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ABSTRACT

Stereo matching can effectively produce dense point cloud, but it may encounter
great challenge when faced with low-textured image content. Even added with artificial
texture, the location of the targeted scene, operation condition, and hardware
requirement, among others, still demand considerable concerns to arrange for
appropriate work scheme. This work captures images by low cost projectors and a
camera, and dense matching software SURE is used to generate 3D point clouds.
Regarding how and what to project textures, the main focus is on analyzing and
designing suitable textures taking the surface, geometry, and making succession of
scene into consideration. On the other hand, the fine placements of projectors and
camera stations are also crucial to maintaining quality imaging geometry. The four main
parameters for image acquisition, baseline, object distance, principal distance, and f-
number can be determined by the required accuracy for 3D reconstruction. This study
establishes appropriate work steps and rules for reconstructing low texture scene, and

the experiments validate its effectiveness and applicability meeting quality requirement.

Keywords: Artificial texture, Stereo matching, Tie texture, 3D reconstruction
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Image Orientation =» SURE: point clouds > Point cloud derivatives
e.g. automatically by Structure from Motion methods by dense image matching e.g. meshes or orthos

LA HME AL

o

B 2-8 ~ SURE & iT/x 4271 & Bl(Wenzel et al., 2013b)

MHFREHALIRXE IBRBREFBEETAAME ) AT RS A
R AR Sk AT R A IR AR R LR RS D B RIS
Bho 2R A M A L WA fh Ko o AU R O BEE T e
AETE TS AEA R AL E /R TR LM E  Fr(Scharstein and
Szeliski, 2002) » 3+ & f§i% o il £ & o

Wenzel et al. (2013a)*c ¥ 3 5 FF P 8 %7830 35 cm B et enge “Testy™ » 12
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Wenzel et al. (2012)41 * #= i{ 7 Microsoft Kinect 4% 1T ‘= ¢} (near-infrared, NIR)
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AjhE e iR TR IERS (B 2-12) 0 £ U (SGM £ % #7]- kR kkEFTZ 2L
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-
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(https://goo.gl/M6tL7b, last date (https://goo.gl/gFSip3, last date accessed:
accessed: 30 June 2017) 30 June 2017)

-

NIR Pattern Projector

Bl 2-12 ~ 3% % f2 B (Wenzel et al., 2012)
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https://goo.gl/M6tL7b
https://goo.gl/gFSjp3

Bl 2-13 ~ [ #rF 2 g LA G eh Bl 2-14 ~ $84 BLZ = % (Wenzel et al.,

% }E(Wenzel et al., 2012) 2012)

2.3 | %

Fadtit s A 1R GE 2 NTERSN O PRBEFREEE LT A B
FEHF o AL O REIF R AN S B E AR R AR A
B bR A REZRTRASE R AT E T Ao

AEFT TR R G 2R E ] SEEPRAPE o WA A
BRPI B2 HE 2 RCGB H P ek T 5 LA B LB 2% 309 2 3 ¢h4 g,
22 4 i =1 Microsoft Kinect 4p+¢ » AFF 7 @ * e B RF € > MHFE R - T &
R DML AP D2 B RARIDLTE R o T L RIS S TR
TEZ R TR R R P RIEE G R NS TR AR

REPF R RPES BT RRESR YA R -
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¥=& B3

AR @R A 2 RIS | DA RS Az mE - Sy

PR AL FZBARFREAD - SR VEFRESF LSS

ln

HRES S ARBHAF R F R FERBRIR G & 28 R L RS
oo = AR EFR SR Sy AR iR R R a0k

TR IR RN AR SR R ) B E R S
33 st

31 XL

TR PRESR TR KT - B Rk G 4 RRBRE 452
F(B3-D)TLREHHTHF » T AH L% o B ikk kA Middlebury 7§ 5% ¥
o2 F AP EEX AP 3M/AA R FH FHAA] DT RGN
R RARL o F AR E- 5 BB & 3150 S B e 1
* VisualSfM (Wu, 2011)i& {7 > =f2 5 - £ * SURE jEP2.2 > B 3-2 2 B 3-3 &
B PEZ v FREBNOREHVEGREF I HE L RS FREIML Y
224207 2 18RI 4 BFTFI P 2 24P F? 2 18 5 kY 2 3 A

ToOFMAN ] O RZE RARFOEMAOEE R HURG LI BIHEL I - TR

BIHE AR PG AS T T R A T &R T T e B
TFHREREL 2 F M wﬁgmmfgy}ptﬂvz4rg,uv_—;.m—:;,mg;)g&?
REPELE > Ly 3 - THANDANTF - B2 P > Moebius ehz & L > 2

B

I
¥
fm.

R
THE S ARG RS T R R T 2 IR T Sk RS T
£

g%'l

P F RS AT B R A KRB 530 (% 3-1) -
FRRENFF P UREF A E AP 2 ok 287 i
PR RN ER FEFGTRrE TR E > v FRIEE V(T

ZEhz aEE R R

\\a

FANFFIEEFECA I A BFARA

\H
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AR 27 2 REFR AP REERFRIL G - ROEP M TP AT R
*gdEsk f s - IR o # L 5 (pseudo-random array) 0 3K 3t AR (7 5

JEiEhrE .

(d) Moebius

ANUTILAUON 15 1 UL L U

=)

e many ways to convey or expr
the great inventions and the firs:
ich other across large distances. The phone
wernments and hauseholds. Peaple use ph
» matter how far the distance between ther
\anged substantially for 150 years after the
the telephone inventor by the United Stat
wvice that permits two or more users to con
sard directly. The essential elements of a te
1d an earphone as a receiver to produce the
lephones contain a ring to make a sound w
enter the telephene number when callin

lephone system is also known as plain old
ud signal wires. The control and signaling ec
e hook switch and a dial. When we want to
ck up the handset, then key in the phone n
1.26 billion fixed-line subscribers worldwic
eated, people only could write a letter or
e can write much information in a letter bu
e letters have a risk to lose. If somebaody h

(h) #=

B 4
AL R
TS -

(e =~ 24

Books
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Lundry
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MOPnuonsanBih firs ein
T across large distances. The
ds.

