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1 (a) A bas-relief in a Khmer-style temple. (b)Proposed
scanning sensor system mounted on a rover. (b)Obtained

reconstruction result of relief by our method.
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2 Hardware system

L— LEOMBEBHREEITD. VT AX vy Fhr 5 HlIE
TN ADIEMEZ W EEREEZ WS Z LT, Y
FHEDOMEDREEELK LT3 2D-3D DI AT Y FE%E
ANfEE LTHRELTVWS. .1 (c) RT &S 10k~
DTIEIZ & > THBEMZ - 72 relief © = IR0 st D B
BAEHR A2/ DE N TE S,
SAEIC L BAEERBMEIZINAT, ZIRTAF Y FO
L—HFDV T LI RUVALH AT 550D 8bit HifgkH
DIHEEHRE DI KRILIZ & D multi-modal 7 2D-3D i &
EOEFEERET S.
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AR DR E

HEIZHWAEN=FRD 27 VAT LK. 212533 &5
WZEIZA =N, VL=PFRFXv I, 2hMIATTHEINH
TWa. L—HF2F v FEu—No#ic&bE Tt o
RIZAEZFHBIT S 707 74— RFTHVWSNATY
5. T—ROEE L DD, Ax v VEIBREATIE MY
H=VTFNELV—=FRAFYFDREHRATIZEEF LTS,
E—va B IDOIRAT V=T RAXY FNoES
N5 ZIRTHBRE ZIRTCAF Y VEHAVS.

2. Related Work
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Camera system
JTAE, B A A T % i\ 72 Structure from Motion D#I%E
VAT LD INT WS D [10], [11], [12], [13], —M&HY
WZINSDFEZIMD A X T H, HEEOFHEL 2T L
AT =IO 5RNEVWSHEVRHS. —FTATLUA
HATYAFLTIR2DDHATDR=AFA > [14], [15]
EHOWCR VY E—VavDAT— VR G5IENTES
MRBEIZELUCTRVWELL =Y AF Yy FOLNIZIT MK
7\,
RGB-D camera system
CMOS RGB-D ¥ V¥ 7 FTAEBEDEAD DL, E—
Ta VHEEIZEL TWB ([16], [17], [18]) A%, —F CTHIE
MRIZEFT 5O X DMKV 728, Signal-to-Noise
Ratio(SNR) B K< > T3 [19]. EEFOHIE 4 £ Tl
BARETOHEN KD SN Z WL, BL TR
DIEVERE T TOREE#MOHEDBED D 5 H SNR DK
WRGB-D /7 X 5 TIHIEDEE L\,
LiDAR-only system
—HT, VL= AF ¥y F VAT LINEHENZ E NS
W ICER X BB 2 N TE S, LW KEASNR 2155
ZEMNTES [19]. D72 RGB-D A7 A J L IANTERE
ME DN A XATHETHZEDNTES. LHLEDS
HWEIZE D EWKMZ2LEE U, ZOMIZE VY2884
NIEF SN ZIRT IR EIC L > TEATLED LW
SHIES H 5. LIDAR DA [1], 2] EHW TR VT OBE)
REEHT TS HFEEIN—R 27 I A2 20T, X
7z, AR VB OMPREZ BEE LW E WD KT
BENTVEY, JIEICREHEZ2ET 52 212 & 0 EfERR
PEHEE T LW,
LiDAR + IMU, GPS
LiDAR ORREEIEE 2175 HiED—Dicflio v 3 %l
ALY D HENRH S, IMU % GPS % LiDAR & HAA
HEB A 3], [4], [5] Y TV C BB AR e R
DIFPIETH 20, BEXZIRTT IRV T =1 Tl
WAIZIEA T TH 5.
LiDAR + Camera fusion system
HERMD T T A v HWREH#EFIE IO R
T4 ADSE T SLAM 275 72 K< FFF I T W
% [6]. [5] TIX LiDAR % RGB 77 A 7 L flAaH D TR
WEDOANZ MEEE EXETWS. £72[7], [8] TlEH X
7 LA E DY LIDAR THREOEREZ 707 714 7L
BRSHIEZEIT>TWA. Bok 5IFKREZILBHR L)L
FEDZRITDHRERE %, WDOD LIDAR & —20DH X T, X
SIZGPS ZHVWTIT>TW5 [7]. LU S H~ DHl
ETIHI Y A— MV ORENERE N, GPS % AWz
RIEHEE TIEENZITOEEZ LTI EI3EL V.
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Motion estimation
by maximizing MI
e —

3 Method overview. The inputs are the synchronized and calibrated 3D point clouds

and 2D image sequence. Initial motion is computed by 3D-2D projection, point

tracking and triangulation. Then the motion is optimized using mutual informa-

tion resulting in a motion and rectified data.

