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Batch Reconstruction from UAV Images with Prior Information

GUO Fu-Sheng! GAO Weil

Abstract
sectors, the applications of unmanned aerial vehicles (UAVs) will be a huge potential market. Currently the automatic
processing technology of UAV images is far behind the market demand, and has become the bottleneck of various appli-
cations. This work is meant to apply hugely successful scene reconstruction techniques in computer vision field to large

With the latest deregulation and opening-up policy of Chinese government on low altitude airspace to private

scene reconstruction from UAV images. To this end, at first, specific problems of direct application of the Bundler, a
popular increment reconstruction technique in computer vision are investigated. Then a batch reconstruction method
from UAV images is proposed by fully taking into account various pieces of prior information which are usually available
in UAV images, such as those from GPS, IMU, DSM, etc. Our method is tested with several sets of UAV images, and
the experiments show that our method performs satisfactorily in terms of robustness, accuracy and scalability for UAV

images.
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FEEAE 1000 KA A, Bl EE > 80 %, 5% 10 E&
> 30%. FEEGIAPLZET N Canon EOS 5D
Mark IT, 1424 5616 x 3744, %76 K/N K 6.41 um,
FERM BT Sk & 24 mm ¥ € £EBE Sk (3814.2308 4
), L AU AL, 56 T B IR AR IE,
R 520 B 2 b BT e 0 N ) RS, R 1 23R
I PG Bl sF ) [ B S P 0 i B 5

# 1, S0EE1% (PhotoID) %W —41 GPS
WK XY Z Mebr R —2H e/, e 0 £ 1RD RS 52 9T
A, i Google Earth %42 o2 F 1) DSM %
P8O ] LA 2] P {5 5 B b 1 1) K A7 e AN
B RT WPEGS E, Wl 5 (a) BT, 5 (b) 44T
HMRILE B ok gL S

FEIRES 2 T RELAL EE v, BRI R T IE
AR E 25 L, SIM HEAN T FE R ATE 4 NN A2 A
SRJE S 2.4 T, FIFESE R GPS A EfE
SHEAT 4% 52 1), KL AR BE DT VRS B AR 8 45 R S
— 3| Inpho #AFMRE I FARFR RAEZL . K16 4
HEAE I 5 bR E 1 45 ARSI B Inpho R
&8 Fm Tz,

K7 o3t T HEALBE T S Inpho FRiE 45 R
76 25 FONF ORI A B 45 R LR, A BB ) 2 | T
ASCEAT L 0] 5 1) BT R FH 5% 2 F b s A A
FAHBNE B i) GPS A7 B A5 BIEAT (1) 450 & ),
It GPS A BAG EAS e w2, B 7 WoRfitab
T3V b 58 45 R A Inpho A5 e 45 FAH 22 K2 10 K
Jidy, XANE K GPS ARARAE FEEAH M, R nT LA
b E G RAE S FR ZE VG L, Tl 7(b) X BBk
BRSRH 2 AL bR R i B B8 gath T kAt
J7% 5 Inpho b€ &5 57 B AW 22 (0 45 R ge ik, 707
Gt TN EAE X, Y, Z =N, LR AR
Fr 2 NHEL IR ZE 4.

2 LR IEA S T A T Inpho
P 72 G5 A BRI A T O 22 25 R Ge v A5 8, 20l 8¢
IR VAR EHSNIE e A b RSN RS s
R ZE (R KB M A sANEORT 90 %o R 223 L
Horh, A RiE B IRZE R THEIRZE 5 IR ZEA
2, 90 % w2V TR 90 % i 2 1 fe K iR 22 {1

T AN R VL 2, AU EH/E CPU WA
Bundler iz4T i} A 10 K, FF H Az Hdis 767 H
CPU WA Bundler 14T FE th s, Frid ik
A, g5 RURAE T R RR DR AN A R ) SR A
A& FH T 3N e B AT o 23 Ak v AR AG IR B T
W, FECTMANJSSEUR T, B A T GPU

