VWHS DQRPDORXVIOLIKWV DUHILOWHUHG IURP WKH GDWDVHW EHIRUH HYD
DUHDVIROORZV

F)OLIKWV ZLWK D WKUXVW FXWEDFN GXULQJ WKH FOLPE SKDVHDUH UHPR)

f)OLIJKWV IDLOLQJ WR EH 3 SHURWHIE X GHDYWH UHPRYHG

f)OLIKWV DFFHOHUDWLQJ SDVW D FDOLEUDWHG DLUVSHHE ®RDO ONMQRIWYV E
YHULQJ $0HERXQGDULHVY DUHUHPRYHG

7KHILOWHUHG DOWLWXGH WUDMHFWRULHYV RI WKH $ GHSRBWNXUWHY DUH S
XUH D 7KLV SORW VKRZV WKDW OLJKWHU DLUFUDIW JHQHUDOO\ FOLPE ZLW
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JLIXUH )ORZ FKDUW VXPPDUL]LQRFN KARWRGRYHBHWKRGRORJ\IRU GHSDUWXUHV

KHDYLHU DLUFUDIW WKXV UHTXLWBR2EWEBHWAKGHY W DQ/MRHRLRPHBKKIHLIKW (V!
WZHHQDQ DOWLWXGH RI DQG IHHW WKH WUDMHFWRULHYV LQ WKH SOF
IHHW RQZDUG

7KH DOWLWXGH GDWD RI WKH IOLJKWV LQ WKH GDWDVHW33D Q@ HEUWH. PWPKIE LD W
XSSHU EODFN. DA WDHD FRUUHVSRQGY WR WKH ORZHVW VWDJH OHQJWK FDWHJ
OLQH FRUUHVSRQGV WR WKH KLJKHVW DYDLODEOH RQH 7TKH RSHUDWLRQ
WR UHDFK WKH WULS OHQJWKYV DVVRFLDWHG ZLWK VWDJH OHQJWKYV DQG ]
WKDW WKH EDQQ 28\ GMWKVRR/'KXPDOO FRPSDUHG WR WKH IOLJKW GDWD 7KHUH
DFFXUDWHO\ PRGBB/HE®BWKKN DLUFUDIW W\SH

JQLIXUHE WEKWXH $SLUVSBMGDMHFWRULHV RI'$ 1OLJK$SWD DM ME WRLQ HW R G
WKH VDPHWUHQG DQG QR GHSHYTHQEHTHOLWHH FDWHY WKH DFWXDO YHORFL
WKHZLQJV $VWKLVVSHHGFDQEHGLUHFWO\FRPSDUHG WRWKHVWDOOVSH
OLIWLVJHQHUDWHG E\WKH ZLQJV WR VW D\ LGLWKW O Q DLW FPHY®E& \RWHADH/H W K
DLUFUDIW FRQWURDSWHKDW ¥EWHRE LHWAOROORZ WKH VDPH WUHQG DV WKH VW
VSHHG WR EH IORZ Q) F3/H WULWDED® IRURSHUDWLRQV DW 6FKLSKRO $LUSRU
WUHQG RIDOO IOLJKWV 8S WFRs25NWBRFHWISHW GURBDWKHFWRULHY PDWFK ZL\
GDWD $IWHU SDVVLQJ WKLY GLVWDQFH WKH WUDMHFWRULHV VWDUW WR G
DVVXPHG EHWZHHQ )/ D@G )/ >

,QLIXUH DQGIXUHs WKH1 DQG WKUXVW YDOXHV RIDOO GHSDUWXUHYV DUH
IRUDOO $LUEXVDLUFUDIWDUH FRUUHFWHG ZLWK WKH VTXDUH URRW RI WKH
VHW WR WKH VHD OHYHO FRQGLWLRQ )RU %RHLQJDLUFUDIW DSSO\LQJ WKL
EHWZHHQ 1 DBWSWRE WDNH RII ZHLIJKW 7KHUHIR U OI6W | DAVR/EKIPGIIG DAL Kl B W/ DWW
DXWRPDWLFDOO\ FRUUHFWYV ZLWK WKLY FRUUHFWLRQ IDFWRU )RU FRUUHI
FRUUHFWHG ZLWK WKHDLU SUHVVXUHUDWLR DJDLQZLWK WKHUHIHUHQFHY
LQLWLDO WDNH RIT UROO RQ WKH JURXQG WKH 22: \RH WW HQ@JILIUV ¥ B V) W R ZGHY.
GXULQJ WKHODWHU VWDJHV RI WKHIOLJKW WKLV GHSHQGHQF\LV QR ORQJF

&RQWUDU\ WR WKHDOWLWXGH WUDMHFWRY¥IVHW WRR DDQ GH L GKLK/ IR URMHK WX
EODFN QLOXHUH} FRUUHVSRQGV WR WKH ODUJHVW VWDJH OHQJIJWK DQG WKH OF
ORZHVW VWDJH OHQJWK +RZHYHU LQ WKH IOLJKW GDWD DQ RSSRVLWH HII
FOLPEDWD KLIJKHU QHW FRUUHFWHG WKUXVW YDOXH 7KLV FDQ EH H[SODLQ
LVFRUUHFWHG ZLWK WKHDLU SUHVVXUHUDWLR EHWZHHQ WKHDLU SUHVVXL
$V OLIJKWHU DLUFUDIW FOLPE IDVWHU WKH DLU 625HAWXRIMHODOM D QUWHKTEXIDHDI B U ¥
FRUUHFWLRQ IDFWRULV ODUJHU UHVXOWLQJLQ D ODUJHU QHW FRUUHFWHG

JURPLIXUHD DQGIXUHs LW FDQ EHFRQFOXGHG WKDW WKH FX)BBWHQRHVHWKRG
QRW PDWFK WKH IOLJKW GDWD ,QVWHDG RILQFUHDVLQJHQJLQH SRZHU IRU



BURSRVHG PHWKRGRORJ\GHSDUWXUHYV

$V D UHVXOW WKH FOLPE SHUIRUPDQFH RI DZ@FUDKW IGHHB B I/VGH WA HVE&LL HUL
EHWZHHQ WKHDVVXPHGDQG UHDO IOLJKW SHUIRUPDQFHRQ QRLVH FRQWR X!
DEDODQFHEHWZHHQ D GHFUHDVLQJ GLVWDQFH WR WKHREVHUYHUDQG D Gt

HITHFWV FRXQWHUDFW HDFK RWKHU DQG QRLVH FRQWRXUV VKRXOG VKRZ Z
HQG

JLJXUH D )LOWHUHG DOWLWXGH WUDNBFWRULBWHRPSDWBISHDR. WKSHHH E3BDOOKHY FRPSDUHG
YDOXHV G WKUXVW YDO X883V FRP DBDUVHIOWKRE WWH DMHFWRULHY VKRZLQJ VHSDUDWH IOLJKW SK
VKRZLQJ VHSDUDWH IOLJKW SKDVHV RI $72: GRESDMWHHIERIPGBKYD U\L Q J

