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ABSTRACT

Three-dimensional reconstruction of real environment is an important topic in
the field of computer vision, which has wide application prospects. In this dissertation,
the research focused on 3D scene reconstruction of indoor environment and pose
estimation of the camera, including: camera pose estimation based on parallel tracking
and mapping system (PTAM), dense reconstruction based on the Kinect 3D point
cloud and three-dimensional reconstruction of indoor environment based on RGB-D
sensor. The main contributions are summarized as follows:

(1) Described the entire process of PTAM algorithm for small workspace in
detail, and using the PTAM algorithm to get the parameters and the pose of
the camera, and estimation accuracy using comparative methods ;

(2) To reconstruct the environment using 3D point cloud of Kinect, the Kinect’s
color image and the depth of information can be obtained at the same time,
we can use the depth information to compute 3D point cloud scene and finish
its dense reconstruction, and then, according to the color information of each
correspond pixel, the reconstruction of the scene has been colored, getting
the real three-dimensional reconstruction of the environment.

(3) For the 3D environment reconstruction with RGB-D sensor, use the famous
RGB-D SLAM algorithm to build a complete 3D map, and then propose
three improvements. First, use SURF instead of SIFT to finish feature
extraction and matching, which can improve the speed in this stage; Second,
advance the submap dividing method, which makes the multi-graph
abstraction can better reflect the topology of the environment, and become
more efficient; Third, add a redundant point removing module in the map
output step, which can reduce the resulting map data and provide more
accurate data for the follow-up operations to. What’s more, the results
demonstrate the establishment of three improvements for in indoor 3D map
building is completely valid.

Keywords: three-dimensional reconstruction, PTAM, point cloud, camera pose

estimation, depth information
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(7 IR 2 B8 UE B30 e AR L, IR 2 S B A AE B IR PR S ARMLI ™ 4% 55
A1 21 LK TE ROR AT BE ™ AL I SE 3l A — B i), I SE S AN R 6t G 1Y) 7 A5
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HUE HT RGB-DEBRSMESHBITEEN=_SHER

41 BIF

Kinect*L2 3 [ i /4 7] T 2010 4E 11 F 4 H HEH ) Xbox360 3 kL4 &
WAMERIIERAFR, YA Natal, BEHRWIA. ©SEhr L2 —F 3D sy
Bl MBI ZhARHE . ERPHR Zr s HEFR i s DRe it
MEBERAL SR TR R4, @ik 5 S A ek, IF HSeilS BB B
FHE, HFEERF HEERE. Kinect KA T JE MG A — I FshiflE, 2
ANBREFEMEaN R R, —& B, GXRHEMNHFLEHH R, HE
BiEmEKEWAESE. A, Kinect HFIHAFATHI R 2 — AT ER AT
RE 2 5% DL R B S It AR AR I RMIHE S, BT — 28T Kinect [N AT

2011 4 f¢) SIGGRAPH(Special Interest Group for Computer GRAPHICS, it
ML BG4S ) 048R/ D) 4530 F,  KinectFusion YR JE7R 1 S2if . BEMY. #f8
=Nt =4E s, IR R TRAAE R B imdt 7 — K.

MIETTHRAE, Kinect 2 MEREM A, MIEKEER 3D % Hl. Kinect A
{BAT DABeliE sk, b Bl Es NHHRKE , FEIHLEE g, T BN T 2 1MME
KA, RN SFGEARE . 3D REERL LA EES, 454 PrimeSense Jit
X Light Coding $iA, HIEFRHE 3D . X&' ReW%H IS A%
(P SN

AR Kinect %45 1] LERIFEREAS B SR — 5, KL PTAM H4S
G, HEFEETRBRN EAN RN = E R, HT Kinect &A&ARRS], 43
AR R SRS =4 E g, HRATUHTRR, BREHE, JRRRAER
(15 M A DL R st AR E R, 15 3 SR

4.2 Kinect A T/EEHE

N T R Xbox WAk AT BolE, B PSS 55 5 g, sLE AR
ZH, BEHEH T — 3B Kinect [RIAW & BB A% NI — ) a4 T 14
K 133,333 SR EFTHL T & R Wit A2l s, WP N S DU AN B B R He T
WP XN T SE A T iPhone F iPad [ R BAEY B 5 AE IR SR T 1
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Kinect Xk H I NI HEAT RN, $2m Tk S 5P S5k, wT Lt e ki
SRR RIS R B WO RITIH, A& MR 5T L ROIT R N ROT AR I
M AR R B S Sk, KIBTFR S A G .