R HEMILGEIRR D HIE R

Table 1  Some of the recorded meta-data of the UAV images of Jiutai
PhotoID X Y z A £ MRS T thi St
10609 1452613.4950 4963 923.6640 1330 0 0 —105.00000
10611 1452692.7630 4963918.9430 1330 0 0 —108.00000
10613 1452778.7950 4963 913.3000 1330 0 0 —100.00000
10615 1452872.3510 4963 912.8190 1330 0 0 —94.00000
Projection rectangle of the image frame
GPS points ot 2 037
4975270.5
4972 056.0 |- g
~ 4968 841.5{—
4965 627,01
R i
4962 412,511 MU

1451283.5 1454214.51457145.5 1460 076.5 1463 007.5

(a) BRI FU I BN A i e W

(a) Overlap information of projected image onto the ground

(b) B F L F R TR

{b) A typical image of Jiutai image data-set

K5 b E St b B OR AR o v [ AL i 15

Fig.5 The rough overlap of Jiutai images and one of the images
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(a) JLARIT ik s 1 45 (b) The comparison of the flying routine results between
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Fig.6 The comparison of the calibration results between our batch method and the Inpho
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(a) The calibration position crrors between Fig.8 The statistics of the position errors between our
our batch method and the Inpho
30 batch method and the Inpho
— iR , Ny . ,
2 < WK Bundler, ti T 5A7 K, 2EHAT IG5 AE 1
4%$ME§ R, ToVEIEAT IR, A U A 4 S e R FH 4
—+— Yaw "% e Ly e A g L
: LB BT 7 IR ST AR . A B A
~ . e s K =
- = FEN] PRAA = s E BT
- B BT 0 SR an B s AT o A, i
ﬁ o HER VRSO 430 N B Y. 758 3.1.2 T,
K L FAT I T FE P R T A AT 529 %%Eﬂ@%i&ﬁf’?
-10 T Bundler H#, - 5Hbab s w5 45 8 L.
| ‘ .
-20 L 3.1.2 EHi#EEEFE Bundler BJLLES
. . . . . 15 T 2 Bundler 11 bS5 A 1 8 (%
’ P T B DR A (15 SRR ), A
R

(b) {LALFE T7i% 55 Inpho #78 45 R AL B IR ZE SE T &
(b) The statistics of the position errors between
our batch method and the Inpho

Kl 7 HbALPET77: 5 Inpho briE 45 A 22
Fig.7 The calibration errors between our batch
method and the Inpho

WLSECR Bt Sk 2 505 ROL & Bl AH 1), i 415080 16
5 R S5 R S s B TR R PR TR S AL R
AT 4% B A B — A 2k R AT U1K, AL s &
A Inpho FrEgiR. ZJa, BATHHT T 3.1.1 Hi
2037 e T TL A 529 e B (1)t Ad 2 5 v F
Ht 5 T R S A A
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Table 2 The statistics of the position and orientation error between our batch method and the Inpho of Jiutai data
X #% (m) Y i#%E (m) Z i®%E (m) 45 &% (m) Roll % (°) Pitch % (°) Yaw % (°) #rfAKRE (°)
KA 22.7352 14.6821 15.3406 26.7381 14.4242 11.5620 22.4786 25.6586
B{E 2.4004 3.9623 3.9744 6.8931 0.1646 0.1608 0.08406 0.2874
Ah RN 1 0 0 0 6 8 7 7
90 % Itz zETa 5.0708 7.3497 7.9636 10.7998 0.2666 0.2737 0.0701 0.3594
WIHGHTA, k4G Bundler FIAEBIARIRAG, 20 WZESIRGHHEE.