,Q WK 6GDWD D FOHDU GHSDUWXUH SDWWHUQ FDQEHLGHQWLILHG FRQVLYV
SKDVHV DUH KLJIKOLJKWHG ZLWK D EODFN OLQHXQHAV RKYOGIODWIHV XGRIPNUDMHF
WR WKHVH IOLJKW SKDVHV FDQ EH LGHQWLILHG DV LQLWLDO WDNH RII U
SKDVH VHFRQG FOLPE SKDVH WKLUG DFFHOHUDWLRQ SKDVH DQG WKH WKL
WKHVHIOLJKW VHIPHQWY FDQ YDU\VLJQLILFDQWOV\EHWZHHQ IOLJKWV DQG
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IOLIJKW SKDVHV ,GHQWLI\LQJWKHERXQGDU\SRLQWYV RIWKHVHIOLJKW SKD\
)33VDFFRUGLQJO\ &RPSXWDWLRQDO HIIRUWY VKRXOG EHPLQLPL]JHG WR DO (
$V&DOLEUDWH G&SBBUMSHRIGUHFWHG IRUERWK FRPSUHVVLELOLW\DQG GHQVL
DV D QRUPDOL]JHG YH$BVEZRBRALWIKHUHSUHVHQWDWLRQ RI WKH G\QDPLF ORD(
HQVXULQJHTXDO KDQGOLQJIRUGLIITHUHQW D&$BYWREHV D:Q @& KMHP S NP RW W
625 DOO DLUFUDIW DUH UHT XL U RS WRLWOW B \VEKILORLZY V NG UHVWRILFWLRQ Z
6FKLSKR&®D $IWHU OHDOWLY XK WKWSHHG UHVWULFWLRQ LV OLIWHG DQG DLUFUL
IXUWKHU WRZDUGV WKHLU FUXLVLQJ VSHHG

$V WIKRF PHWKRGRORJ\DOZD\V UHSODFHV WKH UHDO DOWLWXGH YDOXHV R
D)33 DQ HUURU LV LQWURGXFHG LQ WKH PRGHO +RZHYHU UHDO DOWLWXG
EH XVHG IRU QRLVH PRGHOLQJ SXUSRMHG'RTKH DIPIR WHK HERQ WK WHKKIHXVW DQG Z
'RF PRGHOV ZLOO XVHUHDO DOWLWXGH YDOXHYV

JXUWKHUPRUH IRUGHSDUWXUHVY WKHLQWHUSRODWLRQ RIDLUFUDIW SHUI
DQG GRHVQRWPDWFKZLWKUHDO IOLJKWGDWD 7KLVUHVXOWLV H[SHFWHG
DUHOLIWHG DIWHU )/ WKHDOWLWXGH ZKLFK FREYU KV SRQGV WR WKH XSSHL

JOLIJKW 3KDVH ,GHQWLILFDWLRQ
JURPLIXUHH DQGIJXUH LWFDQEHVHHQWKDWGXULQJDFFHOHUDWLRQ SKDVH)\
WR IODWWHQ &KRBWUDMMAPAWRULHY IODWWHQ GXULQJ WKH FOLPE SKDVHV 7
HQJLQH SRZHU LV FRQYHUWHG WR HLWKHU SRWHQWLDO HQHUJ\&POWLWXGH
LVFRUUHFWHG IRU ERWK WKH FRPSUHVVLELOLW\DQG WKH GHQVLW\ HIITHFW
VHFWLRQV )RU WEHIWIBHUDMRQUBERGHWRXQG VSHHG WR LGHQWLI\ WKH ERX(
IOLJKW SKDVH

JXUWKHUPRUH WRLGHQWLI\WKHIOLJKW SKDVHV WKH GHULYDWLYHV RI ER
ZLWKUHVSHFWWRWLPH 7KHGHULYDWLYHV RIWKHIOLIJIKWSHUIRUPDQFHSD
FKDQJHRIWKDW SDUDPHWHU %RWKGHULYDWLYHVIRUDOWLWXGHDQGFDO|
EHKDYLRU ZKHQ WKH GHULYDWLYHV DUHHYDOXDWHG +RZHYHU ZKHQ H[DPL
ZHUH REVHUYHG 7KHUHIRUH ERWK SDUDPHWHUV ZHUH VPRRWKHG ZLWK D F
Rl WR OLPLW WKH QRLVLQHVV RI WKH GDWD

7R HQVXUH WKDW WKH WZR SDUDPHWHUY DUH FRPSDUDEOH WKH\ DUH QRUF
WKH PLQ PD[ QRUPDOL]DWLRQ WHFKQLTXH ZzDV VHOHFWHG DV WKLV PHWKI
DQG SUHVHUYHV WKHRULJLQDO GLVWULEXWLRQ RIWKHGDWD 7KHIRUPXOD
(TXDWLRRUHYHU\VLQJOHIOLJKW WKLVPLQ PD[QRUPDOL]DWLRQLVDSSOL
FRQGLWLRQV YDU\EHWZHHQ IOLJKWYV

x0= X PLQ
PDF) PLURQ

7R GHWHUPLQH WKH H[DFW ERXQGDULHV RI HYHU\IOLJKW SKDVH D OLQHDUC
LQ WKH IRUPXQIDQJ ([DFW /LRMHDD@URMLWKP 7KLV PHWKRGLVLPSOHPHQWHG
OLEUDU\ LQ 3WKRB(KLNOJRULWKP D JOREDO FRVW IXQFWLRQ LV PLQLPL]HG
SRLQWYV LQ W KH GCIDWIIRKALK JOREDO FRVW IXQFWLRQ FRQWDLQV DQ HUURU W
RIITLW RIHYHU\ VHIP HQQ\G BBOQBOGW\ WHUP VFDOHG E\ WKH QXPEHU RI FKDQJ
GHWHUPLQH WKH ODFNRIILWEHWZHHQ WKH PRGHO DQG WKH GDWD LV VHOH I
7KLV PRGHO LV PRUH UREXVW DJDLQVW RXWOLHUV DV WKH FRVW IXQFWLRQ
TXDGUDWLEDOO\

X
FR¥W Ci+ SHOQDQWREHU RI FKDQJH SRLQWYV

seg

$V WKLY PHWKRG LV DQ RSWLPL]DWLRQ IXQFWLRQ LW FDQ DOVR JHQHUDWH
WR WKH QRLVLQHVV RI WKH GDWD RUVXGGHQ GHYLDWLRQV 7KHUHIRUH WHF



BURSRVHG PHWKRGRORJ\GHSDUWXUHYV

VSHFLILHG WR ZKLFK WKH PRGHO VKRXOG DGKHUH 7KLV HQVXUHV WKDW W
PHDQLQJIXODQG PDWFKHV WKHUHDOLW\ +RZHYHU WKHVHFRQGLWLRQV VK
FRQVWUDLQ WKHPRGHO )RUH[DPSOH LQ WKHFDVHRIDWKUXVW FXWEDFN
WKHIOLIJKW DV D VHSDUDWH VHIPHQW 7KHUHIRUH WKHFRQGLWLRQV DUH |
7KH FRQGLWLRQV LPSRVHG RQ WKHPRGHO DUHDV IROORZV

