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ABSTRACT

Keywords : constraints ~ coordinate transformation ~ land revision

1.0rigin

The programs of graphic cadastral map digitization in Taiwan had been
finished until 2005. The integrated applications have become more important issue
currently. The accuracy of the cadastral boundary lines was kept with fidelity to the
existing map situation during digitization. For areas seriously damaged, stretched or
shrunk result into adjacent map sheets cannot coincide with each other. The
problems of nonconformity of boundary lines have not been solves thereafter. After
digitization, graphic land revision was still performed in many land administration
offices. It resulted with connections being harder and harder because of different
regional system. Surveying data gathered during land revision period cannot be
reuse in consequent survey work of next land revision. The worse efficiency and
accuracy of land revision survey are implicated. Once the land was cross over two
adjacent maps , the surveyors have to piece the adjacent map sheets together
manually without uniform mechanism. This will lead to different result because
different surveyor. Sheet by sheet management of the cadastral twist with the above
reasons had become more and more perplexing.

To improve the cadastral management, and to refine the relationship between
cadastral maps and land field, land resurvey programs are performed by land
administration organization every year. Also the ....Program will be performed
since 2007 , and more than 200,000 parcels of land revision take place by land
administration offices every year. All of the above survey works must have the
procedure of overlapping cadastral maps with field survey result . Unfortunately,
the mathematics modal to describe maps stretching and shrinking, or automatic map
overlapping software are still absent. To discuss the influence of map sheets
stretching and shrinking correction , and different coordinates transformation
methods applying into the maps overlapping procedure, and try to build up the
model of constraint conditions for coordinates transformation for development of
automatic overlapping software, is the main purpose of this research.

2. Methods and Procedures
(1) Data gathering
(2) Test area Choosing

X1l
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(3) Building up mathematics model of map sheets stretching and shrinking
correction and overlapping with field survey result.

(4) Software modifying and testing
(5) Process of map sheets stretching and shrinking correction
(6) maps overlapping with field survey result and adjacent map sheets merging

(7) Result analyzing

Following above steps, and using different models of constraint conditions for
coordinates transformation, by adding map frame corners, control points and
distance conditions corrections, overlapping and map sheets merging has been done.
Consequently, the result was analyzed.

3. Major Conclusions

(1) Upon the experiment, distortion correction of map sheets through Helmert
transformation can get better result. Affine transformation applying on
overlapping can get a better result also. During the sheets distortion correcting
and overlapping, almost 80% of the processes used Helmert and Affine
transformation in turn. It implicated that single transformation does not meet the
needs of sheets distortion correcting and overlapping.

(2)Comparing to the result of the research in 2004, the accuracy has been promoted
up to 45.3% in map sheets distortion correction; the accuracy has been
promoted up to 82% in adjacent maps merging; the accuracy has been promoted
up to 39.1% in the analyze of vertical distance. It means the correction of sheet
distortion is benefit to the accuracy improvement.

(3)Reducing the count of over-tolerance of area difference through variety of
consequent corrections is not obviously. It indicates that map sheets distortion is
not the major cause area difference to be over-tolerance.

(4)After map sheets distortion correction, the computed distortion was most close to
the real distortion through map corners correction. But the precision was the
worst. Addition to control points and distance condition corrections, the
precision was better.

(5) Comparing to re-calculate transformation parameters by Delaunay triangle and
interpolation by Delaunay triangle, the result of transformation without
interpolation is the best one.

(6)For standardize of maps overlapping and automatic maps overlapping software
development, the measurement indicator of precision of overlapping has built

up.

4. Suggestions

XV
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(1) To implement the map sheets distortion correction, adjustment software was
needed. For the needs of land administration organization , functionality of map
sheets correction condition constrain adjustment modal is advised.

(2)By overlapping cadastral maps with 1/1000 scale topographic maps, and by
assign different weights according to the precision of individual survey. The
quality of overlapping will be improved.

(3)If the area difference was greater than tolerance, to prevent from effecting other
boundary point’s accuracy, instead of using adjustment procedure, correction of
registration area data is necessary.

