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Abstract: PTZ (Pan/Tilt/Zoom, omni-directional movement and lens doubling, zoom control) cameras, also referred to as PTZ control cameras,
are widely used in industries such as engineering, transport and natural resources due to their zoomability, panoramic coverage, remote controlla-
bility and automatic tracking. However, parameters such as angle and zoom provided by the camera head have low accuracy and are susceptible
to external environmental factors such as wind and rain, so high-precision geometric positioning is still a great challenge for PTZ cameras. In this
paper, we used the characteristics of PTZ camera of the pole tower as well as the large field of view monitoring scene to propose a multi-source
spatial data-assisted geometric positioning method. (D) We took the digital orthophoto map (DOM) and digital surface model (DSM) generated
from GF-7 stereo images and ZY-3 line array images as the source of control data, and selected the control points to solve the positional attitude
for the sample images with different orientations taken by the PTZ camera. (2For the images to be computed, we retrieved the nearest neighbor
images in the sample database using a vocabulary tree. Subsequently, we performed feature point matching, and used the feature points as well as
the control points obtained from the matching to solve the positional attitude parameters at the moment when the image was captured. 3 Using
the solved image position pose, combined with ray-DSM intersection, we iteratively calculated the precise 3D coordinates of target point. The
method shows high localization accuracy on a small range of test data, replaces the external control point acquisition of traditional methods, re-
duces the work difficulty, has reliability and scalability, and can be applied in monitoring scenarios in natural resources, security and emergency
response, ecological environment and other fields.

Key words: PTZ camera, geometric localization, multi-source spatial data, vocabulary tree, feature point matching




.2 . .32 % i@ 15 A

%022 K% 2 4

Wil BHEE PR A AT, AR AE &40
3o P AR AR R A BhERAR AL SE B RE
DIRem i H 255 WL, 1A I gL = 2
2Fp . R sh . 1L G HAALE B BT
Fe A TP BAR R T R 1 ORGSR BILI /N
FELAE A, X DA e B T 3B R AR AL I FH 3 55 b
MR E ST R Hk, TR,
£ FLRT A AR RS 3 1) PTZ 3G AL B 58] T KRR
PR, PTZRGHL AT FRh = G E R4 ML, i CCD
FE RSk, 36004 AR 25 B A —REAH C 1 B @ 15
UL,

1E FHER, BT PTZ BRI R R AT W45 7
EAMC A, KEEPERELE T VSAMT, &
A PTZ AR LA 52 0 e A e, (R
FEARZAEE o 2011 ARVE R R 22 F 98 N R 24>
PTZ BGHUIT & iR IR EE R 4, 2013 - g
KAFWFGEN LI T —Fp 38 38 W5 35 19 PTZ BRAIL
K sh s A FEEREE RS, 2016 4 fL FRHE KA 0F
TRV T —A 2 PTZ 115 K 1Y H AR I 5 7 R
i, SRR PTZ 1 2 oA FLIRER 5 e A A 3¢
PR, i T #E R T R — AL T HE A S
B, TEREUER AL B B Rk, B, A SO —Fp
H 22 U623 1) B85 45 B PTZ 3514 0L 52 30 58 68 19 07
o T A A DSM B A TR RS AR B A B s ] 4
BN PTZ RAE AR AT N 5" R R 5
U I e B T2 5 AR5 8 1 R K 3 5 FRAE A DE T
AU Y B 1 v A S B U AR E ),
Ji 38 o B A S -DSM 2R A8 SR s AL s T
AL T MR AT EEAS, T HL AT LS v il A AL
WS IEREE, WL T B bR 0 ok B A Re s o .
UEAh, I AR E AR, R RL A h W N 457
TR X, TR T, 4R S RCR IR A
NTA

