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Fig.1 Schematic diagram of scanning camera measurement method

FAG 2 1) 73 R e S I X (LD VAL G 2 B3R CND RTRDA PR RE CKO A 5« 1 3 DB/
PG o3 W AR, B0 9 23 D PE RE A L DR 25 () M/ RV A5 £ J7 V6 O M RE AR GF o 68 T [0 4 RS R/
BRI B E e AR BILA R DL/ 7220 4 i H bR A8, T R[] Ak DR i DR A 37 R g i R

TEFE 1 7 B9 49 1 3R I B v 9 il AR AL IR 220 80 1 B ) 7, AL A b 28 A B 22 o A L S B0
HARICEG — B[] — DR AR RN . ARG — AR bR A W6 Z5U R B — I 20 R AH AL AR BR AR X T R
AR ZR BN HEHE) B AL NS (i e SE 45 B R APE R 1) B T K)o AP i HAR S P, A9 T4 bR
BENLX, Yoo Z, 1 AR AR50 B AR R AR+ oy, JIRIAY S R AT phy SCCHM A . = 48 A JEE K
FEHE E AR T AR AL AR BRAH XS T 26 v T B AR AR 2 A0 % R0 1 R AR 1) & T,



53 M TR KA SUATAF AN FE R R T R WL 43 il R AR )y ik 301

Lxws v = f(X,2Y,0 Z, s R D) (1)
KA 2y v 8 BARSUR R AR ; R AT 43550 3278 AH AL AL A5 RH X 7 256 o HE 55 Al Bk 3R 199 € 2 4 I R F- %
] i 5 f R 25 ) U O &R 7 B CA/ ML T D
R TSR AR BL AR AR R AR T I R AR AR R B BE L R FE R i T, 5 AR B B E (HEE, E=
RS, Horfr S R VPR ) i T /Y SO0 FR AR B, =X (2) TR o
o —T, Ty
S=[T], = [ T, 0 — Ty
— Ty Ty 0
FH U, A AL AL 223 R PSR i sk A8 B T A TR B E SR . FEAH 25 — A RUBE TR 9 25 01 AR 40 X0 A L A
Yol IH— b\ SRS S AHALN S 5> R 8 AN DU TR A3 B AT SR A th A B 4 EL =l (3) . =R (4)
Jis o A BIAR B RIS L $i IR (5) ~ (7)) o6f H A7 A S5 A6 53 ik B ] 75 2 5@ 5% 46 B R FNF- % 1) 2 19 J
XIFRHERELT], . LTI, w2 RO PR 7 9~ F 8 ) 4L 124 To , i (8) PR .
p:"Fp, =0 (3)
E= A'FA (4
KO py J&15 B HiT S [ 3 SRR DL b 82 R R AR A5 5 po 2218 B 5 AEARBL B X0 %2 iR R
AE R 5 F R SRR B 2 XA LA AR B R R . (O A SRR DL N S EUERE

(2)

E=UA\V! (5)
0 —k 0
R=Ulk 0 o0|V"' (6)
0 0 d
K k=+1.d=det(U) (V) ,—fft d=+1, 7] LIARHE SCHR[ 25 14180 R A9 54> 1T BE(EL (Y 1 1 .
[T].=R'E (D
T, =[Txw Tw Txl'=I[[T1].(3,2> [T].(1,3 [T].2,D]F (8)

1.2 RAFEIERERF

L1 hgRae 1T R R FR In & To, o8 1 b et 0 RUBE BRI A SR e T THORATAHR B
A0 70 B AR AR AR B s A 2 Pl . 7 AR S I R S A I H AR AR AR AL L [ E A AL
SCATAT FIBOCES I . JCALAT B 3 NG A 59 OO A2 B OB AR 9 A & an 181 3 B < B e Al
HLER T 5 AEALE R P47 B — OGS @ EARAL bR rh A A7 % B 5 AR LG 26 2 5 (E 15 3ot R
Ly USHHALAE AR R Ze Bl . O3 AP0 G 23 5047 [ T AL 0T 5 AEPLAR AR R Ze FIE B —
FEFAH OCONT 90°) AAFEOCH Lo Le SHAMLE R m #Hm M. Bk, Ly Ly 5 Le =HEOGTE
WOEHS I LS 3 M WHORBE AL A ABC,