inged substantially for 150 years after the phones ar2 awented. i
the telephone inventor by the United States Congre<. ;. 3002. A telephone

ice that permits two or mare users to conduct a caversation when they
ird directly. The essential elements of a telephone are a microphone as a
d an earphone as a receiver to produce the voice in distance location. In
ones contain a ring tG make a sound when a telephone call is coming
enter the telephone number when calling another telephone. The telephénd
jephone system is also known as plain old telephone service, commonly font,
d signal wires. The control and signaling equipment consists of three

hook switch and a dial. we want to keep in touch with others by
dset, then key in the phone number and wait to answer the call
25 byiion fixed-fine subscribers worldwide by the end of 2009.Before
ted, prople only could write a letter or make a short words to others who:
ite much information in a letter but somebody receive the letter for
letters have a risk to lose. If somebody has an urgent incident, he or she cai
e telephones improve these drawbacks. They are faster than letters in co
inform others for urgent events or ask for help in time. And sometimes
clearer than hand writing because wecan change the sound according to 0
phones have no place limit 5o we ca? 3k to others anywhere and anytime.
pst of usawill leave home in which we If..2 as a child. We can make a call to

ssure them every once in a while. Telephones are not only convenient but al
devices

product is the first thing to interest the consumers, If the devics

e appearance and cha
inged substantially for 150 years after the phones ar\Awgnted. Antonio
Lhnelerhone inventor by the United States Congre<s i, ¥002. A tel
fice that permits two or more users to conduct a Conve

1 an earphone as a receiver to produce the voice in distance location. In addi
#phones contain a ring tc make a sound when a telephone call is coming,
enter the telephone number when calling another telephone. The telepbsn,
ephone system is also known as plain old telephone service, commonly tant;
1 signal wires. The control and signaling equipment consists of three comps,
+hook switch and a dial. When we want to keep in touch with others by a te
handset, then key in the phone number and wait to answer the call
ed-fine subscribers worldwide by the end of 2009.Before the t
Ateq, people only could write a letter or make a short words to others
", LAte much information in a letter but somebody receive the letter for
letters have a risk to lose. If somebody has an urgent incident, he or she cai
+ telephones improve these drawbacks. They are faster than letters in cons
Vinform others for urgent events or ask for help in time. And sometimes wor
clearer than hand writing because we-gan change the sound according to
r have no place limit so we c37 ers anywhere and anytime.
st of usasill leave home in which we livk as a child. We can make a call to m
Ssure them every once in a while. Telephones are not only convenient but al
juct is the first thing to interest the consumers. If the devices are.
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(a) Art (b) Books (¢) Lundry (d) Moebius

() # = »24 ® # =18 (9 # = -8 (h)# =

() # < » 18

IEHF

3500000

3000000 | S— °
2500000

o
& 2000000

i

1500000
E

1000000
500000

0
Art  Books Lundry Moebius # %24 # 18 #x8 H

B 3-4~ 22 8E
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Fo® P2 BRI R 5 1024X768 0 R fRT R K TFE M TR

S o) 5 1024x768 0 A 1 RIEA LA IA 0 - LA HR AP R MY E R 5
TRRRIE T - 5l RAPMST B e R IL e R B R B P LR R 2

FHER OFEAFELZHR > FHERRP R T RILOP PR LT X

T SRR R - BB R RIR R R a T R T AT SR

7

\\‘5

PR RSB R 0 T Ll o fp T L L
PR FPrARRIT D d A dpdET PRIz PR ki Sk o
311 7T pRyXnR
7 e R I ek 3k * MacWilliams and Sloane (1976)3% &) e #4518  » 3%

AR L s BE AR o B AR NNIEE B R ARE G 4P
FMERS o A Bk BRSNS > Z LB B ENE 1% B 7 (pseudo-random sequence) °
- Brf#cim?E 5 GF(q) ™~ % é4& R % 38 3 (primitive polynomial) h(x) =x™ +
R Xx™ P4 ot hx + ho P B3 H S qm — 1R BT A5 o & 322 53R
AR FAENERBARIAENA()T M TE- B AR A5 B (feedback shift

ks

register)(4- ] 3-5) » T A CHHT TR I MB L F qume1, .., ;0 FREFAES
GF(Q) RIS '/% ’ }?}_ 4 @ ﬁi B & Aitm = _hm—lai+m—1_hm—2ai+m—2 -
—hyaj 1 —hoa; e bl q=4m=2>2h(x) =x?+x+w > FiE w4 =H L

B LENFYP L 15957 7011 0?2 10w w 1 0 0 0? 0? w w? -
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% 3-2~ * R % 3 ;% (over GF(q)) (MacWilliams and Sloane, 1976)

deg q=3 q=4 q=38

1 x+1 x+w x+a

2 x2+x+1 x+x+ow x2+ax+a
3 x3+2x+1 X+x’+x+ow x3+x+a

4 xt+x+1 x* + x? + wx + w? x*+x+ a3
5 x>+ 2x+1 x> +x+w x>+ x2+x+ad
6 x+x+1 x°+x?+x+w x6+x + a3
7 x”+x+x*+1 x7 + x? + wx + w? x” +x?+ax + a3
8 x8+x5+2 B+x3+x+ow

9 x?+x7+x%+1 +x?+x+w

10 | x094+x°+x"+2 xP0+x3+0(x?+x+1)

D D D
Ai+m

Aitm-1

Ai4m-2

Aiv1

ai

output

B 3-5~d &R %38 Nh(x) Tk v 4 =4 3 B (MacWilliams and Sloane,

g, Aq, -r )

T'I_Z/H'JL'\'—'-1 ivi ]gf‘

fl * ¢ B 4 #c T I2 (Chinese remainder theorem) #-

b 7| eh

|—)=1 r,- lf'

1976)

EGEG-D) e

21

SR Tl a=
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[ boo boy bon,-1 1
b= | b1o b11 bin,-1 |
lbn1—1,0 bn1—1n2—1J

ag = bgo, a1 = byy, Ay = byy,...a; = by, (3-1)
H e
=i (mod ny), 05§, <ny
=1, (mod ny), 0<i; <n,
A1 RPN o] 5 768%1024=786,4320 i * 4 48 F e A FE(F 3-3) 0 AT
q=4%F#m=10>h(x) = x4+ x3 +w(x2+x+ 1) ¥ 8 %4'°-1=1,048,575>
B 17 1023%1025 L 7] £ #B~ 768x1024 1% 5 7 fe % 12 (] 3-6 (a)) °

£33 T RREE A

iz kgl AFE2 2

L] ] |

312 @ExmE

R A L T SRS N S
ST BT G B BB AR S L 1 B R A
BAOPApEE LR 12 LT B AFE Y 0 R 3 fa

SR P BHErE 35 B A DAY SRl B B~ B s 22 R

o« 5 G (Ao 3-4)0 T AL XA F 2 1024XT68 B i 18 1B id 2R 4o F] 3-6(b)

t‘l—i——/-‘r °
£ 34 BRI % 35~ W S LLFHE
& % i 2 e Wil B2 W3

E = E E BN r o F

22
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- " "
4 & 4 4
- - -
() T e (b) @R