1 FEERARES

ARTTEE VAR TR = M B o 2 6, DI
WA T BRSNS AT, ARl
SIS, ARSI PTZ BRI R 18 LA 22 47
Tk 3AER Sy FERIBE ARSI | IR R S E
. BbsJUTEN . o, FIEA RKTEDOM 5
DSM A g P 1l B 9, 306 JBOAS [+]) 7 (o2 S AR AR AS 52
%, dfEidnte. BE, FIRHBGSGR SRR
VCRC, REfrit R e B AR A T UE S, BRI

TER SXER, = HEAeby, HATRARNEME . e, A
FHEORSBE DSMAE 298, 31 A S 26 ~DSM 2K 28 fi
NS g N N TR LY T A = 7= VA I 0 A 77y = A
T AR LR N 1R

TR i
i ) =
o ] * 1
I—'
i : R ARG
- K =
BEN = DSM3R2E
|} ‘ FRE DSM
Xy o= DSMIH ; Sz % :
AR é? it VN &
X. Y. ZElki - '—'
: '—l : PIZEWOL ARG
IL{;E'SLJ % 4
_,—»_ @ Hbrdedy X .Y,z
PR IE FR L

1.1 P B 1

AR SCR B AG S R B 1) 3 55 53 A5 ) 2 ik o B3 80
B, e RIS AL S 56 X IS A A s SR )5
B, LT PRS2 S0 X DOM K& DSM %4 il 51
AT N TS s de ) R G O 58 S S 2Rk i s
1FBN AL LSAR, W BRI

ARSI DX ISV 18 F A TR T R Bk £ HEsk
Se11), R LR B AR R 112.676 389, 27.624 520,
FE R 39.9 m, S KIALHE AR Sk oy, KOF
B2 kem ARG IEINFE . LALSOIRFIA (T ) REE
IR, 202K F-f (P) SRERPE, ST H1.0
2.0 B} 50 B HEA T 3EAG S OAT B R4, PR IEJS AT B
R T B 2 N s . fERERE R, 98
SEBASZ LWL & $E ALY AR PTZ S8 L 221
RIMEKE R o 7ECRIESM R T Y 52 A% B AL VG i
PRUER T OL R, X B4 3R A A 52 1% I — 25 il ot
VE o O A 2 PR AR S AR R (R
1) B, ERESEG . RBEILEESFIEN KA
RENFEAGR . T AR R R 1 4 PR DG C ) R M AT
SEPE, By R R R s A 0T 2% S BV E Ok I Bl iR
NG

S DX A LB A R T BEIR = S R BE AR A 4y
LS AR . H, IR T SR AR AL 1
PERN 2.1 m, BTRLAUG LT 23 3R R 3.5 m; 4%
L5 VARG L TE 5 HEE R 0.65 m, FT LM TH 43
HERF 0.8 me Zad JUTALBG , 35/ HER S m
[ DSM F1433E2%.0.7 m i DOM ., Hirp DOM (1) J U4 JiE
EF 3 m, DSMAJUPRE R T 5 me A T8 F21E
PEORRAE s 2R I AR s L R A FE AT
o & T AU, HARRRE R E e ERR LIS
YISk P — B AR i, B S FE DAL DOM_EXf



%020 5% 2 41

FENRD, SREIAMIEH BT E IR IFZRAILT RS 5% -3

FEANFFIE S AR UL A bR, PRSP T AR AR 7E DSM
FAFAHEAERE. TEFENE, —kEgRFEED
8 A A A RS, I BRI 2 sl S TR
JERG A . JE A S R SN e, A A SRS
FEB/NT 3 mist A ik
1.2 BEgBESEm

X AR R R, T2l B R R I
WERICE P22 PR ISR AR5 A B AR B R SRS AR, 2R
J 38 L FFAE A PE R AR U AR 25 TE B o ASSCR AR
T () ARG R A L A sif BRAE SR IR, el
IR B ] DEFC -5 3 DE LA AIE A o