R, K RG4S 1024 x 683 B HEE T, B4R
IEF] 1000 5K BL_EB, J5Udf Bundler F27i847 i (8]
B CUJE . B A S X EE M 757 Bundler F2)7
WRABEAT T GPU Jiik, #HLLJRLA 1 Bundler F2)7,
GPU G MR P e RO A IR R g . RS
TAER R B4 Tesla C1060, %174 4GB, {H
T AR, FRATTAE S 2 4 S0 6 A% FH A 34T
R, M e SR TR G T LR 900 ME KIS, [
I 0] J5Uh G I B AT TR SRAE, A8 B 5 o
FEACE] 1024 x 683. SEEG -, M4 Edafr s, FRATG
Jidf Bundler 278647 GPU FEATALALCEE, [A] i) X6t
ARG T B, AEIRGR R L R R A IR AH AL
FERLGRFE T AR RE [ 2, B AR S 4L, IF BN S50
ANHEAT 3.

3 AR FHACYE SEM i R it s ) 45 SR b
MR ] DL B AL BE 7 VA AERCE g s T CPU
Fi A f R aQEE g vk, AL GPU s b AS 1)
Bundler, fitAbH 5 ik RCRAB A AR

FE RS 1 AL %, XA E T
R LLA T, BT A B v K8 GPS 2t Al
b, X B PR MBI AR AR R R g b, K9 4
TR A 1 e 2R S G PR AR AL AL B 5 VR R
gERL 10 45 Ak 55 S Bundler Frig 45 3
ST EE, AL AR A R A B AR E G, £ 4
S5 T LA R S Bundler Ay 45 AL B A

#3 KRHEHHE CPU WA Bundler, GPU fitA Bundler
DA BAHEAL IR 7 b 5 7 VR AL BN TB) % Ll
Table 3  The farmland data processing time of CPU
Bundler, GPU Bundler and batch reconstruction

Jri: CPU A Bundler GPU kA Bundler #tAbHEJ77%
I ) 2 1~7 REA

2 /it 25 4hh

S5 AT DL 743 3, Bundler 45 575 900 1
EHE I bs R, A 3 TREG s e f 5 (T g
b E 23 U TN T R b A D aa Y AL T R I
ik s g5, P ARBEIE, T LA #RZS T IERR)
FRiE.

5, XML E IEGE N 2037 E B 5o,
FHER T RT LA 529 W B, fE R B 4 %
K 5616 x 3744 1, 435 R H b A 3 R A 1) VA RN
Bundler XX 4K #E4T T . P A8 A8 1E
MRS T T I0 529 TR IEHR AR B, R T
HEALFR ) T ERCR EALT GPU BT Bundler 5,
PR VbR e 45 RAREEIE. 5. 11 fik 6 44
LEaEET aasd

3.2 HRHH

A1 A AR, AR IAAT LT
ACHRE, AR e AN R AR RE Ty LATIRACHR

(a) A& HIECH v ) — g SR PR 1%

(a) An image of farmland data

(b) EALIE Ty B 45 R
(b) The calibration result of the batch method

B9 A FHECE ) S 3o RGO HE AL BT VA R b v 45 R
Fig.9 An image of the farmland data and the calibration result by the batch method
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Table 4 The statics of position and orientation error between batch reconstruction and Bundler of the farmland data
X #% (m) YV i#E (m) Z 3% (m) 45 ERE (m) Roll 2% (°) Pitch 2% (°) Yaw % (°) 4uxf iRz (°)
SN 1.1864 4.3303 26.0443 26.4181 5.2059 2.4996 179.8051 179.8155
¥ 0.2973 0.2261 0.6467 0.8213 2.9825 1.1403 0.9318 3.8554
Hh RN 0 3 3 3 0 0 3 3
90 % 111 22 Vi H 0.6551 0.3579 1.0729 1.2580 3.4738 1.6570 0.4241 3.4946
2 | Bundler fr i 45 K € ATHLEE 30
Zim 24/ 5 AR Ny = U R i — dan] i
5 25T X RZ
o e Y L'ﬂ%%
i 20 Z Rk
< L
£e P
o 101
=
=

