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2 YHIHZ -
3WH DFH+

$XIP HQMG UDOV $5 DQG GHSW SKRRV DUH LQFUHDMQI ® SRSXOUFDP HUD XVH FDVHV DRRW
$ QARG KRZ HYHUWH 2 6 OFNY WBIQEDLE] DIRQLQ FDSWUKQJ VDYIQ)  DQG VKDUKQJ VXFK [P DIHV

$ 1HZ LQGHSHQGHQWROMRYY SUP DU [RUGHSW SKRRY H IMKRZ HYHUGRGH WDWH WQG DFURW \WH
HARAVIMP 98 KDYIQI XQURWP W DQG FROMMGR\ Z WIQ\WH $ QAURIG FDP HUD [UDP HZ RUN. SDUGHY
DQG GHYHBSHWY FDQ CDIYHD JHW/XSSRWRU \ QDP IE' HS\W Z W P LIP DCHIRW

2 ENtPVIYH-

3WRYICH DQHDM \R [P SBP HQATXIEN\R SDWH DQG Z IGHD DYDIDE®! GHSW H WIQVRQ R H M) WD
IP DILQJ IRWP DW DFLRW $ QARG DG 2 6

7KH H WOURQ Z LOVXSSRWAZ R SUP DI FDVHV DXJ P HQWMG UHDOW DQG GHS\W SKRRY 98 ARUQ)
GHYIEH UHDWIG P HECDWT \KLY VSHALIEDWRQ Z [OH \WMQG FRP P RQWW@IP DI Q) VSHRV @H-3( * 31*
DQG+(,) ZKIBI P DQEBIQQ) FRP SDVEIDN Z W H M) 1P DIH YIHZ HY

7 DJIHADXAHFH

7KH SUP DUV DXAHQPH IRUKLY GRAXP HONDUH HQJ LQHHY DQG SURGXPWP DQDIHLY DRIRW
$ GHYIFHP D\HY
% P DJH FUHDWRQ DSSTFDMRQY
& P DIHHAWY DSSTDMRQY
' |P DIH VKDUQ) DSSTFDIRQY
(P REIGIFKISVHWP DNHY

) P REI®I FKISVHW/RGMRQ SURICHY/

7KLYV IV QRADQ HQG XVHUIDAIQ) VSHALIFDWRQ QRUGRHY IWARQIBIQ HQG XVHUVSHALLE P DUN-MZY
P DWUDO

8 \H FDVHAVA
"\QPIF" HSW IV H WVE®! R P XG5S WSHY Rl GHSW XVH FDVHV RSP 1] HY IRUP XGWFDP HID

VHORY DQG SURYIGHV D IRXQEDMRQ IRUFRP SXWMUYIMRQ [P DI H SIRFHWIQ) H WQURQY 7KH [IIANER
XVDJHY \BU HMG DUH $ 5 DQG GHSW SKRRV

$XIP H QAG5HDDN $5 SKRR-

Q $5 6 WENHLY Z HUH LQARGXFHG Z KHUH D G MICREMIFWS 5 FROIMQLY SOFHG LOR \H VFHH
FXUHQ® YIHZ HGE\ \WH FDP HD $QH DP SBIR \KY IV VKRZ Q EHBZ Z MY VHYHDCREMIFW EHQJ
SOFHG Z \MQD IQ) URRP
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$5 6 WFNHU

,QWH VFHCH DERYH \WH $5 FROMQMNY SOFHG Z KIBH \WH YIHZ 1QGHUL DRYH DQG FDSWUQ) \KH VFHQH
W' \QDP LE' HSW D XVHUZ RX@ FDS\WUH D VFHCH D\ WH KD@ D\ VKRZ QDERYH DQG SOFH $5

FROMQUZ IWILQ \WH VFHQH SRWIFDS\MUA

' HSVK SKRVR\-

' HSW SKRRV FDQKDYH YDURXV IRP V VRP H R \H P RMBRSXDURGHV IQFGGH SRWDIWP RCH IRXQG
RQP DQ SRSXOU$ QARG SKRCHY $QH DP SBIR VXK DQLP DIH IV EHBZ
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3KRWR Z IWRXWEAAIWDQG Z W W KWGHSW RI | IHT HITHFW
1 RWMKRZ WHHIHAAY VA QHWF VKD@RZ GHSW RI | LHG KHSV VXSSUHW WH FOOWAUHG

EDFNJ URXQG DQG | RFXV DWQARQ RQ WH P DIQ VXEMFW

7RED\ [P DIHV @\H DERYH FDQQRWEH HAWMG RQFH FUDMG 6 \BUQY Z W' \ QDP [E' HS\W DSSTFDMRQY
FDQVHDP GMO FUHDW ERNHK HIHPW SRAFDS\MUH

7 KHVH GHS\WW SKRRV FRQIBIQ D GHSWP DS Z KIEK IV GHIQHG DV DQLP DUH R YDOHV IQMIHURUWDO
\WDWHSUAVHONGMBIGFH IURP \WH YLHZ SRIQAMVHH H DP SBIEHBZ  7KH H DPWEHIQURQ R GHSW FDQ
YDU GHSHQAQ) RQWH GHSWW VHQURU $V DQH DP S®! \®R FRP P RQ GHIQURQY DUH GHSW DBQ) \WH
RSWADC IV WSIED® WH] D[V DQG GHS\WW DBQJ \KH RSWF D\ SDWIQJ WURXIK HDFK SI[ HO
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1 RWP DAYH5H HHFH-
7KH IRGRZ IQJ DUH QRUP DIYH UH HUHQRHV | RUKLY VSHALIFDURQ

" $GREH; 0 3 6 SHALIFDIWRQ3DW 6 \RUDIH Q) LBV

T 62 (' ; 03 6SHALFDWRQ 3 DWW
" 62 (& ,62 %R P HAD II®I IRWP DW
T " LIMGE RP SUHWRQ DQG &RAQI R & RQMXRXV \WRCQH 6 W)P DIHV

" 0/ 6FKHPD3DW ' DWNWSHV6HFRQG( QMRQ: & S5HARP PHQCDWRQ 2 RREHU

" DviD 6VWKP\XUH-

7KH P HECD\I LV VHUIDQ HG IRBZ Q) ,62 ( 03 6SHALFDWRO3DW DQGHP EHGGHG
LOVIGH \KH SUP DU 1P DIH LB DV GHVAUEHG IQ$ GREH: 0 3 6 SHELIFDIRO 3 DWW 6 \RIDIH 1Q) 1BV

7KH SUP DY 1P DUH I1G] FRQBIQV WH IRTZ 1Q) WP V IRWP DWHGDV5' ) : 0/

( ®P HOW-

7 KH URRWP HBGD\ REMIPAY WH  @D>@HOP HQADQG W DA D\ V IHTXILHG 7 KLY VSHALLEDURQ
VXSSRW VHYHUDCB UR BN RUXVH FDVHV DQG HDFK KDV IW RZ QVHWR! UHTXILHG HBP HQN DQG CD

5 HDGHY P D\ XVH 3 URIBN \R IGHQM Z KDWKVH FDVHV D JIYHQ' \ QDP [E" HSW 1LB1 FDQ VXSSRW

0 XBG! SURILBN FDQ EH VXSSRUMG E\ DMQI®I I1B1 5 HDGHY DQG Z UMY DUH QRABHTXILHG \R VXSSRW
DOSWRIBN

7KH IR®Z 1Q) \DEG! QAW WH P IQP XP VAR HBP HQN \KDWDUH UHT XILHG | RUHDFK 3 LRGB! 1O WKLY

VSHALIFDIRQ

S3URILOH SHTXLUHG (OHPHQWYV

$5 3KRWR " "HYLFH
| B3URILOH PXVW EH 3$53KRWR’
| 30DQHV
&DPHUD
| 3RVH
| /LIKW(VWLPDWH
| ,PDJLQJORGHO
| ,PDJH RSWLRQOD3INRWRVHERRIPRWH LQIR
| 'HSWKODS RSWLRQDO

'"HSWK 3KRWR " "HYLFH
| 3URILOH PXVW EH ®'HSWK3KRWR"~
&DPHUD
| 'HSWKODS
| ,PDJH
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2 SWRQDCHBP HQW DUH QAMG IQ\WH IRTZ IQ) QMDQGP D EHLIQRUHGE\ P DIH SDWHLY \WDWKDQGBI
H\MHUR \KH 3 URIBN DERYH ( BP HQW DUH GHIQHG 1Q D VHSDUDW VHRRQ

" 3UPDV IPDIH 7KHIP DUHH \MEDORWH' \ QDP [E' HSW YIME®! R QR DOQRQ' \ (DP IE
' HS\WW DSSV
" @@ 7KHURRWREMPWR WH5' ) ; 0/ GREXP HQADVIQ\WH $GREH; 0 3 WBIQEDG
JIOD @ 2 EHHG AUHRRY R FROFDWCDWMG 1BV IQWH (1B FROBIGHU
@2IM 1 Al 9HQCRUUHDWG IQRUP DIRQ |RUWH GHYIEH
KK 1A]  $SSTFDMIRQ VSHALE RUHQGHURY LQIRWP DIRQ [RUKH GHYIFH
<MOC IN@ 7KHSRWHR \WH5HD® LH GFDXZ R VSDFH Z W UHVSHPR WH
HDUW
| _JIN@ 7KHSRVHR \WH GHYIEH Z W UAVSHPWR \WWH 5 HDB
|  MADGA 5') VHTXHQFHR RQHRUP RUH  MJADG@HQMAV
v _MADG® ' HIGHVWH IQMGHGXVDIH YV R \WH' \QDP IE' HS\W P HECD\D
Z M \KH SUP DU [P DIH
|  <H@®kKN 5') WHIXHQFHR RGHRUP R <H@k HQIMAV
vV _<H@k $OKHIQRIRUDJILYHQFDP HID 7KHUWH P XWWEH D FDP HUD IRUDQ
IPDIH 7KHSUP DU [P DIH LV DWRFADWG Z M WH IIWFDP HID Z KIFK LV
FROVIGHUHG \WH SUP DY FDP HUD IRUWH P DIH
" @2JMIA) 9HQERUUHDWG IQRUP DURQ IRUWH FDP HID
" KK 1A $SSTFDRQ VSHALLE RUHQGHUQ] IQRWP DIRQ IRUWH
FDP HD
JN@ &DP HID SRVH UHDWYH \R \KH 5 HD®
" +kB@ ,P DIHSIRVIGHGE\ \WH FDP HWD
H<BDI B J?@ ,PDIIQ) BV PRGHO
" @OC <K ' HSW UHDWG LQIRUP DIRQ DQG \WH GHS\W P DS
JD O GIP? 3RONFBXG W
| &I@ 5') VHIXHFHR RHRUPRIH G<l @HQMAV
V _ @ $OKHIQRIRUD JLYHQ SK\ IFDCSOQDUVXUDFH

OHGED' Db ( QFRAQI-

' \QDP IE' HSW LBV FROWMR D SUP DY GVSOD\ WDG [P DIH VXFK DVD-3( * Il 6 HFRQEDY

IP DIHV VXFK DV GHS\WW CD\WB LOMUP HADWM P DIHYV  RUDGMECDYH UHSUHVHQBMRQY R \WH SUP DY
IPDIH P D EHARUHG HWHULQ D FROFDWIQDWMG |81 FRQBICHUGHIQHG EHBZ  RULL \WH SUP DU 1P DIH
VDQ,62 (& 62 %R P HAD |G IRWP DWRQEIQHU DV RKHUER] HV 1Q \KH FRQEIQHU

& RFDWICDWAG ) 1B & RMILCH

7 KH FROFDMQDWMG | LB FRQEAIQHUFRQUMV R D FRP SRV 111 Z KHUH \IKH SUP DU P DIH ILG1 KDV ] HR

RUP RUH VHFRQEDY P HAD 11BN DSSHQGHG \R IW 7 KH VHFRQEDY P HAD 1BV P D FRQIBQ DIMEDIYH
UHSUHVHQIBMRQY R \WWH SUP DU P DI H RUUHDWMG P HAD VXFK DV GHS\W CD\B

7KH SUP DY P DIJH FRQEAQV D & RQEIGHU; 0 3 P HBCDW GUHARY GHIQQ) WH RUGEHUDQG SURSHWAV

R VXEVHTXHQAP HAD 1BV 1QWWH [181 FRQBICGHU ( DFK 1131 1Q \WH FRQBIGHUKDV D FRUHVSRQAQ) P HAD
MP IQWH GQUHRRY 7KH P HAD WP GHVFUEHY WH GFDIRQ 1O \WH 1B FROBIQHUDQG \KH EDVIE
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SURSHWIHV R HDFK FRQFDWICDWMG 1B1 0 HAD WP V 1Q WH FROBIGHUGUHRRY DUH UHHUHG \R E\
\MP 85, DREX\WV IURP ,P DIHRU HSW 0 DS HBP HQW LQ WH P HCD\D