FESEHERE R A SN 2 S L AR E v, 3
T B XML AR R . EP AR, ARG T
2RISR ARG N AN AT R B s IR Y TR S
BT BICR RIARIE, R a5 )5 )5 2843
BORMAGTRNAIN T AT ;s WER TR A 45 N
T TCE IPIAE, WISR A B AR vk, it
T A A5, A s AR R B A b T A AR 22 T Bl B
KR, RIGNINTDIEE,

12,1 ETFRILHEEGEREE

TEAS SCH A PTZ BEHG MR BURZ AR 0 K- ER% f
& (P) SMMEE (T) vt Sz 2
MERE R, /MR RREER. K5, RS20
TER SR T AR AR T3, DA &R i AR LY
il H g

AR SCR I SIFT RHAE ] AR A A TN A . 4
BUSAZ ) SIFTHAES , FFH K—means BP0 4FAE 7]
RN RILA, HA RN RES I B R
Fe O R A PR SR K2 R U v 3
TR, AT B k4, 52
FEE iR, EERIECHMIRE 4, kLR
{E— B 10,

MRNCA QI SE AU, BRI AT LA IR A
BUG ARG BRIR G o SRR R R G 195
HEZ Bk, XERRII S S X A, SR )5
TP K AR AR AR A R T AR AL T a3
FEUNE 2 Fits .

SIFT FAEHE

o e
sienn T %ﬁ%ﬁf%ﬂ?[ﬁﬁ%ﬁé}li

G
s o
mmq—]l—{ﬁ@ﬁuﬂmﬂﬁ&)‘—

[STFTHFE £

122 HALEERE T
AHFFE H R SIFT A SR B X R TS AR
FIKE 2%t SR AR DL B AR A9 T R 52 AR B RRAE SR A 7 DT
i, ARG 7E S8 RRAE S I DC R IS, R REAS HE T 7 4y
(=Y Ly N EYSN i g g =8 A
HAHESH G R Z R ) — e Flot
()[R 24 A A, A RE AR L HE AR AR IBUR 85 19 42 1)
SAFE, WM T =g ", B, FREsS
(14 DC FC T 0 S 5 i 5 T S A AP AL PR 1) 2= 4 5 DN
R EBE R . AR Sl TR AIE 1] o 14 R EG R
U B 2 AN RRAE SR A A UC LA, IR AR DT
Bt BIER 2 YR B[] DC e 45 SR i s2 SEAE A DC I A 4
AT 1 G B RS B
TES 25 515 h T 4% AR AT 5 YR AR 1 S
ARAT LR ) £ 22 [B] 5 B30 55 YR 4083w R R B 5 1) EL AL
SEE SRR 7 /X EE, sl (1)
J£L<T (1)

Sec min

X, Dy AR S IR ICECAAR EARRIE S (R AR
AR RR L BE BS AR/IMEL s D i N 2 AVRFAE 1] 222 K
IR AR /IME . 45 P& 1 EUAE/NF VS EC (R, i
S 5 2 5% P R B AT 56 Ol — X DE S
EEXFBARHLIE M S5, 250 BI{E S 0.5 BHRFAE £ DL
PR 4T
123 ®hEm

FIFHVC LA 2 () 2, AT ), LAk
IR AR I R AR 1R, B R SR T 28
oo B AR R IR A S S

V) JElrscssih. MR RIFE, AR S A
B R INEL, T RBEAG s AR B da DU SR R,
BARELAR I N AN (31 03 I 78 28 B0 R A R ST
w2, Wk (2).

a&X—X)+b(Y—YJ+c(Z—Z)
X=X, +Ax=—f
GS(X_XV) + b3(Y_ Yr) + C3(Z_ Z‘) (2)
. a,)(X—=X))+b, (Y=Y ) +c,(Z-Z,)
A X )17 ) 1o Z-7,)
A, SRAMB BRI (3); & . k, WA W
AR
x =x+ (x=x,)(kr? + ko) +p (7 + 2(x —x)) +
pz(Z(X—XO)(y—yO)) )

Y =+ (y=p,)tr® +kyr*) + py (7 + 2y =y ) +
p1(2(x _xo)(y _yo))
B (2) g rgetttl, il (4).



