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Abstract Because of the advantage of wide measurement range, high measurement accuracy and high efficiency,
the close-range photogrammetry plays more and more important role in large-size accurate measurement tasks. The
self-calibration measurement model optimized via bundle adjustment is considered to be the most reliable technique to
high-accuracy close-range photogrammetry. As more and more off-the-shelf single lens reflex (SLR) cameras are
adopted to three-dimensional measurement applications, the measurement results are not ideal compared with that of
professional cameras. After being analyzed carefully, the self-calibration parameterized model has some limitations to
the improvement of measurement accuracy in addition to the issues inherent in the qualities of cameras. In order to
solve the problem, the close-range photogrammetry without relying on camera internal parameters is studied. The
nonparameteric calibration method is proposed, which is suitable to the calibration of large-field cameras. The
nonparameteric measurement model based on orientation information is established after the image points is matched
and the initial value are determined. The three-dimensional coordinates of target points can be solved accurately via
the optimization of bundle adjustment. Compared with measurement results of traditional photogrammetry, it is
proved that our method is effective to improve the three-dimensional measurement accuracy with large-field SLR cameras.
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Fig. 1 Camera measurement model
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Fig. 5 Nonparameteric calibration result
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Fig. 9 Determination of external orientation parameters

By B2 B I ETS B SUN S D EA D R e Y =Ro B
R 2.

Rl 2 AR A D0 =R DA EPO R A
G55 10 5 VR Ok R B 2 BT A 3l AL ) A8 T 6 S 50
WE 9 B . FI 28 %60 5 A0 J7 28 o BT A e 7 5 41
B A7 2 il 2 1 A0 O 60 2 B A P ) (Reqw
Tew) o A6 B 1) G 5 o558 57 PR 386 A6 18] 194 AH X o7
BHRARE P (Re; s Teey) o FIH LR 8T 1 5%
8 5 F2 BB I A 1) 3l 67 AL A 3R 48— B BB 5 o 36
AEFRFR T,

3.2.1 #xrF iz d gk
46 5% 7 € 1) 7 e R AN O A & - 24

P 10 2 %0 J5 {308 < 7 ¥

Fig. 10 Determination of absolute orientation parameters

1215004-5



2 i

HHEL 22 1) 2 ) A s (ol 5 ) 2 R A R iR AL O A
FAPLAR DR Z AR X T 00 05 00 % B AR AR AR B SC AR L AN
K10 froi .

W PPy AN ER T AL E AT AL OP
OP; WK N L, \L; MG bR E 5. OP;

O.P; (5B ff Car» B Cay » B AT LAHE 32 X6F 07 &1 5% 5
PiD; WE TIHN . PP WS Z BB Dy Ry 2 A
it A4 B AR E HA

D) = L?—2L,L;cos 6, + L7, (6)
X

1+ tan o;tan o; + tan S;tan

D)

cos 0; =

14 (tan @,)* + (tan o;)*

T+ Ctan g7 + (tan g7

USRS 7 7 35 B AT o AR A AR AT I n(n— 1) /2 4E (9 43 5% 7 R4l o R ABUE n K E
WL T R AT DGR AR A AT ER 2 2 KT 3, BT DU ZANERTr (0 B B AT =4~ LA E A o B AT R 3 48 i £E AT L
MR R 1 = G AR A AT 3R BURH BIL A A 2 A X 0B 7 07 256 B8 A AR R I E R

3.2.2 MAAFIAEZE®F

PN s RS AT AR 28 3 bR i 3 2 0 B 1 {5 5 1 PR AR B e (5) AR BN T 56 A&

(1, —tan aly» 1) (ry » tan a, + 7y » tan B, +ry) —

(t, —tan B+ t;) (ryy » tana, +ry, » tan B, +r;y) =

(tan /3’,,- t; — tan a/p' t;)(rs « tan a, + 13 « tan B, + 7y ) (8)

2 AR 2R R A A 3l 37 8] AR O 2 R (R T
A2 ARy ~ 1 Bl 1 ~ 1) ol THEEE
RA G BAIEAE, HUTA R A ERZ 6.
P AT 6 A4~ B8 2 19 28 36 2 it o 801 75 e 4
B R AE X L EOR AR

w1 1% G B R 407 ik i A LA S8 it 5 P 2208
B RS AT 1 DR SR BT 22 00 1L I T 1 BT AR
A AR AT BRI W A2 R 2 o DA T 3 30RD B SRR AT J3E 4
05 o A ) 2 A M) e A R 8 A e b AR L A 0

