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B O REAREE £ 1R AU, ) (21 LA Y HLAR
J3 T R AR S 1 3 53 P R A i Sk A S 2R
SRR o w2 W LT S U B AT R T
li] SEAT AL o
FO)=(f(B)-¥y
A8, —H,'(8,)9:(6,)

F(0)=(f(6)-Y)
ABI=R,(f(B)-Y)

;—~
% “\\\ N
rod ,o‘o‘:“{

SIS

(ORRIS (b) W3] T7ik
P2 AR Mk R o T Tk ke LI
Fig.2 Comparison of Newton’s Method and Supervised
Learning Method

3R Al R A ) T ik B AR kA A
/W=E

1) JC i 5 R A0 ot 2 R I R v R B [
I, T BRSO Y 2 5 ] S TE R

2) 2 (5) JRS7 Y BT $2 2 pR B B A5 >4 i 2 2K

A A2 6 9 08 B 2 (L T G 0 2 B
IE 7 BN L, 2 0500 T o B 92 i 3 (5) 76 KR
it . TR (7) (R (8) AT, W S Oy vk AR
i A T R 1D R L R T 7 4 0 0 3 R o
SURVED T2 i R A R B 9T DR A ot B R
20 3 b 1 A ROV R MO A5 Mk R B . )
% A 0 R 7 R R R s T
fift ke B 1 0, 6 25 3 0y 5 T MU e o
) B PR W 7 180 387 15 2 B A

3) 61 (A M, B (7) BT 0 B A S 8
S G5 R G, th R T T R
i 2 (8) P R, T A A 1 T R v 6 0 B 5
V0 2 40 L B 5 0 B T e T TG R R
2 thy B B3 v DR M1 58 A 24 7 3 AR TG 3 e
S
12 BRSEEFTSMEEITE

41 P IR £ 4 0 458 3 25 AR P
{0 TG 22 01,4 15 3R A 51 3008 2 SR R 9 1
RFERHp=(Xo Yo Zopwr) ML ) £
RN

AT € S 6 Rt e O R G
AP T fas(X* s)JVbS(Y*YS)JrQ(ZiZS) (9)
9
o) =y g —p X=X TV =) (2= 2)
Ap) =y = a(X = X) +b.(Y— Y) + (2 2)
(200300 /) BRI 97 BTG 2 (s ) MR v=h(p) 1 (10

At s(X, Y, Z) T AR 5 (Xs, Y, Zs) Rtk
TE T A6 B 2R T B AT s, by e (0= 1,2,3) 28
A5 T A R S B AR

L h=(h, h)" [=(x—x, y—y)", WA
TR 1R 2 )7

o 4 v A0 7 L T0ER B SR RS BE L A 2 R0
W o A AR AT AR 50 (10) 57 n 4
WET V=0, v,--0,) , NI, A0 )G T7
A 4 [R) AT AR ORI R o TR R, A
F(p)=V'V .



544 5 8 W

AR A — IR A AR 2 ) 5 5 S 2 B B 2 2T O ik 1147

p=arg minF (p) =

arg min ((H (p) L) (H(p) L)) (11)

A F, H=(h, hy-h,)" s L=(1 L,-1,)" c K ¥
1195 AR LM dre /I 30 1 138 W, 7 R BT X
S I5 L TC B AL THE po Ak BV BRAE M H e ( po) IESE
WAy 75 BRAR 23 R 7 28 23 iy AR i s A A =X
[A’k-lfﬁk:*H;l(ﬁk)vF(ﬁk) (12)

KA Ve (po) B H(p) =V (Vi (o) B F

A5 24 i A0 J7 5 70 2 Ak R A A 8 52 R G R 9E 2R

HilE o FF Ve (po) FIEER R R TT -
Ve(p) =2V (p) V=
oVu(ps) (H(p) — L) (13)

