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Portraits of Leonardo da Vinci - b\ Amelia Carolina Sparavigna

RHGD]LRQH AUFKDHRJDWH, 06-12-2011

A VSHFLDO HYHQW DW WKH RHJJLD GL VHQDULD, TRULQR, LV WKH H[KLELWLRQ "LHRQDUGR, WKH GHQLXV WKH M\WK", IURP

NRYHPEHU 2011 WR JDQXDU\ 2012 [1]. TKH IDPRXV VHOI-SRUWUDLW LQ UHG FKDON (Figure 1) ZLOO EH RQ GLVSOD\

DORQJ ZLWK ZRUNV E\ RWKHU DUWLVWV LQVSLUHG RYHU WKH FHQWXULHV E\ WKH LHRQDUGR'V JHQLXV. TKH RULJLQDO

LHRQDUGR'V GUDZLQJV FDQ EH DGPLUHG LQ D VSHFLDO VKULQH GHVLJQHG E\ DDQWH FHUUHWWL, WZR WLPHV DZDUGHG

E\ WKH AFDGHP\ IRU BHVW AUW DLUHFWLRQ. BHVLGHV WKH IDPRXV VHOI-SRUWUDLW, WKH YLVLWRUV FDQ VHH WKH CRGH[

RQ WKH FOLJKW RI BLUGV, RSHQHG DW WKH SDJHV ZKHUH, DFFRUGLQJ WR CDUOR PHGUHWWL, DQ IWDOLDQ KLVWRULDQ

H[SHUW RQ WKH OLIH DQG ZRUNV RI LHRQDUGR, WKHUH LV D VHOI-SRUWUDLW RI WKH JHQLXV, PDGH ZKHQ KH ZDV

\RXQJ [2,3]. TKH CRGH[ RQ WKH FOLJKW RI BLUGV, DV WKH VHOI-SRUWUDLW LQ UHG FKDON, LV XVXDOO\ KHOG DW WKH

BLEOLRWHFD RHDOH RI TXULQ. TKH CRGH[ LV D UHODWLYHO\ VPDOO QRWH-ERRN, GDWHG DSSUR[LPDWHO\ 1505. SLQFH

LHRQDUGR UHF\FOHG WKH SDSHU IRU LWV QRWH-ERRN, WKH SRUWUDLW LV ROGHU IRU VXUH.

TKH XS-OHIW SDQHO RI Figure 2 VKRZV WKH GUDZLQJ LQ WKH LHRQDUGR'V QRWH-ERRN. WH FDQ VHH ZKDW ORRNV

OLNH D SRUWUDLW SDUWLDOO\ KLGGHQ E\ LHRQDUGR KLPVHOI, ZKR ZURWH RQ LW. TKLV GUDZLQJ UHPDLQHG

XQDSSUHFLDWHG IRU 500 \HDUV EHIRUH EHLQJ QRWLFHG E\ PLHUR AQJHOD, DQ IWDOLDQ VFLHQWLILF MRXUQDOLVW. OQ

SDWXUGD\ FHEUXDU\ 27, 2009, GXULQJ D SULPH-WLPH HQWHUWDLQPHQW VKRZ RI WKH RAI EURDGFDVWHU RQ KLVWRU\

DQG VFLHQFH [4], AQJHOD H[SODLQHG KRZ KH QRWLFHG LW. TKH MRXUQDOLVW VDLG WKDW ZKHQ KH ZDV REVHUYLQJ D

FRS\ RI WKH CRGH[ RQ WKH FOLJKW, KH VDZ ZKDW ORRNHG OLNH D QRVH XQGHUQHDWK WKH WH[W. TKH IDFW WKDW WKH

GUDZLQJ ZDV PDGH E\ D OHIW-KDQG DUWLVW, DV WKH GLUHFWLRQV RI WKH VNHWFKLQJ OLQHV LQGLFDWH, UHLQIRUFHG WKH

VXSSRVLWLRQ RI D VHOI-SRUWUDLW RI WKH DUWLVW. CRPSDULQJ WKLV GUDZLQJ ZLWK WKH LHRQDUGR VHOI-SRUWUDLW LQ UHG

FKDON, AQJHOD VDLG WKDW WKH WZR PHQ ZHUH ORRNLQJ OLNH EURWKHUV.