Bl 3-6~ A1 x5

3.2 JRAE

BEHRPREL TRELL P ﬁfc%ﬁ&%*ﬁ%d P EEFF R TEREME
AT E 4 BT - TR A AEFRIEFE AT 1 BRG] A L pER

ZRUEE BRI A AP HEAEHR 0 R RS ASEY

MR T U THREFHEFT L& N5 R ¢ B HAIE P FER AR ¥ by ST
AR § BB T e S F A R T R R T4 fodp 4 ehde o) fnumber
VIFE e T oo AR R 2 Rk S AR R S AP R 2 B frab AT
Vet B~ GABEZ AR S S A o 500 W LER RBPR AR E
SR S (RS S € 0Lt BE S AR LIRS e S
Bkt AR FIA BT R i § X dicfodp bl B o
321 #EHE L&

BEPGIERT > F L AR R S EEZ fnumber d AL 2 FIFR
T U RE 4 B Sk

o) 3-7 T o P BEAZ e R Z=H—hy > ABeiR L Sdo fi fifE B
5 AR pR A o) o AR AR 2 £ 5T (5N (3-2) 0 HZ kA 7 4R

G e RO, EARAN Rog2 M dr(3-3) -
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fxB fxB

_ p><Z2 3 3
0z = FxB Og (3-3)

Fobod A w T FHEEZ s i JEf ~ i < o] p& & G P~k BEHE(Ground sample

distance, GSD)=kf % 3% 5 58(3-4) -

7 fXGSD (3_4)
p
B 3-7 - & 0 (4t eh % i (Wolf et al., 2014)
#(3-4)F ~(3-3) 0 7 7 o gEf
__ 0zXpXB __ 0zxpXCXGSDX(1—a) __ azXpXCX(1-a)
f= GSD2xogq GSD%xay " GSDXay (3-5)

He »qi BHEWF  CLB il GRAIEB=CXGSDx(1—a)- & #7550
(3-3)7 M B F - P e 4258(3-6) o B-1f A BEfEE N (3-5)F ~58(3-6) T E 4

BEZ (3T % 7 o

fXB X2 (3-6)
pxog
oz XxpxCXx(1—a) 7 o7 X C? x (1 —a)? o XxCXx(1-a)
_\/TX%XCXGSDX(l—a)pr%— o2 X 0y = o (3-7)

- HEFER TR BB T ORI 0 iE 80% (Wenzel et al., 2013a) > 4o
24
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%0, C20,7 % £ 5 80%PF ¢ 7 5+ chfrjE o

AP B 5 - BERF O BN T s oo B i B g ) ¢
A5 % — [l4 (disk) » B & enZEARR > A5 Gl AR & o 3% B A4 5 blurspot o
blur spot %3 -] F¥ > %&L’v" WHEHALG - BE AP TR HES LR o (S5
PR - BY RS OFIRER o 2 L5 FF(depth of field, DoF) - ¥ 4% < & blur
spot B /TR & 7 #& < (acceptable) -4 B(circle of confusion, CoC) © 4] 3-8 7

ToZRPEE fR IR f S BEE e HOPBIE 0 d R BRIV 0 2, 2 RIFFF

1 1 1 1 1 1

. v o A% L, . 1 1
sfinear point » z; = # 7% # [Fl <92 far point - H ¥ ’E+]7_F’Z fnZF’Z Ez
1
Fo

< Zn — > ff

- A —bdif —

Zf ‘_ o ™

®l 3-8~ 77+ L E
R¥pAp vz 4257 758 (3-8)% (3-9)° L EEfrk B} 4L 5 fnumber ffici4p 1+
KBl 4 i F 4 ffnumber £ T 0 4ok EFEE E_ 0 Bk BlA%-] f-number 4% % o BIFE
4 A%+ o £ N 4 fonumber > #-N = %% * X (3-8)% (3-9)18 3% (3-10)(3-11) » & #-5(3-
12)% » > 7 @ FiFHEF S 420 (3-13)(3-14) o HIL X (3-13)(3-14) » ¥ ¥ fnumber
HE(3-15) -

In=f =< (3-8)
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=g (3-9)

fo=22L (3-10)

fr = v (3-11)

i

Zy = #’;(2_” (3-13)

" Zp—Zn " zp-2n (3-15)

- Tzfx(zn—f’)+znx(zf—f’) - TZXZfXZn

322 HEAHpE
B39 BEAFFTALX A H bF B TR » 75 HEP G
AR e X AT AR e TR BERPGANIDEFF -V - kPG T pHE
BRTUO P LEHFRAFIAEAH oy TEFETEAER F- 3 RApED
AL AR FR o s BRI R Y L s B3O F 4 2 B £

VETRGHES R AGEFF P - AT EB RPE SR F R RS

X >
r &
> ERITM
@ &7 LH (0) # % 5 4 7 L.

B 3-9~FFapriaf
BERAMA D o @IS Sa> Bk (o B AIEB =CXGSD x
(1—a) > AP 8S, 4o8 (3-16) ¢ ([ 14 77 F B~ AF 3 dk)

26
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X-CXGSDxa
Se=|——
B

+2] (3-16)

B AR ERF 2 EF S h o BB L R 0 B R T B R et (3417) -

_[ H—RXGSD ]+1

RXGSDX(1-b) (3‘17)
BREPWTRIZW TRFERW, » FBP S, (I |27 T 2 F Sk
w Sc—1)xB
Spmin = [Wp] ’ Spmax = l%J (3-18)

3.3 HB-E R

GRS 5 A 3R - S B GERR T bR IBE e B om R -
PRI P mh L B FRRE Y o T AR 4R A
$a s BB L T3 - 8 BRIl oo B R BB
Fo BRI o B e A 4o ] 3-10 7 0 S 4 SR Bhen

EAB S R B B ST T S R o B EL L R

vv

y A NS
B OAEA s T

3-6(b)* 118 1B 5 el 4ok 3-5 977 o b S ELE 2 o B 3 4 B R

RS 3EE 0 BE AT 3R * 0 T fie(template matching)(Gonzalez et al., 2011)
%‘J‘E’f’{ﬁtg\’bxﬁ R A o) 2 R T RMH YD R e o