4. .32 % i@ 15 A

%022 K% 2 4

V=At+Cx,+Dx, ,~L
Lx:x—x0+f§+Ax (4)
A%=y—%+f§+Ay
XL X Y o Z Y T AR
X\ Y. Z AARFTEE RABR; 4 SN RITR
BOEE R B COANIT T R BUERREG D
B RBOBOERR G vV R GAS AR 2 1.
Xy X PRI T BLCERMOE R, NI AT R R
B K R BOER.
IR (5) WU (4) gEArfboRig, MEe
B ARFNEIBOESL

—1
t A4 A"C A'D| | A"
Y|=|c'4 Cc"'c C'p| |C"|L (5)
X4l |D'4 D'C D'D] D'

M A 13 ARMEL, SR = T A AR
PLSE SRS, B AR ABOOE R AR, HEA T RO kAR,
HEIOERUNT 45 E B E 5 1R, 32K
K i .

2) HARAMEARE . B AR
AR A ) s ) 7 45 [B) AR 22 8] BRI 2t e R Y
Ak, 2 (6) NHEBLM AN —BIEA
LX+LY+1L,Z+1,

LG X+ Y+1,Z+1
L X+ Y+ 1,2+

I L XL Y+ Z+1
b, x oy WEGARR; XY Z AP AN
AEBR . FHTTZEME DT RRIEAN TS, BT LU T ) R AL
FHABE EECY MR BT, T 0 5 SRS 1 A 4 i
A YIE.

B TR UL T RE A AL S, T DATE H P
o — e Ay St b 1800 g o W 722 R4 i) A ) R A
ERE, sl (1) PR, DHRTHRSEORE . Horb,
WAL (8)

X+Ax+V _+

X+

(6)

LX+ LY+, Z+1,
LG X+ Y+1,Z+1 B
[ X+IY+1Z+1
LG X+ Y+1,Z+1 -

y+Ay+V +

Ax= (x —xo)(klr2 + k2r4) +p1(r2 +2(x —xo)z) +
p2(2(x—x0)(y _.Vo))
Ay= (y—yo)(klr2 + k2r4) +p2(r2 +2(y —y0)2)+ (8)
P12(x=x)(y=¥,))
r :(x_xo)2 +(y_yo)2

FESRS G R AR A AR 1] R38R OO AR 280U

TR I AR A5 S AL BRI A e IE DA i 2 FH ST A
GRS )7 i o TERRSESE I 2 SKRAR R i B4 e
e R BT AR RS, AT AR R S XIS
I 1) = 23 [R1 ) 7 AR g o
1.3 HAs JLA & fr

TR FE A B RRIE s B S b A 2 [B) = 4 R
1) AL AG s A AE [ — L, I DL R RT3t
S5’ 75 51 LR 11 v e M2 L) YN 5 I <13 = N S 1
ASCRIH DSMAERZY S, it m ARk A A =g
T T RAAE A B TR AR AR, T RORE BE DSM )
PR ETARFAIE A7 i 1T A o e B ) D BHEAE T A ] S B S 2
EARHIN DSM TH (3R A2, A SCii 2o v A 1% A QE I 1Y
Jr SR Or, HEARTHR S AR AN 3 R

mE 4 piR, PRSP, AT LLE MR R
Adr (x,p,1) BIEFAAR (X,Y,Z.,1) s
e, B (x,y,1) =P (X.,Y,Z,1), {HX—AERE &
M, Hegdsr 2 A, mRMEA 34, R
(X.,Y,Z). Wik, ARSCHE—0h 5 R Z,
RN Z B AR e, AT LU 515 2 ) 4h 7 1 Ak B
(X,.Y,)o BlJGHFIFHZ -1 AP 4G DEM, RI15 58
LT B FEAY Z, AR . A R AR, AN
FERRIA, EERIER IR 2N T RE, B AT 1S SR R
Y FAR = AR AR