62 % OHAD) I ) RP DA& RVIOH S

) 1B FRQEGHY EDVHGRQ,62 ,( & P D\ EHXVHG R VWRUH \WH SUP DU [P DIH GHS\W CDWJ
LOMUP HADW [P DIHV RUDGMIDWYH UHSUAVHQEMRQY R \WWH SUP DU [P DIH 7KH; 0 3 P HIGDWD IQ\WH
FROBIQHUIGFOGHY D & RQEIGHU; 0 3 P HCDWT QUHRRY HBP HQWZ KHUH HDFK WP 1O \WH GUHRRY
XVHVD 85, R UHHUR ER HV Z MIQWH ,62 ,( & FROBIQHU

a

1 DP HVSDFH 5HTXIU A HOWA

© KHQ' \QDP IE' HSW IV HQFRGHGIQD - 3( * FRQEIQHU DOQDP HVSDFH GHFOUDIRQY P XMADSSHDUIQ
\WHP DIQ; 03 VHAIRQR WH IIVW . R \KH H WIQGHG VHRIRQ 7KLY DIBZ V FIHQW \R TXIEND FU-DW
D QMR \KH WHTXILHG QDP HVSDFHV E\ UHDAQ) MWIKRVH IR VHRIRQY BWWWDQ . Z WKMRXW

KDYIQJ \R @DG DQG SDWH WH HQWH H \MQGHG VHRIRQ

,QRWP DI¥H ,I D 5 HDGHUGRHV QRW/XSSRWDO@ \ QDP IE" HSW THDWUHV |RUD SDMFXOUDSSTHDMRQ (W
P D EHKHSIXQRUWH UHDGHUWR HIFHQ® REVIIQ D QMR WH' \ QDP L' HSW CDP HVSDFHV LH

IHDUUHV DQG HDWUH YHWIRQY XVHG IQ D I1B1 EHRUH WH EHILQ SURFHWIQJ IW 8 QRUNMQDWO KLY FDQ
EH QUIEX®Z KHQXMQJ D-3( * FRQEBIQHU ,| WH @D>@HOP HQWP RHWDQ . WKHR PRW

" \Q@PIF' HSWIIBN WHXBVR ; 0 3 IRFHWH @D>@DQG IW FKIGHQRX\WR \KH P DIQ; 0 3
VHAIRQ DQG QR WH H WQGHG VHRIRQ  7KXVDQ' \ QDP IE' HS\WW HBP HQADQG W QDP HVSDFH
GHFOUDIRQ P LI KWDSSHDUDQ Z KHUH IQ\WH P DIQ RUH WQGHG; 03 8 QGHUWHVH FRQGMIRYY EXICIQY
D QMR DOKH' \ QDP IF' HS\WW QDP HVSDFHV XVHG 1Q D I3 UHTXIUHY FKHANQ) \WH HQMH' \ QOP IE

' HS\WW FROMQWRI\MQ P HJ DE\ WV 1Q BIQIWK FDXVIQJ D SHURWP DQFH KIWZ KHQ RSHQQ) WH 1B

1 RQ WQEDU G \DIH-
;UMY DUH DA@Z HG W ICFAGH RIMHUINHGY RURENMIFW \KDWDUH CRWEH LCOHG 1OQ WWH VSHF |RUWH

VSHALIHG YHWRQR ' \Q@DP IF' HSWIQ @D>@HBP HQN ) RUH DP S®I WHVH P D\ EH REMFW
VSHFLLE \R D SDMEXOUYHQGRU GHYIEH RUXVH FDVH RURKHUH \WQVRQY  $ GAMRQV\R\WH ' HYIEH
HBP HONP XMWRWAKDQI H \WH EHKDYIRUGHICHGE\ WH' \ QDP IE' HSW YHWIRQ YDOH IQFOGHG 1Q
HDFK HBP HOW QDP HVSDFH 5 HDGHWY VKRX@ LI GRUH DQ. DEAMRQY \WDWDSSHDU Z WKRXWHURU

&RP SDUWELDW -
7KH' \QDP IE" HSW VSHALIEDWRQ LY D VW QUEDQAH SDOVIRQ R WH RUJICDO HS\KO DS 0 UG
VSHALLIFDURQ SXEQKHG 1Q VYAMD/XSSRWW \KH R LQDOXVH FDVH R DMQI®! P DIH FROEBIGHU

Z W DWRADWMG GHS\WK P RMBCDW EXWH SDQGV \WDWRU LQDOVSHHLLLIFDMIRQ R VXSSRWP RUH WSHV RI
P RGO DQG P RUH XVH FDVHV 7 KH & R VSHALLLFDMRQY DUH CRWEDFNZ DUV FRP SDMEE®I EHFDXVH
GHSW P HAGD CDW IV RUHG 1Q D GLIHHQAZ Dy 1Q WLV VSHFALLIEDVRQ

5 HDGHY DQG Z WY WDW/XSSRUMG WH ' HSWO DS 0 HVBCDMY VSHF Z LQUHTXIUH P RALIFDWRQ W
VXSSRW \ CDP [F" HSW 7KH' \ QDP IF" HSW \ARQCEDG KDQEBV D QXP EHURI MR V ALIHIHQW®
KFBAQ] |IDON JIAD?@>@ <l PA<>CPM@A J?@ H<B@D?CC DQG H<B@ @BCO
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QWKLY GREXP HQBMRQ -3 ( * 1V XVHG DV \WH EDVIE P RGHOEXWKH P HBGDWY GHIQURQP D\ EH
DSSMHG \R RWHUIL®! IRP DIV \KDWXSSRWY 0 3

3WR LBV

3 URILGI HBP HQNV GHVFUEH \WH IQMQGHG XVHR D' \ QDP IF' HSW [P DI H DQG GHICH \WH WIKPMUH R
RWHUUHTXIUHG HBP HQW IQ\WH P HBGDWY 3 URILG! HBP HQV DABZ 5 HDGHLY \R TXIEND IGHOM \WH
IOMEHGXVHR DI 7KH M ADG@HBP HONVFRQBIQV \WH SURILBI QDP H DQG WH LQAFHV Rl FDP HIDV
XVHG E\ WH SURIBI & XUHQ® VXSSRWMG XVH FDVHY DUH GHSW SKRRY DQG DXJ P HQMG UDOV $5
SKRRV

7KHUHTXIWHG' \ QDP IF " HSW HBP HQW |IRUHDFK SURIL®BI DUH RXA\IIHG EHBZ

3U R®I DQG 8 VH &DVH ( [ IQURQ-

) XWUH YHWRQV R \WH' \ QDP LE' HS\WW VSHRLIFDWRQP D\ DGG QHZ 3 URILBNV \R VXSSRWWHZ
IXQRIRQDON DQG XVH FDVHV ) IWAMKH. FDQ GHIQH WH UHTXILHG' \ QDP IE* HSW HBP HQN YDOHV
DQG VHP DQIFV VP LOUWR \WH' HSW 3 KRR DQG$5 3 KRR VHRIRQY EHBZ 1 H WWHUIP DIH WHDGHU
DQG Z UMMUFRX@ VXSSRWWKHUXVH FDVH QDP HIQWH MIADG@ TK@ILHG \WH QMR & DP HID IQAFHV
10 MIADG® <H@k | ?D>@\

3U RMA ' HSWK 3KRVR-

' HS\WW SKRWR\V DUH GHILQHG DV DQLP DUH R VFDOUYDOHV LMY HURUUHDO \WDWIHSUHVHQWKH GMBGRH

IURP \KH FDP HD YIHZ SRIQMR \KH REMPWIHZ HG 1Q D FRUMVSRQAQ) FRBUIP DIH VHH \KH 1L XU

EHBZ 7KH H DAWGHIQURQR \WH GHS\WW YDOH P D\ YD EDVHG RQWH WSH Rl GHSW VHQURU $V DQ

H DP S® \®R FRP P RQ GHIQURQV DUH GHS\W DBQJ \WH RSWEDAD[ IV WSIED® WH] DIV DQG GHSW

DERQ \WWH RSWDAD. SDWIQI WURXI K HDFK SI[ HO
3 =R _

el

$QH DP S®I FR&RULP DIH G1WDQG D FRUHVSRQAQI GHSW IP DIH WKW

"\QPIF' HSW



SHIXUHG' HSW SKRR (@GP H @F

3WR LB
" MADG@ TK@PXWEHWHWR @XCC CIQJ
" MADG@ <H@K | ?D>@N 7K OMP XWKDYH RQD RQH IQMI HUL Z KIFK UHSUAVHQIWV \WH M
FOPHDIQWH @D>@ <H@ANOW

& P HDA
" <H@®k L
| @OC <K RUPRWH
| HB@ RUPRWH
4 ™
IPEG
(e __ )
[r __________________ A
| XMP |
| i Ty |
I Device |
l |
I
| Profile (Type “DepthPhoto”, :
I Cameralndices = i) |
|
| |1
| Cameras I
l |
| Camera i I
| Original |
: Sharp Depth I
a—
Container image
M vy
"\ QDP IF' HSW P VRGOV VAKF\XUH | RUGHSW SKRWRJ LDSK\
3UP Y |IP DJH-

,QGHSW SKRIRIWDSK\ \WH SUP DU 1P DIH LV \WH SUHVHQBMRQ RUGAVSO\ DG FRS\ R WH IP DIH
7KH P DIH LV QRAHTXIWHG IL \WWH FDP HID IQGH IV DQG WH P DIH DQG SUP DU 1P DIH DUH IGHQWDO

P DJH DQG GHSVK P 05 FRUHDWR-

$@P DIHV DQGGHS\WW P DSVZIMWIQD  <H@% P XVWEH UHAMHG \R \IH VDP H SRVH DQG FURSSHG R \WH
FRP P RQIHGR YIHZ \VDP HDVSHPWIDMR W/ QRAHFHWDU IRULP DI HV DQG GHSW P DSV \R KDYH

\KH VDP H UHVROMIRQ
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: UMY P D\ VARUH DGAMRCDAQMP HADM LP DI HV IQUCH VXEVHTXHQAL DP HID HBP HOWN : UMY
P D\ WRUH DGGMRQDCE DP HUD HBP HQW | RURKHUIQMUP HAIDWM UHSUMVHQBMRQY R \H FRBUDQG
GHSW P DIHV ( DFK DEAMRQDCE DP HUID HBP HQAP D\ LQFOIGH D & DP HUD3 RVH HBP HOAR GHIGH IW
SRVIMIRQ DQG RUHQEMRQ

3URM $XIP HOMGS5HDOW $5 3KRVWR-

$QDXIP HOMG UDDWV $5 SKRWR LV DQLP DI H \WDWARQEIQV WH SRVH R \WH FDSWUIQ) GHYIEH

QKD HAIP DM IQRP DIRQ KRU RQEBIADQG RUYHMFDO/XUDFH SOCHV 1QWH Z R DQG FDP HID
(QNMEV

2 SURQD® GHYHBSHY P D\ LQFOIGH DSSTFDMRQ VSHALLE P HBCDW 2 QH H] DP SGI LV WH IGHQMHUV

R ' DWHAW DQGWHUSRWHY : KHQWH [P DIH LV SDWHG \WHVH DWHW FDQ EH GDGHG RQD B\ \WDW
DSSTFDMRQ Z W \WHUSRVHY VR WDWHQG XVHY P D HAVWDQG P RYH \WH DWHWQMDPRYHD 1Q WH
SKRR

2 SWRQD® D SKRWR FDQ EH HP EHGGHG IQMGH DQ$5 3 KRR 6 KRX@ \MHUH EH DQ HP EHGGHG SKRR. W
VKRX@ EH \WH RQH XVHG E\ \WH [P DI H YIHZ HUZ KHQ SDWQ) EDFNWWH SKRR $QH] DP SGI XVH FDVH IV
\ LQZ KHUH WH HP EHGGHG [P DIH LV WH RQH Z MKRXW ' DWHW Z KIEK ZH Z lOFD@KH $5 1P DIH DQG
\WH FROBIQHUKDVWH ' DWHW YME®! \WH HQG XVHUIDAQJ [P DIH 7KLY HQDEGN XVHWY \R SUHYILZ
DWXP EQDCY M \WH ' DWHW QD JD®UY  Z KIBI EHQJ DEG! \R IQMIDPWDQG P RYH REMIFW IQ\KH $ 5
[P DIH ' HYHBSHY P D\ FKRRVH \R XSCDW \H SUP DU P DIH 1L HQG XVHWY VDYH WHUHAW \R \KH $ 5
SKRR

| WH HP EHGGHG SKRR XVH FDVH IV HP SB\ HG W SDUHQA& DP HUD VKRX@ EH DQ. WIQ) RKHUKDQ
&DPHD  DQGMVKRXG KRG DOKH$5 P HECDW 2 \WHZ MH 1L WHUH IV QR HP EHGGHG [P DI H
&DPHD \KRXGFRONQDOKH$5 P HECDW

'\COP L FHSWK (BP H @F

SHTXUHG

3WR LB
MADG@ TK@P XWEHVHWR  CIQJ

" MADG@ <H@K | ?D>@ 7KLY QMP XWKDYH H DR® RCH IQWMIHUL Z KIFK UHSUAVHON \WH
MW FOP HDIQWH @D>@ <H@AN QW

" HHEH

&l @ DOMR KRU RQBCRUYHWDCEOHYV WHSUHVHQUI GAWWMRMG SK\ MFEDO/XUDFHV 1Q
WHZRG HJ IGRY RUZDQ

&P HDh
<H@k L KRGVWHS$5 P HWECDW DQGRSWRQD® WH HP EHGEHG$5 IP DIH
| JN@
DBCO NODH<O@

|
|  H<BDI B J?@ FDP HD IQUOVEV IQRP DIRQ
| H<B@ RSWRQDO$5 P DJH IRUKH HP EHGGHG XVH FDVH

" \QDPIF' HSW
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"\ QDP LF' HSW P HVvGDWD VWKRXUH IRUDQ $5 3KRW Z IW DQHP EHGGHG $5 P DIH