F7KHLQLWLDO WDNH RITUROO VKRXOG EHILQLVKHG ZLWKLQ WKH ILUVW
F7TKHLQLWLDO FOLPE SKDVH VKRXOG EHILQLVKHG ZLWKLQ WKH ILUVW V
f7KHPLQLPDO GXUDWLRQ RIHYHU\NIOLJKW SKDVHLV VHWWR VHFRQGV
Ff7KHIOLJKW VKRXOG KDYHDW OHDVW VL[IOLJKW SKDVHYV

$W LQLWLDOL]DWLRQ WKHFRQVWUDLQW IRUWKH QXPEHBRT IIXIQRWLKIQD V H \
LV DGMXVWHG DFFRUGLQJO\WR DLP WRZDUGV D FRQYHUJLQJ VHJPHQWDWLR
RWKHU FRQVWUDLQWY ,Q FDVH FRQYHUJHQFH FDQQRW EH UHDFKHG WKH G
RQH DQG WKH SURJUDP LV UHLQLWLDOL]HG 7KLV FRQWLQXHV XQWLO ILQDO
DUH VDWLVILHG

$ UHVXOW RIWKHIOLJKW SKDVHLGHQWLILFDWLRQ)EURBGHWY[|ROWDQRIPLIRT
SKDVHV DUH YLVLEOH LQ WKLV JUDSK GHEDHQUWEPDQWGEGWXEHK IR FWEEQ IJIHLUG UD IW
VHFRQG FOLPE SKDVH %B&DQ@P&/YROQWLRDMOKHHORFLW\DUH FOHDUO\YLVLEOH
HQRXJKWR EHVHSDUDWHG LQWR GLITHUHQW IOLJKW SKDVHYV

JLIXUH 5HVXOW RI WKH IOLJKW VHIPHQWDWLRQ PRGHO IRU IOLJKW RIDQ $ DLUFUDI

,QLIXUH WKH UHVXOW RIDQ DQRPDORXV IOLJKW LV YLVXDOL]JHG ,Q WKLV IL,
GXHWRDWKUXVW FXWEDFN GXULQJ WKH VHFRQG FOLPE SKDVH 7KH GHFUH|
LVLQ WKLV FDVHVLIQLILFDQWHQRXJK WR FDXVH WKH VHFRQG FOLPE SKDVFE
WKUXVW FXWEDFNV DUHILOWHUHG RXW

8QIRUWXQDWHO\ WKHPRGHO LV QRW SHUIHFW DQG \j RPHWHVR\HPLIDILG K@ W L
SKDVHV DUH LGHQWLILHG ZKLFK LV RQH PRUH W RDRUHI[E\M BWHGL R@RZ HY KH F&
ERXQGDU\ SRLQWY FDQ VWLOO EHLGHQWLILHG EHFDXVH WKH WKL@&G DFFHO
7KHDOWLWXGH YDOXHVDUHQRWLQGLFDWHGLQWKHIOLJKW SKDVHVHJPHQ\
DURXQG VHFRQGV LQWR WKHIOLJKW ,I PRUH WKDQ/ FKOQUHWSKRH. QW YV WU +
RI'WKLV VHW DUH WDNHQ ,1 PRUH WK D Q0 $FERRX@IGIDIR IDODMM. BVEXRSYHHDW KIHR EVH U Y
FKDQJH SRLQW\}/FORVH VWOMHEWHG 7KHUHIRUH D FRPSOHWH VHW RI ERXQG
REWDLQHG IRUIOLJKWY ZLWK LGHQWLILHG IOLJKW SKDVHYV

1HZ ZHLIKW HVWLPDWLRQ PHWKRGYV
7KH VHFRQG FOLPE SKDVH WKH WKLUG DFFHOHUDWLRQ SKDVH DQG WKLUG
ZHLIJKW RI WKHDLUFUDIW IRU GLITHUHQW DLUFUDIW SHUIRUPDQFH SDUDPHW
WLIDWHG LQ PRUH GHWDLO WR EH XVHG IRUD ZHLJKW HVWLPDWLRQ PHWKR (
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JLIXUH 5HVXOW RI WKH IOLJKW VHIPHQWDWLRQ PRGHO IRU IOLJKW RIDQ $ DLUFUD

JLIXUH 5HVXOW RI WKH IOLJKW VHIPHQWDWLRQ PRGHO IRU IOLJKW RIDQ $ DLUFUD

7ZR GLITHUHQW ZHLJKW HVWLPDWLRQ PHWKRGRORJLHY ZLOO EH GHYHORSH
WK 06GDWD

t1$ FOLPEVORSHDQG GLVWDQFHEDVHG PHWKRG EHWZHHQ DQG IHHW
DOWLWXGH
t$ VSHFLILF HQHUJ\ PHWKRG EHWZHHQ DQG IHHW DOWLWXGH

NLORPHWHUV

JRU WKH $ FOLPE VORSHDQG GLVWDQFHEDVHG PHWKRG WKHGR2BDOXDWHG
WR WKHDLUFUDIW UHDFKLQJD JURXQG VSHHG RI NQRWYV

7KHLQYHUVH Rl WKHDYHUDJH FOLPE VORSH EHWZHHQ IHHW DQG IHHV
DJDLQVM WKHIXUH ,WLVYLVLEOHWKDWWKHGLYLVLRQRIZHLIJKWV LQ WKH
5HODWLYHO\ WKHUH DUH PRUH KHDY\IOLJKWV LQ WKH GDWDVHW WKDQ OLJ
WKH KHDYLHU IOLIJKWV VKRZ TXLWH D ODUJH VSUHDG LQ WKHLQYHUVH FOLPE
QRW YHU\ FOHDU VWLOO DOLQHDUWUHQGLV YLVLEOH

,QLIXUHE WKHGLVWDQFIbHWRWWHBLUFUDIW SDVVLQJD JURXQG VSHHG RI

JRUWKLV ZHLIJKW HVWLPDWLRQ WKHJURXQG VSHHG SDUDPHWHU KDV EHHQ |
VSHHG SDUDPHWHU LV WKH RQO\ VSHHG SDUDPHWHU WKDW FDSWXUHV FKDC
OLQHDU UHODWLRQVKLS LV YLVLEOHLQ WKH SORW )RXURXWOLHUV DUH VW

7TRIDLUO\FRPSDUH WKHLQYHUVH FOLPE VORSHDQG WKHGLVWDQFH WR UHD
RWKHU WKH SDUDPHWHUV VKRXOG EH QRUPWDHE L RGN GIVHADN DV VEAVOLKD DB U H
GDWDVHW $PLQ PD[ QRUPDOL]DWLRQ WHFKQLTXH DV ZDV XVHG LQ WKH IO
WR WKHVH RXWOLHUVDQG LV WKHUHIRUH QRW VXLWHG IRU WKLY DSSOLFDW
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JLIXUH :HLJKW SORWWHG DJDLQVW D WKHLQYHUVH FOLBESDYMRBKLFE®D EURXKPCCGLYMHDARH |UR
NQRWV LV UHDFKHG IRU $ GHSDUWXUHV

