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A Hybrid Multi-View 3D Reconstruction Method Based on Scene Graph Partition

XUE Jun-Shi' YT Hui' WU Zhi-Huan* CHEN Xiang-Ning!

Abstract
novel hybrid scheme of large scale reconstruction was proposed. Scene graph was partitioned by multi-level weighted

To solve the problem of low computational efficiency and poor stability of large scale 3D reconstruction, a

kernel K-means algorithm at first; then sub-scenes were reconstructed by hybrid reconstruction producing sub-models, in
which improved optimal image selection criteria, robust triangulation methods and iterative optimization strategies were
adopted, and the computational efficiency was improved by using strategies of scene graph partition, hybrid reconstruction
and partial bundle adjustment (BA); Finally, All sub-models were merged into the final reconstruction result. Experiments
were performed using images collected from the internet and UAV aerial images respectively, and comparison was made
with 1DSFM and HSFM in terms of computation accuracy and computation efficiency. Experimental results demonstrate
the proposed algorithm greatly improves computational efficiency and computational accuracy, fully ensures the integrity
of the reconstructed scene and is able to reconstruct large scale scene in single computer.
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Fig.1 3D reconstruction based on scene partition pipeline
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R REEN TN, @i 2D-2D PLicsE, KR
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PREEART HEBO IR B AR . fJa, JETiEAm
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IDSFM. HSFM #:47 7XF . 585w 1, SR A HEk
M % Rome Forum Sl & (P92 MR, I
UEA TSI 5t B o I FYA A A S28w 2 R B
BT #HER Y 4 ABAR AT =4E 8, 0 R
FB8] | Yorkminster. Piccadilly 1 Trafalgar??, J
e SR S SRR/, HAHBLHES IR, A R
FE kT, EEMEE Yorkminster, Piccadilly Sk
S PR 42, Yorkminster % £R 5214 1] B g
ALK, R 2 BRAFTE ™ E IR, Hp B e
55, AERK; Trafalgar S8R MBAELE, X
Pl #EA—E Pk .S58 3 R AALIN St 48,
A3 RV R ERE . T IX 5 BT T X, ARl
BB T =, I e S E

TR, AT S EUE A UL N B . SR 4 SRR AR
] Ly b P 4 1) AT I S s S A b B S 5 M5 R
1) Quad i EFAT =i FHE, P RuEAR SR
BEEAREEE. LI EE N 8 1% 2.8 GHz Intel Core
i7-4900MQ CPU myit3EAL, R A C++ SL8t.

4.1 SHEERTE

FIEEE R4 1045 5 521%, Rome Forum
IAEr 2364 KM, HAR, BETRE S EIEE
H 4, YRR Z AN ESEZGEE R 50. 7L, A
[Fi] ¥~ 47 ¢ ] o i %o 7 1) DX B ], {ELAH L[]
PRFF—EES. HR, WE 1 i, 55513
s SAREE BN, ReRS PRI EERCE, 4
MR AR 2 AR E R R ERA IR R
Ak, WEIH T AR A AR R st AR e . AR 8
Ha] I, T B, IR T AL E S
HAE AL E A 228K, FA AL EAE B AT
Y B BB L S 1S R K R R 22, AR5
1) 56 BEVE WAL LS BN ARAIE. T A SCEE R B Y

P 7T RMES SR B AR (B ST, e Tt EABRE G, T Tt R
Fig.7 Reconstruction results of DAYANTA based on scene graph partition (up: sub-scene graph; middle: camera

ground projection in sub-scene graph; below: reconstruction result of sub-scene graph)
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Fig.8 Reconstruction results of Rome Forum based on scene graph partition (up: sub scene graph; below:

reconstruction result of sub-scene graph)

1 AIFHIEEEGIRA
Table 1  Comparison of reconstruction results before and

after merging

R AT AIE
Nr Are  Nr  Age
296 0.416

323 0.463

268 0.451

253  0.437

Kol

KIS 1045 0.455

I

470  0.577
386  0.556
355  0.583
4 431  0.572

K, Np WEHPGHE; App RRERPRE, 1AL (pixel).

FRACR, TYREER RS2, AR
SR LR

4.2 BEMEMTEM

E 9 (a)~(d) 435~ RSF. Yorkminster,
Piccadilly #1 Trafalgar $¥gsEn) BEELSGE R, H
HEAR TR AT B AL B AR, R s
RIS AIMBL . AT UL, (A SRS 2 n
i, ML A B, Yseorim se B . 45K I, 4b
SAEE D

W 2 AT, R SR SRR AN, A SO
EEEE, EHEEEH £ T 1IDSFM 5 HSFM #
AR, RSP 5 e B 4, e

w N

Rome Forum 1475 0.572

RN F A —E BT Yorkminster $ifiidE, 4
SCHEEAE IR E B AT T, JLEE PR 1712
ik, EELS R . EEANSCR T, A LEES
HSFM #E:30RmE T 1DSFM, [H i, DA Trafal-
gar FEAER B, A< SCH VAT HIN R A 438.443 min,
/T HSFM # I [E] (481.857 min), HA SCH
MG EZ. B TARSCRHAEI R AR, 21t
ST UR BRI 80N, mI ] ST RS F A R =
YE

SEU 3 R Mg T gk Ed, — A
ARSI VGRS . KIET R 5 HEIRT X,
AR AL SR ARALARI. i FH A S5 52 A B
EEE, /0 242 R VUil R T s s il
FATARA S VA AT 2 1 B, 5E U SUHE R ) 5 45 SR
B 10 s, ] L, (AR SOk E e I S LS
PERLT, WE NS, SRS . g5t .