2 2

(@) %31 (b) #3212

(c) #3113
B 3-10 ~ 32422 fe 12 BR1)
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331 #FIBZRyia g R
4ol 3-10 #7n o fpAIBEE PR AR 2~ F o oo Beepin B AR
2 ﬁ,blﬂaﬁ;*ﬁl%ﬁ,u,*tbiﬁ ,g\L»J-a fFﬁr,qu—q& ik 1B DA

% BL G BE o B 258 5 39(3-19) (Gonzalezet al., 2011) » R y) R 2
Fe e o
_ 2(xigi)
M= "5
(3-19)
_ 2Wigd)
M= "5

332 @BEBBHIE R
HotE ™ e BT B R ST e s 4] 3-11 S5 o BOHE T e A v 4
Prs PIRE  A0FART P SEREZFHEE ) c AT RE T 4p
i# (Normalized Cross Correlation Matching, NCCM) > 3+ & f-x {od & 48§ c4p B
GHH(8(3-20)) 0 AP M BB A B TE B ECE c AT R Y 18 BT

BB E BT A B4 312 0l - {17 R R e -

columns columns
4 - } 1 B - 1 ol
R T EEED T TR
1 B8 5% he nnun: ; malching window {7111
:A + - T 1 ---: -+ -+ i f + + ; ! R
i - + . :J —"_‘h:”
« B THES 3 H = i
g sl B e o~ SeseE 1 i g
= templata HA T -
smm i — ; | | saarch window ]
| | 8 | 1 =HHH }
+ T : ‘: - ¥
= 1 1 @ ' + ;
' T H

B 3-11~ {228 1 5 4p Bl 7% 7 2. B (Schenk, 1999)

ots %1/16e (i) ~GelX[65(i,))~Gs]
oex s \/zl, Ge(h,1)=Gelx |24 16s(0)) G )2

P = (3-20)
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#e o
Ge(i,j)  HAF 2 Ak e
Go(i,) : HOFALT 2 KPS B
G, WA THeE

Gy " HOFMG A IFTIE

(@) R1 (b) R2 () R3 (d) RGI (e) RG2 () Gl

() G2 (h) G3 (i) GBI () GB2 (k) BI () B2

(m)B3 (n) BK1 (o) BK2 (p) K1 (g) K2 () K3
Bl 3-12 ~ i 5 Bt
Mg D R R L £ AR R o s HREE T RES
P FE o AL o F AR E B - R0 4oB] 3-13 #5770 @ NCCM ¥
EARETIEFRT O - R F - BlrFE 72 FREG L DT fzd ¢ 3

IR
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Bl 3-13 ~ & ™ %257 & Bl(Schenk, 1999)

= % 7 fie % (Least-Squares Matching, LSM) » I F& % g 15 544 & @ % 8 12 35

TRe A & oo Boo] 2 )T ERE o 5840 (Wolfet al., 2014) ¢

T(x,y) = ho +hS(x",y")
(X Y) e (X, y') &= B 5 & fe B4

(3-21)
4% B 4 e d 4B (] 3-14) s T(x, y) =S (x', y) Bl

RS = LAY T SERY T RE SIS CUL R R S Y N

RE o) D R TR T RGELED DL 2 R ERR LR ) B
e — x’

Left image Right image

Bl 3-14~ =+ G BT =8 7 L BCG%H P Wolfet al, 2014)

ﬂ\ﬁﬂ’f v / q& ﬁorrlfig,; £, gk -rﬁgﬁﬁﬁﬁi\*%'”'7-5T$§#%"?-5T$§%%

FEOIH R SRR AT LA E SRR TE 0 0T 58 (3-22)

x'=ay+ax +ayy

(3-22)
y, = bo + blx + bzy

30
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#-V(3-22) 1% o~ FN(3-21) 0 F E LRI 425N o T 38 (Wolfet al., 2014):
F=T(x,y)— [hy + h,S(ay + a;x + a,y, by + byx + byy)] (3-23)
T ARG S FRT L 48 (3-24); 38325 5 Bor] = R T AHGN RN 2 Sdic
FEEHE LM R
e+ A& =y, e~(0,Z = 2P~ 1) (3-24)

(€ = (ATPA) (A" Py)
é=y—A¢

1. _ |éTPé (3-25)
% = d.o.f

\Ze = 65(ATPA)!

P LS
A Rl s ik e (LR ) S
el FALTE S
§: Adrgdw & 0 #4Ehg~ hy ~ag~ag ~a; by~ by~ by
yioe Xt hEEERIE e E

oy A HE IEEE ()L

P G ppl € 2 e
E: R iBHES R

é il e ¥

Byt S E mHEARE(H)L

ZA'g PATSEER NI ESRT A LB
d.o.f.: 5 AREPIH -

TAERTE D I ERA T CaE ) TP (3223 E L iR B R
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02 o

I xlyl ~

EX’X' —[ * 2 = Jrx2xxJrx (3'26)
O'yrxr O'yr

—}i\ LA SXXE'LE; 2{’5‘%%5, ﬁjao N a1 N az N bo N b1 N bzﬁ’»f\‘ {E’if;,‘fﬁ—% ‘%—’_'T‘?‘Z’—% iiﬁx‘d"‘ ;

Uy

Jrx =1

o
o R

3.4 * >3 5N

- BARRRE TR 4 3 BRESRR TRYE BB RIEL R

d

I T RTER SRR T BRI NG R X2E G - R RHR

R FLTVEFZAEEPERI BRI RFFRIL . V7> R 32 T fap ¥
R » (|4 @ PhotoScan % Pix4D % » izd* it v MR (72 H ek A iE 12 ;ﬂi;'l
N AR RIS KA AFT T i R N R R g e @

- R AT RN RE AR R B g e PR E

&

AP R Z Y i R FPAIRIEL LMIEE TR E

oy HEBEZ FEEA R - BEARF 0 X AIEE S N4 (Wolfet al., 2014) ¢
X — e = — M1 (Xa—X1)+mi2(Y4-Y1)+m13(Za—2Z1)
a 0 M31(Xa—X1)+m32(Y4-YL)+m33(Za—ZL) (3-28)
Vo — Vo = — Ma1(Xa—X1)+Ma2(Y4-Y1)+m23(Za—2Z1)
. =