Kinect FI4MI (ANl 4-1 Frs), HERE RS — ARG LM — A2
TROCLLANR S N, 73R BOGLLANR S ES |, RGB #1583k 11, IR 5%
B3 np, HiE—ANHTRECE ARG, WA T3RBUR R ER . BRI,
N TAE Kinect ZER WOGHIFREL N TAE, WIEHLL AN #8: ELLANR I A1) 5%
HH—ANA CMOS RS, FFRGILobk, @it teAg 8448 Kinect HE: k3
(R I AT RS TS BIRFEAE 2, AT 3D IR FE N 4%

PR BB 5 B B AR 0, Kinect [ RT R RS A 1.2 2 3.5m, SR i 5246
WERH, Kinect [)5ZFrrl HEEE N 0.4 2 7.0m. SR1T, SIELLT 4 KUIANEF, IR
FEAE B AR W AU, EIAE 0.8~3.5 KIGE N . AR N, AT
PAor 317y 2048 NEZ, RefBEREL 6 U oKRTUE N IrE MR EE R, Bim A
FEJEFE N 57 B, YhIAA 43 JE . Kinect BRFP AT LLALHE 30 i IIRIE(E S, B
Hi 640x480 MG R, HAMERM 11 FR. FN, EE—#1E, HER
A NARBHAE IR fige, K 2T LIk 2] 4em,

Kinect LA 3077 SRBGREAE B, ZdME N MR8 B8k D
RATBENLEER G R, RIS LA AMEAR IR A (Bg =k D P x g SRR A,
WIS SRR, BT SRR MR EHIREE . BRIy Kinect
KANIRE A WL classl O, 2140k as a7 i 83 Sk m e m) S 5 & S 40 7 2645
R, BRSO S A N E A v, FE IS 2D A e B L0 s T A [A]
BN, ORAFEIEEAR AR, B E IR K R PR R T R, Il
FERI B AR N ML B F PS1080 ANA BT 2 B AL, 5 Py SR RS 47 DT
Be, A4S 2R MEERN 3D IREAE.

H T Kinect EGTITTHT b5 {5 B IR FETRARA LN S LIRS 5 Ay, il
PSR AR, RIS, 6 TR I St — & BB E o BRIk, AR SCfl
H Kinect /E IR E UG S KRIRBOA IR EAS B . HIFER Kinect J2& B KR
FETRAG KN BB AHA B RS, X T =4el st M E ikl s 2 R HEHER .

Kinect /&5 /%5 3DV K] ToF (time of flight) 1%k, Kk, BAR
BT ToF JRH, W5EMPEMESRAR, mZRKH 1 PrimeSense f]—fh =4k
MEFAR, BD6gweY (Light Coding) AR, SGgmASHARM ToF BORKY X 403k
4-1 For
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3D MR AL IR AR

XBOX 360

AR E e gk L 41 24 1 R B
R COMS
4-1 Kinect XBOX 360 I#

R 4-1 JeGRBEARR ToF FARKX

Bt
R S i) 5 E g
DR P | S 22
ToF FiA ikt SRS | AN | MBS

I | RIEROE R
JeImAHOR | EEOE GOl | “ARgAY” | PS1080+iF | BEEIZEMIAL

D) AT E | AR S
AR5 A
Hedmtd, s BB SCHTAF) FH GIE I R 6 55 S0 ) S ) dm b, RIS &2 8