(4)By using GPS or other relative equipments, Proceeding digital method land
revision, building up small area of digital data upon TWD97 system
progressively.

(5)by further research of area condition constrain adjustment, reduce the amount of
activity of correcting registration area data.

XV
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R & ] = %% (General Least Square)z. & & =3¢ &

AV  +B A =f ————mmm (3-1) > # ¥

A ARFrEcEE VIEpIEAR LEE

A BpIEAR L2 el

B: Afr#cec® #iez fcEd

fooa ¥k el

n - o ERE R

n,: %% b MEpEE

r i GAREPIEE

C AT E i R

u - ATl

l=u=n,

r=c=n
r=n-—n,
$c=r+u=n FTF#&TZ(Indirect Method) i3
$c=r+u=r I Z(0Observations Only)Hs"
Fu=0>m"r=c—u
. R ) 3 2

P=\WV-2K'(AV+BA— f) =mir
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5‘2‘/ W=2KA=0 W kA=0 [WV=AK——— -3-2
< =

P kB0 —K'B=0 B'K=0—————— (3-3
LOA

= f1B8-2) 7 NV =W AK =QAK ——————————————— (3-4)
3-8/ 7(3-1)

= AQAK)+BA=f = (AQA)K="f-BA

f,%QzAQA =K=Q™ (f-BA) =W, (f -BA)——————————— (3-5)

A7 (3-5)/**(3-3)= B'K=B'W, (f -BA)=0
B'W, f —B'W, BA=0 ’ﬂ%gtvve B=N-> BW, rf=r¢
> NA=t+ A=N ‘t-——-----—- (3-6)

(Mikhail. Edward M. > 1981)

B &%) = kT ZE 4 4]0% 2 (General Least Square
Adjustment With Conditions and Constraints)# X % {é %frﬁlt
- Mg Fioppd s 2R, E 3 mixiEpr, p|T
pEZ-H ¥ k7] L i’ﬁ:])rli’——m N R SN PR B

s=u-u’

u’ i 3-1-17° 2 u

rREFU=U +s

U: oA e L 0E ez Ao
s <u

BriEEt#E c=1 +Uu
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AV . .+B_A,.,="F.

{ CoiBia =09

(R o) = FERE . @ =V WV = min

®'=V WV - 2K '(AV +BA - f)—2K!(CA - g) = min

/7?,7(13| J?MEIJLL/K’A’ Kc//%/’/:%’/‘

%ZZV‘W—ZKIAzo

Y WV +AK=0—-————m—— (3-7)

= AAV+BA-T)=0 | AVABA=f oo (3-8)

. ]

W aK'B-2K!C=0 B'K+C'K, =0~———————- (3-9)
aAacD' CA=g—————————————— (3-10)
&~ 2CA-g)=0
K (CA-9)

#-3-T 3 3-10 ;8 a8 & 7 40

W A" 0 : O]V 0
A O B : O
BE 0 : C'|A|=|fl-mce (3-11)

A
o

0 0 C 0 0 |K.| [9]

FIR-1Cf H-WV+ AK=0 =WV=AK =V=W'AK=QAK--—-(3-19
(3-8 M3-12 71" i
AQAK)+BA=f =QK+BA=f =K=W(f-BA)—————————— -3-13
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F1(3-9) #(3-13) 75 # B'W,(f —BA))+C'K, =0
—B'W, f —B'W,BA+C'K, =0

—-NA+C'K, =t ———mmm (3-14)

Hii N =BW,B t=BW,f
(3 -9) ¥ (3-13) 45

{—NA+CtKC——t:{—N CIA}:{%} r(B)=minc,u)=u =u=c
CA=g C 0]K 9

c

r(B)=r(N)=u, r(A)=c, r(C)=s

Fi(3-12)zV ' NA=t+C'K,
A=N7t+N7'C'K, =A" + oA

Hr AA=N"t --——(3-6) AA=N'C'K, -—(3-15) (7 (3-10)z"
CA:g:3CW4HN4GKJ=9,§CN%f=M

=CNt+MK, =g, =K, =M*(g-CN't)=M*(g-CA")-—(3-16)
MA=N'C'’K,=N"CM*(g-CA")—— - (3-17)
£1(18) #(19)/i" # =V = QA'K =QAW, (f —BA) —————————— (3-18)
HEHTZEEm =14V e (3-19)