SRHV DG & RAECDM 6\ WP \A

' \Q@P IF' HSW ARUHV \WH SRVH \KDWY \KH SRVMIRQ DQG RUHQIMRQ R \WH FDP HD V' UHDMYH \R
DAWHV IQWHZRWG 7KLY HQDEGN DSSTFDMRQY \R XVH
P XQ$®! [P DIHV I HKHU DV Z KHQP DSSIQI GHS\W GDWI RQR D SKRRIWDSK  DQG SURVIGHV

LI RUP DMRQ DERXVWKH [P DI H FDSWUH VXK DV WH SRVMRQ DQG RUHQBMRQ R \WH [P DI H VHQURU

WHZ R RUWHSRWHVR REMFW HJ '

7KH IRBZ 1Q) VHAIRQY GHIGH WH FRQYHQIRQY FRRUECDW A WMP V' DQG IRUP DWW XVHG \WURXI KRXW
KLY VSHALIEDURQ 0 RWIR \KH P DI LQYROHG FDQ EH KDQGBIG B\ \KILG SDIWV P DW GEWDUHY 0 RUA

GHBIY RQ DEAMRQDAFRRECDM A WP V' FRQYHQIRQY DQG P DWW DUH DYDIDE®! 1O \WH $ SSHQGA]

"\QPIF' HSW



https://en.wikipedia.org/wiki/Pose_(computer_vision)

&ROYHOARQV-

+ DOGHGOHW 8 QBMWV RINHLZ IVH CRMG D@8 DIWMDQ VSDRHV DUH W KWKDQGHG 7KLY P HDQV WDW
FRW; < = 3GDVHVHHDORWH 2 SHY / VHRURO RQ KDQGHECHW

3RVIMRQ IV H SIHWWHG IQWUHH GP HMRQV ) RUWH GHYIFH SRVH WHVH DUH OWXGH ®QIIWGH DQG
DAMYGH ) RUWH FDP HUD SRVH WH DUH \WH GMIBGRH IQ P WMWY 1URP \WH GHYIEH RW 1Q SRQNDBQ
WHGHYIFHV[ \ DQG] O HV

2 UHQEMRQ LV DOR H SUHWHG IQWWUHH GP HOMRQY DV D IRBMRQDURXQG[ \ DQG] DO HV UHDWH R
DIWP HR BHHHQFH ) RUHDFK' \ QP IE' HS\W HBP HQMKH IDP H Rl UHHUHQRH LV \WH GFDCZ R
FRRUECDM WA VMMP Z KIEK Z H GHIQH DQG GHVFUEH EHBZ DV\WH 5 HDB' FRRUECDW A VWP 1Q\KLY
VSHALEDURQ ) RUKH 5 HDB' IWHD WH IDP H R BHHUHQRH IV DVBIQEDE (18 HDWGRWK XS HDUK
FRRECDM\ VWP GAVFUEHG EHBZ

( DFKR WHH ' FRRUECDM A VAP VKDV D GHIQHG RWIQIRP ZKIEK[ \ DQG] D HVHP HUHIQ
CHIGHG QUHRIRQY

"\QDPIF' HSW JN@' \ QP IE' HSW ARUHV HBP HOM3 RVHV Z MW UAVSHPWR \KH @FDCZ R
FRRECDW M WP Z KIFK Z H GHICH LKLY VSHALIFDWRQ DV WH 5 HDB' FRRUECDM A VWP 7KH
H FHSWRQLY ( DWB RVH ZKIFK IV \WH* 36 WHDAQ) R WH $ QARG GHYIFH

1 RN WDWRP H HBP HQMSRIQE IVH GFDMRQV DUH VWRUHG Z W UHVSHPR \WHUGFDCREMIFW
FRREWW WP VXFKDVZIN Gl @ JPI 2<MT

%HBZ DUH \WH \EZR P DRUFRRECDW A WP V XVHG QWL VSHALIFDURQ 0 RUH GHBIY RQ\WH
UHP DIQGHUDUH IQ WH $ SSHQG

(DK & RGO 6\ WP -

"\ QPP IF" HSW XVHV D W KWKDQGHG HDWMRWK XS (18 ZRUB
FRRACDWM VA VMP 7KLV IV \WH VDP H Z R@ FRRGECDW WA VWMP - XVHG 1O WH T

$QARGDQYG2 6 RSHIDID A WMP V DQGLQ$5 & RUA

7KH ' SRVMRQLY UHSUMVHOMGIQ: * 6 FRREICDWY DV BQIWXGH X
OWNGH DQGDAMYGH ,QNHHSIQI ZIWWWH: * 6 GREXP HQEMRQ DEMYGH <
IV KHI KWQ P HMY DERYH WH BIQEDUG HABVRIG UH HIHQFH VXUDFH DQG ,/"'/
OWWNGH IV JHRGHIE OUWYNCH 7KLY IV FROWMMQAZ W \WH * 36 CDWD SIRYIGHG
E\ P RWP REIGI GHYIEHV

Z

World coordinate systern

2 WIQ 7 KH GFDIRQ VSHALHG B\ OWXGH BQIIWGH DQG DEAXGH

2 UHQIBMRQ " IV \BQIHQIDOR \WH J URXQG DVWKDWBFDUMRQ DQG SRIQN URXIK® ( DWW
WY \WH YHRRUFIRW SURGXFW 1 ]
< IV \BQJ HQIDOR WH J URXQG DVWKDWEFDMRQ DQG SRION \RZ DGV WH
1 RUK 3 R®I

" \QDPIF' HSW


https://www.khronos.org/opengl/wiki/Coordinate_Transformations#Handedness_Of_Coordinate_Systems
https://en.wikipedia.org/wiki/Coordinate_system
http://en.wikipedia.org/wiki/Geodetic_datum#Local_east.2C_north.2C_up_.2%208ENU.29_coordinates
http://developer.android.com/reference/android/hardware/SensorManager.html#getRotationMatrix(float[],%20float[],%20float[],%20float[])
https://en.wikipedia.org/wiki/IOS
https://developers.google.com/ar/reference/java/com/google/ar/core/Pose#world-coordinate-space
https://en.wikipedia.org/wiki/World_Geodetic_System#WGS84
https://en.wikipedia.org/wiki/Geodetic_datum#Geodetic_versus_geocentric_latitude

= IV SHEHQEEXOUWR \KH J URXQG DWKDWBFDIRQ DQG SRON \RZ DUGV \WH
W
8 QW 0 HWY RUGHI UHHV
+DQEHAEHW | 5 LIKW
5 DQIH " /DMMCH Z\R %
" | RQIWMCH J\R 2
" SOWCH R P HWY WH HGIH R \KH DI RVSKHUH
3 UHFAMRQ ' RXE®

S5HD® & RGO 6\ WP -

7KH5 HD® FRRUECDW \A WP 1V DQ DSSTFDMRQ UH HUHQFH FRRAECDIM W WP 1QD UHDZ RUIGB WY
HTXLYDBIQAR $ 5 & RUHI 6 FVRQVSDFH  Z KIFK VHYHV DV \H UH HUHQRH VSDFH IRUDGR! \WH SRVHV
SURYIGHGE\ IW$3,

,QARWP DMRCDO 7 KH \MP 35 HD® ~ LHHY \R WKLY FRRECQDW VM WP DV R HQVXUH FOUMY EH\E HHQ KLY
RQH DQG3( DU VSDFH

2 WIQ $UEMDY  GHSHQGV RQ WH DSSTFDIRQ
") RUHQGHUQ) DSSTOMRQY VHH \WH RWIQR_2 SHY: / I/ UHQGHUQ
Z R VSDFH

) RUS5 &RUH W/ JHCHID® \WH SRIQAQ WH UHDOZ R Z KHQ WH XVHU
VMW IXQQQJ) \WH $5 DSSTFDUIRQ

2 HQOMRQ | / RFDOBIYHZ W

"< XS
$UEMDY ; = DHV EXWHQHD® = SURWRIRQR! \WH GHYIEHY
IRZDE YHARUDWABWKS P H LOR \WH GFDOBIYHOSOQH

1 RW 2) RZDE UHHY \R \WH GUHRIRQ WDWD XVHULY [DAIQ) Z KHQ WH\
ABWARH DSS Z W \RHUGHYIEH KHG RAQ IIRQAR \WHP DADLP Y BIQ)\W
DUP SDUDEDIOR WH J URXQG

8 QW 0 HMY

+DQEHAHW | 5 LKW
5 DQIH 8 QERXQEHG
3 UHAMRQ 61Q G

" \QDPIF' HSW


https://learnopengl.com/Getting-started/Coordinate-Systems#World%20space
https://developers.google.com/ar/reference/c/group/concepts#poses-and-coordinate-spaces

2 ENHPE, IRUWGECDV 6\ -

7KV FRRUEICDW M VMP 1V XVHG IRUD 3 @CHI SRIQV  DQG DI QY Z W \WH $ OFKRUFRRUEICDM A WMP
GHIQHGIQ$5 &R ,| DSSTFDMRQY FKRRVH R WRUH VHUID@ HG SRMHVIQ KK | Al MY BFRP P HQGHG

WDVWKH XVH WKLY FRRGECQDW V\ WMP DV \WWRVH REMIPWATUHVSHRARYH WP HY R BHHUWHCAH

7KHIR®Z 1Q) CHIQMRQY DUH UHFRP P HQGHG EXWDSSTFDUWRQY FDQ FKRRVH Wi XVH WH YDAHV WWDW
Z RINERMWRUWHUXWH FDWH

2WIQ 7KH FHQMUR! \WH REMPWRQ\WH ; = SOQH DQG \WH ERWRP P RWY¥ SRIQARQ\WH
REMFW

2 UHQIMRQ . WKW < XS = RAWWR \WH REMPWZ KHQ ®RNQJ KHDG RQ DVWWKH REMIFW

8 QW 0 HMY/

+DQEHEHW | 5 LJKWKDQGEHG

5 DQIH ' HSHQG RQ\WH XVH FDVH

3UHFMRQ 61Q ®

2 UHQIDARQ GDVID | RU FDA

0 DHP DI¥FD@® WH\VIMN R GAVRUELQ) RUHQEMRQ RUIREMRQ FDQ EH GLLIEXGNDQG FRXQMUIQMMYH
( DFK R \WH SRSXOUIRWP DOP V IRUKLY + URBMRQP DA ( XBUDQIGN D[ IV DQJ Bl UHSUHVHQOBMRQ
DQG TXDWQIRQY + KDV DGYDQMI HV DQG AVDGYDQRIHY ' \ QDP IE" HSW XVHV \WH TXDWMOIRO
UHSUHVHQIBMRQ Z KIFK LV XVHG WURXJ KRXVS QAURG DQG $5 &RIH$ 3,V

,QRWP DIRQDO5 HDGHY FDQ XVH CEWDY I XQPURQY VR FRQYHWAR P DNEHV |RUFDBXOMRQY 1L GHMUHG

7U MRU P1DP LQJ &ROQYHOMRQVA

7WDQVIRWP DMRQV DUH DZ D\ V QDP HGIQWH IRBZ Q) IRP  VSDRHBD! B7B VSDFHBE!  Z W

FDP HOFDVIQJ IRUIXQRAIRQY ) RUIQABIGFH WY WDQVIRWP FDQP DS D SRIQNVURP \KH FRRUEICDWM
VSDFHBE IQR VSDFHBD FRRECDMV 7KH 37" ABIQGY IRWDQVRIP DIRG DQG VKRX@ EH SUIRQRXQFHG
37" DQG QRWMR \R DYRG FRQXVIRQ

7K QDP IQJ P DNHV IWHDM \R VHH YIVXD® DWD J OQFH WDVWIKH P DI LY FRUHAVWP SO 1URP \KH
RUGHUIQ) R \WH VSDFH QDP HV |, Q\WH HTXDMRQ EHBZ WH \B R 3GHYIEH WP V DUH DABFHQWR HDFK
RWHU DQG WH RUGHUR *UWHD® * DQG3FDP HUD' 1V SUMVHLYHG RQ ERW MIGHV R WH HTXDURQ

5 HFDOXDVERVHY DUH MWDQRWHUQDP H [RUW LG WDQVIRWP DMRQY 6 IGQFH \WH  DUH ERW DEVADFW

FRQFHSW DQG QRAP SBP HQBMRQY Z H GR CRAEMIQ) XIVK EHE HHQ SRVHY DQG P DWEHV Z KHUH
SRWMEGI

" \QDPIF' HSW


https://developers.google.com/ar/reference/java/com/google/ar/core/Anchor
https://en.wikipedia.org/wiki/Quaternion

([ DP SO
&DP HD SRVHV DUH HTXLYDBIQAR M@GH - ><H@%  Z KIEK UHSUMVHON WH SRVH RI \KH
FDP HUD IQ\WWH 5 HDB' FRRECD\M VSDFH

" &RREBCDWW WP FKDQIH | Q@N@KDV \WH VDP H VHP DQUFV DV DQIQYHYH P DY

><H@K- -MEEH O | QAMN@MEGH - ><H@k

><H@K- -KGI @O ><HA&- - M&GH ¥ M&GH -K&I @

/ IQHDUSRQMNP DSSIQ) AJJ- -=<M ¥ =<M K Z KHUH WH SRIQNEDIBS IV WDQMRWP HG IURP
IUDP H EDUVR IRR Z W D W KWAGHG YHRRUP XAISTFDIRQ XMIQJ KRP RIHQHRXV FRRUBICDMV