Bk .W

p N
< 7
:><if( B
Z
b P(LY.ZY)

f AN A

2 sEIigit

AT TE 53 53] 2 BT A5 Sk Mk 00 Y 1] P AN [] £
~, AFREREFSSE 3 AN IR



%020 5% 2 41

FENRD, SREIAMIEH BT E IR IFZRAILT RS 5% -5

PIMNRA 3 5 3R Sk AR FKOFRE B, AR
KA EIEE T E BN B—ik o 8%
%500 m A IR, iR EA/NT 100 m, £
PR K B kR R IR B Rk 500 m A2 AT 1)
D, b FGRRAXER, A55 5K B IR F 800~
1000 m, FEFREN; 55 =5k N IE B %Sk 1000 m
AW, s KA E] 1 000~5 000 m, £
iR A

S5 8 AR SCF S P A 5 0 3 5k AR A
PEATREDT, i A TG FH S i B AL i AR ] 19
DA TR, R AG A s R A SO s

AN, SEETIe T Gk N AT R MR AR
AL AR N ST EWIR A C M 2R 00, 43 il fi
FH B AR ARy R D kb T 1), IRXF e
SEIRVEAT T X E . Sl FH 0 5 1 57 RE AR SRS A 25 4%
A EANEE 1 R .

21 ONAR B Koy A

Feis AR

g

7L -

wig=

SR FH 7K TE A BB AR A2 5 S B B AR
Sk AT NS KRS R BRE . T PTZ ABLAY SR Al
A5, BRGERAESECT S LOFI 2.0 HH L0 T 435I T T
PRAE, PRI NS AR 2 R o

42 HNAR B ki ox i

T A v

1.0 2160 1621

2.0 4266 3201

F— KRR AR, AR 2.0 I AR
LRI BNSHYIE. 5 KRR
DUV AR A 1.0 I AOARE S5 R M

3 SCILERNSH

3.1 ENIE
3R T 3 5kE A BT E 1528 DL R e eI
W7 iR 2R B I AR AVE B RAR
%3 BB R ICECET T

5253 HAAR LRELES

XFHEOH AL, HICESE L WE S Fis;
XF QU A%, HILESS R 6 s ; X
B AL, HICEZERME 7R,

1 S AT ..“—m\=—‘w,

6 FHMELER




-6 - .32 % i 12 A %22 B 2 4
mne X iR%%/m Y R /m K 522 /m
0 24.769 995 3 -18.486 510 99 3.9203
1 27.218 595 25 -27.804 018 29 4.084 14
2 -26.376 995 33 26.097 917 36 -4.242 23
3 -36.376 995 33 26.097 917 36 -6.22574
4 -19.569 740 2 20.531 025 33 -2.327 83
5 -12.505 076 47 -8.049 120 43 -0.338 757
6 -9.070 420 55 -0.718 747 67 0.205 653

7 22.174 348 72 -23.249 989 14 4.643 58
8 —4.848 803 893 9.155 546 92 0.432 049

W X iR2%/m Y #25/m KM 2 /m
0 1.928 010 071  -29.925 548 6 3.49123
1 24.340 550 3 ~12.937 524 1.918 95
2 -34.2590596 -13.950 615 65 3.609
3 -49.8608296  —39.178 369 46 435229
4 ~47.2454045  -55.047 949 83 7.335 24
5 244699645  -59.128 3217 8.776 36
6 20.683 05157  —23.295759 69 -3.499 27
7 18.961 77492 —15.605 068 69 -2.25287
8 8.546 305059  —14.308 995 3 1.766 6
s X 12 /m Y R2E/m FHh 5 25 /m
0 ~18.024 046 2 20.998 314 29 -6.170 85
1 -28.331 0956 -52.913 491 08 ~12.557
2 -30.990 827 4 ~36.295 442 47 -12.736 3
3 16.744 968 01 ~34.424 800 5 -4.773 01
4 -14.257 527 14.446 640 9 0.889 491
5 21.809 926 69 19.375 290 34 -1.103 87
6 ~18.994 962 51 12.400 095 44 —0.093 563 3
7 17.314 184 31 ~21.942289 75 1.246 37
8 -48.710 61 ~52.004 409 3 -8.754 54
el h MR R KA 4.5 DSM 22 SRS 11