(Edward. M. Mikhail & F. Ackerman ,1976)

VRRK A% 5 AR 0 WA B RJERIAN GFR AR S E 4R
B GoBE 5 e L gy o LT JEHI P G2 2353 > 0 L RIGATAE R
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XY, i fs o X Bt 15 a gk T E D R o

XY, % X, Y, 593 4 iE'J:El_ °

X#hr Yih2 = Rt £40F o

a,bc,d s Sl ThA# 29 ¢ d L THE o
#-(3-20)(3-2D) 3% » W HELRIE 2 A licihiks o B¢ BEBIE :

ks L4k Adrlic s Eik Sk o

F10+%Vxl+%vyl+%va+6|: b+%vc+ﬁ6X1 aFl 5\( =0
N oX, oy, oa ob ac oX, oy, *
oF, oF, oF, oF, oF, aFl 6F1
F20+_Vx1+_vy1+_va+_vb+_Vd ~ Oat v =0
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PV SR B D kT EEH HE - 8a 3
V,, o a
|:a0 S L | 0} Vi +|:X1 -y 1 0j| ob _|:X1 _aoxl +b0y1 _CO:|
0 0 o 0 0 0
b a 0 -1 bal Vi i % 01 bal 5 ¢ Y,—bx—a'y,—d 24
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a’,b°%c%d® i ab,c,d 2424518
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28> pd BR(r)=2n4-

N =BWB  ——m e 3-22
t=BWf (3-23
W=Q  =(AQAY" 6-29

N :Z2>fiteEd  t o e

Q| ¥ e
QYi 4nx4n

Qi Qy it L 4Rt5 B3 4B 5 Qu Qi Mh# 12 L HR42 515 L

A =Nt ———— (3-6)
K =W,(f —-BA) ——————mmm (3-25)
V=QAK =Q AW,(f —BA) ———mmmmmmmm (3—26)
I (3-27)
_Xl_ _Xl_
Y. Y. _Vxl_
Xl Xl Vyl
a 0 A
0 ZO % Yl Y1 Vi,
;J.—Erlb‘:‘l;‘g? c = CO —+ & = + le
d| |d°| | X, X,
VvV
yn yn Xn
Xn Xn _VYH d4nx1
_Yn d4nx1 _Yn Jd4nx1
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S 2 (S IR Al h B Sl o
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Edward. M. Mikhail, 1981 ; 4 5, 1984 ; g 5% 2

S L CERLEL B Y SR

O A e — (3-30)

|:Z(XI i+l |+l )} _______ (3_31)

FRE ©,1995 ; X £341999 ; #e4s ¥ %,2002)

(- )ELT| Bhiedis it
WA LB EEAEER > B - B2 FEHL

Sij :\/(Xj_xi)2+(Yj_Yi)2 __________________ (3-30)

> BE X XYY b A

ﬁAx ﬁAY ﬁAx ﬁA\( =S°_-5§
X, oY, oX | oY,
WRELEE X 1 5 LIRS CA=g o H ¢
0 0 0 0 0 0 0 0
| XX YT XX Y Y,
5 5 5 T
Sij SIJ Sij Su
- t
A=|8X, & X, &Y,.5X 5\(}
g=[s"-s]
X0 XOy DAk EARSsE SO pRgEAANE 5 SRR

&
A= Z(X )} —————————————————— (3-31)
2 i Tien ™ |+l
FiEE L rE R 1 CA=g
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Bt AT CUFIER S B 0 T

/

[IE TR R SENC I RN g LS
AV+BA=f—-—-omm (3-1)
CA=Q-———————m (3-10)