JLYHVLQIRUPDWLRQRQKRZPDQ\VWDQGDUG GHYLDWLRQV GDWD SRLQWV DU
LV VHOHFWHG 7KLV PDNHV DQRPDO\ GHWHFWLRQ DQG VWDWLVWLFDO DQDC
PHWKRG RI] VFRUH QRUPDOL]DWLRQ LV VHOHFWHG 7KH |RTU¥PDXWDR®QR FD O F X
7R FRPELQH ERWK Rl WKH ] VFRUH YDOXHV WKH DYHUDJH RI WKH LQYHUVH F
NQRWV ] VFRUH DUH WDNHDXDWIGRIY FULEHG LQ

Xi
Zi =

_ Zcimb * Zdist
' 2

'XHWR WKH QRUPDOL]DWLRQ DOO] VFRUHV FDQ QRZ EH FRPSDUHG ZLWK HD
WKHGDWDVHW DFRQILGHQFHLQWHUYDO RI LVVHOHFWHG 7KLV PHDQV W
YDOXHJUHDWHU WKDQ WZR DUHUHPRYHG IURP WKH GDWDVHW +RZHYHU Ul
PHDQDQG WKHVWDQGDUG GHYLDWLRQ RI WKHGDWDVHW 7KLV UHTXLUHV D
SURFHVVY XQWLO WKH DEVROXWH YDOXHV RI WKHDYHUDJH ] VFRUHVY DUH EH
YLVXDOLIA®BUKD 7KURXJKWKHVHUHPDLQRQG GQ@UUD SHRD QW//BTHEROMG LR Q
LVILWWHG WR HIWUDFW D OLQHDU UH Q DWIRROQMWKLLSQ +\W K H YWHRUD YEW LIRVQW.IVQBEI L
WKH KHDYLHU IOLJKWVY EHFDXVH WKH ZHLJKWY LQ WKH GDWDVHW DUH QRW
PRUH ORJLFDWWLWIRWHW DHD VW 6T XIBDMHG RQ WKH GLA2WVY LEXK VERQAGNY K H
PHWKRG WKHGDWDLVGLYLGHGLQWR ELQV DOOFRYHULQJDQHTXDOO\GL
7KLYV PHWKRG WKHUHIRUHDVVLJQVUHODWLYHO\JUHDWHU ZHLJKW WR ELQV
PDQ\ REVHUYDWLRQV ,Q SUDFWLFH WKLY PHDQV WKDW D UHODWLYHO\ ODL
72:

7KHVHFRQG PHWKRG LV D PRUHGLUHFWRQH LPPHGLDWHO\FRPSXWLQJWKH
LQFUHDVH LQ SRWHQWLDO DQG NLQHWLF HQHUJ\ 7KHDGYDQWDJH RI WKLV |
LV QR ORQJHU QHFHVVDU\ PHDQLQJWKH FDOFXODWLRQ FDQ EH SHUIRUPHG .
RI WKLV GDWDVHW 7KH VSHFLILF HQHUJ\ EHWZHHQ DTWDRVDR@/HWH GHV FDQ
LV WKH JUDYLWDW LR Q DnOMKRRQY MW DHIUH QB H L\Q DOWKWXGRXQPHWBHHHG LQ P V L
VWKH GLIITHUHQFH LQ JURXQG VSHHG EHWZHHQ WKH DOWLWXGH ERXQGDUL
GLYLGHG E\ WKH GLVWDQFH RI WKH VHIJPHQW WR HTXDOO\ FRPSDUH IOLJKWYV
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E_g h+ v+ v)?

m d

7KH SORW RI WKH VSHFLILF HQHUJ\ SHU PHWHU DJDLQVW WKH ZHLJKW RI WK
JLIXUHE ,Q WKLV SORW D FOHDU OLQHDU WUHQG LV YLVLEOH VKRZLQJ WK
VSHFLILF HQHUJ\ SHU PHWHU 7KHEHQHILW RIDQDO\]LQJWKH VSHFLILF HQH
LVWKDWLQFUHPHQWYVY LQ YHORFLW\EHWZHHQ WKHDOWLWXGHERXQGDULH)

JLIXUH $LUFUDIW ZHLJKW SORWWHG DJDLQVW D WKHFRPELQHG ] VFRURY6M@WEG B VSHFLILF |
/16 WUHQG OLQH IRU $ GHSDUWXUHV

7TDNLQJ LQWR DFFRXQW YHORFLW\ LQFUHPHQWY LV QHFHVVDU\ IRU DLUFUD
FOLPE 7KLV FDQ EHVW EFHHXOBRYWHWDW KX EBLQJ FOLPE EHWZHHQ DQG
IURP WKH WKUHH GLITHUHQW FOLPE PRGHY FDQ EH FOHDUO\ REVHUYHG ,QUC
72: VHHPV WR H[LVW $V D UHVXOWRIWKHVHFOLPEPRGHY WKHSHUIRUPDQH
PHWKRG GHFUHDVHV VLIJQLILFDQWO\ 7KHOLQHDU UHODWLRQVKLS U YDOXF
LPLIXUHE 7KHS YDOXHRIWKHUHODWLRQVKLSLVVWLOO VLJQLILFDQW LQC
ODUJH 7KHUHIRUH LWLV H[SHFWHG WKDW WKH VSHFLILFHQHUJ\ZHLJKW H\
VORSHDQG GLVWDQFH EDVHG ZHLJKW HVWLPDWLRQ PHWKRG

7R FRPSDUH WKH UHVXOWV RI WKH ZHLJKW HVWLPDWLRQ IDLUO\ ZLWK HDFK F
WHKH3(LV VHOHFWHG DV WKLV SDUDPHWHU DOORZV FRPSDULVRQV EHWZHHQ
WR FD O F X O&BW HWSKIH V H QT ID @/ L 8 Q

1 X ereaI w redj
0$3 (=100 — rea  pred]
( n Wieal

t=1

%HFDXVH WKH GDWDVHW LV DQRQ\PL]HG WKH GHVWLQDWLRQ DLUSRUW RI H
LV QRW SRVVLEOH WR GHWHUPLQH WKH GLVWDQFH EHWZHHQ WKH GHVWLQEC
WKH VWDQGDUG | RRIFW KMHRFEIH.J L O®DHYHU WKH DFWXDO GHSBRWEFD ZHLIKW
EH OLQNHG WR WKH FORVHVW ZHLJKW HQWU\ R$ V351D WY DD M HD HADK XWK FRDHADH\IL
EHVW SRVVLEOH HVWLPDWH 088 FDIQLE HH 8 WWRDWHQWE&I® QG LPPHGLDWHO\ JL
ZHLJKW HVWLPDWLRQ WKDW FDQ EH DFKLHYHG E\ WKH VWDJH OHQJWK PHWK!
PHWKRG ZLOO DOZD\V EH ODUJHU WKDQ SUHVHQWHG LQ WKLV SDSHU )RU DL
PHWKRGRORJ\IRUHVWLPDWLQJWKH ZHLJKW ZLOO EH XVHG DQG VLPLODU SC
L@SSHQGL[ $