AEBRAT I, REIRZEGIRMNE 4, 5. 6N, FEAG

B YA R IR ZE G R R 2

AR ok 3 IR ZER M AT AE R AT FH I S5E . 18
PG ARG 2y 500 m AN IR, = 4EARBRiR 25 P-4

20mZEAy, AR 40 m, I H KRHE 2= Wi,
AR S ZEAE6 m AL ; EEIGRETEY K2
1 km DL ES, X T 500 m JE FEl, AR bR i 22 0% A 4
i, SFEAE30 m AL, RN 60 mo AR, KL
AV A BTN, SR KR ZERNE] T 8 m A A
MEGRAETEEY K ZE 5 km LLNE, AXT T2 AR
500 m A1 km i, ABPRIRZESSH AR, F
BIEAE30 m A2 AT, S KAEANEREL 60 m, (H KM= 2211
KRG MR T 12 m 245 .

Bl PEUGCR ARG R, b 3 22 A8 fH AR X ¢
AN, RZE(ETE AR AN, SR, YRR IR 2
SR BN, DA 08 AR B R RIS . Bl
F ARSI K IR (3, = 4k AR R 22 K M 5
FMBHZ G, X T BE A PR AR B I, Rk
LA INIRZEXT A AR E AR R

PRtz Ah, TR B — S iR A R,
P s — 41 S2 g i 445 50, S 3 ISEg il 145 45
XATRESE N 1 LS80 4 5 AU R TS, B2 i
FERZU TRGRE, T 3 415056 15 s AR e A5 Bl &
ALE, JFHEE G RERZ, R R e R iR 2
L2/

3.2 ISP E D3

ANE DR E RN S WM, R E LM 4
Jrk i e m, SR R e S, AR
RZEELERIET,

BRI TR SR (£S5) Mk, L
P S 00 G L B ol P e M AR 4 1) 45 31 1) 2 o 45
TR 2 W S 3G 0 . 2 Ty R A %) R AR B RS
TEA S W A B0 AT LR A 5 RS A4 %2 17
gER



F00 %5 2 4 ENFEE, BEE

JAI B VEAH BYEY - & IR MR AILTT R TL 5 5% -7 -

e X 1R%%/Mm Y %2 /m K 25 /m
0 20.669 997 16 ~45.626 842 06 5.673 21
1 28.218 976 64 -32.675 628 72 2.889 34
2 —84.726 398 2 -13.328 11278 7.877 86
3 -55.968 672 1 -62.178 369 46 492212
4 -62.451 0129 -89.104 417 23 8.127 43
5 ~37.754 801 2 -60.737 583 38 8.782 03
6 43.848 523 1 -20.504 687 32 -4.283 69
7 287236323 -33.292 673 92 -3.279 163
8 15.182 450 1 ~20.927 340 28 2.039 8

4 LHEFIRE

BT FERAGALAORS S LIS, ABESEde i T
I FH 22 12 TR0 B3 4l B 1) PTZ B AR ML LART 28 57 7 3 o
207 R PTZ SAR AU AS ) S BRI £ 204 7
MIRAE , FFMRAR AU P BCILT, 25-5 ks
J& DSM B A TR IESTRZ A T L “Haled”, AT
WA T AT AE R R AT A . R R,
¢iﬁ%ﬁ?ﬁmﬁﬁ?ﬁ&#$%ﬂﬁw% -1

S A SRIBCRIUL i) DT P AR EORE AN P ) R AR s A
ﬁ%M,MF BT 7 A 4 DLT BT S8 R AR f

PR, we)a, AR SRS DSM b  rikftaRksg, PAsk
BN, 2T AR Z AR B E L, BTEM R E
VL PR JEE AR 1