N =Nt (3-6)
P =C.o N manC, (3-32
k., =P*(g-Cx) 3-33
Agy =X +NCK (3-39
Ky =W, (f =BA) —————— o (3-5)
Ve =QAK=QAW,(f -BA) —————————————————— (3-4)
I =+V---—— (3-19

mEFE AN o TN L FEFE g BE B - g
L3 ZBATET XY L SEATUHER B
Bt SELPIE F Al N A3 E > 3 Ae g § AR
ke it A e A B (-1 SRR S E Sl A
(3-10) 7 *Llig 2 @ 2 Frabdedh » F 3% - 382 A arfit =
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AR & A Ardik) 0 E L
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R L E LD e B2 N e

Vl
[Al2n><2n A22nx6 ] 2nx(2n+6) |:V nX1:| + BanZnAanl = f2n><1 ________ (3 - 35)
(2n+6)x1

23a

Q Al
Q _ AQAt :[A A ] 1 2nx2n
e Lonxon 22nx6 d2nx(2n+6) Q At
2 l(2n+6)x(2n+6) 2320 | (2n+6)x2n

=AQA +AQA' - (3-36)

Q.=Q, +Q,,
= AQ,A' =We;' ; Q. =AQ,A, =We;’

Q %]+ (cofactor)sEE=W"

V:QAfWe(f—BA){Ql o }[2@{Wel W }(f—BA)

= (Q1A ) snaaWey,  (f =BA)+(Q,A, )0 ,0W,,  (f-BA)--(3-37)

EREEES TS TN VR
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A BT ETRENT L A ol AL 2 RPIE TS L
(6B H Y XL 2 ATl > % > EL(Mikhall & F.
Ackerman,1976)4c (3-38) % (3-41)5% -

Qu=N*(1-CP'CN!) - ———— (3-39
Qw = QA'W,AQ -QA'W,BQ,,BW,AQ —————————————————— (3-39)
Q. =Q-QAW, (I -BQuBW,)AQ=Q-Q, = ~=-—-—-—-—-——~ (3-40)
A 1 1
O§:v Wv_ Vv vvv (3-4)
r c+s-u—q
A2 A2
D x =2 m=00Q,, =00 N*(I-C'P"CN™) (3-42

Y ONW PRERF o

(B-4D:F r i pd BV iRRE2ZFEL c(l B)E &
AR (B C AR Koz Gl S APUHEREE U
Fe A i (T R g B g o

#(3-39)% (3-40)5 ¥ Q% AL w1 [Ql

wf® o[fia Al® o[ o[Aewevia 4 o]