TEERPCEAR . (RS E R RS CEARAF )2 MG EZRDE AR —
e ) B AR ) — I S b, T — AN SRR ARG, X
PSR B (Laser Speckle). OGRS PR YR 5L 78 1 B I G =T
FS I ATLATT S DR 55 o X S BB LA e P (R BEATLAE , Ty L it o B 2 P AN ] A 4 T 22
AR UL, 2 A T B P AL B B R A R R . REAE A R 4T IR PR 45
R, BEAS TR AHAL 7 bRl 8RO A A, R E SRR R
RGBT, BirT DLARE X MR AL E - 48R, TEIX 2 A B A 2% (8] [ BT
BIZRALSR TR, BT LSl — UORIR R & o

1t PrimeSense (& F] b, F5@ IR XEN: B —BEE, N—N5%
P, RSP R R AL R AR IS B A R R AL 1
KB 4 KHEHE, &S 10em ;— NS5, 82 brE T RIA 15 AT LA BI£R
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A1 30 TR R . H 2T IR, -8R B E G, K
X R BATORAE TR 30 MES 2 BB B AN GBS, ZAERAI213 2
30 WEAHKFZIEME, TR R h A AAAAERALE, A R Bl 2 Bos g
H. EXERIEE— 2 ESE R, el —SE, ol DS R A 50 =4
IR

T ORI A AN AR LA B K B AR TR IR, (BR] BLUE I e A TREAS
A SRR I A 5K 4-1 s

z(d) = a, X exp <— (d :1b1>2> + a, Xexp <— (d :2b2)2> 4-1

H, a; =3.169 x 10*, b, = 1338.0, ¢, = 140.4, a, = 6.334 X

108, b, = 2.035 x 10%, ¢, = 3154.0.

H_EIR AR, Kinect 4 I BRUT TR BEBE REE e, L AR R 2 {3 A
LA IR R ERIR L AR 2, A IR T B AT W S R 3 A B rh 2
KR MBIR A RBATI0, K, xF R B A —E 2K

4.3 Kinect BIEREE A

M T Kinect H B 44EMRE], BN Kinect 75 ZEHJE, NAEAL T FHYG B IR
55, BIsgAbm S = NI ZA K, (HARREH T B2 A0 5 FHO6 B X 52 54 IR
FH KRR 2%, FF H Kinect for Xbox AN SCHRRT S, A 2T YE Y 0.8~3.5m.
HHEERERMEARE TR, e RIWEBGERGHE—EafiRE,
Bt B b TR — 15 2% A A e 2 R B RS L B AR AR A —

ZoSZIG AT, AR AL y BT A2 20 & 50 NEAALE R, A ER K.
FEJRE, Kinect FIURBEAG SLFIR A5 L KEAE Rl — /K26 b, (HP# AR
—ERR B (SIS MIAEEZ) 2.5cm), 1T BB SkA B St se £ A, AT
PN BAZ S BT R4 2] () AR I TR 2 A S8 VP 22 57 W 4-2 Fiow, i TR A H
OpenGL /RO EUEFERERIE, Pk sconiEsiin s, FEMWEHGAT
XoF LR B B AR L P R X 3, T b H A DA EL AL
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() ZEWHRIBBERZ

(b) ENGHRENREE R

H T = 4 o T AR AR BEAS BN HE A, A ARl 8 = 4 s ok A
HER M2, R, FRATFHRZESEX Kinect IR G IRAG L AIR (S BARIAR Skt
ITRE, T RS = E g P i m A O TAER BT . T BRI IERT G HIX E
K, TS, BATR O EMRERBREIHER B R T, ATLUEE
% 2P A1
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(o) RIEMEAGRKRESREEIHFER
4-2 EAGRIOBEEE SHREEE

R4 Heresy’space C&ZBIIG, 5 T AlHU4T 0 Kinect.dll, £id#
1, R 4-3 s

B 4-3 RIEFKEAZRKRE SREEIHERR

HI BB VR Y, i iAE R 2R B BB L ES, 53
THRRRRCR, ZREA R T A 3D Fz

4.4 BF PTAM ALK Kinect IEN R =% EE

H=mOLUEY], PTAM flith AL AP e L LBy, o] DU LAl
TSR T =4 . E—WAH T Kinect Hdi-RE KA, NnfLASRAS
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OB PH, [FR SRS N KRR B . K EaE A FIENRN, RIS
TEEFTURNAS, AT DGR AR AR AL A IR .