{2) HLAL T 77555 Bundler #7 7 45 RHPUA) Eh
(a) The comparison of the tlight routine between
our batch method and the Bundler

200

HrRt R E
150} ——Roll #%
100} o Pitch i%%
2 . Yaw #E
. sof
JK [ =
Hd |
o =50 [fl
~100} %
-150} {
2005 200 400 600 800

BE 5
(c) AT 3% 5 Bundler A1 245 R 7 MPiZER
(¢) The calibration orientation errors between
our batch method and the Bundler

(L

0 200 400 600 800

(b) HLAL T 5 Bundler frxe 55 B E R 70
{b) The calibration position errors between
our batch method and the Bundle

800 1 000
600 Ers
< 400 < 500
A &
& 200 ]
0 0
01 23 45 0123 45
Xtz RN Y #extini R
600 400
3 = 3
ff 400 &30
< T 200
i 200 & 100

99123 453 s
VES S NN o EaRE N
(67 5 s thi)
(d) #LALFER 5L 5 Bundler fra 45 Ry E B ES A
(d) The statistics of the position errors between
our batch method and the Bundler

10 AR HHHALAL P VA S Bundler brsg 45 RPUVEXTLE, A7E A B0 B BL KA B AR ZESe vt
Fig.10 The routine, position, and orientation result of batch reconstruction comparison with
Bundler of the farmland data

#5 JULE 539 IEES CPU WA Bundler. GPU A
Bundler PL AN AR i 75 v 40 BRI )] b
Table 5  The Jiutai 539 images processing time of CPU

Bundler, GPU Bundler, and our batch method

J7 i CPU JfA Bundler GPU JEA Bundler ftAb3 5%k

I ] % 1~2 RAEA 58 434 31 4%

w1, [R5 S K AF Inpho b 45 RAR LG, B4k
FEREAE 10 KRAW, h F3RA1KHE GPS ARFRHEAT )
ZEXTENR, 1T GPS AARA G AT 10 K24 1R 2,
PR TT LA A FRATT AL A PR R A5 5 45 SR AE & BEAR 52

4E SN

FEE 2 ASeih, FATHR L AR BE K 5 A A
Bundler #EAT 7 XS LE, &5 R S £ U5, fid
BRGNS R A BRI RN AEbr E
gk b, b AR RN R EE BT 3
AR MR IOARE, T AE AR R AR 4 2R B
Toft 5 2 58 B A SRBAT KK 2200, W BLA A AE €
WRESCVFROL T, PRI T T IER AR .

Eb g v, I PR BRI B
FEREAL TR A S, A SR AR AL AL BT iEAR
Xt 40 g U 2 Bundler J7iA7EANERRE ) R
AR REUE MR 5 T A AT — & L3 A S th i Bk
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{a) The calibration orientation errors between
our batch method and the Bundler
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{b) The calibration position errors between
our batch method and the Bundler

K11 EMILE 539 iEEG AR TVE S Bundler 4758 £ R AL E . AEXTEL

Fig.11 The comparison of the estimated position and orientation between the batch method and

the Bundler on the Jiutai sub-dataset of 539 images

# 6  EMILAEDE 539 EEGAAL LT %Y Bundler AR 45 R0 BRI R 45 R G0 THE R

Table 6

The statics of position and orientation error of JiuTai 539 images by

batch reconstruction and Bundler

X B2 (m) Y W% (m) Z 9% (m) HAHIERE (m) Roll % (°) Pitch B (°) Yaw 122 (°) 43t fERE (°)

IEN:! 0.1200 0.0971 0.0535 0.1579 0.4963 0.3338 0.0783 0.5832
B 0.0463 0.0189 0.0180 0.0567 0.0846 0.0512 0.0212 0.1116
S AN 0 0 0 0 0 0 0 0
90 % (Fin 753l 0.0656 0.0382 0.0342 0.0747 0.1712 0.1014 0.0434 0.1954
LETC NG B by o8 N b HoA T 471 AN
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