{QAWAQ ~QAW,BQBWAQ QAWAQ -QAW,BQ,BWAQ, } 643
QAWAQ -QAWBQBWAQ QAWAQ -QAWBQ,BWAQ,

QIAIA :Q_vi

_|1Q HQA\tvveA\Ql—QAtvveBQMBtVVAQl QAWAQ, —QAtvveBQMB‘vveAzQz}

L Q] [QAWAQ-QAWBQ,BWAQ QAWAQ,-QAWBQ,BWAQ,
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XY
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e -~ Rl B AR £
R AR RS T s 0.693859 ARIE 95%&%‘*Eﬁﬁﬂ%?ﬂuﬁﬁﬁﬂﬂéﬁméﬁ 0.516667
1.64
TR
LLEIAL SR Ab
a= 1.00053038 0.000285412
b= 0.00244199 0.000308941
c= -13.24205142 0.0227397
d= -0.00030366 0.000285471
e= 1.00069487 0.00030898
f= -20.00257254 0.0227432
ﬂ%*~EHN*‘ ZEI: -74301.057 *¥EHE*‘¥5£I -25814.207
*E'NE‘[JN’1 £ -74281.001 ﬁ«ﬁHE*‘?ﬁfj -25800.638
P&E?Ef“fﬁﬁf B = 0.832982
EﬁWUﬁﬁj\ E-ﬁjﬁq = 1.00053042 N-ﬂjﬁq: 1.00069785
ua E’:’_‘:‘EFF‘ ugﬂ Nl fE H{;ﬁl -E iz ugﬂ e Y H{;ﬁl Eos Bl a5 N g dv i B g
212.0  -74363.636 -25909.091 -0.039 -0.124 -74363.675  -25909.215
121.0  -74182.100 -25909.605 0.117 -0.054 -74181.983  -25909.659
32.0 -74181.856 -25682.396 -0.058 -0.110 -74181.914  -25682.506
354.0  -74363.636 -25682.049 0.030 -0.014 -74363.606  -25682.063
1188.0  -74347.769 -25726.073 0.063 -0.005 -74347.706  -25726.078
1189.0  -74303.615 -25747.831 -0.016 0.054 -74303.631  -25747.777
1190.0  -74235.535 -25767.938 0.048 -0.045 -74235.487  -25767.983
1191.0  -74184.315 -25780.151 -0.043 0.132 -74184.358  -25780.019
1260.0  -74362.242 -25839.204 0.005 -0.015 -74362.237  -25839.219
1262.0  -74310.055 -25843.220 0.016 0.158 -74310.039  -25843.062
1263.0  -74292.453 -25865.940 -0.090 0.053 -74292.543  -25865.887
1264.0  -74244.838 -25829.827 -0.091 -0.045 -74244.929  -25829.872
1265.0  -74237.973 -25806.882 0.057 0.014 -74237.916  -25806.868
%%$$j s =E = 0.082 N-ﬂjﬁq: 0.052 E-ﬂjﬁq: 0.063
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-100.1  -74363.636  -25909.091 -0.000  0.000 -74363.636  -25909.091
-100.2  -74181.818 -25909.091 0.000 -0.000 -74181.818  -25909.091
-100.3  -74181.818 -25681.818 0.000  0.000 -74181.818 -25681.818
-100.4  -74363.636  -25681.818 -0.000  0.000 -74363.636 -25681.818
-1188.1 -74347.709 -25725.818 -0.003  0.000 -74347.712  -25725.818
-1189.1 -74303.600 -25747.418 0.001 -0.003 -74303.599  -25747.421
-1190.1 -74235.400 -25767.473 -0.002  0.002 -74235.402  -25767.471
-1191.1 -74184.236 -25779.382 0.002 -0.007 -74184.234  -25779.389
-1260.1 -74362.218 -25839.055 -0.000  0.001 -74362.218  -25839.054
-1262.1 -74309.982 -25842.764 -0.001 -0.008 -74309.983  -25842.772
-1263.1  -74292.473 -25865.564 0.004 -0.003 -74292.469  -25865.567
-1264.1 -74244.836 -25829.418 0.004  0.002 -74244.832  -25829.416
-1265.1 -74237.818 -25806.382 -0.003 -0.001 -74237.821 -25806.383
HOHIRT SR = 0.003 N-Tfpj=  0.002 E-Hfpj=  0.002

PURTHEE CCBRN [ LR IR RN ER-E [
21

2.00 0.090 0.090 0.046 0.046
121.00 0.090 0.090 0.048 0.048

32.00 0.090 0.090 0.049 0.049
354.00 0.090 0.090 0.048 0.048
1188.00 0.090 0.090 0.039 0.039
1189.00 0.090 0.090 0.030 0.030
1190.00 0.090 0.090 0.030 0.030
1191.00 0.090 0.090 0.038 0.038
1260.00 0.090 0.090 0.037 0.037
1262.00 0.090 0.090 0.030 0.030
1263.00 0.090 0.090 0.032 0.032
1264.00 0.090 0.090 0.029 0.029
1265.00 0.090 0.090 0.028 0.028

T § s R 1L NI EERRE BT R R
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NS CCER-N IR RN RN IR AR [
-100.10 0.001 0.001 0.001 0.001
-100.20 0.001 0.001 0.001 0.001
-100.30 0.001 0.001 0.001 0.001
-100.40 0.001 0.001 0.001 0.001