B, FAE—NR-, H Kinect 1521 S = ALFR I AAFE R AT H PTAM 152
IR LA BR B AR AR 2 AN [F] — /N A5 R, BEAR AT =4 s gt R 38—
(RN AT ARAR R IR M . B SRIIERT, T K 1) Kinect SDK-v1.7 H AL
s — i A R, k2 v, IR ARNA FEAAA N 13 5URKE [ — 4
HARR R T R . BARSRELX — AL, MR EHE R WAL AN S, B e
AR R ASPRE R T — B THNLNAMNT S, sae AL R A T 1)
W s B [F — N FR R T R

ANV SCIRBLAY 5 25 AL KR4 2 58 UAE OpenNI 445 5 T8, OpenNIl (A4 45
R OXFERE . FABNLEI GO E AL bRl A, MNLIIRT 1R R Z By
], AALE EO7 VR Y BhIETr 1, ABNLRIA RN X BT 1, fFE A Fw
M. A TEAE B, PTAM MU SCRIAAAR R 24 T W, eI R A7
E— M5 ES. WK 4-4 s,

A4, ¥ OpenNI 72 SUIFTALFR R IFAHMLAL AR R A1 PTAM 8 SLITFIAAHR 2 A AL
AFR R NI 2-2, AT SR AR VT IR B DL R R R

XW XOpenNI
Yw | = R7! YOpenNI —-T (4-2)
ZW ZOpenNI

HE AT DLE AT AT CAEAS 2 ) Fr & i i Bds e A7, B b i 2
A —Abr R TN B R, el ISR 2 milg R =i m s 1. DR 2SI I0E
BRI USRI B R, K 4-5. 4-6 AT,

Y

EFEM AFEN
B 4-4 OpenNI & PTAM & LI A4R F
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4-6 JREBRER

RIS IFSE BRI T 55 = 2T PTAM R G0k FE Akt i e e 408 e v i)
5 =R, Kinect (R NI BT E A AR N E RS, fTUEH, B
RAENWHE. H2E, B PTAM RARTHHE BRSNS, (HEX
NIRBVE SRR =, b, AHRRWEZ [ an A LR RRE 2L, B4 PTAM R4
BAREE RS SRN, FEOMER NS . JERMEA PTAM kA5
ML E XA ARG T K5
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45 %T RGB-D ZERBMANZHERRS

451 BRG

DL A 72 1 Kinect AR IIBL 4 RGB-D #1453k B R 40— Pl
LI RS, B W BAERSR RGB R0 B& i[RI I Fli SR BB ME R TR BEAE 2
AT SILEF N AEAA, 4 Xbox360 Jii) Kinect [ € T JLTHHES, 445t i ] £
b6 #2450, WK 4-7 Firos.

B 47 ZRERBITFE

ik R ELE N BA BN E AR Thae, WonT DALE = 48 3 R &
H T Kinect 7] PATE 0.8~3.5m PN 5 R SRR N EAR, F b s B2 A 15 A & Kinect
HESMEMEBRIET, SULERESEN = =R

452 BHRG

B R G R LRI AR O IR b, AT RSO, R
AR B, 53] T HUNRRCR . BRSSP R T
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1 RFEFRAN S LA

KA SURF BEHATRAESR IS UTAC . RRAE A SR BRI TH AL Hessian
TR AT 51 SR ARAE R A B R AL B A — R EHR T, X B —ME R
mox= Oy, M (4-3) T EAE x A RUE ol Hessian 4EFE H(X, o)

Lyyx(x,0) ny(xr o)

H(x,0) = Lyy(x,0) Lyy(x,0)

(4-3)

HH, Lyy(x,0)#& Gaussian :Bﬁfﬁ%iﬁ:—;fi X AbXTEUE | ISR . gk, 1t
HAEA H 14752

det(Happrox) = Dxx Dyy — (0.9 Dyy )’ (4-4)