M31(Xa—XL)+mz2(Y4—Y1)+m33(Za—ZL)
PP (X, Vo) B RBEEHR S (X, Yo)r RABBBE S fE AR (XL, Y, Z))
AR 2 B AR S (X, Ya, Zg) s GBI RO BEAAR S my ~mas 5 AP E B
(0, @, K)o agrEiaed Mg f o 38(3-29)%F 5 g fgaEE M o
M =MM,M,

mypr Mz Mgz

= |My1 My Mpy3

(3-29)
ms3; Mgy Mag

cos@cosk coswsink +sinwsing cosk sinw sink — cosw sin ¢ cos k
= |—cos@sink coswcosk —sinwsingsink sinw cosk + cosw sin ¢ sink
sin @ —sinw cos ¢ COS W COS @
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F(3-28)¢ chig Bl kL HEBRIE ? O ik 4% & (photo coordinate
system) > T_& 50 A B A RE P Fl(column)? v 5 x ghit B 0 deE o b 3
v oAy dh B (4o B 3-15 977 ) s R AR R S 2 B I R A4k % o SURE #& h
GRS EARRY B EL LR IR SR BB ek E
Bz e LS RE I TERT B XBAE e o L P E(row) e T R yihi v (4o
B 3-16 #777) » y g~ o fralm ORI 217 % 2 07 SR K y b= wARF o Bl R AR

Bz T 5 4 (3-30) -

v

=
10

PP

B 3-16 ~ SURE 2_ 82 i & 5 7+ & B)
Bl 3-15 ~ ¥ ik ko1 &R
(Camera Coordinate System, 2014)

M1 (Xa—X1)+m2(Y4-Y1)+m13(Za—2Z1)
M31(Xa—XL)+m32(Y4-YL)+m33(Za—2ZL) (3-30)
—yo=f Mp1 (Xa—X1)+Ma2(Y4—Y1)+M23(Z4—Z1)
Ya = Yo M31(Xa—XL)+m32(Y4-YL)+m33(Za—2ZL)

NGB0 EEHNP 2 F AR LD f’_—‘}g “ﬁﬁﬁ}im‘ﬁﬁi s dop b 3 A s

Xqg—Xo=f

GBEELRIE 2 Al B S B o T P RBCPNERFL TR 2 A T A RS
S R EE R A e ST LR P BLBIE o 2 T L BV H L B T A (unified
least square adjustment) » 4o3%(3-31) o HiFEEAL E AW ERS L FHONT L S0P
k¢ o F LS FEAEEF L FL A G b Al P S
PRF RS W E FA NS F2 B AT S HIRRE - ALY B
SEPIE Al g et 2 B RIS BB R IT L W B 0D R H o

RN G Al e

{ Be; + A =y, e~(0,2 =05Pr ")
e, +§ =y, e,~(0,2 = o5P; 1)
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[g (1)] [2] + [/11] A= [iﬂ (3-32)
BT E BTN 2 B BN 4es (3-33) 5 N(3-34) R R B ERELBI B - R T

LR RE 2 B4R B2 B0 AR A RS R

Be+ Af =, e~(0,X = g2P7Y) (3-33)
(&€ =[AT(BP{'BT)"*A + P17 [AT(BP{*BT) "1y, + P,y,]
é__[él]__lP;lBT(BpleTy*(yl—-Aé)
é; h‘é

3-34)
6TP6, + 6TPye, (

d.o.f.
\Ls = 6¢[AT(BP{'BT)"*A + P,] ™!

Og =

g\

J(LL;T.' iﬁfi\‘ ¢
B : LB B A G BE (L)
A R S s it e (L 4R )
el FLieE
§ Ak £
Vi, Yo i A B G RBEELBIE F R EURBIE P E
oot AFKE TEEE(R)L
Py, Pyt » 5 5 BBIE 2 miRBEPE 2 EEL
E: rmp e £
it B 0 6y, 64 W 5 M EEELRIE ~ REEPIE 2l kv £
Go ¢ (6% H EEE(R)L
fg PR TSR A I ES% D L A
d.o.f.: %4pLieldk -
Bk k2 2 BRI A SR BEES S R PR RS

i
o
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Bld1 35 | Rom™ fer B2 4 %
41 RERA BN

AR MR K F - 5 H 4P Canon EOS 70D % & R34 Epson
EB-1860 » ¥ i¢ * 2P|k Trimble M3 DR 2”& |47 4182 7 2L & 4 > B] 4-2 5+

W= AR A o LB o iAo % SURE 2 41 %82 > 14 Cloud Compare &

(1) Canon EOS 70D (2) Epson EB-1860 (3) Trimble M3
Bl4-2~ F%KHA
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2 RIPPIEER M B 5 ogp = £4/32 + (2 ppm X SD(mm))? (Trimble, 2013) -
BRI B B L AR AZE 4 2% > 50 BE DRI RIF RS RS
o - 9% Rl 43 BB <R E - 42 R EAFRRI10 X (4o 4-
2) PR TEEE N A E L 4.000 m o R L L 40471 mm o deoS AR KR

=<

- 4 2RRMESZEE DPIHERRTIER R FEAL 0 F| P RPEEIREL Y

s R A AL R 00 YURIEEH B ogp = £ (2 ppm x SD(mm))23+ ¥ 15 5 e gk

RTIE S L

A

B 4-3 ~ 2p=EiR BT R B

F 42~ Pl ARRLE 8

X B BEH (m) | XA EEAE (m)

1 3.999 6 4.000

2 4.000 7 4.001

3 4.000 8 4.000

4 4.000 9 4.000

5 4.000 10 4.000
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42 ZHIBLR BB B LR R
4ol 4-40 Bk e A BEZE - D OR|ERELP] B BEo 2 pIxEE F 2 BB L ALEE SD
TR a0 kT AL B T BBAR(E(4-1)~5 (4-3)) o M R Aest (4-4)(4-5) 0 o

FABETT EE BRAEX Y 5 Z o R (5 (4-6)) -

v i
B
B A
AT X
SD '
SD -cosa
a
A v
N SD -sina Z
B 4-4 ~ > p|EEEHPIE T 2B
Xg =X, +SD sina-sinf (4-1)
Yo =Z,+ 5D -cosa (4-2)
Zg=—(Y4+SD - sina-cosp) (4-3)
osp = /(2 ppm x SD(mm))? (4-4)
o
O'aZO'ﬁZﬁX% (4'5)
2pp = ]pozoojgo (4-6)
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3045 HPHHE A H AR R ) A ] (fR)