AV SUHYLRXVO\ WROG, D ZHOO-NQRZQ UHVHDUFKHU RQ LHRQDUGR ZRUNV, CDUOR PHGUHWWL, DJUHHV LQ FRQVLGHULQJ

WKH LPDJH DV D VHOI-SRUWUDLW. IQ 1975, PHGUHWWL SURSRVHG D "SKRWRJUDSKLF UHVWRUDWLRQ" RI WKLV GUDZLQJ

[2]. B\ UHPRYLQJ WKH KDQGZULWWHQ ZRUGV ZLWK D QHJDWLYH-SRVLWLYH SURFHGXUH RQ D SKRWRJUDSKLF SODWH, KH

REWDLQHG D TXLWH LQWHUHVWLQJ UHVXOW. HRZHYHU, LW LV MXVW LQ 2009 WKDW WKH SRUWUDLW EHFRPHV SRSXODU

EHFDXVH RI LWV "GLJLWDO UHVWRUDWLRQ" SURSRVHG E\ PLHUR AQJHOD. TKH GLJLWDO UHVWRUDWLRQ ZDV REWDLQHG E\

HQKDQFLQJ WKH UHG-FKDON VNHWFK RQ D KLJK UHVROXWLRQ GLJLWDO LPDJH. TKH JUDSKLF GHVLJQHUV JUDGXDOO\

FDQFHOOHG WKH WH[W UHYHDOLQJ WKH GUDZLQJ EHQHDWK: DIWHU PRQWKV RI PLFUR-SL[HO ZRUN, WKH SRUWUDLW RI D

\RXQJ RHQDLVVDQFH PDQ DSSHDUHG (VHH WKH UHVXOW DW WKH VLWH [5]). AV I GLVFXVVHG LQ [6,7], WKLV ZDV D

YHU\ LPSRUWDQW GLVFRYHU\, GHPRQVWUDWLQJ WKDW WKH LPDJH SURFHVVLQJ LV D IXQGDPHQWDO WRRO IRU D QHZ NLQG

RI UHVWRUDWLRQ, QRW PDGH RQ WKH GRFXPHQW LWVHOI EXW RQ LWV GLJLWDO LPDJH.