" \QDPIF' HSW



(@GP HW HIQWRQA

7 KLV VHRIRQ GHIGHV DQG SURYIGHV GHBIOY R HDFK ' \ QDP I HS\WW HBP HQW

" HYLIFH-

7KH @D>@HOP HQNFRQEIQV LQIRUP DURQ DERXVIKH FDSWWUH GHYIEH DQG FRQIBAQV D VHTXHQFH R
&DP HID HBP HQNV UHDWG \R \KH SUP DU [P DIH

" TKHQ@P HVSDAH8 S5, IVIVWR

PU | QQ NG EQO RIQVQU FF

" 7KHGHDX@LDP HVSDFHSWHI IV @D>@

FGXKEG

7 KH [YANFDP HUD 1Q \WH VHTXHGQFH LV \WWH RCH \WDWAUHDIMG \WH SUP DU [P DI H 1O \WH 113! FRQBIGHU $W
GDWRCH & DP HID HBP HQANP X\WEH SUVHQAQ \WH & DP HIDV HBP HQAVRUD' HYIEH \IR EH YD@G

"HID X ol] RO
1DPH 7\SH S5HTXLUHG 3URSHUW\ &RQWHQW ,PDJH
9D O X
ORGLILH
3URILOH] 6HTXHQ| 1R 1$ '"HVFULEHV WKH LQWHQGH( 1R FKDQ
RI 3URI LPDJH DQG LWV PHWDGDW
UGI 6H PRUH WKDQ RQH XVH FDVH
WKH DSSOLFDEOH SURILOH
&DPHUDV 6HTXHQ| <HV 4XDQV 1 $ (DFK<H@ N Q@ WKHR MEMITXHQHR 1HHGYV
RI &DPH GHSHQGYV FRQWDLQV WKH SURSHUWL XSGDWH
UGI 6H] 3URILOH GHYLFH DVVRFLDWHG ZLW
ILUVW@ MO WKH VHTXHQFH
FRQWDLHXB@W UHIHUHQFH
SULPDU\ LPDJH
&RQWDL( &RQWDL <HV LI ,PD| 1 $ /ILVWV WKH GLUHFWRU\ RI| 1R FKDQ
'"HSWKODS &DPHUD LWHPV XQGHU WK
HOHPHQW HOHPHQW
SUHVHQW
&DPHUD
HOHPHQW
30DQHV | 6HTXHQ| '"HSHQGV R 1 $ (DFKG<I@Q WKH@WHTXHQFH 1R FKDQ
RI 30DQ 3URILOH FRQWDLQV WKH SURSHUWL
UGI 6H KRULIRQWDO SODQH LQ WH
ZDOO RU IORRU VXUIDFH
(DUWK3R| (DUWK3| 1R 7KH SRVH Rl WKH 5HDOP Z 1R FKDQ
WKH (DUWK 3O0HDVH VHH
WIKHRVHY DQG &RRUGLQDW
VHFWLRQ
3RVH 3RVH 1R 7KH SRVH R QUKEAWK UHV 9
WKH 5HDOP 30OHDVH VHH \
WIKHRVHY DQG &RRUGLQDW
VHFWLRQ
9HQGRU,{ 9HQGRU| 1R 9HQGRU LQIRUPDWLRQ IRU| 1R FKDQ
$SS,QIR | $SS,QIR| 1R $SSOLFDWLRQ LQIRUPDWL

" \QDPIF' HSW



SERQILOHU( BP HOWH

7 KH FRQBICHUHBP HONY HOFRGHG IQIR\WH ; 0 3 P HRWMUGEDWW Rl WWH SUP DU 1P DI H DQG GHILCHY \WH
AUHARY R P HAD WP V 1IQWH FRQEICHU 0 HAD WP V P XMNEH GFDWG 1Q \WH FRQEICHUI LB 1O \WH
VDP H RUEHUDV WWH P HAD WP HBP HOWV 1Q\WH AUHRRY DQG P XWNEH \ KM® SDFNHG

7KHCDP HVSDFH85, IVJWR  PU | QU NG EQD RIQVQU FF EQPVCKPGT
" 7KH GHDX®DP HVSDFH SUHI IV J1 O<DI @V

7KHGUHARY P D\ FROBIQRQD RQH SUP DV 1P DIH MP  DQG IMP XWEH WH IIWANAMP 1O \WH QUHRRY

(OHPHQW 1DPH 7\SH '"HVFULSWLRQ

'"LUHFWRU\ 2UGHUHG| 2UGHUHG DUUD\ RI &4RQWDLQHU ,WHP VW
RI 6WUXF DQG FROQWHQWYV RI WKH FRQWDLQHU

a

WP ((®P HQM
0 HAD WP HBP HQWV GHVRUEH KRZ HDFK WP VKRX@ EH XVHGE\ \WH DSST-DWRQ

7KH WP HAD WP P XWEH \WWH SUP DU 1P DIH  7KH SUP DU [P DIH LV XVXD@® \KH FRQBICHUIP DIH
1QZ KIFK FDVH WH UHTXWHG IIHG IV WKH 0 ,0 ( WSH 7KH/ HQI W IIHG P XMWAEH | HIR IRUWLY FDVH

,QIHQHIDODQ \MP P XVWARQIEIQ D 0 1P H DMIEXW VSHAL LQ) RH R WH P DIH 0,0 ( WSHY QAMGLQ
P 0,0 ( 7\SHIDOHV 7KH GIQI\W R \WH SUP DY WP P D\ EH GHMP IQHGE\ SDWQJ \KH SUP DU
IP DIH EDVHGRQIW 0 ,0 ( WSH B DVWKH EHILQQQ) R \WH 1B FRQEBIGHU

7KH ANV HAD WP P D\ FRQEIQ DQ 3 DAEQ) DIMIEX\M VSHAL 1Q) DEGMRQDCSDEEQ) EHE HHQ WH
HQG R HQFRGHG SUP DV [P DI H DQG WH EHIIQQQ) R \WH IIAWHFRQEDY [P DIH 6 XEVHTXHOWP HAD

WP V IRUVHFRQEDY 1P DIHV P D' QRWARQIIQ 3 DAAQ) DIMIEXWMV

( DFK P HAD MP P XVWARQEBIQ DQO [P H DWSEX\M 7 KH VHFRQEDW P HAD WP V P XWIDOR FRQEIQ
| HQI\K DAMEX\MV

6 HTXHQUIDCP HAD WP VP D. VKDUH UHVRXUFH CD\B Z LKIQ \KH 1B1 FRQBIQHU 7 KH ILAWP HED WP
GHWUP IQHV \WH GFDIRQ R \KH UHVRXUAH 1O WH 1181 FRQBAQHU DQG VXEVHT XHQWKDUHG P HAD WP V
KDYH/ HQ\W VHWR ,QWH FDVH \WDVWKH UHVRXUFH CD\B LV IWHDD FRQEIGHU' DMEB5, P D\ EH XVHG
\R GHMUP [QH WH GFDIRQ R WH P HGAD MP GD\B Z WKIQ \WH UHVRXUFH

7KHGFDIRQR P HAD WP UHVRXUFHV 1Q WH FRQIICHULY GAWWP ICHGE\ VXP P 1IQJ WH/ HQIWTV R
\WH SUHRHAQ) VHFRQEDY WP UHVRXUAHV \R WWH GIQJW RN WH SUP DU 1P DIH HOFRGQJ SA&V 3 DA
L VSHALHG

" \QDPIF' HSW



$WWULEXWH 1DPH

7\SH

'"HVFULSWLRQ

OLPH

6BWULQJ

S5HTXLUHG 6LPSOH VWULQJ LQGLFDV
PHGLD LWHP LQ WKH FRQWDLQHU

/HQJIWK

,QWHJH

5HTXLUHG IRU VHFRQGDU\ PHGLD LW
FRQWDLQLQJ D SRVLWLYH LQWHJHU
OHGLD LWHPV DUH H[SHFWHG WR EH
QR HQFRGLQJ DSSOLHG 7KH OHQJW
RI WKH E\WHV LQ WKH ILOH

/HQIWK LQ VHFRQGDU\ PHGLD LWHH
PHGLD LWHP UHVRXUFH LV VKDUHG
LWHP /HQJWK LV H[SHFWHG WR EH

3DGGLQJ

,QWHJIH

2SWLRQDO IRU WKH SULPDU\ PHGLD
FRQWDLQLQJ D SRVLWLYH LQWHJHU
SDGGLQJ EHWZHHQ WKH HQG RI HQF
WKH EHJLQQLQJ RI WKH ILUVW VHFR

'‘DWD85,

BWULQJ

5HTXLUHG LI WKHUH LV DQ HOHPHQW
JIO<DI@WKFK HDAB@KOC <RHMKK [AJ
$SSOLFDWLRQV VKRXOG FKRRVH D 8
UHDGHUV WR LGHQWLI\ WKDW WKH D
DSSOLFDWLRQ 'LUHFWRU\ SDWKV D|
'DWDB86 ,IJGHDO VWUXFWXUH

2WKHUZLVH RSWLRQDO IRU ,62 EDV
PLPH W\SHV 85, VWULQJ FRQI
FRQWDLQLQJ WKH UHODW

GDWD LQVLGH WKH PHGLD LWHP UHV

XNQ2MI 8Tl : EPYl W
OMI .YYR2 \RRJ FYWNEZY | J*SIXWD 2 .2 * Y\WJ TKIFHVIRJI ¥ NIR &

9D O XH

'"HVFULSWLRQ

LPDJH MSHJ

-3(* ,PDJH

LPDJH SQJ

31* ,PDJH

LPDJH WLI

7,)) ERPSDWL

EOH LPDJH

LPDJH KHLI LPDJH

+(,) LPDJH

WH[W SODLQ

7H[W GDWD

" \QDPIF' HSW



3U RG®H

7KH M ADG@HBP HQNGHVRUEHV \WH XVH FDVH RN WH SKRWR EHQJ FDSWUHG
" 7KHQDP HWSDFH85, IVJWR  PU | QQ NG EQD RIQVQU FF RTQHKNG
" 7KHGHDX®DP HVSDFH SUHI[ IV MIADG@

"HID X d .l &RQWDL
1DPH 7\SH SHTXLUH| ooyl 3URSHUW\ &RQWHQW | ' D 00 -
7\SH VWULQJ <HV 'HSWK3KRWR $53KRW| 1R FKDQJH
&DPHUD,Q| 6HTXHQ 'HSHQGV| 1 $ ,QGLFDWHV WKH FDPH 1R FKDQJH

RI LQWI WKH XVH XVHG LQ WKH SURILOH

UGI 6H| DV GHILQ UHVSHFWLYH SURILOH

WKH 3UR WKH LQWHQGHG XVH F

&DPHUD LQGLFHV KHU

LQGHSHQGHQW RI LQG

PDQGDWHG E\ $QGURL

I[UDPHZRUN

" \QDPIF' HSW



9HQGRU,Q RU IDARQ-

7KH @?JM | AJ HBP HQAGHVRUEHY YHQGERUIQRUP DIRQ |RUD FDP HUD RUD GHYIEH
" 7KHQP HVSDFH85, IVJWR  PU |1 QQ NG EQO RIQVQU FF XGPFQTKPHQ
" 7KHGHDX@CDP HVSDFHSWHL IV @?JM | A

'"HID X ,| &aRQWDLQHU
1DPH 7\SH S5HTXLU 9D O X H SBURSHUW\ &RQWHQW 'PDJH ORGLILH
ORGHO vwuly 1R 7KH PRGHO RI WKH HOH| 1R FKDQJH

FUHDWHG WKH FRQWHQ

ODQXIDFW vwul <HV 1% 7KH PDQXIDFWXUHU RI 1R FKDQJH
FUHDWHG WKH FRQWHQ

I1RWHYV vwuly 1R *HQHUDO FRPPHQWYV 1R FKDQJH

" \QDPIF' HSW



$SSAFDARQ ,Q RU MVMRQ-

7KH KK | A HBP HOAGHVRUEHV DSSTFDMRQ VSHALLE LQIRWP DIRQ IRUKH JLYHQ P DIH ([ DP S® XVH
FDVHV IQFGGH D SIRMIFIRQ P HVK R WH SUP DY IP DIH RU ' DWHMIIGHQMHY DQG WHUSRVHV

3RWE®I ZD\ VR VHIDQ [Q) \KLY GDWD LQFGGH D @B HQADQEDWH  HFRGHG W) RUXVIQJ

- DYD6 FUSVW2 EMPWL RIMRQ 7 KLY CDMI Z RX@ WHQ EH VWRUHG 1Q D & RQBICHUZ W D \M WP [P H WSH

7KH IG[ [EDV R FXRP VHUIDE DIRQ P HFKDQWP V DIP \R HQDE®! H SHUP HQEMRQ DQG RU

P DIQMAQQ] SHUDSSTDMWRQ XVH R WKLY DM \R QDP HD IHZ XVH FDVHV $ SSG-DMRQV DUH H SHRMG R

GHICH WHURZ QP HFKDQWP V IRUSDWQ] WKLY GOV DV Z HO

" TKHQ@P HVSDFH8 5, IVIVWR

PU | QU NG EQD RIQVQU FF

" TKHGHDXODP HVSDFHSUWHL IV KK | AJ

CRRKPHQ

‘HIDXO ,| &aRQWDLQHU
1DPH \SH SHTXLUH 9D O X H SBURSHUW\ &RQWHQW 'PDJH ORGLILH
$SSOLFDY VWUL| <HV 1% 7KH PRGHO RI WKH H 1R FKDQJH