W 2B IC W 2 A T 22 AU R A A I
A BLH B, A TT ik R AL O A i AR E
- 22 WIAEAT B e 19 SR A J5E L T LB R i T 22 A
i A2 1B B RCR R R
3.3 TEHZE

BT A i v BRSO T 23 8] 44 DR
P Je T AL ARy 20 MR BISLR r . A T
AT 22 AR - 20K 7 R Ze AL

Jtan a, = A, 01 T Apd +w, = tan a/p
ltan g, ~ A8, + A0, + w0,

, 0 (P:1929"'9])9 D)

= tan f3,

A &8 2 IR S A7 S0 T3 (5 2 BRI I 2 1 = ZE AR AR B L A B DAL (AL 23 SRS T P 67 B 1) i 5 K
FHGEME . (o), 2,0 NI TR (2) AR ML 5 3 5 oA A A5 B i Al (8. O 22 500 H b 2 3 2 1

BT R FEE G
min[$(a,.8,)] = [ tana, —tana} | *+ [ tan B, —tan B, [ *, (p = 1.2,+,]). ao
g4 (O XA LR 2
tan q; — tan a} ] tan a; — wh — (AL + AL )T
tan 3, — tan ) tan B — w), — (AL 6 +ALd)
£ = : = : =Q—As. (1D

7
tan q; — tan aj

tan f3; — tan :8/17

tan a; —wl — (AL 8 +ALS,)
tan ﬂ/ - w; - (A;lé\l +AL281),

BB 2 B br R (10) K/ — T fie N
5= (ATA)'ATQ. (12)
T A TE B FE (N=ATA) HE IF 5 F1 3% A4

A A S 80k AT AN W8k, R H Levenberg-

Marquardt (L-M) it {6 5 2 #F 47 2% R0, 7
Netown 1% 5 35 19 S Al I, L-M B3 60 1F B0 14
PEATEIE A 8 IE B IE B E (N =N-+AD) . 4
N 3 5 s8R E BB ALl NT Rk LR E

1215004-6



BEB 4. 2T ARS RO B A SR B 5 i T

BE 2 e /N — e sK gk o8 U
5= (A"TA+2AD 'ATQ. (13)

V2R TEEAT

D 454 3.2 W e RS EWIRIE o =
(s ¢ ks X0 Y, Z0) EERARIRZEM s, = 0,455
AME—BBEA = 0. 001, B ER K AT > 1 GEFH
10),

2) AR SRR S B0 MRS T 6" B XS I AR AR
B 0 A BEAR B R BE AL T R (13) 2

3) X IE R FR R AR A B IE M i A0 = (Aw,
Aps My AX, AY, ADT,

O WMRAO KLF D (8 +20) =D (84 =
IR 8] F AL 5 2) EHHA.

5) WH D (6 + A8 <@ (8") .2 = A u. X R AR
SRATRE 87 = 8 + AS.

6) T8 s =@ (&) WR s, B AN FIRER
WSO B o i B A A 5 U [l 3025 98 2) #EAT R
— LM

28k bR AR AL L 5 ALK B T A A A B = kAR
F o DA T 552 29045 00 490 ) s 2 0

4 5z 5
FHAIHL Leica Monochrom #F 17 4% % Il & . %
FHHLAY B 5212 pixel X 3468 pixel AL IC K /N K

6.8 pm,HFEL A Leica 21mm 83k, & R w11
Fis .
FE IR 2.2 Wy iR XA MLEEAT T HE S bR 2 b
S IR 25 41 43 6 10 Ff B TR B 407, &l 12 TR
H T 255 [ A5 1 (o A5 82 D0 R A 8 eprf — 2 0
D FLARIBORG B L 12 PR i 2 DN o KGR M