IQ RHIHUHQFH 6, I KDYH SURSRVHG D VLPSOH DSSURDFK WR WKH UHVWRUDWLRQ RI WKH SRUWUDLW LQ WKH CRGH[ RI

FOLJKW. TKLV DSSURDFK LV EDVHG RQ WKH LQWHUSRODWLRQ RYHU QHDUHVW QHLJKERXULQJ SL[HOV. LHW PH VKRUWO\

UHSHDW ZKDW ZDV WKH SURFHGXUH (IRU PRUH GHWDLOV, VHH [6]). EDFK SL[HO RI D FRORXU GLJLWDO LPDJH FDQ KDYH

UHG, JUHHQ DQG EOXH WRQHV (RGB) ZLWK QXPHULFDO YDOXHV UDQJLQJ IURP 0 WR 255. BHFDXVH WKH SRUWUDLW LV LQ

UHG-FKDON DQG WKH ZULWLQJ DOPRVW EODFN, ZH FDQ FKRRVH D WKUHVKROG YDOXH WR UHPRYH WKH GDUNHVW SL[HOV

DQG UHSODFH WKHP ZLWK ZKLWH SL[HOV. TKH QHZ LPDJH LV VKRZQ LQ FLJXUH 2, XS-ULJKW SDQHO. WH FDQ ZRUN

IXUWKHU RQ LW E\ PHDQV RI DQ DOJRULWKP WKDW UHSODFHV WKH ZKLWH SL[HOV ZLWK SL[HOV KDYLQJ D FRORXU WRQH,

JLYHQ E\ DQ DYHUDJHG YDOXH RI QHLJKERXULQJ SL[HOV. AIWHU DSSO\LQJ WKLV DOJRULWKP ZH KDYH WKH LPDJH LQ

FLJXUH 2, GRZQ-OHIW SDQHO [6]. A IXUWKHU SURFHVVLQJ RI WKLV LPDJH E\ PHDQV RI D ZDYHOHW ILOWHULQJ

SURJUDP, IULV [8,9], JLYHV XV WKH LPDJH LQ WKH GRZQ-ULJKW SDQHO. TKLV LV WKH SRUWUDLW RI D \RXQJ PDQ WKDW

ZH FDQ WU\ WR FRPSDUH ZLWK WKH VHOI-SRUWUDLW LQ UHG FKDON (FLJ.1). TR WKLV SXUSRVH, ZH XVH DQRWKHU IUHHO\

DYDLODEOH LPDJH SURFHVVLQJ WRRO, WKH GIMP [10]. IW DOORZV WKH PHUJLQJ RI LPDJHV RQ VHYHUDO OD\HUV, HDFK

KDYLQJ LWV SURSHU WUDQVSDUHQF\ OHYHO. WLWK GIMP ZH VXSHULPSRVH WKH WZR SRUWUDLWV, FLJXUHV 1 DQG 2, DQG

ZH KDYH WKH ILQDO UHVXOW LQ FLJXUH 3. FURP WKH VXSHUSRVLWLRQ, ZH VHH WKDW WKH WZR IDFHV DUH TXLWH
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FRLQFLGHQW: LQ SDUWLFXODU, WKH UHODWLYH GLVWDQFHV RI H\HV, QRVH DQG PRXWK DUH WKH VDPH.