FUHDWHG WKH FRQW
9HUVLRQ| VWUL| <HV 1% 7KH YHUVLRQ RI WXl 1R FKDQJH
2WKHUZL GDWD VHULDOL]DWL
WKH ,WH
YDOXH P
EH SUHVH
,WHP85, VWUL| <HV 7KH 85, RI WKH &RQY 1R FKDQJH
2WKHUZL KROGV WKH FXVWRP
9HUVLRQ WKLV DSSOLFDWLRQ
EH SUHVH ,PDJH UHDGHUV ZKR
UHFRJQL]H WKH DSS
VKRXOG QRW DWWHH
DVVRFLDWHG &RQWI

" \QDPIF' HSW



https://www.json.org/

( DU K\BRVH-

7KH <MOC JN@HBP HOAGHVRUEHV DSRVH LH  SRVMRQ DQG RUHQIMRQ Z W UHVSHPVWR \WH ( DU
FRRECOMV WP Q' \QDP IE' HS\WW WKLV IV XVHG IRUGHVAUELQ) \WH SRVH R WH 5 HDB' Z W
UHVSHPVIR WH ( DWW Q' HYIFH 5 HD® 3 RVH 3 ®DVH VHH WH 3 RVHV DOG & RRUECDWM 6\ PV VHRIRQ
IRUGHBIY RQKRZ \WH ( DWW 5HD® ' HYIFH &DP HID DQG ( QMY FRRUECDM \A VAP V/ Z RUN R HKHU

" 7KHQDP HWSDFH85, IVJWR  PU | QQ NG EQD RIQVQU FF GCTVIRQUG
" 7KH GHDX®CDP HVSDFH SUHI, IV <MOC JN@

7KHUDZ CDVD XVHG\R GHWUP .QH WH 5 HD® 1V SRVH  Z W UMVSHPAR\WH ( DWW P D\ FRPHIURP * 36
DQG,0 8 VHQURY ,QP RAWDVHV \KLY LV HTXLYDBIQAR \WH * 36 UWDAQ) : KHQSURYIAQ) \WH
SRVMRQ DOKUHH R \WH SRVMRQ IIHTV DUH UHTXIWHG DQG Z KHQ SURVIAIQJ \WH RUHQIMRQ DQIRXU
RUHQIMRQ I LHGV DUH UHTXILHG

3 RVIMRQ GDV VKRZ VWH 5 HD® I GFDIRQ RQ\WH ( DUK 5 RMRQ RUHQEMRQ GDVD VKRZ V/ \WH

FRQMQQ] HAMAY RUHQBMRQ UHOMYH VR \WH ( 1 8 Z RO FRRACDW M VMP  1Q WH TXDWLUOIRQ IRWP DW
DV GHVRUEHG XQGEHU3 RvHV DOG & RRACDWM 6\ WHP V
| &RQWDL
1DPH 7\SH SHTXLUHG BURSHUW\ &RQWHQW 'PDJH ORG|
IDWLWXGH| GRXE{ <HV LI *6 ODWLWXGH LQ GHJUHHV | 1R FKDQJH
SURYLGLQ
SRVLWLR(
/IRQIJLWXGH GRXE{ <HV LI *6 ORQJLWXGH LQ GHJUHHV| 1R FKDQJH
SURYLGLQ
SRVLWLR(
$OWLWXGH GRXE{ <HV LI *6 DOWLWXGH LQ PHWHUV 1R FKDQJH
SURYLGLQ
SRVLWLR(
5SRWDWLRQ UHDO| <HV LI 7KH [ FRPSRQHDXWO RIHW®HR Q 1R FKDQJH
SURYLGLQ UHSUHVHQWDWLRQ
RULHQWD
5SRWDWLRQ UHDO| <HV LI 7KH \ FRPSRQHDXWO RIHW®HR Q 1R FKDQJH
SURYLGLQ UHSUHVHQWDWLRQ
RULHQWD
5SRWDWLRQ UHDO| <HV LI 7KH ] FRPSRQHODXWD RIHW®HR Q 1R FKDQJH
SURYLGLQ UHSUHVHQWDWLRQ
RULHQWD
5RWDWLRQ UHDO| <HV LI 7KH Z FRPSRQHDW WHW®HR Q 1R FKDQJH
SURYLGLQ UHSUHVHQWDWLRQ
RULHQWD
7LPHVWDPY ORQJ| '"HSHQGV §| 7LPH Rl FDSWXUH LQ PLOOLVH 1R FKDQJH
XVH FDVH| -DQXDU\ 87&

" \QDPIF' HSW


https://en.wikipedia.org/wiki/Pose_(computer_vision)
https://en.wikipedia.org/wiki/Quaternion
https://en.wikipedia.org/wiki/World_Geodetic_System#WGS84
https://en.wikipedia.org/wiki/World_Geodetic_System#WGS84
https://en.wikipedia.org/wiki/World_Geodetic_System#WGS84
https://en.wikipedia.org/wiki/Quaternion
https://en.wikipedia.org/wiki/Quaternion
https://en.wikipedia.org/wiki/Quaternion
https://en.wikipedia.org/wiki/Quaternion

3RVH-

7KH IN@HOP HOAGHVFUEHV \WH SRVH LH  SRVMRQ DQG RUHQBMRQ R W FROBIQHUHBP HQWZ W
UHVSHPWR WH 5 HDB' 3 ®DVH VHH WH 3 RVHV DQG & RRUECDWM 6\ WP \/ VHRIRQ | RUGHBAY RQKRZ
\WH ( DU 5HD® ' HYIFH &DP HID DQG( QMY FRRUBCDM A WMP V Z RUN R HWHU

" TKHQ@P HVSDFH8S5, VIWR  PU |1 QQ NG EQO RIQVQU FF RQUG
" 7KHGHDXODP HVSDFH SHILL IV JN@

7 KH SRVMRQ DQG RUHQIBMRQ R \WH GHYIEH HDFK FDP HUD' DQG HDFK SOQH UHDMYH \R \WH 5 HD® DUH
EDVHG RQIQIRWP DIRQ SIRYIGHG B\ \WH P DQXIDPWUHU $ QARG $ 3,V RUS5 $3,V ,P DIH FUDIRQ
DSSV GHHG WL IQRUP DIRQ LQ REHUR FUDW \WH' \ QDP IF' HSW ILB1 P DIH FRQUXP HY GR GRW
QHHG \WLY IQRWP DIRQ WH. MVWQHHG \WH SRVH GD\D

I WY CRASRWIEGH VR NORZ. \WH GHYIFH SRVH UHOMYH W\WH 5 HDB WY DWXP HG VR KDYH WH VDP H
SRHDVWDWR &DPHD  ZKIFK IV WWH SUP DY FDP HID %RW DUH DWXP HG W KDYH \WH VDP H SRVH

DQGWH @D>@ JN@L VHWR IGHQMW QR ALIHUHGAH

) RUCRQ$5 XVHFDVHV \KH SRVH R \WH GHYIFH Z W UAVSHPAR\WWH 5 DB IV \WH] HIR SRWH LH
IGHQIW P DA DQG WLV [ IHG Z LOQRWEH GHHEHG

3 RVH LV DOR XVHG 1Q DQ( QMY FRQOM WZ KHQ GHVFUEIQ) WH SRVHR D3 OQH $SSTFDMRQV P D DOR
FKRRVH \R DERSVKLY XVDJ H FRQYHQIRQ | RUPXVARP [ HG XVH FDVHV VXFK DVHQFRAQ) ' DWHW DQG
WHUSRVHV IQ\WH $ SS, QIR ( ®P HQW

3RVIMRQ GDBVKRZVWH[ \ ] FRRECDMV R WH FHQMUR \WH GHYIFH SOQH RUFDP HID ®BIQV Z WK
UHVSHPR WH 5 HDB'  1QP HWLY Z KHUH SRME®! 5 REMRQ RUHQEMRQ GV VKRZ V/ \WH GHYIEH
SOQH RUFDP HUD RUHQBMRQ UHDMYH \R \WH 5 HD®  1Q TXDWMUOIRQ IRWP DADV GHVRUEHG XQGHUS RVHV
DQG & RRUECDM 6\ IMP V

7 KH WEGI EHBZ VKRZ V\WH FRP SRHQV R \WH  JN@HBP HQW

‘'HID X I &RQWDL
1DPH NSH 5HTXLUH 9D O X H BURSHUW\ &RQWHQW 'PDJH ORG
BRVLWLR{Q UHD| <HV LI 7KH [ SRVLWLRQ LQ PHWHU] 1R FKDQJH
SURYLG 5HDOP
SRVLWL

SRVLWLR({Q UHD| <HV LI 7KH \ SRVLWLRQ LQ PHWHU| 1R FKDQJH
SURYLG 5HDOP
SRVLWL

SRVLWLRQ UHD| <HV LI 7KH ] SRVLWLRQ LQ PHWHU| 1R FKDQJH
SURYLG S5HDOP
SRVLWL

" \QDPIF' HSW


https://en.wikipedia.org/wiki/Pose_(computer_vision)
https://en.wikipedia.org/wiki/Quaternion

5RWDWLR{ UHD| <HV LI 7KH [ FRPSRQHDMD RHWRHR| 1R FKDQJH
SURYLG UHSUHVHQWDWLRQ
RULHQW
5RWDWLR{ UHD| <HV LI 7KH \ FRPSRQHOMD RIHW®HR| 1R FKDQJH
SURYLG UHSUHVHQWDWLRQ
RULHQW
5RWDWLR{ UHD| <HV LI 7KH ] FRPSRQHODMD RIHW®HR| 1R FKDQJH
SURYLG UHSUHVHQWDWLRQ
RULHQW
5RWDWLR{ UHD| <HV LI 7KH Z FRPSROQHDW RHW®HR| 1R FKDQJH
SURYLG UHSUHVHQWDWLRQ
RULHQW
7LPHVWDP| ORQ[ <HV 7LPH Rl FDSWXUH LQ PLOO| 1R FKDQJH
(SRFK -DQXDU\
87&

" \QDPIF' HSW


https://en.wikipedia.org/wiki/Quaternion
https://en.wikipedia.org/wiki/Quaternion
https://en.wikipedia.org/wiki/Quaternion
https://en.wikipedia.org/wiki/Quaternion

&P HU B

7KH <H@%& HBP HONGHVFUERVY D FDP HWID [P DJIQ) VHOVRU DQG P XVWAHHWHQFH DQLIP DIH 7KLY
IPDIHP D EHD&RQEBICHUB 5, RUWH SUP DU [P DIH Ll \WH JLYHQ FDP HUD [V \WH HWANRCH 1Q WKH
<HDEKNOWLH <H@K »

" 7KHQP HVSDFH85, IVJWR  PU | QO NG EQO RIQVQU FF ECOGTC
" 7KHGHDX@CDP HVSDFH SWHI IV <H@k

7 KH 1AW <H@k \KDWDSSHDLY 1Q WH GDVE IRKPUH 1V UHIHUHG R LQ LY GRFXP HQBMIRQ DV & DP HUD
,QDVP SBIFDVH HJ D VP DUSKRQH RIMJEGW &DP HID  VKRX@ EH \WH SUP DY FDP HD DQG

P D\ UHHUHQRH \WH SUP DU 1P DIH WH UAWR! \WH & DP HUD VHTXHQRH LV DUEMDY 7 KH VHP DQIFV R

HDFK FDP HUD DUH GHIGHG B\ \WWH 3 URILBN DQG VSHALLHG XVH FDVHV SGDVH VHH \WH 3 URILBN VHRIRQ

IRUD GR\MMGBIG GHVRUSWRQ

$@P DIHV DQG GHS\WW P DSV Z MIQDMQI®!  <H@% HBP HQADUH SUHVXP HG\R EH UHRMHG \KDW/DP H
&DP HD 7KDWY \KH HBP HQN KDYH \WH VDP H SRVH SIRSRMRQV DQGIHGR YIHZ  $Q DGGAMRYDO
<H@% HOP HONKRXG HWHUICFOGH DFFXUDW SRVH GD\B IRUKDWADP HUD UHDMYH \R \WH 5 HD®

'HIDXO 1 &RQWE
1DPH 7\SH SHTXLU 9D O X H BURSHUW\ &RQWHQV ,PDJH
ORGLILH(
7UDLW VWULQJ '"HSHQQ 33K\VLHR 2QH RI 3/RJLFDO” RY 1R FKDQ;
RQ 3UR LOQGLFDWH WKH QDWW
FDPHUD $VVXPHG 3
WKLV ILHOG LV QRW
'"HSWKODS| '"HSWKODS '"HSHQG 7TKH@KOC SBRSHUW\| ,I LPDJH
RQ 3UR <H@M< VFEFDOHG
FURSSHG
XSGDWH
DFFRUGL
,PDJH ,PDJH <HV 7TKHH<B®URSHUW\ RI ,I LPDJH
<H@M< VEDOHG
FURSSHG
XSGDWH
DFFRUGL
SRLOW&OHR BRLQW&ORX({ '"HSHQG 7TKHIJDIO GJBBRSHUW ,I LPDJH
RQ 3UR WKIWH@ M < VFDOHG
FURSSHG
XSGDWH
DFFRUGL
,PDJLQJOR ,PDJLQJORGHK '"HSHQG 7KH LPDJLQJ PRGHO| ,I LPDJH
RQ 3UR <H@M< VFDOHG
FURSSHG
XSGDWH
DFFRUGL