3. Local camera pose estimation

V—HPAF ¥ FL2AMNIATORMEY AT L% HANT
AF Y O Y ORBOHERE ZITD T &P~ D
FCTHWOHSFIETH L. . 31FHFADFIEDA —N—
Ya—%5R7. ANFRL—FRAF v F2oB5NEZRIT
MEBEL 2 FMH AT NS/ SN ZIRGED N ) T < i
FTH5. NS5O DDk YR, AMKEXNT
W5, BT —RIZa—NERIHICEDN LA SHEL T
W3,

FREEHERE TIIAI D2 =Rt sl 2 T IC e T %
Z 2 T2D-3D WL EMET S, ZTODHEWHERDOE
IZHE I N7 2D-3D Win kil T 5. 2o O % i
FIHRT KLT tracker [20] ZFHNT h I v F 735, Zh
12 & > TERTTR ERIGT % ZIR T DEB OB H&FIZ D
o TRONEDT, NS DMIEEH VT SMAEIc LD,
71 A T DALEZBHEE % KB L ORIz & - T
kb3,

3.1 Coordinate system

V=Y AF Yy F L HhHATEIS51LLOFYI T L—Va
VENTWS. i, jZ2DDHATDI V=LA VTV
A, ZRITEHDA YTy I A b, t; % 2D 7 b— L i DY
INFMEL, SUOTH J BAF v I NzL, XE 2L —
PAX v OB —HIVEERIZEIT 5§ O ZIRITEE,
x) % ZRITE JITHIET A7 L — L EOZRGTERE e
5. ROENEDIREL t 1ZB 52 Y DA EEES
A= R;, T; THd. XE & otk LIz 9 2 84
EUTDESIZEHT 5.

x] = Proj(X}). (1)
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Y Ou—VERERIZE T B XE 2T — )V FIERSR
XV A B EMEIIIEES T A - X R, T; 2V
TUTD LS ICHITS.

XV =R; X} + T, (2)

R, T, 23555 & 2 R, T, DMILHZEIC > TR
D5,

3.2 2D-3D correspondence

2D-3D MISAHFITIZ £ T ¢, — At < t; < t; + At DRI
AFX v VENLZZWRTEE TV — b i ICHMNBRIEIZ & - T
BoNNFA=REAVTEYT . HEINEZTART
DEEMI ZLIFIHEIZA MDA BLUMNIvFV T
WAMERRLER R EGEATLUESAHELHS. Zh
TS 57280, HEOEWEIZEE E N7z 2D-3D WIH0 A
é%@ﬁthfmvé.X@némba7u—Aiu&%
INEFBA E UTEIRI N j OO0 — 1)V = IR T FERE,
X&ﬂ%X@ﬂ®7—wﬁgg%agwézmﬁ@%t7
5. XE v x] O ERPIT X o THIBM I ENTV 3.
KLT tracker x HHW T x! 2 F I v F 7352 TKY
L—LAIZBWT x] ST M RDBEILNTES.

3.3 Triangulation

SAEIZBVTIE B ICTREIN TS Zheng 5 D
FiEEHBLIZLTWVWS. JLb—A0hh56n FTOME
RERDH SN UDHEINT, TR TIL—LilZBL
Tti—At <t <t; + At DEIZAF Y INjD
7=V FEERLRIZE T B B XY AEtREATwE L
5. 7V—bn+ 18202 TDMNERENRT A —
2 Ryy1, Togr 1 2D-3D HE X and x!, ZHWTE
3" perspective 3-point algorithm [21] & RANSAC [22] iZ
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Yo THIICEET 5. 200U TFICEHT 532 MY
B BMET 3 & 512 Ryyr, Toys % BGEALT 5

{Rut1, Trgr}

= arg min 0 (|| Proj(RY (X}, — T))

i=1 j
— x) 4|1
+ 3 > (IIProj(RT (RXE, 4 5 + T) = Ty))
i=1 j
- xJ[]%). (3)

Eq. 3 IZMHREREAPSHTHED 7 L —Ln+ 1 ITEE L
RO R AEOHEBED T L — L2815 (K t,,4
IZHBF D) D= A INVIR =R Z IO TR TD 7 L — A4
(0525 n) IZEGE U 2RO BREHE DR Z R L TW5
K. 4 12 =AEOKRAX %R .