*BEA | HE1 PE2  #E4 FES  HE16 EE 32

[ e 2.8 5.6 11.2 224 44.9 89.7

AT REILREBRE AP J"'fp’;\m;:l‘_lp;fﬁﬁl o W H_B BRI AP R A EE
Wit JURARG A7 RIZARE § o G AP EFRGR TR o (4T F 250
(Gonzalezetal.,2011) > L % B2k 7 sedrinda = W& p(z) 2 B2 h? A Frentd F o

£ 256 A FEB Y o dt S 5 8

L
= p(z)log, p(z) @)
i=0

AR BTG ORLHRE A > WO FAR M WG RAZK AT WD
FUR SRS AR o doBl 4-10 0 F B AL E - TG o § - 4 0 S (b4
FA) FILBERHPGA X IBFI TR R | RITLALTROHRA -

2465 F BRIEBREIBHFRANF > I EF BRI B AT ioE B 4-
11 5% 4-6 OB & o & 4-6 2 B 4-11 7 15 F) > Fend R fot wLih
LZ2HE IR - R KIHE 4 h o BEEHIREEE | ok
WHE ik NI E QA AN NI E | T T P B E 2 AT
AFEORIEFEREDRFICANEF M T % 437 R KITDR R AR
PP RERORERARARE GE TR P PR RETIE IF o FRE AT
| fchdkif > RILE AR PE o IR K S E Ak RAR 5 0 iR Ak
JAXE > RIEHE 8 P HRBPRTF) L FBREE D RS hkKhES 0w Ak
FEIHRFPWHR DL RDFIRT RSN DR BERLDERE T P - RILG o *0
B gF A PR D RPN R ERPANE ARG - ATy
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L B N R ot BRI GE AR AT B T

el ol AR HRBE ERTRFAZ AEE T RARSAF BRI VL 65 F R

W E AR PR b ] B ARE 115 R

B 4-10 ~ ®IZF B A 474k A1 & R

4046 ®7LH A E 1~32 2 9 B F M

FTH ML | FE 1 #E2 HE 4 HE 8 #E 16  #FE 32
W 1 6.93 7.43 7.48 7.13 6.59 6.22
W B 2 7.08 7.48 7.49 7.19 6.73 6.25
VB3 7.00 7.50 7.57 7.20 6.58 6.14
B4 6.95 7.44 7.58 7.22 6.53 6.22
WH S 6.98 7.48 7.59 7.29 6.76 6.39
% B 6 6.96 7.46 7.61 7.22 6.69 591
B 7 6.38 7.10 7.39 7.13 6.60 6.22
W B8 6.57 7.21 7.47 7.20 6.57 6.03
% 9 6.55 7.27 7.56 7.36 6.60 5.27

= 6.82 7.38 7.53 7.21 6.63 6.07
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[ ST 0.006168 mm [} eI 5 34.6 mm
1/3 th~
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(Wenzel et al., 2013a)
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204-10 ~ FHR TR S o dic

Camera XL YL 1)

station (mm) (mm) (mm)

S1 0.000000 0.000000 0.000000  -418.600 -0.547 -1567.2

S2 1.020532 0.012982  -0.043456 -134.056  -0.547 -1567.2

S3 0.927604 0.013956 0.097940  150.488  -0.547 -1567.2

S4 0.954045 0.001963 0.031643  435.032  -0.547 -1567.2

S5 0.973043 0.009279  -0.127049  719.576  -0.547  -1567.2

S6 1.000911 0.009976 0.071235 1004.120  -0.547  -1567.2
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% 4-19~LSM & % (+5 LSM % % ; + 5 Jt k)

L S3 S4 S5
+
s + +
Gl
o, = 10.066 (pixel) o, = 10.049 (pixel)
g, = £0.055 (pixel) g, = £0.049 (pixel)
+ + +
G2 + 1
|
o, = £0.113 (pixel) o, = 1£0.042 (pixel)
g, = £0.091 (pixel) g, = £0.042 (pixel)
i + -
G3 =
o, = 10.071 (pixel) o, = 10.063 (pixel)
g, = £0.053 (pixel) g, = £0.040 (pixel)
+ . +
+
GBI
o, = 10.072 (pixel) o, = 10.057 (pixel)
g, = £0.066 (pixel) gy, = £0.037 (pixel)
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4442 FHiskgE R
FR LR 3BENEL I Py R ORI WA E

SR T RS BRIG 3 BT Bk A (R 4-16)0 E 2 Wb Bl 4 0t

A aEAlgd ¢ o Rzl Bz AT R S Nid o

#3411 (CKD) #2412 (CP4) %7 3 (CK2)
Bl 4-16 ~ 4182 e P BRI R (32 AP E 2 B
41 * Matlab & #c multithresh> 7 1235 318 = Bl @ a8 B EGL 5):t1 % 20
PHEEtl 2 27 U GA S ZBRFabi c(344-10)a 248 ¢ R

CHRtEAh2 d ~Fd Nicd RS BRIEEY WIiTA k- 248 (B 4-17)-

a, (x,y) >T,
glx,y)=3b, T, <(x,y)<T, (4-10)
c, (x,y) <T,
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o
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P2 BP s o dol 4-180 6 F R R
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445 =Rk
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Rl % oo £ 4205k R ET L RE 6 kR GG et Rl E B
R T XL PEAEXY F e b angd 00130039 mm o CK6 & Z & » 3%
ABc > EEIRAH R TG B CKG ol R e £ o

Camera Xr Yo 7
0° ©° K°
station (mm) (mm) (mm)
179.826066 -0.842299  0.213340 -390.074 16.340 -1607.438
! +0.097308 +0.076074 +£0.009188  +2.921 +3.710 +0.422
179.837105 1.660701  -0.097634 -105.093  15.019 -1604.450
. +0.059624 +0.037144 =£0.005784 +1.444  +2.277 +0.272
179.895082  0.142798  -0.258956  169.662 12.419  -1624.187
> +0.067335 +0.044908 +0.005949 +1.710  £2.542 +0.305
179.796695 -0.342873  -0.164060  455.675 12.256  -1634.459
> +0.053025 +£0.032719 #£0.005156  +1.253  +£1.994 +0.267
179.649537 0.391098  -0.037485  746.086  13.733 -1612.210
” +0.058348 +0.040571 =£0.005883 +1.563  £2.214 +0.272
179.691897 -0.464436 -0.164198 1029.319 11.472  -1629.749
> +0.057963 +£0.048703 £0.007253 +£1.860  £2.183 +0.407
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% 421~ e R A