" \QDPIF' HSW



3RVH 3RVH '"HSHQG 7KH SRVH RIH@KLIZKH 1R &KDQ

RQ 3UR SRVHV<RI@ MOHPHQW
DOO UHODWLY Mo WR

/LIKW(VWI /LIKW(VWLP] '"HSHQQ 7KH OLJKWLQJ HVWL 1R FKDQ
RQ 3UR WKLAVH @M <

9HQGRU,Q| 9HQGRU,QIR| 'HSHQG 9HQGRU LQIR IRU WK 1R FKDQ
RQ 3UR

$SS,QIR $SS,QIR '"HSHQQG $SSOLFDWLRQ VSHF| 'HSHQGV
RQ 3UR FDPHUD XVH FDV

" \QDPIF' HSW



P DIH-
7KH H<B@HBP HQNFRQBIQV D UHHUHGFH \R D FRBUIP DI H WRUHG HOHZ KHUH 1Q WH 1131 FRQBICHU

" 7TKHQP HVSDFHS85, IVJWR  PU | QQ NG EQO RIQVQU FF KOCl G
" 7KHGHDXODP HVSDFHSWHI IV H<B@

'"HIDXOW
1DPH \SH S5HTXLU 9D O X H BURSHUW\ &RQWHC(

| &RQWDLQHU
,PDJH ORGLILHC

,WHP6HPD VWUL{ <HV 1% $ GHILQHG ,WHP6H| 1R FKDQJH
YDOXH ZKLFK GHV
LQWHQGHG XVH RU
WKH LPDJH 6HH W

S WHP85, VWULY| <HV 1% 7KH 85, RI WKH &R{ 1R FKDQJH
WKLV FDNPHUDOH

,QRWP DIYH 2 QHXVH R \WH ,P DJH HBP HQAY GHVAUEHG XQGHU3 LRGB! ' HSW 3 KRR 1QZ KIFK D
EDFNXS R \WH RWICDAP DIH IV WRUHG DBQJ Z MY WH P DWKIQ) GHSW CDW IQ\WH&DP HD P DUH
DQGWH SUP DU 1P DUH IV WHDWMG DV D SUVHQBMRQ RU GVSD\  FRS\

) RURKHUXVHV VXK DV VARUQ) DQ QI UDUHG SKRWRI UDSK R DFFRP SDQ. D QRUP DOFRRUSKRWRJ UDSK
VW EHWHUR SXWKH  H<B@IQD VHSDIDM  <H@k W Q\NHO WDVWKLY DSSURDFK Z LOFRUHVSRQG \R \WH
DRYDCHTXISP HQA: IRUIQABGFH DQIQUDUHG P DIH IV \BNHQE\ D VHSDUDM ,5 FDP HUD RQWH \VDP H
GHYIFH 7 KH DEAMRQDO <H@k HBP HQMKRX@ HWHUIQFOGH DFFXUDM SRVH GDVB | ROVDWADP HUD
UHDWMYH \R \WH GHYIFH RUKDYH QR SRVH GD\W' LQAFDIZY \WDVWKH LP DIH KDV DOHDG. EHHQ UHPMHG \R
WH&DPHD [P DIH

WP 6P DOAF

7TKH H<B@ OaAH @kl CO> DNIEXW CHICHY WH IQMQGHG XVH R HDFK [P DIH FDSWUWHGE\ D

&DP HID ,QDCAMRQ\R \WH' HSW VHP DQIF GHIQQ) \WH FROBIQHUHBP HQNARUQ) \WH GHSW P DS
W \WH IRBZ IQJ WP VHP DQIFV P D EHXVHG

9D O XH '"HVFULSWLRQ

3ULPDU\ ,QGLFDWHY WKDW WKH LWHP LV WKH SULPDU\7G HVESROQ@W DHE
KDYH RQO\ RQH 3ULPDU\ LWHP

2ULJLQDO| ,QGLFDWHY WKDW WKH PHGLD LWHP LV DQ RULJLQDO YHUYV
FRORU LPDJH WKDW PD\ EH XVHHFWR UHQGHU D GHSWK HI

" \QDPIF' HSW



/ LIKW( P DM+

7KH DBCO NODH<O@HBP HONBURYIGHY \WH FREBUFRUHPURQ'S * % YDOHV DQG DYHII H IQMQOW R D

UHDCZ RWG VFHQH DV VHHQE\ DQLP DIH VHQUWRU

" TKHQ@P HVSDFH8 5, IVIVWR
" 7TKHGHDXODP HVSDFH SWHILL IV DBCO NCDH<O@

PU | QU NG EQD RIQVQU FF

NKI JVGUVKOCVG

QRWP DIYH 7KLY G\ FDQ EH REVBAGHG XMQ) \WH $5 &RUH$ 3,V 7 KHVH YDOHV DUH FRQYHQIRCD®
XVHG |RUDGMIDY \WH FREUR! YIWWMDCREMIFW Z KHQ\KH. DUH UHQGHUHG IQ DQIP DIH VXFK DVIQ

2 SHQ* / 1UDIP HOMNKDGHY

Rl WKH LPDJH VH

, .l &RQWDLQH
1DPH 7\SH| SHTXLU| "HIDX®WX} 3URSHUW\ &RQWH ' o =~ ('e'c )
&RORU&RUUH IORD <HV LI 1 7KH UHG FRORU H 6FDOH FURS

% DUH VFDOLQJ IDFWRU| FKDQJH

SUHVHQ WR WKH ILQDO FH

2SWLRQ E\ WKH IUDJPHQW

RWKH U Z PDWFK WKH DPEL
&RORU&RUUH IORD <HV LI 7KH JUHHQ FROR| 6FDOH FURS

% DUH VFDOLQJ IDFWRU| FKDQJH

SUHVHQ WR WKH ILQDO FH

2SWLRQ E\ WKH IUDJPHQW

RWKH U Z PDWFK WKH DPEL
&RORU&RUUH IORD <HV LI 7KH EOXH FRORU| 6FDOH FURS

* DUH VFDOLQJ IDFWRU| FKDQJH

SUHVHQ WR WKH ILQDO FH

2SWLRQ E\ WKH IUDJPHQW

RWKH U Z PDWFK WKH DPEL
3L[HO,QWHQ\ IORD <HV 7KH DYHUDJH SL[| 1R FKDQJH

" \QDPIF' HSW


https://developers.google.com/ar/reference/java/com/google/ar/core/LightEstimate
https://www.khronos.org/opengl/wiki/Fragment_Shader

3@QH

7KH Gl @HBP HQAGHVRUEHY D YHWFDCORUKRU] RQBCSOQDUVXUDRH 1O \WH Z RUIGB

" TKHQ@P HVSDFH8 S5, VIWR

" TKHGHDXODP HVSDFHSWHL IV I @

PU | QU NG EQO RIQVQU FF RNCPG

QRWP DIVH 7KLY GDW FDQ EH REBAGHG XMIQJ WH $5 &RIH$ 3,V

7TKHVH SRLQWYV DUW L
ORFDO FRRUGLQDWH
VHH WKH GHILQLWLR
&RRUGLQDWH 6\VWHR
VSHFLILFDWLRQ

"H1D X .l &RQWD
1DPH NSH | BHTXLUH o0 ~'1 BURSHUW\ &RQWHQW | ,PDJH
ORGLILHG
3RVH 3RVH| <HV 1$ 7KH SRVH RI<W®&LV 1R &KDQJ
(IWHQW:; IORDY 2SWLRQI 7KH H[WHQW Rl WKH | 1R FKDQJ
GLPHQVLRQ FHQWHU
SRVLWLRQ
([WHQW = IORDY 2SWLRQI 7KH HIWHQW Rl WKH { 1R FKDQJ
GLPHQVLRQ FHQWHU
SRVLWLRQ
%RXQGBUWWOH[&| ,QWH| <HV LI 7KH QXPEHU RI YHUW| 1R FKDQJ
HYH( SURYLGL HQFORVLQJ ERXQGDU
%RXQGD
%RXQGDU\ VWUL| <HV LI 1$ $ OLWWOH HQGLDQ E| 1R FKDQJ
SURYLGL OLVW Rl IORDW YHU
%RXQGID UHSUHVHQWLQJ WKH
UWH[&R X SRO\JRQ YHUWLFHV R

" \QDPIF' HSW


https://developers.google.com/ar/reference/java/com/google/ar/core/Plane

P DILQJ 0 RGHG:

7KH H<BD B J?@5HBP HOAGHVFUEHV \WH P DIIQJ P RGHOR D FDP HWD BV
" 7KHQP HVSDFH85, IVJWR  PU | QO NG EQO RIQVQU FF KOC! KPI OQFGN
" 7KH GHDX®CDP HVSDFHSWIHI[ IV H<BDI B J?@5

7KH I[P DIIQJ P RGHAFDQ EH XVHG R GHVRUEH D [ IVKH H GVWRWRQ P RGHO RUD WBIQEDLE SICKR®I
FOPHDPRGHZW ' R UDGADAEVRIRQ

6NHZ IV \WHFEANZ VHDQIGIE\ ZKIFEK WH\ DO VR WH IP DIHVOQNDZ D\ [URP \WH YHW¥DO

Y|/ image

7KH S HODVSHRWIDMR IV \KH [ \ UDUR R S HZ IGK \R SIL HKHIKW , | SI[ HY DUH SHUHRV® VTXDUA
\KH UDVR LV \WHGHDX®V ,QWH P DUHEHBZ \WH UMR Z RX@ EH © KHQWH
S HDVSHAWIMR LY~ WH GHDXWV WY H<BDI B J2@5 HBP HQAGHVFUEHY D WBQEDUSG SIQKR®!
FOPHDPRGHZ W ' R WDADCAMRMRY ,Q\KY P RGHOWNZ IV \KH FEANZ IVH DQIGI B\ Z KIFK WH
\ D[ VR \KH [P DIHVDQNDZ D\ [URP \KH YHW¥DO
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— 5 —

7 KH GIQv AVWRIIRQ P RGHOUXSSRW WH %4RZ Q & RQAIDG. P RGHO7KH DNQIMEDI| [THG WRUHY D QR
YOGHSDW>N S N S « N, $@QGVXSSRW D YDUHW R SDUDP HAMUFRQLI XUDIRQY

" ) RUDSSODMRQV XMQI / (16B5%" $/B .67257,21 NOSSDB WURXIKNDSSDB P DSVWRN
WURXIKN ZKIBINDSSDB WNDSSDB PDSVWRS DQGS 1 RMWDWS DQGS P XWEH] HIR
QWY FDVH VR WHWRUHG YDAHV IQ DNQIMZDJI DA

NS NS NS N S@NSSDB NOXSSDB NDSSDB NOSSDB NDSSDB NDSSDB
@

Z KHUH \WH GIQV GMRMIRQ FRUHPURQ HTXDURQY DUA

ZAE ZAK MCRRCA MCRRCA T@ MCRRCA T@ MiCRRCA

MCRRCA ZAK [AK MCRRCA T@ BAK@
[AE [AK MCRRCA MCRRCA T@ MCRRCA T@ ME@RRCA
MCRRCA ZAK [AK MCRRCA T@ [AK @

" \QDPIF' HSW


http://www.cs.unc.edu/~marc/tutorial/node37.html
http://www.cs.unc.edu/~marc/tutorial/node37.html
http://www.cs.unc.edu/~marc/tutorial/node37.html
https://developer.android.com/reference/android/hardware/camera2/CameraCharacteristics#LENS_RADIAL_DISTORTION

) RUDSS@DMRQV XMQJ / (16B .67257.21 NOSSDB WUWRXIKNDSSDB P DSVWN WURXIK
N ZKIBINDSSDB \WWRNDSSDB PDSVWRS DQGS 1 RMWWDWS P XWEH] HR IQWLY FDVH WR
\WH WRUHG YDOHV IQ DNQIMCDJ I DUH

N S NS N S@> NOSSDB NOSSDB NDSSDB  NDSSDB NDSSDB @

Z KHUH \WH GIQV GMRIIRQ FRUHPURQ HTXDURQY DUA

ZAE ZAK MCRRCA T@ MCRRCA T@ MCRRE@GA
MCRRCA ZAK [AK MCRRCA T@ ZAK@
[AE [AK MCRRCA T@ MCRRCA T@ MCRRC&A
MCRRCA ZAK [AK MCRRCA T@ [AK @

") RURKHUSDUDP HMUFRQLI XUDMRQY R WH %4RZ Q & RQADG. P RGHOVXFKDVWH  SROCRP IDO

N N@U SROQRPIDON N N @ HRHV P XWEH WH YDOH IRUDQ. § SDUDP HMUKDWY

QRAKVHG
N | &RQWD|
1DPH NSH | BHTXLU| gooy| 3URSHUW\ &RQWHQW ,PDJH
ORGLILHC
YRFDO/HQJW UHDO| <HV 1$ 7KH IRFDO OHQJWK RI WKH ,1 LPDJH
D[LV QRUPDOL]HG E\ WKH| FURSSHG
GLPHQVLRQ RI WKH VBIQWHR XSGDWH
IRFDO OHQJWKDI@GSWKHOVI] DFFRUGL
VHQVRU L@ ISEWHILYKWKH Q
) RDOHJW, |, PO ZIGK KHIKW
YRFDO/HQJW UHDO| <HV 1$ 7KH IRFDO OHQJWK RI WKH ,I LPDJH
D[LV QRUPDOL]HG E\ WKH| UHVL]HG
GLPHQVLRQ RI WKH VHIQWHR FURSSHG
IRFDO OHQJWKDIQGSWKHOVI XSGDWH
VHQVRU LQISGWKIMKWKHQ | DFFRUGL
) RDDHIW< !, PO ZIGK KHIKW
3ULQFLSDOJ UHDO| 1R 7KH [ SRVLWLRQ LQGLFDW| ,I LPDJH
FDPHUD RSWLFDO D[LV FU| UHVL]HG
SODQH FHQWHU RI WKH FD FURSSHG
D[LV QRUPDOL]HG E\ WKH| XSGDWH
DFFRUGL
3ULQFLSDOJ UHDO| 1R 7KH \ SRVLWLRQ LQGLFDW| ,I LPDJH
FDPHUD RSWLFDO D[LV FU| UHVL]HG
SODQH FHQWHU Rl WKH FO FURSSHG
D[LV QRUPDOL]HG E\ WKH| XSGDWH
DFFRUGL
,PDJH:LGWK| LQWH| <HV LI| 1 $ 7KH ZLGWK RI WKH LPDJH | ,1 LPDJH
,PDJIH+I UHVL]HG
JKW LV FURSSHG
SUHVH( XS GDWH
DFFRUGL
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RRAURZQ &RGUDWRUWLRQ
>NS NS « N§@ ZKHUH