3.4 Error metric for outlier rejection

M. 5 IZRTEIICHASTE L —FAF vy FOHOAE
MES & &, ZOHDMLEDENIZ &5 3D-2D H#ED I A
RYFITIFBE N TERY. TOIATYFRK. 5 A
DOFRVEAD[FEAANDERAEDEEZF ERIT. X 5I10H
HTDHNATHEDR=AF 4 VNSV & ZOENIG
EHRYHRADHEEHVWTHANEL LTRET S Z 213,
HATHLPS AF Y VI NI B S N Iz DD
ZODORY MVHIRTA 0 BN WTZHOEEL .

HATEAX Y VI Nz ZIRTT AR DR E Z IS T
LFTADIEMAENKRENE T TH > THERFEEE A
WTZOEMNIGERET S Z I LY. —AT7 L —A4
nD 6 n 41 ANEEEERE N RGBS - =
IRTCDHHADIEREMR EFEX d DL ZAIZFET T T
H Y ZUGCHERER TOBEERAEIIRELS LS. Lo T
FHEEEDONRD D IT dsind (K. 5 2H]) O % S bk
KAV, ZORIZE. 51281 DR EREO IR FE Y
5.

3.5 Bundle adjustment

NV RIVIRES R HEERE S &2 @D B O FEKE L TV 5.
TOVF —BIBUE =T % § AT O IRIGHER B2
HUZROBEREHAZE 2 IZLTWVWS. TRV —FHK
EMTFDO LS IEHLTWS:

{Ro...RN,To...TN}

2.

% J k

= arg min
Ro..Ry,To...Tx

8ig [1Proj(RE (RiX{; ;) + Ta) = Tw)) = x> (4)

1 (if X}V is detected on frame k)
ik = (®)

0 (else)
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4 Triangulation. When 0 to n frames are worked out (only

n-1 Frame

n Frame

n—1 and n frames are shown in figure), pose of n+1 frame
is firstly computed by Perspective 3 Point algorithm [21]
using red and green points. Then pose is optimized by
non-linear optimization with 2D-3D correspondences of

red, green and blue points.

n-th laser scanner
position

Expected 3D point from
observation

n-th camera

~<

Scanned Object ~~~~_ _ positon
. -~ 4
Polnt n+1-th camera
______ positon

5 Mismatch of 3D point and 2D image are caused by sensor
position gap. Error accumulates in the red arrow direc-

tion.

TRTDA AT DALELESL Levenberg-Marquard %I &
5 EDR/MEIZ & o THRELE N 5.

4. Registration by using MI

2D-3D X2 Wz a0 — AV i B ESHEIZ L > TR
WHERZBLZeNTELD, b v F U IDEEITLS
BRMEAIBIZZ N TERN. AETEH AL
THEON-HEEROBEZSOLHNT, VIV IR Y
A% Wz 2D-3D fLE G L 21T FEERET 5.

oY —Fy ) T L= a3 ik CERTEBO A
WE/DLZLNTEDY, 3D 95 2D ~NOEFEIRAE I LS
RiATATD fps DIRSIZE VBT B Z2DTERW, LT
o T RTT D 515 5 N7z ZIRoT s DGR DKL 1%
REEE 2w, —HTL—FDYITL IR VAL —FD
TS IZ B 2RO RE DR ZHEFICED. ZIRTHE
)7V o2 ZADMICEIRR W=, VTV IRy
A DGR % RBEHEITTER T2 Z L I EDH 222 TH
%. Kurazume 51XV 7L 27 X VAL HEBEOBTIZ Yy V%
WD FEERELTWD [23].