43 EERE

MR 2, X 48 B A S Y E 00 AR ZE A T X
ORI, ASCRRE AR RO T IDSFM H3E,
Xftt HSEM 83K, WA —Emiis. hit—2 ik
AR SCRYR 0 A B, P AR SC AR X 7 4 7l
SR LI B e 2 5 B S 5 B Quad %X
et T =i, EELR A 11 FoR.

IR A I 3910 SR/, BRI
10328 x 7760, R H AT KALE E AMC580 .4
SAIHLEEAT SEAR AR, AT AL 900 m, 40T
SEEE A 0.0052 mm x 0.0052 mm, HAFIHL 1 AT
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Fig.9 3D reconstruction result of datasets downloaded from internet

(d)

# 2 1DSFM. HSFM S5 SCRA R AN R B 48 = 4E s 45 /) T
Table 2 Comparison of 3D reconstruction result of different dataset using 1DSFM, HSFM and Ours

Bihse 1DSFM HSFM Ours
£ FR Np Ngr Ta Arp Nr Ta ARrE Nr Ta Agrgp
T3 443 406 25.386 0.841 417 19.661 0.717 413 16.815 0.711
Yorkminster 3368 1176 93.910 0.736 1472 64.726 0.628 1712 65.803 0.607
Piccadilly 7351 6445 476.781 1.194 6791 269.561 0.865 6979 231.794 0.822
Trafalgar 15683 9384 765.685 1.173 11943 481.857 0.837 12741 438.443 0.816
[N 373 1045 1043 58.357 0.617 1045 31.637 0.510 1045 26.946 0.455
KIEATX 4900 4900 327.625 1.397 4900 231.394 1.478 4900 197.872 1.353
AT IX 15750 NA NA NA 15745 845.632 1.359 15750 785.451 1.211

K, Np NEIREFRZ G, Nr NEBZEHA; Ta FORTERINE, 847 (min); App FORERFRE, A7 (pixel).

PARAL, AR 55 mm, MIALFHHLAERE A 80 mm.

HIE 11 (a) WTUL, EESASR AR E, HPLAL
PEETI, W) VRS T SRR 4 DA A HGHS
O SRR A A, AR IR IR AR AR 3
PR, AR =4y iR 0.4238 m,
PP HRZEDY 0.1873 m, @ HE R AT, =i
WEMRT 5 MEE, P iRELT 2.5 MEE, &
DEBLRZEZSMME 12 PR, FHER-SERE A

BASEEE A, EHNEK.

K3 BB RZELR

Table 3  Partial error result of the Songshan area

i3z AX AY AZ RMS
1 0.2727 0.2337 0.2512 0.4383
2 0.1222 0.1053 0.1597 0.3370
3 0.1725 0.3045 0.3623 0.5037
4 0.2045 0.3643 0.5239 0.6703
5 0.1380 0.1419 0.4578 0.4987
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Fig.10 3D reconstruction result of aerial images (Da-Yan Tower in Xi’an, Dalian City, and A City Center)

(a) (b)

B 11 s AR (A i, 4 Quad)
Fig.11 Sparse reconstruction results (left: Songshan; right: Quad)
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e

P12 LD X DRI Al 05 BB ST I (< FR bSO, + OB S )

Fig.12 Distribution of feature points and re-projection points in the Songshan areas ( x : feature points,

+: re-projection points)

Quad HEEHEME T 348 KPBRAIMHLAIE S
R, RN B B AT AR AR i, AR5
MRS 5 AR SR T B o MIPLOL A
R, R RESTIRINGR 4 Frs, Sl giit
G AT, T A S5 VR AT = A B Y e A AR
RO RZEN 1.0155 m, i+ HSFM /) 1.03 m.

# 4 Quad AN IRELIR

Table 4  Partial error result of Quad dataset
5 AX AY AZ RMS
1 0.2727 0.2337 0.2512 0.4383
2 0.1222 0.1053 0.1597 0.3370
3 0.1725 0.3045 0.3623 0.5037
4 0.2045 0.3643 0.5239 0.6703
5 0.1380 0.1419 0.4578 0.4987

g L RTIAR, AN SCER Y = 2 T R AR S
RIEE 5 = i s, FEE AR . S Bl
HHRCRIT I IDSFM fil HSEM 5558 B2

=)

Gl

5 Zhip

RSP T —FhER mR R = 4E R,
W7 Yl ] 2 2 WO AU K-means FHIAUEAT
TSR, ] SEBURYE S S R A, [ R
St i R A s AR AL S5 0T vkl — R
TRIRIERRCR. Wi 25 T SR Y e 1R

PEPEARIE L R = A DA L AU SE SRR
R T RIAR B R RS . 2SR, i
SRV R A% AT O 0 A LG [ WS S S ah ) — 4
, FHRCR . R M E AR SRR 1IDSFM
A HSFM SR BRI .
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