N N« NDUH UDGLDO GLVW
FRHIFLHQWV DQG

S s o BUH WDQJHQWLDO
FRHIFLHQWYV

30HDVH VHH WKH GHVFULS
DSSURSULDWH VWRUDJH Y|

,PDIJH+HLJK| LQWH| <HV LI| 1 $ 7KH KHLIJKW Rl WKH LPDJH ,I LPDJH
,PDJH:L UHVL]HG
WK LV FURSSHG
SUHVHC( XSGDWH
DFFRUGL
6NHZ UHDO| 1R 7KH VNHZ RI WKH LPDJH F
GHJUHHYV
B3L[HO$VSHF UHDO| 1R 7KH DVSHFW UDWLR RI WK
WKH < VFDOH IDFWRU GHI
'LVWRUWLR( LQWH]| <HV LI 7KH QXPEHU RI GLVWRUW L
‘LVWRU LQ WKH 'LVWRUWLRQ ILHO
LV SUH QXPEHU RI YDOXHV LQ 'LV
WKLV QXPEHU
'LVWRUWLR( VWUL({ <HV 1% /ILWWOH HQGLDQ EDVH V
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" HSWK 0 DS~
7KH @XOC <K HBP HQAFRQEIQV D GHSW P DS [P DI H DQG IQRUP DMRQ DERXVV FUHDMRQ DQG IRWP DV
" 7KHQP HVSDFH85, IVJWR  PU | QO NG EQO RIQVQU FF FGRVJOCR
7KH GHDX®CDP HVSDFH SBHI[ IV @CC <K

' HS\WW P DSV DUH P DIHV R QM) HURUUHDOYDOHV \WDWIHSUMVHQANEMBIQRH 1URP \WH YIHZ SRIQAR D
YIHZ HG REMPW7 KH GHIQURQ R GHSW! YDOHV FDQ YD GHSHQAQI RQWH WSH Rl GHS\WW VHQWRU ) RU
H DP S®I &R FRP P RQ GHIQURQY DUH GHS\W DRQJ \WH RSWDCD] 1V WSIFD® \WH= D[ IV DQG GHSW
DRQ \WH RSWDAD, SDWIQJ WURXIK HDFK SIf HO7 KDWY \WH GMIBQFH R DQ REMPWURP \WH SOCH
SHSHQAFXOUWR \WH = D] IV YHWXV WH GMBGQRH [URP \WH REMPWALHAV® \R \WH FDP HD BV 7KH
@NPM@ TK@HBP HOAVSHALLHY Z KIFK GHIQUIRQ IV XVHG

;UMY P D\ VWRUH GHSW P DSV XVIQJ RQD &DP HID  RUP D\ UHAM [P DIHV IURP DEGMRQDCFDP HUDV
EHRUHVRUQ) WHP  LH  DGYV \WH GHSW GDWI DV L IWKDG EHHQ FDSWUHG DWKH SRVH Rl & DP HUD
DQG FURSSIQI ERW! IP DIHV GRZ Q\R MWIKH RYHDSSIQ) DUD : UMY P D WRH\WWH  @OC <K

XQEHU&DP HD L DV GHIQHG IQ\WH UHVSHRAYH VI ADG@ DBRQJ Z MY \WH SUP DU 1P DIH

' HS\WW P DU HV IRUWH IIWFDP HUD P XMWWKDYH QR KRBV 7 KH Z UMMUP X\VWWHQFRGH DQ P DIMG YDOH
IQDQ UHIIRQ Z KHUH GHS\WW YDOH FDQQRWEH FDBXOWG
' HSW' DV~
7KH GHSW P DS GMIBGQRH GDWB IV VHUDQ) HG IQR DQ [P DI H IRWP DADQG \WHQARUHG DV D VHSDUDM AP
LQWH 1B FROBIGHU 7 KH HQFRAQ) SISHIH FROBIQV \B R \AMSV
&RQMHWURP WH IQSXWRWP DVHJ  IEDVWRUIQN  YDOHV \R DQ IQAMI HUJ WD\ VFD®! [P DIH
IRPDAV  EWZ RV

&RP SUHW XMIQ) DQIP DIH FRGHF VXSSRUMG E\ \KH I16B1 FRQEBIGHUWSH

> Rangelinear
Encoding

Depth distance . JPEI%VFCNG‘ > Add to file

data , container
compression

Rangelnverse
Encoding

—p

,QRWP DIVH 7KH SISHIH FDQ EH ®MBMW RUBWA  GHSHQAQ) RQWH QXP EHUR! EIW R \WH RUWIQDO
GHSW P DS

7Z R FRQYHWARQIRUP DW DUH VXSSRWMG 5 DQJ H LQHDUDQG5 DQJ HQYHWH 5 DQIH QYHWH LV \WH
UHFRP P HQGHG IRWP DWL WH GHSW! P DS Z l@BVH SUHAMRQ Z KHQ HQFRGHG VXFK DV Z KHQ FRQYHWY
IURP IBDWR  EIW 5 DQIH,QYHYWH DTRFDWA P RUH EIW \R \WH QHDUGHSW YDOHV DQG IHZ HUEIW \R
\KH | DUYDOHV
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SDQIH ICHDU
| HWG EH \WH GHS\W GMIBQAH YDOH R D SIf HODQG GHDUDQG IDUWH P IQP XP DQGP D] [P XP GHS\M
YDOHV FROMGHWHG  7KH GHS\K YDOH IV IIWANRP DO HG\R\WH>  @DQIH DV

d — near

dn -

~ far —near

WHQTXDQWH\R  EWWDV

Ir'lrllifn'.' = _“111.' ’ [I"'J".-"'I{'r].

&RQVHWHD JLYHQWH TXDQWHG GHSW. G, RQH FDQ UHFRYHUGHS\WN GDV

d = d,-(far —near)+ near

o DQIH QYHIH-
/ HWG EH WH GHSW QMIBQRH YDBH R D SIf HODQG QHDUDQG IDUWH P IQP XP DQGP O] IP XP GHS\W
YDOHY FRMGHIHG  7KH GHSW YDOH LV [INMWRWP DO HG\RWH >  @DQIH DV

_ far - (d — near)

d, :
d- ( far — near)

WHQTXDQYHWR — EWDV
Ir'lrllifn'.' = _“111.' ’ [I"'J".-"'I{'r].
& RQYHYVHO JM—QWQ?[PW}I—GG—S\N% RCH FDQ UHHFRYHUGHSW G DV

B far -near
far —d, - (far — near)

RDG DEGH

: UMY P D' RSWRQD@ LCFACH P VRGO GHVRUELQ] D GIQV IRFDAP RGHARUWH GHSW CDW 5 HDGHY
P D XVH WL W UHQGHUD GHSW R [IHG HIHFW7 KH P RGHOGHIICHV \WWH WDAXV R \WWH AUFGI R

FRQIXVIRQ DWAL HHOAGMBIQRHV [URP WH YLHZ HU' MIBGRH DQG UDGLXV SDILY DUH XVHG \R FROAKAD
GRXS WWEG! GHIQQ) WH AUFGI R FRIXVIRQ DV D IXQRIRQ R GHS\W GMBGRH YDOH
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<Regr= =focal plane> Zfgre

7KH ) RFEDGDE®I DAEXW 1V D WK YDOH FROMIQ) R EDVH  HQFRGHG QW HQEDQ IBGDI SRIQN

SDILY Z KIFK DUH DRMDOGMBGFH YDOHY QRW RU  EMITXDQIY HG DQG HQFRGHG YDOHV 7 KHVH
QWBGFH  WDAXV! SDILY GHICH D BRNXS \WE®! WDWP D EH XVHG \R FRP SXWM \KH UDAXV R \WH

FUF®I R FRQXVIRQ DWAMBIQFH YDOHY EHE HHQ WH QHDUDQG IDUYDOHV R \WH GHSW P DS 3 DILY

P XW\DSSHDUIQ DVFHQAQ) REHUVRWG B\ \WH GMBGQRH YDOH ' MBQFH FRREQDMY DU GHICHG 1Q

GHSW P DS GMBGQRH YDOH 8 QW 5 DAXV YDXHV DUH GHIQHG 1Q SIf HIFRREIGDWA 5 DAXV YDOHV

P XWEH J UHDIMURUHTXDOR ] HIR 7 KH UDAXV YDOH | HIR GHQRMV DQLQ IRFXV GHSW GMBGQRH RQ WH

IRFDCEOCH R WH P DIH

7 KH GRNXS WEG! P XWWFRQIQ DWBDWAEZ R SDILY | RUWH CHDUDQG IDUYDAHV Rl \WH GHSW P DS
5 DAXV YDOHV DUH GHDOW IQMBROWG EHE HHQ SRON CGHIQHG 1Q \KH \DE®!

,ARWP DIYH 0 RAMDSSODMRQY UHTXIUH GRNXS WWEG! Z W WUHH YDOHV |RUWH CHDUSOCH | RFDCSOXCH

R \WH [P DJH DQG\WH IDUSOQH 2 EMPN DVKH |RFDCBOQH GHSW YDOIH Z RX@ EH UHQGHUHG 1Q IRFXV
5 HDGHWY VKRX@ DFFHSWRFDOEGN Z W P RUH \KDQ RQH GMBQFH YDOH LQ IRFXV

& RILGHFH 0 DEVA

7 KH FRQIGHQFH YDOHV FDQ EH IQMSUAMG HWHUQUHA® DV > @I\MUGH FRP SUAWMRQ RUWH
FOHQVKRXG QRWP DO H\R > I@ZKHH PHDQVQRFRQIGHFH P HDQV FRQIGHQAH
DQG HYHY \WIQ) 1Q EMEHHQ LY D GHDUIQMSROMRQEHEZHHQ ~ DQG 7 KHVH YDOHV KDYH \WH

\VDP H VHP DQIFV DV \WH FRQIGHQFH GHIQURQIQ$ QARG ( 37+ IRPDW
&RQIGHGFH P DSV DUH QRAIDQI H HQFRGHG RUFRP SURWHG  DQG GHDUIDUYDOHV DUH QRAR EH XVHG IQ
\KH P DSV

a a
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MWP 6P DOAF

7KH @CC <K 0@ @kl CD> DASEX\M GHICHY WH LQMQGHG XVH R HDFK GHS\WW P DS FDSWUHGE\ D

&DP HD 7KH IRBZ 1QJ WP VHP DQIFV P D\ EH XVHG

9D O XH 'HVFULSWLRQ
"HSWK 7KLV NHKAHEGRXOW YDOXH ,QGLFDWHV WKDW WKH GHSWK LP|
6HIJPHQWL ,QGLFDWHYV WKDW WKH GHSWK LPDJH LV LOQWHQGHG WR EH

' HSW 0 DS ' HIQWRG-

1DPH

7\SH

S5HTXLU

'"HID X OW X

3URSHUW\ &RQWHQ

,| &RQWDL(
,PDJH ORG

YRUPDW

VWULQJ

<HV

13

7KH FRQYHUVLRQ |
WR HQFRGH GHSWHK
5DQJH.QYRWYH
5DQJH/LQHDU

6FDOH FUR
FKDQJH

,WHPG6HPDC(

VWULQJ

'"HSWK

6WULQJ YDOXH GHI
GHVFULELQJ WKH L
RU FRQWHQWYV RI V
LPDJH 6HH WDEOH

1R FKDQJH

1HDU

UHDO

13

7KH QHDU GLVWDQ
WKH GHSWK PDS |
VHW WR 30HWHUV’
PHWHUV 2WKHUZL
DUH XQGHILQHG

6FDOH FUR
FKDQJH

)DU

UHDO

7KH IDU GLVWDQFH
GHSWK PDS ,I *8Q
SOHWHUV" WKH XQ
PHWHUV 2WKHUZL
DUH XQGHILQHG

6FDOH FUR
FKDQJH

8QLWYV

VWULQ]

<HV

1RQH

7KH XQLWV RI WKH
LH OHWHUV IRU
3'LRSWHUV' IRU QR
DFFXUDWH GDWD |
QR XQLWYV

1R FKDQJH

'"HSWKS85,

VWULQ

<HV

7KH 85, RI WKH &R
WKH GHSWK LPDJH

6FDOH 1R
FKDQJH DV
DV DVSHFW
PDWFK

&URS 'HFR
GDWD LQW
LPDJH FUR
PDWFKLQJ
WKHQ UH H
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&RQILGHQHF

VWULQ/

1R

7KH 85, RI WKH &R

WKH FRQILGHQFH F

FRQWDLQHU LWHP
ELW GDWD

6FDOH 1R
FKDQJH DV
DV DVSHFW
PDWEFK

&URS 'HFR
GDWD LQW
LPDJH FUR
PDWFKLQJ
WKHQ UH H

0 H D V X\UBHH7

VWULQ]

1R

2SWLFDOJ

7KH WASH RI GHSW
PHDVXUHPHQW  &X
YDOXHV DUH 2SWL
2SWLF5D\ 2SWLH
PHDVXUHV GHSWK
RSWLFEFDRI WKW FDP
LH WKH=D[LV
PHDVXUHV GHSWK
RSWLRUD\VILYHQ S

1R FKDQJH

6RIWZDUH

VWULQ]

1R

13

7KH VRIWZDUH WK
GHSWK PDS

1R FKDQJH

) R F DOCETO H ( ¢
\&RXQW

LOWHJH

<HV LI
)R F DDCE
OH LV
SUHVH

7KH QXPEHU RI SDL
HQWULHV DRBORFD
7KLV YDOXH PXVW
WKDQ

1R FKDQJH

)RFDDCE/OH

VWULQ]

1R

/LWWOH HQGLDQ EI
VHULDOL]DWLRQ R
IORDWLQJ SRLQW ¢
FRRUGLQDWH LV W
GHSWK YDOXH DQG
FRRUGLQDWH LV W
FLUFOH RI FRQIXVL

'HFRGH GD
DQG XSGDV
UDGLXV
GLPHQVLR(
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3RONRBRXGH
7KH JDI O GIP? HBP HQNFRQEIQV SURSHWAV WDVWSLRYIGH [QRUP DMRQ UHI DLEQ] \WH FUHDRQ DQG
VWRIDIH R D SRQNFBXG

»  7KHQDPHVSDFHS5, VJWR  PU | QQ NG EQO RIQVQU FF RQKPVENQUF

»  7KH GHDX@CDP HVSDFH SWHI IV JDi O GIP?