Lt Xerr Yerr Zerr

CK1 -0.193 0.074 -0.589

CK2 | -0.116 0.464 0.554

CK3 | -0.097 -0.068 1.356

CK4 | -0.107  -0.058 0.687

CK5 | -0.211 0.141 0.248

CK6 | -0.427  -0.112 2.770

CK7 | -0.087 0.490 1.534

CK8 | -0.329 -0.044 1.618

CK9 0.093 0.721 -0.471
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L gt Xerr Yerr Zerr

CK1 0.150 0.356 -1.241

CK2 | -0.400 -0.128  -0.152

CK3 | -0.088  -0.151 0.924

CK4 0.097 -0.360 2.198

CK5 | -0.129 0.011 1.033

CKé6 | -0.227  -0.018 4.704

CK7 | -0.101 -0.176 0.111

CK8 -0.111 -0.341 0.197

CKO9 0.058 -0.057 0.284

KA B R
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B 0.190 mm
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BT 25 S1-2~89-2 0 & 4-26~% 4-29 | A w4 R o

2424~ 3§ 2 BB
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1/3 o~
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(Wenzel et al., 2013a)
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AP BT B E 4 PhotoModeler 2016.2.1 i 7 4p 48 = & Sl w0

T A R Aok 4-8 91 o

F 425~ FF 248 5 2

TR
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o B
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% 431 ~LSM & % (+5 LSM & % ; +5 J ffgk)

L S4
o, = 10.040 (pixel) o, = 10.035 (pixel)
o, = £0.052 (pixel) g, = £0.046 (pixel)
o, = 1£0.071 (pixel) o, = 10.056 (pixel)
g, = 10.068 (pixel) g, = £0.057 (pixel)
o, = 1£0.073 (pixel) o, = 1£0.072 (pixel)
gy, = £0.065 (pixel) gy = £0.069 (pixel)
o, = 1£0.023 (pixel) o, = 10.030 (pixel)
g, = 1£0.023 (pixel) g, = 1£0.032 (pixel)
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24320 T LSRRl A %

Camera . . . XL Yo 7
station @ ¢ K (mm) (mm) (thnt)
179.2055  -4.8308  -0.9013  -1422.091 -533.586  -129.776
S +0.0411  40.0372  +0.0041  +1.373  +1512  +0.164
1792937 21117 -0.9799  -1157.591 -534.721  -273.432
! +0.0310  +0.0238  +0.0032  +1328  +1.135  +0.169
179.3044  13.0617  -0.9634  -907.319 -535.837  -427.255
. +0.0167  +0.0276  +0.0028  +1.521 43264  +0.194
179.2654  30.1695  -0.8661  -674.820 -537.210  -588.252
! £0.0088  +0.0282  +0.0049  +1.605  +2.634  +0.184
1797419 43.6248  -0.8635  -463.363 -537.658  -775.746
> +0.0103  +0.0265  40.0091  +1.175  +2.077  +0.163
178.8955  57.4120  -0.8454  -275.921 -538.044  -940.079
! +0.0132 400217  40.0012  +1.148 42250  +0.193
179.1218  72.5038  -0.8671  -97.526  -539.489 -1205.478
o +0.0247 400320  +0.0025  +0.993  +3.086  +0.089
179.5622  80.1595  -0.9186  54.853  -539.038 -1421.705
o +0.0702  +0.0363  +0.0071  +1.184 42915  +0.079
179.1892  88.0716 09858 185994  -540.516 -1717.269
- +0.0276  +0.0348  +0.0030  +1.856  +3.475  +0.111
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24330 T 2 R efRE A %

Camera . . . XL Yo 7y
station @ ¢ K (mm) (mm) (fhm)
179.8518  -6.7006  -0.9013  -1412.901 -153.663  -121.568
o +0.0609  +0.0334  +0.0054  +1.293  +2337  +0.282
1797109 2.1040  -0.9433  -1166.623 -154.890 -262.979
e +0.0438  +0.0286  +0.0048  +1.043  +1.578  +0.267
179.1538 157050  -0.9234  -887.569 -155.888  -405.546
o +0.0203  +0.0115  +0.0042  +1.805  +3391  +0.304
1792390  31.8853  -0.8595  -689.164 -156.861  -557.999
w2 +0.0111  +0.0771  +0.0067  +2.026  +3252  +0.268
1793124 44.6048  -0.8438  -480.742 -157.195  -749.839
w2 +0.0118  +0.0599  +0.0090  +1.463  +2.837  +0.224
1787826  55.0120  -0.8338  -287.291 -157.529  -930.079
202 +0.0177  +0.0125  +0.0016  +1.339  +3369  +0.103
179.6180 741038  -0.8116  -84.342  -158.207 -1235.478
> +0.0774  +0.0836  +0.0078  +1.587  +3.716  +0.285
178.8716 853933  -0.9226  59.874  -158.862 -1441.508
. +0.0552  +0.0183  +0.0055  +1.788  +3200  +0.163
178.8862  88.6836 09642  205.894 -159.551 -1774.551
> +0.0333  +0.0370  +0.0034  +2.474  +2.070  40.259
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% 434~ e ERR A

Lt Xerr Yerr Zerr

CK1 0.223 -0.232 0.926

CK2 0.394 -0.323 0.874

CK3 0.698 -0.189 0.739

CK4 0.591 -0.256 0.476

CK5 | -0.550  -0.160 0.454

CK6 0.798 -0.336  -0.493
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B 4-32~%F 282

% 435~ e B

Lyl | Xerr Yerr Zerr

CK1 0.363 0.311 1.097
CK2 0.289 0.212 -1.095
CK3 0.798 -0.244 0.727
CK4 -0.816 -0.262 0.567
CK5 0.744 -0.278 0.609
CK6 -0.932 0.319 -0.653
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4 4-36 ~ P

7 B #FZ (mm)
A 0.342
B -0.497
C 0.825
D 0.270
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%t # -1 ~ Canon EOS 70D ##%(https://goo.g/GY4mLA)

Y T CMOS
Bk A 22.5x15.0 mm
B %A g (3 i) £ 2020 3 2
B4R R 6000x4000
PP B 1/4000 #; = 30 F;
BAAEY CMOS

i+ 4. -2 ~ EPSON EB-1860 414 (https:/g00.gl/ W7sxB2)

RGB = # TFT LCD
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PR LR IR
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¥FERRB
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A3 HR 1 HEAIEE R RS RE N R

Ox Oy 0z

ID X(mm) Y (mm) Z(mm)