AIWHU WKH LPDJH SURFHVVLQJ, ZH KDYH D SRUWUDLW, WKDW RI FigXre 3, ZKHUH LHRQDUGR ORRNV \RXQJHU WKDQ LQ

WKH VHOI-SRUWUDLW RI FLJXUH 1. IV WKLV D IDLWKIXO SRUWUDLW RI LHRQDUGR? TKDW LV, KDYH ZH WKH SRVVLELOLW\ WR

FRPSDUH LW ZLWK WKH WUXH DSSHDUDQFH RI WKH PLGGOH-DJHG LHRQDUGR? TKH DQVZHU LV SRVLWLYH, EHFDXVH

WKHUH LV D SDLQWLQJ, WKH "SFKRRO RI AWKHQV" E\ RDSKDHO, ZKHUH WKH IWDOLDQ RHQDLVVDQFH DUWLVW GHSLFWHG

LHRQDUGR GD VLQFL DV WKH SKLORVRSKHU PODWR. TKH "SFXROD GL AWHQH", RQH RI WKH PRVW IDPRXV SDLQWLQJV E\

RDSKDHO, ZDV FUHDWHG EHWZHHQ 1510 DQG 1511. TKLV IUHVFR GHFRUDWHV WKH ZDOO RI RQH RI WKH URRPV, WKH

"SWDQ]D GHOOD SHJQDWXUD", LQ WKH ASRVWROLF PDODFHV RI VDWLFDQ. TKH JUHDW GUHHN SKLORVRSKHUV DUH

UHSUHVHQWHG LQVLGH D FODVVLF DUFKLWHFWXUH. AW WKH FHQWUDO SRVLWLRQ RI WKLV PDVWHUSLHFH, ZH VHH WZR

SKLORVRSKHUV, PODWR RQ WKH OHIW DQG AULVWRWOH, KLV VWXGHQW, RQ WKH ULJKW. PODWR LV VKRZQ DV D ZLVH-ORRNLQJ

PDQ (VHH FLJXUH 4). IW LV XVXDOO\ DFFHSWHG WKDW RDSKDHO EDVHG WKH PODWR'V IDFH RQ WKH IHDWXUHV RI

LHRQDUGR GD VLQFL [11]. TKH WZR DUWLVWV SUREDEO\ KDG HVWDEOLVKHG D GLUHFW LQWHUDFWLRQ ZKHQ RDSKDHO

VSHQW D SHULRG RI KLV OLIH LQ FORUHQFH, SHUKDSV IURP DERXW 1504 WR 1508 [12-14]. LHRQDUGR GD VLQFL

UHWXUQHG WR FORUHQFH IURP 1500 WR 1506: WKHUHIRUH, LI WKH LPDJH RI PODWR LV D SRUWUDLW RI LHRQDUGR, WKLV

PHDQV WKDW RDSKDHO GHSLFWHG KLP ZKHQ LHRQDUGR ZDV 52 RU 54 \HDU ROG.

LHW XV WKHQ FRPSDUH WKH SRUWUDLW LQ FLJXUH 3, ZKLFK ZH REWDLQHG XVLQJ WKH LPDJH SURFHVVLQJ RI WKH WZR

LHRQDUGR' VHOI-SRUWUDLWV, ZLWK WKH RDSKDHO'V SRUWUDLW (FigXre 4), WKDW LV, WKH LPDJH RI PODWR. FigXre 5

VKRZV WKHP VLGH E\ VLGH. BHIRUH GLVFXVVLQJ WKH FRPSDULVRQ, OHW PH UHPDUN WKDW ZH DUH ORRNLQJ DW WZR

LPDJHV REWDLQHG IURP RULJLQDOV FUHDWHG E\ DUWLVWV ZKR XVHG GLIIHUHQW WHFKQLTXHV DQG D GLIIHUHQW

UHQGHULQJ RI WKH KHDG SRVLWLRQ. MRUHRYHU, WKHUH LV DQRWKHU IDFW, ZKLFK LV LQ P\ RSLQLRQ TXLWH LPSRUWDQW,

WKDW WKH WZR SRUWUDLWV DUH VKRZLQJ D GLVWLQFW VLGH RI WKH IDFH. AQG ZH NQRZ YHU\ ZHOO WKDW WKH WZR VLGHV

DUH QRW HTXDO DQG WKDW WKH H[LVWLQJ VPDOO GLIIHUHQFHV FUHDWH WKH "JRRG" DQG "EDG" VLGH RI RXU IDFHV [16].

LHW XV UHPHPEHU WKDW IRU DOO WKH OLYLQJ FUHDWXUHV, WKH ELODWHUDO V\PPHWU\ [17] RI WKH ERG\ LV DQ

DSSUR[LPDWH V\PPHWU\: WKH WZR KDOYHV, OHIW DQG ULJKW, RI WKH ERG\ DQG WKHQ RI WKH IDFH, DUH QRW

SHUIHFWO\ V\PPHWULFDO. TKH V\PPHWU\ RI KXPDQ IDFHV LV D VXEMHFW RI VHYHUDO VWXGLHV. SRPH UHVHDUFKHUV

DUH VXSSRUWLQJ WKH LGHD WKDW PRUH V\PPHWU\ PHDQV PRUH EHDXW\ DQG IUHHGRP IURP GLVHDVHV [18-20].

OQ WKH RWKHU KDQG, D IDFH, ZKLFK LV WRR V\PPHWULF, JLYHV WKH LPSUHVVLRQ RI EHLQJ XQQDWXUDO [21].