-1188.10 0.020 0.020 0.016 0.016
-1189.10 0.020 0.020 0.016 0.016
-1190.10 0.020 0.020 0.016 0.016
-1191.10 0.020 0.020 0.016 0.016
-1260.10 0.020 0.020 0.016 0.016
-1262.10 0.020 0.020 0.016 0.016
-1263.10 0.020 0.020 0.016 0.016
-1264.10 0.020 0.020 0.016 0.016
-1265.10 0.020 0.020 0.016 0.016
T § s R 1L NIRRT RE BT R R
0.016 0.011 0.011
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c= 24.02596228 0.0253778
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66.0  -74307.615 -25811.328 -0.015 -0.124 -74307.630  -25811.452
69.0  -74317.134 -25818.787 0.018 -0.006 -74317.116  -25818.793
72.0  -74328.360 -25827.586 0.072 -0.006 -74328.288  -25827.592
74.0  -T74334.568 -25832.448 -0.013 -0.029 -74334.581  -25832.477
77.0  -74344.031 -25839.864 -0.004 0.029 -74344.035  -25839.835
80.0  -74353.505 -25847.288 0.040 0.097 -74353.465  -25847.191
248.0  -74298.124 -25850.002 -0.148 0.165 -74298.272  -25849.837
81.0  -74363.545 -25855.157 -0.005 0.007 -74363.550  -25855.150
71.0  -74325.092 -25825.023 -0.001 -0.001 -74325.093  -25825.024
275.0  -74312.108 -25841.577 -0.039 -0.031 -74312.147  -25841.608
86.0  -74347.982 -25779.526 0.019 0.015 -74347.963  -25779.511
303.0  -74357.074 -25767.954 0.000 0.000 -74357.074  -25767.954
89.0  -74338.499 -25772.164 0.045 0.035 -74338.454  -25772.129
298.0  -74349.811 -25757.776 0.001 0.000 -74349.810  -25757.776
91.0  -74332.171 -25767.251 -0.006 -0.004 -74332.177  -25767.255
295.0  -74343.451 -25752.873 -0.000 -0.000 -74343.451  -25752.873
94.0  -74322.663 -25759.868 -0.042 -0.033 -74322.7705  -25759.901
292.0  -74333.995 -25745.586 -0.000 -0.001 -74333.995  -25745.587
42.0  -74235.290 -25687.382 -0.001 0.000 -74235.291  -25687.382
46.0  -74266.370 -25713.202 -0.067 0.081 -74266.437  -25713.121
235.0  -74285.768 -25859.172 0.098 0.078 -74285.670  -25859.094
247.0  -74294.869 -25847.511 0.028 0.021 -74294.841  -25847.490
230.0  -74276.312 -25851.912 0.110 0.088 -74276.202  -25851.824
244.0  -74285.400 -25840.266 0.033 0.024 -74285.367  -25840.242
108.0  -74269.894 -25866.075 -0.033 -0.022 -74269.927  -25866.097
229.0  -74279.218 -25854.142 -0.154 -0.124 -74279.372  -25854.266
226.0  -74269.942 -25847.021 0.074 0.059 -74269.868  -25846.962
242.0  -74278.998 -25835.367 0.022 0.017 -74278.976  -25835.350
111.0  -74260.446 -25858.842 -0.026 -0.018 -74260.472  -25858.860