HHRAEPL Co 53l L 28 BRI 4 slopl i 3 5% 1) — R 50 R DN IEHG 3 BUTR] 43 0, 3145 AR 3 [ A AR
FUHE P . 5 H [ A AT AT SO R B 2 e By 155 B0 5 T A O BE R AR JL A A B AR . [ E A
Bl Co ARG, BT AR A2 25 o sl B AG T T RO 15 5% 10 22 TR] 09 — 4 AR O &R, it 2 8 37 [ 7 AR
HLIEG Y- T80 0 555 TR ) Bl S T L ] 5 [l s AR AL o7 6 AR 1) o 22 5 30 T T O 10, BP0 4852 Tl 5 AE BLOG
WhaE O, AR g ) IR RO I S A RAR R OXwYwZw. $RAE B OGBS
JUAR A7 B AR AR b 58 5 8 456 R B R A ol R AR DL R — B 20 AL B RS . B R R
AL 2 A5 B AR AE B A g I B AR5 R Ae bR AT — 4 g, ARECR L 9 H A5 09 JE 5 AR B R 2
SRS

MR ARHLS B A o R RS B RS Bl R R I e A L MO EGY TH EOE B
RAABC W U A 8% 2l i i PR fie e 2L [l g o o 1 SR AE I 1Y 7% 1) £ 0 RUBE IR, i 5B TR
HRE B 7 A OGBS LA B e i . DABORBE AL B 40 B0 B AE & AR TR B, B s AE Xy 5 ) Bk
A g Sy BRI R, = (9 FrR .



302 Lo N % (2021 4E) 45 36 4

B2 SGATAF AR FE RUBE R T 09 43 1 U R AR 4y 12 7R B T

Fig. 2 Schematic diagram of optical lever supplementary scanning videometrics method
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Fig. 3 Schematic diagram of laser projection
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Fig.4 Experimental layout: (a) experimental schematic diagram; (b) experimental site layout diagram
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Fig.5 Comparison of three methods for fixed distance reconstruction
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Fig. 6 Three ways to reconstruct the pose change of the movable transfer station camera: (a) translation distance;

(b) rotation angle Ax; (c) rotation angle Ay; (d) rotation angle Az
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Fig.7 Experiment layout: (a) application experiment schematic diagram;

(b) application experiment camera layout
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Large field of view scanning photogrammetry method
with optical lever supplementing scale factor

NING Zhenfei', YU Junxin', MA Qinwei', MA Shaopeng®
(1. School of Astronautics, Beijing Institute of Technology, Beijing 100081, China;
2. School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: The photogrammetry method has the advantages of full field, non-contact and easy
adjustment of the observation scale, so it is more and more widely used in material/structure
movement/deformation measurements. However, the contradiction between the observation range
and the measurement resolution of this method leads to the problem of insufficient observation
accuracy in the large field of view measurement applications. In this work, a scanning
photogrammetry method is developed based on the optical lever supplementary scale factor. The
optical lever is used to amplify the motion parameters of the scanning camera, and the geometric
position change of the spot is used as a supplementary equation to determine the precise pose
information of the scanning camera at each moment. Then the principle of multi-vision is used to
reconstruct the measured target in three dimensions. The results show that the method can accurately
solve the three-dimensional pose parameters of the scanning camera, and obtain higher observation
accuracy than that in binocular measurements under the condition of large field of view.

Keywords: photogrammetry; large field of view measurement; scanning measurement; optical lever;

pose measurement