Horr, Dy e TR S BRI GEI, D B M B Ly 4, HIWi1T 51

X =) RS . HRF5 A0, MAZRERE A HR5RIE, MhizsHE3k
RAE R

BE, WEEGHRERNE, WEBREARME TR R, 5 SIFT @7
BB JE BAR S, SURF 3@ i A [A] RS & 716 Dy i s8R Fi A AR - A5 SR L
Hessian FEFEATHINHIM R G, AR5, EmN G FRA 3D JAERORE i,
RIS NS RO BB o (8 FH 3 X 3 x AR AE =4 2% (8] P 1B AT AE R R A #0071
MY TR Hessian BIME H B, 24 h KT H, HEGABUT 26 A s AH R AE AR
KN, BB RFIE R, ARG K = G P A A5 BE RS

N T RIEFE R & A TER AR, FFEST—MHE S — N ET7 M.
PURFE G, B 6s PR IR, 0 R EAT Haar /NI NIg &, itk —
ANCAJT I e, 5Kk PT/3d BT ahE 1, LK 0.2 50, #3higs)
W, FEE DN ETA R Haar B NAEREAT B0, FE77 18 5K Haar i3 28
pIEERS PR AT

AT SERFE R PR BUS HEATRHE A UL S, A I AP ER:

D ETHE H HRERAT IR, R THE R H TR,
FRAE L7 A s COMPAE A S o) /N QR ) 552 R 11 e X3, H AR R s Dy
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155 QAL R B LA /NGRS S B /N T St X g, HOAE R 32 9 1. AR ARG,
S P ANRFAE AR 1R A2 AT EERE: [R5 10 B PSR AIE s B A TR B 5
S5, UHIXS AN, W 20 RO E R

2) £ 1) MEEA L, AL R T AR R B, R A W B it
RIS

1/2

(4-5)

k=n
DiSij = [Z(Xlk - X]k )2
k=0

Horb, X BCHERI T2 1 MR THI2E kK DITR, Xk 2% K

B 5 ANRAEREA T 58 k DITE, n BRIk A R A 4EE.

XFFAFRCHE R ERRFIE AL THREHE RS H -G ErA Rk a i E, &
Bl ANEEEES . B R R G T BS54 2/ R R B AR R
BOEBIE, — BN 0.8, Zi MR U B AT R R U 8 1 ELAE /DN T BE R, A
DR 535550 I f /R R S RS AE RO IR BC Y, 50, 35 s 5% Rk A L
Bo. BIEAR)N, VLECBASE, (HAR(E R .

2 hrgflit 5t

BEXI L S THANIC AL ) =4 H g v i = B O R R, O 1 BiT b TCP iRk
SIE R Bl /s L, T AR R R A BCHEESS R, U SE R A RANSAC FCiE Sk kAT #H UL AL,
H GRS BT R LA T, RS S RAE Dy TCP ICMESEIWIAG1E.,
FRRAE IR AR B HEAT TCP BEXS W60 2 (DAL S B b v 2120 1) O e Sems, IF
P IEARE,  IB B N R AU S 4

HARGIRUE

1) FF RANSAC S0 th “Ridh i ” A “ R 7, SIBRIULHEC R 3 s, H
BRIE RN SR SRS, el HILES, wARRmA g2
SHIT, MISHHELE S FEENIMIASE — K BHL LRI =51 {Sa, Sb, Sc}, fE£H
WA T R, ERIR=A S {Ta, Tb, Te} , FIFH =X s A7 B AR #
FEFERAG T, T Heo SRS THEAEMGTHEHOC R He IRZBIES T, PR
Z B —EORESE, IR R R IR AR S A5 BT A Ar & A

2) VA D tHE IS R Ay 1CP FRE RN, 8 G P s 2 J il e/ IME.