223.0  -74269.751 -25846.874 -0.129 -0.103 -74269.880  -25846.977
220.0  -74260.383 -25839.683 -0.012 -0.009 -74260.395  -25839.692
239.0  -74269.464 -25828.072 -0.004 -0.003 -74269.468  -25828.075
113.0  -74254.034 -25853.932 -0.025 -0.017 -74254.059  -25853.949
219.0  -74263.412 -25842.009 -0.141 -0.114 -74263.553  -25842.123
216.0  -74254.091 -25834.850 0.013 0.010 -74254.078  -25834.840
237.0  -74263.110 -25823.209 0.004 0.003 -74263.106  -25823.206
115.0  -74247.784 -25849.146 -0.017 -0.012 -74247.801  -25849.158
215.0  -74257.067 -25837.137 -0.099 -0.078 -74257.166  -25837.215
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116.0  -74244.605 -25846.713 -0.001 -0.001 -74244.606  -25846.714
214.0  -74254.036 -25834.810 -0.004 -0.003 -74254.040  -25834.813
145.0  -74354.538 -25880.562 0.007 -0.001 -74354.531  -25880.563
172.0  -74356.289 -25897.700 0.021 -0.002 -74356.268  -25897.702
134.0  -74313.802 -25885.403 0.089 -0.011 -74313.713  -25885.414
161.0  -74315.605 -25902.417 0.134 -0.013 -74315.471  -25902.430
188.0  -74316.277 -25908.971 -0.002 0.000 -74316.279  -25908.971
189.0  -74315.897 -25905.123 0.019 -0.002 -74315.878  -25905.125
133.0  -74310.216 -25885.829 0.013 -0.002 -74310.203  -25885.831
160.0  -74311.945 -25902.841 0.048 -0.005 -74311.897  -25902.846
182.0  -74305.170 -25908.987 0.006 0.000 -74305.164  -25908.987
183.0  -74304.969 -25906.389 -0.037 0.002 -74305.006  -25906.387
131.0  -74302.915 -25886.698 0.032 -0.003 -74302.883  -25886.701
158.0  -74304.708 -25903.682 0.011 -0.001 -74304.697  -25903.683
178.0  -74297.902 -25908.997 0.005 -0.000 -74297.897  -25908.997
179.0  -74297.755 -25907.225 -0.022 0.002 -74297.777  -25907.223
125.0  -74289.964 -25908.128 0.019 -0.001 -74289.945  -25908.129
126.0  -74289.686 -25905.423 0.044 -0.005 -74289.642  -25905.428
129.0  -74295.769 -25887.547 0.018 -0.002 -74295.751  -25887.549
156.0  -74297.539 -25904.513 0.070 -0.007 -74297.469  -25904.520
320.0  -74349.317 -25736.473 0.000 0.001 -74349.317  -25736.472
321.0  -74350.284 -25736.239 0.000 0.001 -74350.284  -25736.238
319.0  -74350.245 -25740.412 0.007 0.046 -74350.238  -25740.366
323.0  -74351.217 -25740.182 0.013 0.038 -74351.204  -25740.144
318.0  -74351.183 -25744.379 -0.004 0.135 -74351.187  -25744.244
325.0  -74352.153 -25744.139 0.064 0.109 -74352.089  -25744.030