Fa DV TV IR AR AN ALBEEBMEETRITHE
FEHREDORALZE AWz 2D-3D DALE SO FEEZ L
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P(t2)

P(t)
P'(t2)

P(t)

P(t1)

6 Deformation model of motion. P(t) indicates (z,y, z) or
(rz,ry,rz) in 6-DoF parameters. Motion entire the seg-

ment between ¢, and ts is rescaled by final position P’(t2)

TW5. ZDMEEHRE % H Wz Multi-modal 220 iEE D
BFEE Viola 51X > TIREI N [24] RIZEZDHET
MR INTE 7.

4.1 Motion deformation model
i@“‘ MI 2 W Bl LB BT 2y HE—Ya v
BIETIVIZDOWTHBRRS., W = (ro,ry,rz, x,y, 2) I
6-DoF D/NT XA =X % ;RS 3ICTEEINRL tIzs
FRHIHINIE B W () L5, YIDIZZDDRL DR ¢,
E L IZBIFDINATTVU—LEERT S (1 < ty). KHlt
MOt (2T TOREERENT S, W(t) 2Lt 128
RO S & b & OREEHATA—R L L, W(t)
EE—Ya VEARBRORL t IZB ) BMERE AT A —&
T D W(t) T ¢yt 1IZH T B RBEDAE LR T
A—=R W' (ty) BEZBILIZLoTRESNDS. P(t) %
R MV (ra,ry,r2)T 2 (2,y,2)T T 5. BRHBEDONRT

A=R P(t)(t; <t <tx) IATDEIIZFHHEINS:

/ . |P(t) 7P(tl)| /
ti-to W BT BAIELEE T A — R X [H D AL & 85
W (t) 12 &> TERENS (. 6 BH]). ML S hi
E—vary W) EHWTEHHEINS.

AX Y VREIEZIDO LI IZENE T AV (t-t2) 1254
FonTHEE(LEINS. £ A2 AR IXE W RGE
TE—VavOEREITI ZeNTESLN, KENEITN
XAV DO MIIZEBMESGDEZIT D CIXIERRE L
ULTARTDIZRBZENEZOLND. ZORIT AV IDE
TEATHRD bV — A 72 F R U TRERIZIRE L 72.

4.2 Mutual information

E—va vyOEEbD =D, RGB Wifk%E 7' LA A7 —)L
HBIZEB U7V ) 7L 7 RV ZDOEDOR O
MI Z W7z, MI OFEIZ1E Maes 5 BEREL TV 5 Tk
ZHW (25 EEOEZ LIV OME f & ZRITHDY T
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B 7 An example of area separation on a panoramic image.

VI RYADME r DFEGCANZ S A H = {hg} X=X
JCRBEE ZIRTHBIZEGE T A Z e TRME I NS, MI I
H@bMT®i9Kﬁﬁé%6

Nh,
=~ me log 774 (7)

hy =2 hegshe =3 hey THY, TN =3 hyy T
5.

4.3 Joint histogram construction
I TCHRAMEIZED LS ITHEG A NS T LEESLINT
M) x] = Proj(RT(XY —T)) £ S0t j 2 7 L — L
B U TR D ZIRTTERETH 5. q(;,5),0 130 < dj. <1,
0 < dj,y < 1i(djg,dj,)T = xi — Qi LBBET L
NDEFRTH Y, qi.5)1 = (1,0)T + 43,5),0:9(i,5),2 =
(0, 1)T+Q(ij)OvQ(ij)3 = (LD +qu 50 &9 5.
BRANT T R fIZMTOXSICHBEINS:

h,«fIzzw]*,m'(s(r—rkyf_fk,m)» (8)
j m=0
7272 wio = (1 = dja)(1 = djy), win = djo(1 = djy),
wj,Q — (1 _ dj,:z')djﬂﬂ wj,?) = d],l‘djﬂl VC“% D, (; li/f}lxl

B TH 5.

4.4 Area separation
FHREKREHVTHAL AN S 2RETL L, P
WEREHEOMBRNEENEZ LT, VI VIR VALY
7 & DT R BHENEIE SN WAREEDNH 5.
ZOREEEET B0, K. TIZRT LI, @I T
REEBOES EELWHARORE WL D —FlcifiR 7z
bDOEBRETSD. BLADWWEVATLIZBEVWTIE, —D2D
AXY VI U TG EEPSAEAEYS LI
BRIND. o TENBNIZ ML 2EH T 5DIC+4374%
SIRFTEEDPEREINSG Z EDBRIEI NS, MI IZEABANT
FHEINE ORI Z B I WS, &IEIIZ, 6-DoF O
ﬁ%§%N5X—ﬁiHmﬂE%%thﬂ%%ﬁkTé

XV ERELENS.