IR/ FARBR St e 2, = [ ]I R A
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FEFEH T BOREPE T, Peyy = Hi(Py) = RyPy + Ty BEIEA, LK
TR ZE BN T BENS, BI|lde — diga |l < THF, 5 1ES

3 Hog-man 3 E&4itfk

RIZRACHIVIIE AL L5, B AR T A, 55 HAR AR IR 8] 00 2256 R AE N
B E E s, YR A Hog-man B MR FVERE AT MBI 4 B Ak, 133 @G
[ = 4EHBIA]

T 2 AR B 7 — S X e B {5 B, SRR X R 2 ) AU
T B QA 2 S PRI, A0 R AR AR LS h 0o e B B8 48 (X (4-7) )
TERbR R AR IR 2 2 AT I8 DLy B i — A sk R 1Z 7 B, T
BERHE— RS, AR E BRI TR, wER— 2 ZEES Y,
PEHCH AR T A Fh b S

IP=P[0 d 0 1] (4-6)

b, 0 BN L, TP XL AL, d Oy TP B0 BB, X HE
2mo EBEAATAHPLINLZE ] —A> 4 X4 B9FEFE P 8o, TP [RARBR 9 fit UL &%
A R AL A A Dy 1 1B 3 R, B dig b oo N7 3 7 e Bt P B )1 R A
Mo

BAEF RIS P, BRRMARFREE T, REEFERGHETH
X7y, WRA BT E R E R, R R TZEEA T, HA TR R
FE Y e AEAR R S A I A 4 R TR & 17 S 2 e e g A 3, BRI 2 I o IRl
TRAE T SERFRIARAL -

WRYE1F 2L S R AT ol LB IS RO 1 5 B B B0 I A s K 1) 0
R RHRIEET S AR i & 7% H 3B ARRAER 2 WU 28 E AT
RLETIN, RN MRS T 2 TR A, 2 R A DA R R R o Dy T
BER A, B R ERIC R BB YRR, SRR KOO B WO AT A 2E, 2
B (a5 R R a2 AR T AR R ROy S a i i B R, XA 2
F g i LA i/ STk o R i T o (RIS Dy 7 s R R 38 10 A n Aetie 1Y) — 280
FEATIR R E BN %, RABUERE, SJa BN fEn (4-7) (4-8) .

W1 (x)D1(x) + Wi_1(x)D;_4(x)
Wi(x) + Wi_1(x)

Diy1(x) = 4-=7)

42



Tt 24K ABEETHBSC

Wip1(x) = Wi(x) + Wi_y (%) (4-8)
x—x*

W(x) = Err() (4-9)

Err(dist) = dist? x 0.0035 (4 —10)

S A A Kinect #8453k 1E 8 RGB-D #4483k, AL, R4 Kinect f& /& 3511
22 7 R (4-10)BUE bR B B AN 20(4-9) o FHb xSy Bt i T b s (R 2 AR AT H O
fIrEE, 2 itERE1SE) 3D Mo, RIS = 4E s AR K

46 Z=ZHGRERERLER
HAT=REREAI SR TN —OERAEE FEGEIAE X, DI &
Kinect Jig#% 90 A1 180 R B 45 R . Wil 4-8. 4-9 AR,

&l 4-8 He#290" M EN =4 EBYCRE
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B 4-9 180 =N =AEBWRE

4.7 SEREERSHT

MUL FEEE R UUE Y, F%EEER T AR, N T IR
P, ATEE T ML sg, Hd-rgmaE T HE=A9%E T T T
JEFEHRE R 28 X Hh.Y M Z M A E 0 He, 9, oRBRMTE 4-2 Fis.

AT/ B ELHE o T rT LAS B, BR T ieEAEESe X iy ) e i 16 JE(E
AIREAIZE R L) 10 24, HA- PR M &N 7 &8 MO RES: Y FlAD Z e % 1
FEERA RN, 23—, 5 Kinect 2IIEFEBNI A E ZAHLL, W
TN

48 FE/NG
R EHEAIET RGB-D &1 AR IR 3T & 5 =4 AT T 0T 5,
EETAEEHHLL T ILA:

(1 AFVEA T Kinect B TAERIL, FIHILE WK RGB-D 2 AL % 7T LA
FERERR O B TR I SRR A5 B0, BEAT BRI T REB& H
SR, REERGAROERGBAAE € MRz, SHET THE, R
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R 42 FRARZ D BERIEHEEMEDHSE LI R EINSH