X,

V() = (Vi (5:) Vi (5:) Vi (b)) =

(V. (3) Vi (3)90.(3) o, (3) (10
H,

on,,(p) . (p) an.(p)\

Vi (5,) = oh. (p) an.(p) oh.(p)

Xy AYs  Zs
e X (13) Vie(p) WAL AR (12) , 9F %
Ro=—2H: " (p)Vu(p.) 1T 153 W 2 5] J7 BE5F5 &
R AT BRAR 23 18] 5 7 58 23 i B i SR A =X
proi—pi=R.(H(p)— L) (16)
119 M B o o J7 05 R B g R T, 5C
(16) " (89 R, AT 3 5 o /N SRR B 4 il 1)
YRAE TR T REAR SR A 1 R AR B T (B S B
AP CE N

L
min Y [|pt —pini|| =
i=1

min 3ot (hi+ R CH (52) — L) (17)
i=1

K p B IR AT RN
BAA ; pi WA § D FEAREE R AR AN A JC R 1Ak
FTHE L= H ( pl) s =il S AR it R BAR
PN B A AR

A2 (16) (2 (17) AT, SR T W B 2% ) Oy ik
SR it FRAR 25 8] 5 7 58 2 PR AN S84

D) YN 2R B B /5 28 ] — I X N 2 40 & F4h 7
B I8 FR W8 R 4 B )I 2k 4R XF A0 J5 7 J6 R 1Y #E 1AK
T REDT 1 BEAT A T

2) PRAS [w) 0 DXl T 4 o o A — RN A
AU , R ik, Ik B B 5 00 4k B B Ay [] — b X
[F] — 2 42 ]

TE 25 5 — ) DX P — 2 ot v 4 o) 5 B 1% R Y
T LI R B AT S , 75 JECR T i iZ I X 2 4 A 4D
1 40 J7 52 o6 2= AE A R AS 20 I 25 46 1 AT A0 O A
DIV 27N Ny T s s I S WS W N o = U
.

1) FE A ER 4l 25 B B

@ Ji 46 B, AL H5 AR N 7 e 2 b T A
il 2 AR HO T AL bR R TP R AR AR M e R n KR Hb
[ECTPN i ¢

dp dw dx (15)

@ M ML= A om A A Lot B OP.—=
(piptep?), P.ER ", H o preR K
(Xs Yo Zs ), FRE mA5hIr 6 % , I i
i IR T R BT M AE m AN TR R
%S bs U= (L L3-Lr),U. € R, Hrh

T

LY =H(p)ER" K (x, yrooz, ) FRIIr il
TEE p! T AR A A AT

2) Il 2 by Bt

OIS R TTE Po= (p! piept) =0,
Ue i R R B k=0, P, e R, Hh pr € RNy
(Xs Vs Zs gwk) Hms m A4 I {76 5 56 kK
AR RO (H

3 i1 3% (9) 52 M T 42 244 25 i 51 7 fir
TE P, T WG S 8RR U= (Ll Li-L}),
U R Li=H(pl) €R" K

(21 3o 3) 5 B R S I7 B TE 2 py T 1O 1 5548
LR U — UK P — PRME. @it
B P.— P,—R,(U.— U,) 15 5 1k F K& J7 1i
R, HFR R "™,

O A1 H R, AKX (16) I P,
k=k+ 138 WL B Q) , B 20 2 $5 2 1% AR
Ik B SR A Ak -

s BT R 4 (R, ).

3) M B B

@ Al 140 J7 A2 90 = B8 5948 00 I {E
L.= (11 Vit Ty, y,,)To

QWA T AL IC R pr=0 € R, I 2EAR
WHL =0,

Q) Fh 2 (9) 55 Hl 1f 4 il w5 76 4 17 40 J7 57 o
Zp F AR L= (2} ylal yl) Lo~ L.