5. Experimental results

AR T, ZMEIC K BMNELEBHEE &£, multi-modal 7
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From the

9 Error visualized images and a color bar.

top: Error visualized image reconstructed by Zheng et
al.’s method; Error visualized image reconstructed by our
method; Color bar indicating error value. Note that scan-

ning scene is the same location but at different time.

MEGDOEIZ L DA EZSHEORE R EREZ IO Fo
TW3. Z+F imager 5010 [26] % =L —HFAF ¥ F &
U THW Ladybug 3 [27] 22 /A7 AT L UTHWTWY
5. L—Y2F¥F 3 7o 7714 5E— NCTHEHELHAE
1 320° T— A Of#EIEI: 10000 points THD. AF ¥ F
D~y REDIE 50 Hz THREELTWS. /N 7 < EBIX
5400 x 2700 DFFRE TR HMOMGZEZ L T\ 5.
HIE Sz ZRos st e ot &Sk E e L —
2% v FHOEFERE I A S IZoBBNETy Ty T
PCIZHIEFREFEINT WS, Eo5NiT — X ITEHM
@ PC(Intel Core i7 @ 3.4G, 64GB memory) T C++ T
lan-7ur 7 LATcHBENG.

5.1 Motion Estimation

SMEICESE—Ya VHEEDKEEZNET 5720, [F
UM % 72 A% ¥ V2 X > THIE L 727 — X & Wz
FHE D72 DFRAE L U TIIEER I N 3D fiffe, Th
2RI B A F ¥ v D DRI & ORREEE F V.
72 Zheng 5 DFk [8] & R FILE Uiz,

. 8 IZHERE X N7z 4R BE, . 9 123 % I gib U 7= iR,
B, 10 IZE TR BT 2 REQEBMIRERT. H.9 &
K. 10 225, FHADFEIZLBFERITEED/NES VEOD
IS Zheng LOFIEEDZ VI L EZRLTWVWS. (K. 9T
HEEZDNIVWERFTVWRTREINTWVWS). K. 8D LD
it xy VH EZB22 P DOE—Ya vERLTVS.
ZDEDOEVKRE +y IZEPD AENINA T AR9RD > T
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10 Frequency distribution of error. (blue) Zheng’s
method [8]. (red) Our method.

12 Occluded 3D points. Several 3D points scanned by laser
scanner are not observed by omni-directional camera due

to occlusion by the pillar

WBZEbhE, ZhEFEa—ROEHBL Y —T Lk
WERNZ LR B & GRS Z L TH D, 2D3D DR
NEWELFEETE-DLEZONG. BxDFIEOHM
Zheng 5DOFEL D, Zh b DR IE % HEERFTE T
W37 DIZiRE & BT HIAE[IAND N T A0 5
R BEORWIERZRETWS.

K. 11 12D =20 ZRTHERER DY 7L 2 X VA
HRERT. H—TIRTH > TH ZIRITHEMER D AT REZR
ZEWRINTWS. M. 11 DAMTIE, 2D-3D DB
M. 12 1R T LIk EsTHESNTLE>TVE N
T T AR = 2D IERENC L > THRADFETIIMIC &
LG E Z I TICERTERBESNTET WS,

5.2 MI registration

MI 23 BT 270, FEEL A N5 LAOREIZIZIERL
SNV TV TRV ADMHED 0.05 25 0.55 OFIPHT, €7
YANDT VA AT —)VOED 0.1 225 0.7 DHPFEDEL D%
AW (VA4 27— VOEO FRE ERIZZENZN0.0 &
1L.0THB). ML AN T LOEROEITL 1230 TH
5. o TIEHLY 7L 27 & v 2D MEHRIEIX 1.66 x 1072,
TVUA AT —)VOMEOREMRIEIE 2.0 x 1072 272 5. E—
VavOREIETIEODDEITAVNDOEIRBLZ
14.5sec THB. TN O DEITRERNIZRD TN S.
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8 Estimated motion. (top) trajectory on xy-plane, (bottom) trajectory on xz-plane,

blue line is sensor trajectory estimated by Zheng’s method [8] and red line is esti-

mated by our method.