BURSRVHG PHWKRGRORJ\DUULYDOV

JLIJIXUH D )LOWHUHG1 VHWWLQJVRI% 720DDCNYE ZDMWKFYDUW-R2: SORWWHG DIJDLQVW WKH FR
ILWWHG Z6WwiQBP6 PHWKRG IRU % : GHSDUWXUHV

TKUXVW HVWLPDWLRQ
EXUUBGWGR QRW DOORZ IRUDQ\YDULDELOLW\LQ WKH WKUXVW PRGHOLQJ E
IOLIJKWY 7R DGG YDUBBODEALRHWRWRGKH. HY RI WKH LGIEREMHEMG FRRLQKW SKDV
EH XVHG )RUH[DPSOH WKH WEK&'RVSWUWRWEXEM IRW GEKLSKRO $LUSRUW LV XV
DWDQDOWLWXGH RI IHHW ZKLFK FRLQFLGHV ZLWK WKH VWDUW RIWKH VH
GLVWDQFH IORBO5IWRRVWKWYW SRLQW RI WKUXVW FXWEDFN LY DOUHDG\LGHQW
QHZ WKUXVW YDB®XHV LQ WKH

'XULQJ WKH LQLWLDO WDNH RIl UROO DQG LQLWLDO FOLPE RXW WKH QHW F
ZHLIJKW RI WKH DLUFUDIWLDXUHQ EP[VPXIRWRUXVW YDOXHY DUH DFKLHYHG |
DLUFUDIW 7KHUHIRUH WKH WKUXVW YDOXHV LQ WKHVH VWDJHV RI WKH IOL
WKUXVW  YDOXHV REVHUYHG IRUWKH KHDYLHVWDQG OLIKWHVW IOLJKWYV Gl

$VOQRFRUUHODWLRQ ZLWK ZHLJKW ZDVREVHUYHGIRUWKH $ DIWHUWKH SR
LVDVVLIQHG WR HYHU\VIOLJKW 7KLV PHDQV WKDW WKH WKUXVW LV HTXDO IF
RQ WKH GLVWD @RHDWRPKWKIKIFHUWDLQ WKUXVW OHYHOV DUHDFWLYDWHG $
GHSHQGHQW RQ WKHERXQGDULHV RIWKHLGHQWLILHGIOLJKW SKDVHV &RP
RIWKHIOLIJKW ZLWK WKHPHGLDQ YDOXHDW WKHLGHQWLILHG ERXQGDULHYV
WUDMHFWRU\ 7KH WKUXVW YDOXR¥Y FIPREZKEBEWVRH HQHCGLWMRARLVH FRQWR X!

SURSRVHG PHWKRGRORJ\DUULYDOV

6LPLODUO\ WR GHSDUWXUHVY WKH DUULYDO GDWD LV SORWWHG DJDLQVW \
VKRZ PRUHVSUHDG FRPSDUHG WR WKH GHSDUWXUH GDWD DV WUDIILF WRZC
YHFWRUHG 9HFWRULQJPHDQV WKDW WKH SDWK WKH D LLRUDU B/ QLHFHRGRWQWY/R) RF
$7& WR DYRLG FROOLVLRQV ZLWK RWKHU DLUFUDIW LQ WKHDLUVSDFH 7KLYV
WKH IOLJKW WUDWHBEWRWUGRKWMWRYV SULRU WR WKH ILQDO DSSURDFK ,Q WI
EHKDYLRU LV H[SHFWHG WR EH SUHGLFWDEOH VLQFHDOODLUFUDIW DUH IR

JOLIKW GDWD FRQILUPV WKLV K\SRWKHVLV RI LYLIKIXODDGEHKOYHRU DV FDC
JRUWKHDOWLWXGH PDQ\GLIITHUHQW DOWLWXGH WG BWIHFWIRVXEM W@ KH B\
DUH SORWWHG DV DQ HIDPRGH PHOWKRCGRDWREHPRGHOLQJDLUFUDIW EHKDYL
RI SURILOHV EXQGOLQJRIVHYHUDO IOLJKWV IROORZLQJD VLPLODU SURFH
LV QRW YLVLEOH LQ WKH GDWD XVHG IRU WKLV UHVHDUFK )LHKNQHRQVLGHUL
QR FOHDU WUHQGYV ZLWK GLVWDQFH RU ZHLJKW DUH REVHUYHG 7KHVH WZR
DLUFUDIW KDV QR FRUUHODWLRQ ZLWK DOWLWXGH DQG WKUXVW YDOXHV 7k



BURSRVHG PHWKRGRORJ\DUULYDOV

RIWKHDLUFUDIWLY QRW UHTXLUHG WR SUHGLFW WKUXVW YDOXHV 7KHUHIR
ILQGLQJIOLIJKW SDUDPHWHUV WKDW DUHLQGLFDWLYHRIWKHRFFXUUHQFH
PHWKRGRORJ\IRUDUULYDOXUN SUHVHQWHG LQ

JLIXUH )ORZ FKDUW VXPPDUL]LQRM KPRGHRGRYHBEHWKRGRORJ\IRUDUULYDOV

$Q DUULYDO RI DQ DLUFUDIW FDQ EH VLPSOLILHG WR DQ DUELWUDU\ HQHUJ
DW WKH HQG RI WKH UXQZD\ %RWK SRWHQWLDO HQHUJ\ LQ WKH IRUP RI DO
YHORFLW\ VKRXOG EH UHGXFHG WR JHUR )XUWKHUPRUH WKH DLUFUDIW V
IURP7& 7KHVH LQVWUX$MWERQWIHRFAUH DQ DLUFUDIW WR NHHS WKH VSHHG R
FDVHDQLQVXIILFLHQW DPRXQW RIHQHUJ\LVDYDLODEOHLQ WKH V\VWHP WR
DSSOLHGDVDQDGGLWLRQDO HQHUJ\LQSXW +RZHYHU WKLV PHDQV WKDW D
SHUIRUPDQFH SDUDPHWHUV VXFK DV WKH IOLJKW SDW K& GLNO FIRRUUW RW i & D (
IRUDOWLWXGH HITHFWV WKLV DLUVSHHG SDUDPHWHU LV VHOHFWHG WR EH
WKHVH WZR SDUDPHWHUV D FRUUHODWLRQ EHW&S$6D® BOWKUX S\ W IO ORQH @ i
GHWHFWHG QRW VKRZQ LQ WKLV SDSHU +RZHYHU LW ZDV GLIILFXOW WR ¢
7KHUHIRUH WR VHH LI D UHODWLRQVKLS FRXOG EH H{(WUDFWHG D UDQGRP |
IOLJKW SDWK DQJOH DQG FDOLEUDWHG DLUVSHHG GDWD WR REWDLQ QHW F
DSSOLHG WR IOLJKW GDWD DERYH DQ DOWLWXGH RI °| BIGIMG HDWORRHSIHRRZ | WVKKLH
,QVWUXPHQW /D QGLQUVE\R VBIRZ H G