WIS ARSI R AT ST PTZ AR AL
BLITIEAE UG R ARV R K, K i B S i3 M 1K
RZEE R SR . X RIS IOE N -1 TR M2 1r
B, T — D e RS, AR e G
I/ MR ZETE

B 6 (VN B SR R WA o, AR SCRRIESRE
T S5 R e R A AT AEAE — 7 R BRI
R R0 NG % N ER . O T HE— 2

RERE, R — 2B AT 5T Al LSS o 78 Ao i ik o 3 BOR
V5 R AR B0 i I i B, LS I HEORS o A E
45

SEM

[1] Xin X Z,LinW Y,Hua T, et al. WLTOG: An Optimization
Approach for Wild Large-range Target Omnidirectional Ge-
olocation Based on Monocular PTZ Camera[J]. Transac-
tions in GIS,2022,26(7):2 975-3 002

(2]

(3]

(4]

(3]

(7]

(8]
9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Jin D K, Jung S Y,Pyo H L, et al. A Keypoint-based Meth-
od for Background Modeling and Foreground Detection
Using a PTZ Camera[J]. Pattern Recognition Letters,2017,
96:96-105

Ezequiel L,AM M,M F C,et al. Anomalous Object Detec-
tion by Active Search with PTZ Cameras[J]. Expert Sys-
tems with Applications,2021,181
W&, KT Fik 5 PTZARBAUM 2694 F11
AR TR K F,2021

Cao S, Wang X. Real-time Dynamic Gesture Recognition

5 A 7 [D].

and Hand Servo Tracking Using PTZ Camera[J]. Multime-
dia Tools and Applications,2019,78(19):27 403-27 424
&FIRAB, I, 2R, F IR T AL B ARSRIR 69 PTZ 42 4]
Frik[J]. e -FHE AN ,2017,43(1):145-147
Cong L,Cai L, Wei Z, et al. Instrument for in Situ Synchro-
nous Measurement of the Multi-angle Volume Scattering
Function and Attenuation Coefficient[J]. Optics Express,
2023,31(1):248-264
7 AL B PTZALGE 240097 [D].Ab i 4 X 52,2011
3655 2. B3 AT b5 PTZ S35 40 5038 W45 ¥ 64 51 A [D).
Ky v RE,2013
I R-F. % PTZ £ 54k 09 % B AR A% £ 4 [D].
BARETFHHEKF,2016
R, B, Fiesh, R TARRACEORIE B 69 Wi 4F
ﬁﬁlﬁﬁ&ﬁ;‘%ﬁ%[ﬂ.%ﬂﬁlﬁ 12,2018 (11):35-40
R E, i gt oy SIFT ik It B Y ik 2 3 IR 1% I fie
WG R [J] 322 2 A3 B, 2014, 12(6):57-58
Likas A, Vlassis N, Verbeek J J. The Global K-means Clus-
tering Algorithm[J]. Pattern Recognition, 2003, 36(2):
451-461
Santos A C S, Pedrini H. A Combination of K-means Clus-
tering and Entropy Filtering for Band Selection and Classi-
fication in Hyperspectral Images[J]. International Journal
of Remote Sensing,2016,37(13):3 005-3 020
Chao G. Discriminative K-means Laplacian Clustering[J].
Neural Processing Letters,2018(8):1-13
Damasdi, Gabor, Martinez-sandoval, et al. Triangle Areas
Determined by Arrangements of Planar Lines[J/OL]. https:
//arxiv.org/pdf/1902.03166v1.pdf
TRALT) , 18 08 A 3K KB HR0g “ =324 "R %
#5338 ,2017,46(10):1 238-1 248
Bk BHEFALFATREAF IO EZETR-F &
PR R ]8R R:2024(1):1-16
Zhang Z. A Flexible New Technique for Camera Calibra-

| g[J] |

tion[J]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence,2000,22(11):1 330-1 334