11 Otbher results. Reconstructed results are shown as reflectance image.

13 Images that pixels on where 3D points are projected are

colored by reflectance. (left) before registration, (right)
after registration. Areas surrounded red windows show

that reflectance image are well registered by our method.
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B, 13 1 EZ OGRS ZOG i R FIZ e S -z R
LTWa. ZIRIEEBPEBEINZEI72VIZY) 7L IR Y
ZADETEMITEINTE D, ZRTHEPRE SN D HE X
ZUOTHEGE D T LI R ABBDIT Y VT 5720
ANTATEICHIBLTWS. K. 13 Tk
TV 7R VAEGE CIRGTGHEED T Y I, L D DITRT
oz ) 7IZEWT, KD vtz b -Tnwa Il
WRINT VWS,

4 DA EESDEFRETIE IRTEG LTl E W EGHE
EROIIE—Va UAHIEINTWED, ZWoeIRIC
PVWTIERAERSREZRETHRY. 2 2D-3D DA
BIFIZEAENREENEZLXE—Y 3 VOERETLIE
WRBRETH D ZEHRERNE LTEZSNS.

6. Conclusion

ARETIEE VYRGS AT M X 2 2T HEBRFEE
AU B2DFERFITO 77145214 7OV =P AF ¥
FEHRATOBEY AT LA THRFINTED, Iy
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FUTUIAMWREREAWSAZ L TE—Ya VHEEDR
TR LV, 72, L=V AF Y F 2N AT OMBEDENIC
FBHNIEEBRUTRET D ZLICL > THEDHE.
EFTWa. BxOUEY AT LI L > TEHEE, SHEB
WEESZNALVY —TDZRTETNER/LIENTE
5. MIIZ&2E—Ya VHEEZIZELEEORMDY S 5
P, BEOBREIZE>TY 7L 7 &y AMfE RO
RGB Bt O EGDLEEITo 72

Fx DFEFIMDO L =V ZXF v (7 1 #HELD Li-
DARTH->TH) EHATDMAEVAT LBV THE
SMDEEZONDS. FV 7L IR AEREHWTDO S
O— VR E—Y 3 VEEIRMEE 20 20 H 25 HET
H5.

Acknowledgment

ARRGEIL, JSPS DR (%5 16H05864, 16H02851,
25257303, 16J09277) 1Z K B2 Z T T\ 5.

SE X

[1]  C. H. Tong, S. Anderson, H. Dong, T. Barfoot, Pose In-
terpolation for Laser-based Visual Odometry, Journal of
Field Robotics 31 (5) (2014) 731-757.

[2] J. Zhang, S. Singh, LOAM: Lidar Odometry and Map-
ping in Real-time, in: Robotics: Science and Systems
Conference, 2014, pp. 109-111.

[3] S.Scherer, J. Rehder, S. Achar, H. Cover, A. Chambers,
S. Nuske, S. Singh, River mapping from a flying robot:
state estimation, river detection, and obstacle mapping,
Autonomous Robots 32 (5) (2012) 189-214.

[4] M. Bosse, R. Zlot, P. Flick, Zebedee: Design of a Spring-
Mounted 3-D Range Sensor with Application to Mo-
bile Mapping, IEEE Transactions on Robotics 28 (2012)
1104-1119.

[5] G. Pandey, J. R. McBride, R. M. Eustice, Ford Cam-
pus vision and lidar data set, International Journal of
Robotics Research 30 (13) (2011) 1543-1552.

[6] J.Zhang, S. Singh, Visual-lidar Odometry and Mapping:
Low-drift, Robust, and Fast, in: International Confer-
ence on Robotics and Automation, 2014.

[71  Y.Bok, Y. Jeong, D. Choi, I. Kweon, Capturing Village-
level Heritages with a Hand-held Camera-Laser Fusion
Sensor, International Journal of Computer Vision 94
(2011) 36-53.