7R WUDLQ D UDQGRP IRUHVW UHJUHVVRU PRGHO GDWD SUH SURFHVVLQJ LV
UDQGRP IRUHVW PRGHOV WKH LQSXW GDWD LV UHTXLUHG WR EHLQGHSHQG
RI WKH GDWD SRLQWY HQVXUHV WKLV LQGHSHQGHQFH DQG SUHY@QWV D EL
$GGLWLRQDOO\ WR HQVXUH WKLV LQGHSHQGHQFH WKH GDWDVHW VKRXOG
VSOLWWLQJ WKH GDWD ZRXOG DJDLQ UHVXOW LQ D ELDV LQ WKH UHVXOWYV
SRLQWYV WKH PRGHO LV WUDLQHG RQ 7KHUHIRUH WKHILUVW IOLJKWV RI }
UHPDLQLQJ IOLJKWY DUH XVHG IRU WHVWLQJ WKH PRGHO 7KH WUDLQLQJ V!
3\WKRQ XVLQJUDQGRP VWDWH D¥\0BB/DW D F RQMFILQMPWMIPN XUHPHQW QRLV
PRYLQJ DYHUDJH ILOWHU LV DSSOLHG WR DOO SD U D P &NWUW\D SIBIIERLRW R HW DA
ZLQGRZLVVHWWR ZKLOHIRUWKHIOLJKW SDWKDQJOHDQG WKHQHW FRUU
7KHVH VHWWLQJVY HQVXUHG WKDW WKH EHVW SHUIRUPDQFH RI WKH PRGHO ZI

7KH WKUXVW EHKDYLRU RI WZR IOLJKWYV L Q) WIKH W Bl \DVY) GDVWBINEH W KM YLV XD C
SUHGLFWHG WK YXMW MDGXORWHQ@\ PDWFK WKH YD O XHV HREWN QHOHRGIN®G B QV\K K |
$&06GDWD $OWKRXJK LGOH WKUXVW YDOXHV YDU\ ZLWK GLVWDQFH DQG FR
PDJQLWXGHRIWKHWKUXVW SHDNLVY SUHGLFWHG DFEXUDWHO\ 7KHHUURU I
GLIIHUHQFHV LQ I0LJ K% &ROAF K D QQ O GILRBH EQRQH WKUXVW SHDN LV QRW FD
WKH UDQGRP IRUHVW UHJUHVVLRQ PRGHO ZKHUHDV WKH RWKHU WKUXVW SH
IOLJKW WKH WKUXVW YDOXH ZDV LQFUHDVHG ZLWKRXW D FRUUHVSRQGLQJ
FKDQJH L&BBMKBDMHFWRU\ 7KHUHIRUH WKH WKUXVW SHDN ZDV PLVVHG VKR



BURSRVHG PHWKRGRORJ\DUULYDOV

JLIXUH D $OWLWXGH WUDMHFWRULHV DQG E WKUXVW YDOXHV RI $ DUULYDOV

VRPH HUURUV 2XW RI WKH HYDOXDWHG IOLJKWV IRU WKH $ WKLV ZDV W/
WKUXVW YDOXH RI SRXQGVY WKDW ZDV PLVVHG

JLIXUH 1HW FRUUHFWHG WKUXVW YDOXHYV D IRUIOLJKW DQG E IRUIOLJKW HVWLPDWH
FRPSDUHG WR WKH RULJLQDO WKUXYW HQ@ILHVFAROOHFXODWHG ZLWK WKH

,Q WKLV SDSHU WKH ILQDO DSSURDFK VHFWLRQ R)I3BW B HDIRZJID Q LDIG W MALX/GRH

IHHW 6LQFH DLUFUDIW IROORZ WKH VDPH DOWLWXGH WUDMHFWRU\ LQ
SUHGLFWDEOH DQG PDLQO\ VKRZV D GHSHQGHQF\RQ WKH IODS VHWWLQJ XV
ODQGLQJ LV NQRZQ WKH WKUXVW FDQ EH)BRFEXNHWHROWRRGISOHG [ERVWIE QB
+RZHYHU HVWLPDWLQJWKH IODS VHWWLQJ GXULQJODQGLQJLV RXWVLGH W
EHLQYHVWLJDWHG )ODS KDQGOH SR %R \WaGRIMWIDAMA DV LD/QDGY W K ® D E ORHULHQW\KKHHI O
ODQGLQJLVNQRZQLQ WKLV SDSHU

7R DSSUR[LPDWH WKH WKUXVW YDOXHV EHOR)33V DUHH W HD € /@ WEXUGECHV MK H 7KK
FDOLEUDWLRQLY SHUIRUPHGIRUHYHU\REVHUYHGIODS VHWWLQJDWODQGL
IODS 10DS VHWWLQJ E\DSSUR[LPDWLQJ WKH PHGLDQ WKUXVW EHKDYLRU
WKH UH FDOLEUDWURQ@UKN VEKRWEKHYH UH FBRIVLER QWHWGEG/WDUW DW IHHW D
LWVHOI DOLQHDULQWHUSRODWLRQ LV SHUIRUP)BGVIRQ & WH 3 FDUDLVRAG FELHANGA H
WKUXVW YDOXH E\WKHUDQGRP IRUHVW JHQHUDWRU 7KLV LQWHUSRODWLR



S5HVXOWYV

PRGHOLQJ,REIDIKGHVORSH

JLIXUH OHGLDQ WKUXVW YDOXHV IRUUHGXFHGIODS VHWWLQJV DQG IX®3W IODS VHWWLQJV

SHVXOWYV

,Q WKLV VHFWLRQ WKH UHVXOWY RI WKH ZHLIJKW H\XXENVPIFWILRQ@EXENVKRGV ZL
VHFWLRQWKH QRLVH FRQWRXU SORMWYV RR GHMFRBBIRDDPRGHO WKH QHZ
WKUXVW DQRFHIPIKG®HO DUH FRPSDUHG )OLJKW GBWD6RUDILUGDW LV D QUR W K
WKUXVW*YIHQXIHQH PRGHO DUH GLUHS®O®B\RB S)PREHG LTKWKHIRUH WKLV PRG
JLYH WKH PRVWDFFXUDWH UHVXOWVY DQG FDQ EH FRQVLGHUHG WKH EDVHOL
'RF PRGHO DQG WKH QHZ WKBRKVWBQEZHLDKOMEH FRPSDUHG WR WKLV EDVEF
$&06'RF PRGHO DQG WKH QHZ WK'BRXVWPRQGE @ KWVIHKWHDO DOWLWXGH WUDM
QRLVH FDOFXODWLRQ $QRYHUYLHZIREOKWMWO PRGHOV LVIJLYHQLQ