TKH IDFW WKDW WKH WZR VLGHV DUH GLIIHUHQW LV TXLWH UHOHYDQW LI ZH DUH FRPSDULQJ D VHOI-SRUWUDLW ZLWK D

SRUWUDLW, EHFDXVH ZH PXVW EH VXUH WR FRPSDUH WKH VDPH VLGH RI WKH IDFH. FRU WKH H[SODQDWLRQ, OHW PH

XVH FigXre 6. LHW XV FRQVLGHU WZR FDQYDVVHV, KDYLQJ RQ WKHP D VHOI-SRUWUDLW DQG D SRUWUDLW, ZLWK WKH

KHDG GHSLFWHG LQ WKH VDPH SRVLWLRQ, WKH WZR SDLQWLQJV DUH VKRZLQJ D GLIIHUHQW VLGH RI WKH IDFH. WKHQ

WKH DUWLVW LV GHSLFWLQJ D VHOI-SRUWUDLW, KH LV ORRNLQJ DW WKH IDFH LQ D PLUURU. WKHQ LW LV DQRWKHU DUWLVW

GHSLFWLQJ WKH SRUWUDLW, KH LV ORRNLQJ DW WKH IDFH GLUHFWO\. FRU WKLV UHDVRQ, LI WKH IDFH RQ WKH FDQYDV KDV

WKH VDPH SRVLWLRQ, WKH GHSLFWHG VLGHV WXUQ RXW WR EH GLIIHUHQW. TKHUHIRUH, LI WKH OHIW LPDJH RI FLJXUH 5 LV

D VHOI-SRUWUDLW DQG WKH ULJKW LPDJH LV D SRUWUDLW, LW LV QHFHVVDU\ WR UHIOHFW RQH RI WKHP, WR SRLQW RXW WKDW

ZH DUH VHHLQJ GLIIHUHQW VLGHV. I GHFLGHG WR FKDQJH WKH RDSKDHO'V LPDJH ZLWK D UHIOHFWLRQ. MRUHRYHU, I

PDGH D VPDOO URWDWLRQ RI LW DQG FRQYHUWHG WKH FRORXUV LQ JUH\ WRQHV, WR DYRLG WKH YLVLRQ RI GLIIHUHQW KXHV.

FigXre 7 JLYHV WKH UHVXOW. IV WKH ILJXUH VKRZLQJ WKH VDPH SHUVRQ? I JXHVV WKDW WKHUH LV WKLV SRVVLELOLW\,

EXW IXUWKHU VWXGLHV DUH QHFHVVDU\. LHW PH WKHQ DYRLG D GLUHFW DQVZHU DQG MXVW ZULWH VRPH FRQFOXVLRQV.

UVLQJ WKH LPDJH SURFHVVLQJ ZH KDG FRPSDUHG SRUWUDLWV KDYLQJ TXLWH GLIIHUHQW RULJLQV. TKLV LV WHOOLQJ WKDW

VHYHUDO SURFHVVLQJ WRROV, VRPH RI WKHP IUHHO\ DYDLODEOH, FDQ KHOS LQ WKH VWXG\ RI KLVWRU\, DUFKDHRORJ\

DQG DUWV. FRU ZKDW FRQFHUQV WKH VSHFLILF FDVH, LW VHHPV IURP FLJXUH 7, WKDW WKH VWUXFWXUH RI WKH WZR

IDFHV, LQ SDUWLFXODU RI QRVH DQG FKHHNERQHV, LV TXLWH VLPLODU. WH FDQ DOVR VHH WKDW RQH RI WKH H\HV LV D

OLWWOH ELW ODUJHU LQ ERWK LPDJHV. AFFRUGLQJ RQ WKH SUHYLRXV GLVFXVVLRQ RQ SRUWUDLW DQG VHOI-SRUWUDLW (FLJXUH

6), I WHQG WR FRQVLGHU WKH RDSKDHO'V PODWR EDVHG RQ D GLUHFW LQWHUDFWLRQ EHWZHHQ RDSKDHO DQG LHRQDUGR,

ZKHQ RDSKDHO ZDV LQ FORUHQFH, DQG WKHQ RQ D SUHYLRXV SRUWUDLW RU GUDZLQJ WKDW RDSKDHO PDGH RI

LHRQDUGR.
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