[8] B. Zheng, T. Oishi, K. Ikeuchi, Rail Sensor: A Mobile
Lidar System for 3D Archiving the Bas-reliefs in Angkor
Wat, IPSJ Tran. on Computer Vision and Applications
7 (2015) 59-63.

[9] A.Banno, T. Masuda, T. Oishi, K. Ikeuchi, Flying Laser
Range Sensor for Large-Scale Site-Modeling and Its Ap-
plications in Bayon Digital Archival Project, Interna-
tional Journal of Computer Vision 78 (2-3) (2008) 207—
222.

[10] Y. Furukawa, J. Ponce, Accurate, Dense, and Robust
Multiview Stereopsis, IEEE Transactions on Pattern
Analysis and Machine Intelligence 32 (8) (2010) 1362—
1376.

[11] G. Klein, D. Murray, Parallel Tracking and Mapping for
Small AR Workspaces, in: International Symposium on

2016 Information Processing Society of Japan

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Vol.2016-CG-165 No.9
Vol.2016-DCC-14 No.9
Vo0l.2016-CVIM-204 No.9
2016/11/9

Mixed and Augmented Reality, 2015.

R. A. Newcombe, S. J. Lovegrove, A. J. Davison, DTAM:
Dense tracking and mapping in real-time, in: Interna-
tional Conference on Conputer Vision, 2011.

C. Forster, M. Pizzoli, D. Scaramuzza, SVO: Fast semi-
direct monocular visual odometry, in: International Con-
ference on Robotics and Automation, 2014.

D. Nister, O. Naroditsky, J. Bergen, Visual odometry for
ground vehicle applications, Journal of Field Robotics
23 (1) (2006) 3-20.

M. Maimone, Y. Cheng, L. Matthies, Two years of Vi-
sual Odometry on the Mars Exploration Rovers, Journal
of Field Robotics 24 (2) (2007) 169-186.

R. A. Newcombe, S. Izadi, O. Hilliges, D. Molyneaux,
A. D. D. Kim, P. Kohli, J. Shotton, S. Hodges,
A. Fitzgibbon, KinectFusion: Real-time dense surface
mapping and tracking, in: International Symposium on
Mixed and Augmented Reality, 2011.

N. Engelhard, F. Endres, J. Hess, J. Sturm, W. Bur-
gard, Real-time 3D visual SLAM with a hand-held RGB-
D camera, in: RGB-D Workshop on 3D Perception in
Robotics at the European Robotics Forum, 2011.

T. Whelan, H. Johannsson, M. Kaess, J. Leonard,
J. Mc-Donald, Robust real-time visual odometry for
dense RGB-D mapping, in: International Conference on
Robotics and Automation, 2013.

N. Matsuda, O. Cossairt, M. Gupta, MC3D: Motion
Contrast 3D Scanning, in: International Conference on
Computational Photography, 2015.

B. D. Lucas, T. Kanade, An Iterative Image Registra-
tion Technique with an Application to Stereo Vision, in:
International Joint Conference on Artificial Intelligence,
1981, pp. 674-679.

R. M. Haralick, C.-n. Lee, K. Ottenburg, M. Nélle, Anal-
ysis and solutions of the three point perspective pose
estimation problem, in: Computer Vision and Pattern
Recognition, IEEE Computer Society Conference on,
IEEE, 1991, pp. 592-598.

M. A. Fischler, R. C. Bolles, Random Sample Consen-
sus: A Paradigm for Model Fitting with Applications to
Image Analysis and Automated Cartography, Commu-
nications of the ACM 24 (6) (1981) 381-395.

R. Kurazume, K. Nishino, Z. Zhang, K. Ikeuchi, Simul-
taneous 2D images and 3D geometric model registration
for texture mapping utilizing reflectance attribute, in:
Asian Conference on Computer Vision, Citeseer, 2002,
pp- 99-106.

P. Viola, W. Wells III, Alignment by Maximization of
Mutual Information, International Journal of Computer
Vision 24 (2) (1997) 137-154.

F. Maes, D. Vandermeulen, P. Suetens, Comparative
evaluation of multiresolution optimization strategies for
multimodality image registration by maximization of
mutual information, Medical Image Analysis 3 (4) (1999)
373 — 386.

Zoller + Frohlich GmbH, http://www.zf-laser.com/.
Point Gray Research, http://www.ptgrey.com/.