7TDEOH &DSWLRQ

| 2ULIL@®REFO | $&06'RF | 1HZ WKUXVW DQERHLIKW
$OWLWXGH33V 5HDO DOWLWXGH 5HDO DOWLWXGH
"HLJHW 6WDJH OHRJWEK&O6 6SHFLILF HQHUJ\
7TKUXVW )33V $&06 '\QDP)B3V UDQGRPIRUHVW UHJUHVVRU

"HLIKW HVWLPDWLRQ
JRUWKH ZHLIJKW HVWLPDWLRQ RQO\QRPLQDO IOLJKW DUH FRQVLGHUHG 71
R UHPDLQ DIWHU ILOWHULQJ )RU WKH % : UHPDLQ RXW RI IRUWKH $
WKH % UHPDLQ RXW RI JRUWKHFOLPEVORSHDQG GLVWDQFH PHWKRG
LQWHUYDO DUHDOVR ILOWHUHG RXW 7KHUHIRUH RQHDGGLWLRQDO IOLJK
RQO\IRU WKLY PHWKRG %\ DVYVLJIRUIGIDW D E DMHANFIQRWPHF MHWRON BH UHD O

ZDV FDOFXODWHG WR EH IRUWKH RULJLQDO ZHL' AW HRWMPIOMWE RQ PHW
7KH FOLPE VORSH DQG GLVWDQFHI$BHRIKRG DIQBGXWKHI GSHFDILF HQHUJ\ PHW k
0$3(RI IRUWKH $ JROORZLQJ WKH VDPHPHWKRGRORJ\ VLPLODU UHVX

DLUFUDIW W\SHV 7KHVH UHVXOW® D DHUHRXPE®O UWKHGMISHFLILF HQHUJ\ PHWKR
WKHFOLPE VORSHDQG GLVWDQFH PHWKRG 7KHUHIRUH WKH VSHFLILF HQH
JHQHUDWLQJ WKH QRLVH FRQWRXU SORWYV IRU WRIKH PHRGHHOLIKW DQG WKUXV'

7KHZHLIKW HVWLPDWLRQ PHWKRGYV SUHVHQWHG LQ WKLY SDSHU GLG QRW R
LQ WKH OLWHUDWEXBYHYDRXEKIZHUH IRXQG IURP @ WRZHYH¥Y WKH PHWKRG
WKLY SDSHU VKRZHG WKDW LW LV 3RXMWYEKOGLWRWSWUPDWHD KH SDUDPHWH L
VHIPHQWY DV ZHOO DV LPSURYLQJRQ WKH FXUUHOQRWF ZHIRIWK®LHEWYBDWLRQ



S5HVXOWYV

7DEOH 7TDEOH @$3(KHVXOWV RI WKH ZHLJKW HVWLPDWLRQ IRUDOO DLUFUDIW W)

,&$2 FREHRI 10LJKGWWDJIH /HQ BWWKPE VORSH DQG 6SMWIDQF HQHUJ\

$ [OLIJKW
% IOLIJKW
$ 1 [OLJIKW

%

9DOXHV IRU ZHL3KWOGDOMWPWHRMH RIWHQ FRQWDLQ HQWULHV RI ROGHU DLUFUDI
JRUH[DPSOH ZHLJKW G®MNWDOEDWKHY RQO\DYDLODEOHIRUS$LUEXV $ DLU
LVRSHUDWLQJRQO\SLUEXV $ DLUFUDIW $OVR WKHUHVXOWV RIWKH VW
WKDW FDQ EH DFKLHYH&@3(® UMRIOL WHWWKKRHS ZLOO EH ODUJHU

I1RLVH &RQWRXU 3ORWYV

JROORZL®RFWKHOFXODWLRQ PHWKRG QRLVHFRQWRXU SORWVY FDQ EH FUHD'
DQ DUHD )RU WRKFH WPKRWGGHHDV FRQVLGHUHG LQ WKRY¥ S IPR{OH WKWRQYQIPGBOILH
IRUWKHWKUXVW HVWLPDWLRQ ZHLJKW HVWLPDWLRQ DQG DOWLWXGH WUD
ORZHG DV GHVFULEHG LQRFRORRWKRGWRIORJI\ ,Q HYHU\ ILJXUH WKH QRLVH OH
LQ D VXPPRIXGQG ([SRVXUB(/HPHWULF ZKLFKLV DQ $ ZHLJKWHG QRLVH PHWUL
UHIHUHQFH GXUDWLRQ RI REJH YBIG RBG D&MXOVHB WR LQGLFDWH QRLVH OHYH
HYHQW )RU YLVXDOL]LQE(PXDWXISOHRMYBEEWRPSXWHG E\DGGLQJ G%$ YDOX|
WRJHWKHU 7KH DGYDQWDJH RI H[SUHV VB QIRY® 0§ HLA/UMD K\D \@ I RWHKHY KD & X0
DQG LQWHQVLW\RIWKH HYHQW @ URW RNHQ UQYRR D I PRINEUAFS\O VX RKUBI\D /G V D
REVHUYHG /QWKWH FRQWRXU DQG GHOWD SORWY DUH H[SHFWHG

,QLIXUH WKH QRLVH FRQWRXU SORW IRU $LUEXV $ GHSDUWXRJIHYV LV YLV XD
PHWKRGRORJ\ 7KHJURXQG WUDFNV RIWKHIOLJKWY PDWFKDFFXUDWHO\ZL\
SORWV FDQ EH FUHBROHBXEHQ RWKMKH QHZ WKUXVWDQG ZHLJKW PRGHO DV LC
VKRZGBQHQGURSEHWWHU VSRW GLIITIHUHQFHVY EHWZHHQ WKH QRLVH FRQWRX
7KHVH GHOWD SORWV VKRZ WKH DEVROXWH GLIITHUHQFHV LQ G%$ EHWZHHQ V

7TKH GHOWDLIGRW ERPSDUHV WKH RXWFRPRRI WRIGROLAOLWBO @ KH PRGHO WKD
$&06GDWD GLUHFWO\ DV LQSXW IRU GHSDUW XUH¥ & 078.LQVS X /RG\D MVDH D DX O WK/ |
ORZHU QRLVHOHYHOV WKDQ WKHRULJLQDO RR G H® GCHOW. K H/ XIEMGUID RW MK IHJ R
$&06'RF PRGHO 7KHUHIRUHRWKHRRHUHQMDWWPDWHY QRLVHOHYHOVIRU $ G|
LWFDQ EHFRQFOXGHG WKDW WKH HINBBW RHWIHKH WKH R WWM U WKRQ MKW KHJ U R
WUDMHFWRULHV LQ PRVW DUHDV 'LUHFWO\ XQGHUQHDWK WKH IOLJKW WUDF