SHTX| '"HIDX , | &RQWDLQH

1DPH 7\SH e opox| SURSHUW\ &RQWHQW ,PDJH ORGLIL

3RLQWE&| LQWH{ <HV | 1 $ 1XPEHU RI SRLQWV VSHFLI| 1R FKDQJH
FRQILGHQFH WXSOHV LQ

SRLQWYV| VWUL( <HV 13 /ILWWOH HQGLDQ EDVH VH| 1R FKDQJH
[ \] F IORDWLQJ SRLQW
ILUVW WKUHH YDOXHW¥=DUH
FRRUGLQDWHY LQ WKH 5HD
VIVWHP DQG WKH IRXUWK
FRQILGHQFH YDOXH 3RLQW
> < = & : < = &

30HDVH VHH WKH '(37+B32,
GHILQLWLRQVL P B Q) RRIIPOW

OHWULF| ERROI 1R "KHWKHU WKH 3RVLWLRQ Y[ 1R FKDQJH
LQ PHWHUV ,1 VHW WR IDO
XQLWYV DUH XQNQRZQ L H
GHILQHG XS WR D VFDOH
VHW WKHQ VRPH FDVHV V
PHDVXUHPHQW ZLOO QRW

" \QDPIF' HSW



$SSHOA[ -
(;.) &ROUMMOR -

7 KH RUHQEMRQ DQG DVSHPWIDIRY R \WH SUP DU P DIH DQG GHSW! [P DI H Z LOEH FROMMQAZ W \KH
YDOHV IQ\WH [P DIHIV( ; ) BV B\ GHIQURQR \KLY VSHALIFDWRQ + HUH IV D GHVFUSIRQR! \KLY

FROWMMGA

7KHSUP DV IP DIH Z KIFK IV \WH & RQBICHUIP DIH QP RAWDVHY Z I@KDYH \WH VDP H RUHQIMRQ DV
\WH YDOH VSHALHG IQWH ( ; ,) \BIV ' HSW 3 KRRV Z KRVH &DP HID HBP HQNV GR QRWVRQMIQD
&DP HIBRVH P XWWSHFL\ DQ,P DIH HBP HQW,| KLY ,P DIH HBP HQAY \KH SUP DU [P DIH DQGLY
\WHUH RUH WH & RQBIQHUIP DIH \WH' HSW 1P DIH Z LQE\ GHIQURQ KDYH WH VDP H RUHQBMRQ DQG
DVSHANIDIR DV \KH SUP DY [P DIH 2 \WHZ IVH DQ. RKHULP DIH P XWEH GFNHG\R \WH ' HYIEHIY

( DWBERMH DVWH3RMH ZIOEH] HR B\ GHIQURQ DQG WHUH RUH Z LGKDYH WH VDP H RUHQEMRQ DQG
DVSHAWIDMR DV \KH YDOHV IQWWH ( ; ,) \BUV ,QWIY FDVH \KH' HSW IP DIH Z LODOR KDYH WH VDP H
YDOHV

)RU ' XVHFDVHVVXFK DV$5 3KRRV \WH (; ;) RUHQEMRQ Y FROUMMQAZ WK \WH & DP HID3 RvH 1Q
&DPHD DQGZRXGDSS® RQD \R WDVWSUP DU [P DIH ) RUH DP SGI VXSSRVH \KDWD GHYIEH IV
URBAMG KRUJ RQB@® Z KHQWINQJ D SKRR 7 KHQ WKLY RUHQEMRQ Z RX@ EH FDS\WUHG ERK E\ \KH

&DP HIDBRVH DQGE\ \WH 3+ RU} RQBO YDOH IQWH ( ; ;) RUHQBMRQ IHG $ QRKHUS.DP HID HBP HOW
Z RX@ KDYH GLIHIHQA DP HID8 RVHV VR \KHUUAVSHRAH ,P DI H HBP HQN Z RX@ CRAKVH\KH ( ; )
RUHQIBMRQ YDOH EXVZ RXG LOWMDG XVH \KH & DP HID RVH VSHALLIHG LQ \WHUUAVSHRAMH SDUHQW

&DP HID HBP HQW

&RRU EDM \k WHP \A

(DK & RGCDVA 6\ -
3 GDVH VHH \WH ( DU & RRUGICOW 6\ VWP VHRIRQ DERYH

S5HD® & RGCDM 6\ WHP -
SEDWHWHWHS HDE & RRGCDWM 6\ VWP VHRIRQ DERYH

& [P HDE& RECDM 6\ WP -
7KH FDP HID FRREQDM \A VP 1V \WH VDP H IRUD@FDP HDV UHJ DUBBMW R \WH GHYIEH

7KH SRVH R HDFK FDP HUD VSHALLHV W SRVIMRQ UHDMYH \R \WWH 5 HD® RUJIQ DQG W URBMRQ UHDMYH
\RWH 5 HD® FRRUECDM A VWP

,QRWP DIRQ RQ FDP HID SRVMRQQJ LV DYDIDE®! IURP WH GHYLEH P DQXI DPMWUHU RUSRWIE® 1QD
FRQILIXUDIRQ 1B RQ\WH GHYIFH $ QRURG DSSTFDMRQY FDQ REWBIQ \WH FDP HUD SRVH Z MY UMVSHPVWR
\WH5 HDB FRRECDW A WP UHD® B7BFDP HD B\ GRQJ \WH IRGBZ IQ)

" \QDPIF' HSW



$5 $SSTDIRQ/
”  7KH FDP HD SRVH IV SRYIGHG E\ WH$3, 7KV IV&DP HD JHERH 1Q$5 &RH

$ QARG $ SSTDMRQYY QRQ$5
" 2 BEMQWH FDP HUD SRWH FDP HIDB7 BGHYIEH  Z W UHVSHRWR \WH GHYIEH FRRUGECDW A WP

| $QARG3 8WH/(16B326(B527$7.21 DQG/(16B326(B75$16/$7.21 1Q
FROMQRIRQZ MY/ ( 16B326( B5() (5( 1&(
| $Q $3, SURIWR3 8\H/(16B326(B527$7.21 DQG
/(16B326(B75$16/$7.21
7KH FRGFHSWR D GHYIEH SRVH  Z MY UAVSHPWR \WH 5 HD®'  FRRUECDM A VAP
UHD® B7BGHYIEH  GRHV QRADSSO IRUQRQ $5 DSSTIFDMRYY $V VXFK Z H FDQ FROUGHUMDW
WDQVIRUP DIRQ P D, \R EH \WH LGHQIW P DY,
&RQUHTXHO® UHD® B7 BFDP HUD L HTXLYDBIQAR GHYIEHB7 BFDP HD

WP D\ EH\MP SWQJ 1Q D VIP S® IQI®! FDP HUD DSSAFDMRQ R XVH ] HIRHV |RUWH FDP HD SRVMRQY
[P SOIQ) WDVWKH FDP HUD IV DWKH GHYIFH RWIQ  %XWREYIRXVD KLY Z RX@ QRVWZ RUN [Q DQ DSSTFDURQ
\KDVWKVHV P X@8®! FDP HIDV VXFK DV GHS\WW SKRIRIUDSK\  HVSHADE 1L WH P DIH 1V FDS\WMUHG DD
FGVHGWBGQRH D\ DIHZ \ DUBY RUBMW

7KH IRMZ IQJ GHIQMRQV DUH IURP \WH SRIQAR YIHZ. Z KHUH RQH LV BRNQI RAWURP \WH FDP HWD IQR
\WH IHG R YIHZ

2 WIOQ 7 KH FHQMURI \WH 1P DIH VHORW I IHG R YIHZ

2 UHQDMRQ 7KWV IV \KH VDP H DV WH $ QARG 6 HOVRU& RRECDWM 6\ WMP 7 KH IRTXZ 1QJ)
QUHRAIRQY UH HUHQFHV D VWL Z KHUH \WH GHYLEH LV KHES [Q IW QDWYH
RUHQUBMRQ Z W \WH VFUHHQ | DFLQY \WH XVHU

a

" IVDOQHGZ M \WHKRU RQ ZMW ;. SRQIY R WH XVHIY W KWKDQG
VIGH

" < IVDOCHGZ M JWDYW ZIW < SRQIDI \RZ DBV WH WN
= 1V SHSHQAFXOUWR \WH XVHUDQG LV SDUDTIOR \KH FDP HIDYV RSWDO
DIV ZM = SRQI \RZ DBV WH XVHU

8 QW 0 HMY
5 DQIH 8 QERXQEHG
3 UHFAMRQ 61QI®I
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P DIH & RECDVA 6\ -
7KLY FRRGEDWM M WP [V XVHG IRUWH 1P DIH WHD DQG MKVHV \WH +x

$ QARG VFHHQ FRRECDM VA MMP 2 QH H DP S®I XVDIH IQ WKLY
VSHALLIEDIRQ 1V WH SUGQRSDOSRQAQ 3 HYSHAYHD RGHO

" HYHBSHY DUH UHVSRQVE®! IRUMDQVIRIP 1Q) REMPWATYHWFHV QR \KLY Image Coordinate System
FRREOW VA WMP  |RUUHQGHUQ] SXIBRVHY 3 GBDVH UHHUVR \KH 2 SHO* /

_FROYHOIRQV Rl P RGHOYIHZ  SUIRMRVIRQ 0 93 WDOVIRWP DIRQ 7KH $ SSHQA[ KDV IXWKHUH DP SGV
DYDIME®! \R GHP ROMDW KRZ HBP HQW R WLV VSHALIFDMRQ FDQ EH XVHG
1QSDW R W1V 0 93 MDOVIRUP DMRQ SURFHW

' HYLFH 2 UHQWMRQV 7 KH GHYIEH UHQGHUQ) \WH P DIHP D\ IRDW $V
VXFK WH P DI HY FRRUECDM VA MP P Di GHHG \R URIW DV Z HO) X
GHSHQAQI RQWH DSSTIFDMRQ XVH FDVH ' HYHBSHLY DUH UAVSRQUE®! IRU
GRQJ WLV WDQVIRWP DURQIURP \KH RUJ ICDOR WH QHZ URIWG FRRUGEICD\W
VWP 7R GHVRUEH \KLY WDQVIRUP DIRQ Z H IWAMEH LQH \& R VXEFDWI RUHV R WH , P DIH FRRUECDWM
A VP

OpenGL Image Coordinates

&DP HD ,P DIH&RRUWGEOQDWM 6\ WMP 7KLY [V XVHG IRUIP DJHV REVBIQHG QUHAW® 1URP \WH FDP HUD
Z M RUHQIMRQ GHICHG B\ WH SIf HOHDGRXWREGHUIURP  \WH FDP HUD VHOVRU 1 RM \WWDVWKLY LV RIWMQ

QUHHINRP VAUHHQ RIHQIMRQ

6 FUHHQ 2 UHOWIG ,P DIJH &RRUELQDW 6\ VWMP 7KLV LV XVHG IRUFDP HUD LP DI HV \WDWDUH UREMMG IR
P DWK \WWH UREMAG GHVIEHTY VFUHHQ

6 FUHHQ 5 RMRQV 7 KLY VHPURQ GHVFUEHV KRZ \R WDQVIRWP IURP \WH & DP HWD ,P DIH & RRUECDW
6\ VAP \R\WH 6 FUHHQ 2 UHQMG,P DIH & RRUECDW 6\ AP

5 RIW FBANZ VH B\ $ QARG &DP HD  &DP HID& KDUDAMUIMIFV 6 ( 1625B25,(17$7,21
" HYIFH TXDQIYHG] WRBMRQ DURXQG] O IV

7KLV P HDQV \KDWL D SKRCH LV KHTG YHWFD® DQGWH6( 1625B25,( 17$7,21 VDV \WHQ \WH
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