FEEET AR R
T T, Ts @ 9 ®
1 | 0361745 | 0.656592 | 0.222123 | 110.724039 | 1.328114 | -4.557694
5 | 0.351568 | -0.723133 | 0.172582 | 122.332265 | -6.318515 | 2.163312
3 | 0389416 | -0.729430 | 0.177265 | 133.283609 | -6.365624 | 1.605008
4 | 0417756 | 0.672151 | 0.218636 | -107.901505 | -2.548138 | -1.918024
5 | 0413355 | 0.664369 | 0.223471 | -114.308732 | -1.286966 | -2.57167
6 | 0437177 | 0676910 | 0.179113 | -128.330505 | -3.682801 | -0.773887
7 | 0593904 | 0533957 | 0.302219 | -141.272773 | -2.616172 | -0.299501
g | 0540621 | 0581749 | 0.197769 | -136.398136 | -3.898397 | -0.726061
9 | 0540930 | 0.497355 | 0.195870 | -142.758549 | -4.274315 | -1.193265
10 | 0.633448 | 0.280283 | 0.209914 | -153.702067 | -4.179787 | -1.865838
11 | 0658592 | 0.324099 | 0.112526 | -141.494682 | -5.707119 | -1.721343
12 | 0.687362 | 0.164027 | 0.166947 | -157.133148 | -4.881384 | -1.953846
13 | 0703102 | -0.256590 | 0.228318 | -168.219178 | -4.489408 | -1.556988
14 | 0710245 | -0.350697 | 0.312153 | 173.030897 | -3.414093 | -1.401098
15 | 0710334 | -0.160617 | 0.200807 | -183.113463 | -4.800128 | -1.689767

SR KR 15 R 2 5 SN R AT = A 375 (0 = 4 EE A o R 1 R X B [X K
TP IEAT LU 22 I L, TE R T AR RCR .

(2) [y, 42t 7 #T RGB-D ZALKEM G =4 EE R, ek 1
HITAFERE. EEOFE AP FALRMRUCE A2 b TP A B foie b K
FAEE . (a) 1€ RGB-D (/G REAERIR, KM SURF 5iik: @A REAE], 5
HMIH] Hessian HE R Bk i, PR BEATARMRORAMA], BEIMT, X+ RGB Bt (5 St
ITRAERITREL, R4S 2 HIAS E RF AL AT A ELILES:  (b) 2o R s 2 TRV
MeHEfE, SRAZEET OIS AVE SN RANSAC 5ik, FHEEAIRERE BT &t
22 FAT R BAENLIRIAR A 28, 285 FRHRE IR BEAS AT ICP SEXS M UR i 4
Hifife. (c) BRI MMAMPIIEAIZ )G, KAV A, 5 HAS R Al A7 2
REME R mB|EH, #Em R A Hog-man LAk Sk A7 1l B 42 R Ale Ak,
BRFEREEN =4, &a, RIESRINRAERETR RS NGER 30 s
K, RIS = 4 B AU
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(3) A FEHEH 1) =4 5 g S 0 i A SR etk . B R LU 5T -
HH T SURF BEAE S R AL UL e At Hovh S B2 By, AN &R SURF L EAT
FEAEVCHED, PRI /EASOR AL BE AN T S8 B PERE TR, ALY BRI B SRR, 408
SIFT 1 3 £ tHT 50t 1T BRI o it , 345 58 54 (0 AR R RBERY 3D b
P RIS, 7 b AR 0 43 ) FH 48 1 P 5 3 [0 1) 22 ot il & 7 95080/ TR s
AR T SEm 1, TR fE SRR AL ER R T R I
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Tt 24 K% AB BB

BLE 4RIE

51 TAER%

=Y @ EORAE TR e A R AR, AMUEZE S EXE R
ZH, FEATE LR AR TR ITeaE, KT =4 E @ RORATE T RS
TARRHBES o ASCEF X =R @R, TR VIR AR, 2 TAEFAIHT
ALFE LR 7T :

() TR 7 = E RN RS SME S o0 74T E A A R g
FEHR IR FUIUIR DA S e ok S, g T HF s S AOE G, RS
it = EEEAR M R ERT S, RIEE T S E BRI T NSRS MR
MR R 2577 T 1) B 2
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