11 B R E
Fig. 11 Configuration of our measurement system

o

Bl 12 MWLk E &
Fig. 12 Camera calibration platform

B UE AR A8 S5 B AR AL 28 ] 6 O A 45 L B R 2
kT RERS B S5 TR AL % T AR R B 4R L B )
PN 0. 36" G LTSRS, K D7 1 L
30 FEL P o R KRS % 20 4 e 6 5 S AR AL W) — 7 [l Jie
B 1O HA IR B T 2. 3 1 O i E Y R
5 SR AN B B A EEAE AT HOX . HR THEK
S T ROSE AV Sk A R AT A0, AKOF 1) AR 4 RN
80. 9% M 2 W37 35 il PN 4% [] — J [ Jid % 411 45 ] LA )
th 80 ZH £k ds . 45 R N I&l 13 P,

13 ARBLIN AR iR 25 0 A

Fig. 13 Error distribution of camera angle measurement result

1215004-7



2 {1

WL 13 BT LLE L 2 B TS A AL I £ R
FEAT AP HIAE 3" LA . 24811, 80 4 b X 4% S B
o A G 1 F B R 1. 13" FREZE R 0. 78", [Lxt
S5 SAE I L £ 0 AH BILAR A 5 35 AT DA ORIE K AR 4 AH
BILA 4 v 1 000 A0

T3 AN RTLL R B D AR 22 2 B A SO A S
2 v T R A e 34 AR R, 3R R Oy (BTG 300 % A W
AR T L5 22 ) AR Lk S0 M L X i A

SR B A O 5 T LA 2o 980 BB 2 AL 1 B E TR]
R 11 A 412 v 0 ARG B

R Y BRIy AR M R AF L L 43 M R K B
BURT 55 AR B = e R HEAT 10 5. 0 il o7 44
)O3 AR AR Py w7 b S KO3 Sl 16 R0 28, B
WIRSEAARM N 1.2 mX1 mfl 3.5 mX2 mX
3 m, G 14 frs.

(®)

4 By, RERIHLATE: (b) Z4EbrE s

Fig. 14 Measurement objects. (a) Car engine cover; (b) spatial calibration frame

R PR T 1 00 2k 121 5300 R B b ) A 7
AR S RO A5 B o AT - 22 45 57, 45 21 1 21 B o
125 8] = ZE AR R o AT T 8 5 5 0 0 b v T ) B

(@)
0.25

0.20 --e--self—calibration model
o —s—nonparameteric model ]
E 010
> 0.05
0
-0.05
-0.10 -
-0.15*

s Group number

5 V-star & 25 B 9817 Fb Xt 3R 4 00 55 1 = 4k bR
FER M ERE T 40 BRI 50 ZHBCHE  HE XS 2 R
W 15 s,

0.25r1 ®)

0.20 - ?
0151 3 '
0.10+

Group number ‘| I’
- @ =self-calibration model .

—s—nonparameteric model

P15 WA A R R 22 S A . (O VRIER S HLHT R 5 (b) AR e 28

Fig. 15 Measurement error of two measurement objects. (a) Car engine cover; (b) spatial calibration frame

A 3 BE X AT LA S B b 2 B % ik RS
B SO T A% R R T )y v T 5 25 A 4 i A
0.1 mm DA, 53 8h. 1% G855 0 & 45 SR i e e
A A X A 2 5 A 0 1 T 45 SRR A IR 2R R
AR 0 3. 2R3t e i o e A TR 00 158 2 1 4 %o
B, 3% 4 A w09 °F B (E 40 9 24 0. 0475 mm Al
0. 0296 mm,Fr#EZE S B R 0. 0473 mm A1 0. 0220 mm;
S YEpRE SR 4E 43324 0. 0726 mm A0, 0398 mm,
FRUEZESY 3R 0. 0539 mm Fl 0. 0251 mm, %555 iF
BH A SCHE H 1A 48 5 0 e 3k T LA Ak 4 v )
JE R D R SOAHHLA S R

5 4t ®

S T AR LGS R A b R AIL P S S A A
F o R 3 5 0 8 10 B 0 R ) R A
MY AR B SE B TU8 FE 7 0% BT AR 1 o 0 32ty — o 3
T 2 WO (1 B 5% 0 0 0 9 BE AR T 5 HE AN
SEB I

1) A HLEAT A 2 MOb 52 o 2 7 PG A
e Iy A S ) (% B R

2) 44 A IR A ] 7] 4 45 9 VG I 2 7 AF 2 8%
HE AL RN

3) BRI 2 ) % W0 280 06 4701 25 £ 4K
52 BN ) = 2 s 18 A AR 2

1215004-8



B o Ay
B B 545

He T A2 B i A Y B B R TN e YA T AT

i 3k S 5 B 207 9 AT LS B A JEE A A AL
REHE I HA AR W 7 AR %l B SO BIL Y 4 5 D
R .