(mm)  (mm)  (mm)
CP1 | -673.429 297.082 -3772.873 +0.04 +0.04 +0.01
CP2 | -669.916 -32.821 -3767.766 +0.04 +0.04 +0.01
CP3 | -666.434 -340.147  -3775.575 +0.04 +0.04 +0.01
CP4 | -208.337  303.696 -3764.026 +0.04 +0.04 +0.01
CP5 | -208.977 -315.199  -3762.039 +0.04 +0.04 +0.01
CP6 340.296  303.485 -3763.479 +0.04 +0.04 +0.01
CP7 333.430 -361.826  -3761.960 +0.04 +0.04 +0.01
CP8 878.083  290.373 -3754.776 +0.04 +0.04 +0.01
CP9 880.597  -356.349  -3754.690 +0.04 +0.04  +0.01
CP10 | 1316.160 290.281 -3753.346 +0.04 +0.04  +0.02
CP11 | 1308.858  -33.962 -3746.825 +0.04 +0.04  +0.01
CP12 | 1293.329 -353.532  -3752.671 +0.04 +0.04 +0.01
CK1 | -371.101 197.475 -3765.609 +0.04 +0.04 +0.01
CK2 | -256.924 -109.647  -3713.508 +0.04 +0.04 +0.01
CK3 29.378 78.106 -3759.074 +0.04 +0.04 +0.01
CK4 | 260.783  -84.727 -3760.015 +0.04 +0.04 +0.01
CKS5S 446.186  179.512 -3741.213 +0.04 +0.04 +0.01
CKé6 562.665  -35.944 -3764.007 +0.04 +0.04 +0.01
CK7 724.834 42.353 -3724.896 +0.04 +0.04 +0.01
CK8 | 1071.511 141.541 -3753.487 +0.04 +0.04 +0.01
CK9 | 1104.942 -144.343  -3697.744 +0.04 +0.04 +0.01
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A4 R 2 i HIER R W B R R

Ox Oy gy
ID X (mm) Y (mm) Z(mm)

(mm)  (mm)  (mm)
CP1 | -917.554 114981 -2304.379 40.02 +0.02  +0.01
CP2 | -885.105 -324.217 -2306.846 +0.02 +0.02  +0.01
CP3 | -850.634  -971.648 -2309.467 +0.02  +0.02  +0.01
CP4 | -1984.239  145.038  -2326.259 40.02  40.03  +0.02
CP5 | -1991.900 -1035.384 -2326.500 +0.02  +0.03  +0.02
CP6 | -2025.462  85.591  -1190.537 +0.01  +0.02  +0.02
CP7 | -2025.385 -452.034 -1177.488 +0.01  +0.02  +0.02
CP8 | -2027.942 -1027.060 -1181.712 +0.01  +0.02  +0.02
CK1 | -1391.501 -133.524 -2316.966 +0.02  +0.03  +0.01
CK2 | -1645.888 -644.588 -2320.441 40.02  +0.03  +0.02
CK3 | -2016.821 -386.032 -2299.631 +0.02  +0.03  +0.02
CK4 | -2018.558  107.724  -1747.399  +0.02  +0.03  +0.02
CK5 | -2020.592 -632.714 -1639.685 +0.02  +0.03  +0.02
CK6 | -2017.495 -1035.248 -1794.892  40.02  +0.03  +0.02
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Vi =

BLP|S AR5N
F == T(x, y) + VT - [ho + hls(ao + alx + azy, bo + blx + be)]
AIT R G BAEELA

6F6F6F6F8_F6F6_F0_F]
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Gr =

LR AR5

M1y (Xa—Xp)+mi2(Ya-Y1)+m13(Za—ZL)
M3, (Xa—XL)+m32(Y4—YL)+m33(Za—ZL)
M1 (Xa—X1)+Map (Ya—YL)+m23(Za—ZL)
M3, (Xa—XL)+mz2(Ya—YL)+m33(Za—ZL)

BB 25N ABAEEB ¢

F1=Xa—xo—

Fo=Y.—=y0—f

o oR
B = 0xq 0yq _ [1 0

0xqa  0yalyix;

e gl BB LA

[6F, oF 0Fm 8F  0F R 9F, 9FR, O0F, O0F 9F OF 0F 0R 0R oF OF  0R)
|ows 0@y oxy oxy,, vy, 0z, T odw; d¢; dx; 0Xy; Ovy; 0ZL; 00Xy OV 07 0X; OV 0Zi|
“lor, or, om on om R oF, 0F, 0F, 0F, 0F, 0F 0FR 0F 0dF oF, 0F OR|
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50 901 o, 0Xp, OvL, 07y, dwj dg; Ox; 0X; 0vy 0ZL; 9K On 0% X o lJzix(6j+3i)
_[(‘111)1 (@)1 (a13)1 (aw)r (—as); (mae)r - (au); (az); (awz); (—aw); (—ais); (—a1e)j (h1a)1 (b1s)1 (bie)1  (b1a)i (b1s)i (bag)i
(az0)1 (@22)1 (az3)1 (—az4)1 (—azs)1 (—aze)1 - (@z1); (az2); (az); (—azq4); (—azs); (—aze); (b2a)1 (bzs)1 (bze)1 - (b2a): (b2s)i  (bae)i
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Ho o,
AX =Xy =X, i AY =Y, =Y, s AZ =2, — 7, ;

q=mz (X4 — X)) +ma, (Y —Y) + ma3(Zy — Z,)
r=my Xy — X)) +mp(Ya —V) + myz(Zy —Z,)
s =My (Xy — X)) + Mo (Vg = V) +mp3(Zy — Z,) 5

ay, = ;—2 [r(—MasAY + MayAZ) — q(—mysAY + mpAZ)] 5 agy = ;—2 [s(—MasAY + mapAZ) — q(—mysAY + my,AZ)] 5

A, = ;—Z[r(cosquX + sin wsin @ AY — cosw sin ¢ AZ) — q(— sin ¢ cosk AX + sin w cos ¢ cosk AY — cos w cos ¢ cosk AZ)] ;

ayy = L[s(cos<pAX+sina)sing0AY— coswsin @ AZ) — q(sin @ sin k AX — sin w cos @ sink AY + cos w cos @ sink AZ)] ;

q2
(ys = — g (M1 AX + My AY +mysAZ) 5 ays = g(mqu + My AY +my3AZ)
_f . _f .
Q14 = q_z(rm31 —qmMmyy) 5 Gy = q_z(5m31 —qmy)
_f . _f .
15 = q_z(rm32 —qMyy) G5 = q_z(smSZ —qMya) ;

f ! ;
16 = q_z(rm33 —qMy3) ; Gz = q_z(5m33 — qMys)
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