1148 ) G == T

fi B F 2 R 2019 4£ 8 H

A 16), R} o R po 4 po 1
N HNIT LI E T AL A

@B AR b=+ 1, B LTS, 5 Z (R,
i 1 56 A 1k o

O A 5 i T Ak THE

2 BEFRIFERGZTEARARS
AEIRE

Sk B A S W 2 2T Ok i T SR s ) e
J5 B84 WA RO 43 i AT 9 A R R 50 5 ) AR
G
21 FEMRIE

5 3 A7 AE FRARRE B0, WP 3 I m . EANR %R
BLAEHE /24 35 mm, {8 F 18 A8 B 3R 1Y o'~y - T 5
fF AR bR R O-XYZ B O-XY ¥ 4T . i
500 m, F 52 Hr 0 S TEHE FLAR bR &R 1Y A bR 2l (0,0,
150) , B A 2k m, A8 7 A0 J5 3 fA JC I LA
(0,0,0) , B2 rad. B 152 b 100 94 1 A5 4 A8 A 43
%A A(—50,50,0),B(—50,—50,0),C(50,
—50,0),D(50,50,0), 507k m, W AR HE = ¥
AEARLPE | AT 45 X AR A A A a(— 3.5,3.5) ,6(—3.5,
—3.5),¢(3.5,—3.5),d(3.5,3.5), i ¥ mm.
R AR 1t T 9 ) A B HERE R A5 A A b, SR FH R A
ARG R WA It R . i TROF w5
SO PAT S 300ChE A 7k v i O R R O 1
Joa A, R IE , T vk BBl A vk O AR R ORI B Y Ak
e E!

B d Lc X

{3 B Y R B
Fig.3 Schematic Diagram of Ideal Vertical Photography

DT EHE RO T N0, LML EY
{64 0,75 2524 0.05 1 = e 75, 748 7 e R B
S5 (0,0,150,0,0,0) (g 3L 6t b3 50 7= A4 Z A4 4b
07 v TG R FEAS 21 MBS 25 2D T i i R4 N 4k

RERTT BT 1) IR SR gk LA L R R B9 A T7 0 R
HRARME LR,

x1 BEREEEMIAUTETEER
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Photography
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A Supervised Learning Method for Solving Space Resection of Single Image

LI Jiatian'* JIA Chenglin'* NIU Yiru'? A Xiaohui'® GAO Peng'? YAN Ling '’

1 Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunming 650093, China
2 Surveying and Mapping Geo-Informatics Technology Research Center on Plateau Mountains of Yunnan Higher Education,
Kunming University of Science and Technology, Kunming 650093, China

Abstract: The space resection of single image can be described as a problem of non-linear least squares,
and the non-derivative, ill-conditioned coefficient matrix of normal equation and local extremum are main
reasons for non-convergence in its numerical procedure. The spatial distribution of control points in different
regions is not similar. If we put down the multiple images and have known their exterior orientation ele-
ments regarding the same control points under the same region, as a sample set, the overall descent direc-
tion can be obtained by supervised learning under the circumstance that every initial values of exterior orien-
tation elements have been given. What’ s more, in the case of non-convergence in original space resection
of single image because of the reasons mentioned before, it can be approximately solved by using the over-
all descent direction. From this angle, a supervised learning method for solving space resection of single im-
age is proposed. The process mainly includes: (D Training stage, in which supervised learning process is uti-
lized and the descend direction set of exterior orientation elements is obtained by solving the overall exterior
orientation elements of images set with different attitude in the same survey area. @ Testing stage, in which
for any image in study area, the exterior orientation elements can be calculated iteratively if the initial value
and the descend direction set were given from the process of supervised training. Experimental results show
that the method in this paper is more efficient in numerical procedure convergence and dependence of the ini-
tial value than the current there realized. Besides, it can overcome the non-convergence of Euler angles
caused by the ill-conditioned coefficient matrix of normal equation, which is essentially the gradient matrix.

Key words: space resection for single image; non-linear least squares; numerical solving; supervised learning
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