5 F X

1T Luhmann. Close range photogrammetry for industrial
applications [ ] ]. Journal of Photogrammetry and Remote
Sensing, 2010, 65(6): 558 —569.

2 F Remondino, C Fraser. Digital camera calibration methods:
considerations and comparisons [ J ]. International Archives of
Photogrammetry, Remote Sensing and Spatial Information
Sciences, 2006, 36 266—272.

3 C S Fraser. Automatic camera calibration in close range
photogrammetry [J]. Photogrammetric Engineering and Remote
Sensing, 2013, 79(4). 381—388.

4 F Devernay, O Faugeras. Straight lines have to be straight [J].
Machine Vision and Applications, 2001, 13(1): 14—24.

5 W Zeitler, C Doerstel, K Jacobsen. Geometric calibration of the
DMC: Method and Results [ J]. International Archives of
Photogrammetry Remote Sensing and Spatial Information
Sciences, 2002, 34: 324—332.

6 Wang Zichen, Dai Ming, Li Gang. et al.. Apparatus design for
surveying relative angular translation of airborne optoelectronic
platform [J]. Chinese J Lasers., 2013, 40(9): 0908007.

EFR. 8 W, 2 R HLEOEHR T A M AR R R
SBEAHT]. HEEOE. 2013, 40(9) : 0908007,

7 CY Long, J G Zhu. Study on global control network precision
positioning method in visual shape measurement [ J]. SPIE,
2013, 8908 890811.

8 Zhu Jigui, Zou Jian, Lin Jiarui, et al.. Error-compensation
algorithm with high-accuracy for photographic image processing
[J]. Acta Optica Sinica, 2012, 32(9): 0912004.

Foak s, 48 G, Mhaagr. . BN R ERAL B R R 2
wEEEE [T Je2#ik, 2012, 32(9): 0912004,

9 Zhu Jigui, Yu Zhijing. The Principle of Vision Metrology [ M].

Beijing: China Machine Press, 2012.

Foak v, T2, PSR RIS Oy vk (M. deat: ALK ol
Mitt, 2012.

10 X Armangué, J Salvi. Overall view regarding fundamental matrix
estimation [ J]. Image and Vision Computing, 2003, 21(2):
205—220.

11 P Chen. Why not use the Levenberg-Marquardt method for
fundamental matrix estimation? [J]. IET Computer Vision,
2010, 4(4). 286—294.

12 O Faugeras, L Robert. What can two images tell us about a third
one? [J]. International Journal of Computer Vision, 1994, 800
485—492.

13 Guo Yin, Liu Changjie, Zhu Jiguan, e al.. Measurement system
for dynamic envelope curve of high-speed train [J]. Chinese J
Lasers, 2013, 40(2): 0208002.

O, XM, Ak, . S ES B UKL ERR
[J]. hE#E, 2013, 40(2): 0208002,

14 Wang Wei, Yu Zhijing, Guo Yin, e al.. Study on the occlusion
problem in dynamic space intersection measurement with multi-
camera systems [ J]. Acta Optica Sinica, 2014, 34(4); 0415003.
oA, T2, & 8. & SRR R84 3h A A ok
PR SE (. Jeseaf i, 2014, 34(4): 0415008,

15 Wang Wei, Yu Zhijing, Guo Yin, & al.. Study on the camera
stations optimization of stereoscope system based on plane
intersection model [ J]. Chinese ] Lasers, 2014, 41 (4):
0408001.

. TZu, B8, F T FW A SRR SRR
Bl LA g (7], P E B, 2014, 41(4) . 0408001.

16 H Aragjo, R L Carceroni, C M Brown. A fully projective
formulation to improve the accuracy of Lowe s pose-estimation
algorithm [ J ]. Computer Vision and Image Understanding.,
1998, 70(2). 227—238.

17 Zhang Guangjun. Vision Measurement [ M ]. Beijing: Science
Press, 2008.

R eI E (M. dbat. B . 2008.

18 M 1 Lourakis, A A Argyros. SBA: A software package for
generic sparse bundle adjustment [J]. ACM Transactions on
Mathematical Software, 2009, 36(1): 2.

EERE: T34

1215004-9