JLIXUH DQBELIJXUH FRPSDUH WKH QHZ WKUR¥W PRGHGO ZIKWK WKRH RULJLQDO

PRGHO D QG WeKRIF PRGHQJXUH DQEL.JXUH JHQHUDWH VLPLODU GHOWD SORYV
WKDW WKH QHZ WKUXVW DQG ZHLJKW PRGH 0$30 BRRXGE H & IKXW FRRRH Y F\WR VH W
WKLV K\ SRWKHVLYVY VKRZLQJ RQO\ VPDOO DUHDV ZKHUH WKH QRLVH OHYHO
WKUXVW PRGHO IRUGHSDUWXUHV JLYHV D FRQVHUYDWLYH SUHGLFWLRQ V(
WR WKHDLUSRUW $V WKH WKUXVW YDOXHV DW2V RN W RHI MDLUH H 2 WA PHDWUHG &
ZHLIJKW HVWLPDWLRQ OLNHO\ SURSDJDWH WR WKH WKUXVW HVWLPDWLQJ U
$QRWKHU FDXVH IRU WKH RYHUHVWLPDWLRQ RI WKH QRLVH OHYHOV FRXOG
IOLJKW SHUIRUPDQFH SDUDPHWHUV $ FKDQJH LQ WKUXVW RUDWWLWXGH GF
DOWLW$EW RDMHFWRU\ WKXV FDXVLQJ WKLV GHOD\ WLV H[SHFWHG WKDW \
FRQWRXU SORW LV VPDOO

,QLIXUHWKHQRLVHFRQWRXU SORRWHRR &/KG RWLDUQDOLQJI $SLUEXV $ IOLIKW
7KH YHFWRULQJ RI LQFRPIFPIXMHNM KWKWHW BP\ODUJHU VSUHDG LQ WKH QRLVH HP|
GHSDUWXUHV $JDLQ WKHIOLJKW WUDFNV PDWFK DFFXUDWHO\ZLWK WKH Q
RIVHYHUDO LQGLYLGXDO IOLJKWV ZLWK WKUXVW SHDNV EHFRPH VLIJQLILFDC
WKH QRLVH FRQWRXU SORWY SURYLGH FRQWH[W IRU H[SODLQLQJ GHYLDWH'



5HVXOWYV

JLJXUH 1RLVHFRQWRXU SORW RI $ GHSDUWXXUN XMRIQUHMARQWRXU GHOWD SORW RI $ GHSE
RULJIRAMOFDOFXODWLRQ PHWKRGRORJ\EZRWKRXW) D Q\KR R U PR®&H® Z L$\&0 &/ R H
DOWHUDWLRQV PRGHO

JLIXUH 1RLVH FRQWRXU GHOWD SORW RI $)LGBHSDUWKVH¥RQWRXU GHOWD SORW RI $ GHSLEL
FRPSDULQJWKHQHZ WKERVWRGQGBQZHALWMWVKRPSDULQJ WKH QHZ WKRBVWRQBQ@HALIMWWVKH
RULJIRAMOPRGHO $&06'RF PRGHO

SORWV Rl WRF RWREHOV FDQ E H BROHDGELOS
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,QLIXUH WIKIK06'RF PRGHO LV FRPSDUHG VRR WRREBHOJIKPHDU GLITHUHQFH
WZHHQ WKHPRGHOVDUHYLVLEOH HVSHFLDOO\DURXQGWKHDUHDRI+DDUO
DUHORFDWHG UHODWLYHO\IXUWKHUDZD\IURP WKHDLUSRUWDQGDUHLQ W
WKH ODQGLQJ WKUHVKROG )RU WKLV SDUW RI WKH IOLJKW WKH DOWLWXGH
RI w3y 7KHUHIRUH GLIIHUHQFHV LQ DOWLWXGH WUDMHFWRBRLANVOEHWZHH
EHPLQLPDO 7KLV LPSOLHV WKDW WKH REVHUYHG GLIITHUHQFHV LQ QRLVH O
WKB3IWKUXVW YDOXHYV 7KH FXUUHQW PHWKRGROR)Y3IFRG RIRG | & WQD -FXWIDWIDH(
FDSWXUH WKH WKUXVW SHDN EHKDYLRU IRUDUULYDOV

JLIXUH 1RLVH FRQWRXU SORWRI$ DUULYDOMIXURJWKIH/H FRQWRXU GHOWD SORWRI$ DU

RULJIRADOFDOFXODWLRQ PHWKRGRORJ\ZLWKFR:@%DQLQJ WKRRUPR®D® Z LH&IO B K H
DOWHUDWLRQV 'RFE PRGHO

,QLIXUH WKH GLIITHUHQFHV EHW ZHRHR) WRRIGHIKDZDVQIGUW ¥ R/IR U IPIR. @@ D U H
YLVXDOL]HG 7KHDUHDV IRU ZKLFK WKH QRLWRHF ORPIRGB8OIIBUM MLRR OVIKUH WK
DUHDV REVHUXYHLHLQ

'LITHUHQFHY EHWZHHQ RRH @R WK DXQ¥E\IGK RIF PRGHO DUH YLVWXDOL]HG LQ
XUH 7KH QHZ PRGHO GHPRQVWUDWHY WKDW DFFXUDWH SUHGLFWLRQ RI W
JUHVVRU PRGHO HQDEOHV D UHOLDEOH YLVXDOL]DWLRQ RI WKH QRLVH FRQV
GHYLDWLRQ¥&DBWRKEWIKHRGHO UHPDLQ OLNHO\GXH WR YDULDWLRQV LQ LGOH

7R XQGHUVWDQG VLPLODU QRLVH FRQWRX35SBR®NMRPR\WEIGUWLREDDIRARWVS
UHTXLUHG HVSHFLDOO\ UHJDUGLQJ WKH %RHLQJ (5 WKH %RHLQJ

)33DUH DYDLODEOH IRU W¥IB FRUUJKWERIQREUYB 38 WR[RXOG EH XVHG LQ WKH RU
'RF  PRGHO )BRWRI WKH %RHLQJ DQG WKH %RHLQJ ZHUHWVHOHFWH
UHVSHFWLYHO\ +RZHYHU WKH XVH RI WKHVH SUR[LHV FDQ OHDG WR VLJQLIL
DLUFUDIW VSHFLILFDWLRQV RI WKH SUR[\DLUFUDIW GLIIHU IURP WKH DFW XL
PRGHO )RU H[DPSOH WR H[WHQG WKH UDQJHRI WKH %RHLQJ DLUFUDIV
ILWWHG RQ WKH %RHLQJ (5 $V WKHVH WZR HQJLQHV SURGXFH DURXQG
VHWWLQJ XVLQJ WKLV SUR[LHV WR PRGHO WKUXVW ZLOO XOWLPDWHO\ OHD
PDLQ GLIIHUHQFH EHWZHHQ WKH DQG WKH LV WKHOHQJKW RIWKH |
LV D OHQWKHQHG YHUVLRQ RI WKH ,Q JHQHUDO@HTXDO SHUIRUPDQFH |

SOWKRXJIRIBVUHAWSURYLGHG IRU WKHISBLUBXWVURUQBRH VWLOO H[SHFWHG IR
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