fﬂ%%%#j‘f53§E*E? = 0.049 N-ﬁjﬁu= 0.036 E-ﬁjﬁq: 0.032
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-182.
-184.

2596878.103 191760.510 -0.001  0.000 2596878.102 191760.510
2596883.890 191745.770 -0.002  0.000 2596883.888 191745.770

-131.0  2596885.596 191845.550 0.003  0.004 2596885.599 191845.554
-132.0 2596879.380 191840.612 0.001  0.004 2596879.381 191840.616
-133.0 2596873.104 191835.650 0.000  0.003 2596873.104 191835.653
-134.0 2596863.607 191828.263 -0.000  0.000 2596863.607 191828.263
-135.0 2596852.424 191819.405 -0.002  0.000 2596852.422 191819.405
-136.0 2596846.121 191814.487 0.000 0.001 2596846.121 191814.488
-137.0  2596836.655 191807.081 0.000 -0.001 2596836.655 191807.080
-138.0 2596827.216 191799.678 -0.001 -0.002 2596827.215 191799.676
-153.0 2596882.591 191797.173 0.004 -0.005 2596882.595 191797.168
-139.0 2596823.166 191796.464 0.000 -0.000 2596823.166 191796.464
-140.0 2596868.341 191805.782 0.001  0.001 2596868.342 191805.783
-146.0 2596832.485 191867.681 -0.001 -0.000 2596832.484 191867.681
-147.0  2596841.936 191875.200 -0.001 -0.001 2596841.935 191875.199
-148.0 2596848.243 191880.077 0.000  0.000 2596848.243 191880.077
-149.0 2596857.694 191887.519 0.001  0.001 2596857.695 191887.520
-151.0 2596914.323 191934.546 0.002 -0.002 2596914.325 191934.544
-152.0 2596893.251 191790.453 -0.003 -0.003 2596893.248 191790.450
-154.0  2596902.683 191797.830 -0.004 -0.003 2596902.679 191797.827
-156.0 2596903.157 191790.786 0.005  0.004 2596903.162 191790.790
-157.0  2596909.001 191802.775 -0.003 -0.002 2596908.998 191802.773
-158.0 2596912.601 191798.183 0.004  0.003 2596912.605 191798.186
-159.0 2596918.431 191810.169 0.000  0.000 2596918.431 191810.169
-160.0 2596918.778 191803.292 0.005  0.004 2596918.783 191803.296
-161.0  2596924.736 191815.098 -0.000 -0.000 2596924.736  191815.098
-162.0  2596925.118 191808.266 0.003  0.002 2596925.121 191808.268
-163.0  2596928.303 191810.638 0.000  0.000 2596928.303 191810.638
-168.0 2596824.988 191753.561 -0.001  0.000 2596824.987 191753.561
-175.0  2596866.172 191751.172 -0.006  0.001 2596866.166 191751.173
-176.0  2596865.133 191742.185 -0.000  0.000 2596865.133 191742.185
-177.0  2596869.430 191747.680 -0.002  0.000 2596869.428 191747.680
-178.0 2596876.018 191740.917 0.001 -0.000 2596876.019 191740.917
-179.0 2596876.709 191747.127 -0.000  0.000 2596876.709 191747.127
-180.0 2596883.281 191740.170 0.000 -0.000 2596883.281 191740.170
-181.0 2596891.312 191740.586 -0.002  0.000 2596891.310 191740.586
0
0
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-202.0 2596830.625 191910.877 -0.000  -0.000 2596830.625 191910.877
-204.0 2596829.721 191906.963 -0.001  -0.002 2596829.720 191906.961
-205.0 2596828.793 191903.085 -0.002  -0.007 2596828.791 191903.078

HOHIRET 595 = 0.002 N-HJp)=  0.002 E-ffj= 0.002

%F‘fﬁg’%'% RN RN L ERRNFIEE BR-EEs

62.00 0.120 0.120 0.030 0.029
64.00 0.120 0.120 0.029 0.028
66.00 0.120 0.120 0.028 0.028
69.00 0.120 0.120 0.027 0.029
72.00 0.120 0.120 0.028 0.030
74.00 0.120 0.120 0.028 0.031
77.00 0.120 0.120 0.030 0.034
80.00 0.120 0.120 0.033 0.037

248.00 0.120 0.120 0.024 0.038
81.00 0.120 0.120 0.082 0.070
71.00 0.120 0.120 0.097 0.097

275.00 0.120 0.120 0.063 0.078
86.00 0.120 0.120 0.065 0.079

303.00 0.120 0.120 0.097 0.097
89.00 0.120 0.120 0.065 0.078

298.00 0.120 0.120 0.097 0.097
91.00 0.120 0.120 0.065 0.079

295.00 0.120 0.120 0.097 0.097
94.00 0.120 0.120 0.065 0.079

292.00 0.120 0.120 0.097 0.097
42.00 0.120 0.120 0.097 0.097
46.00 0.120 0.120 0.083 0.075

235.00 0.120 0.120 0.068 0.080

247.00 0.120 0.120 0.095 0.096

230.00 0.120 0.120 0.068 0.079

244.00 0.120 0.120 0.095 0.096

108.00 0.120 0.120 0.096 0.096

229.00 0.120 0.120 0.066 0.078

226.00 0.120 0.120 0.067 0.080

242.00 0.120 0.120 0.094 0.096
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111.00 0.120 0.120 0.096 0.096
223.00 0.120 0.120 0.066 0.078
220.00 0.120 0.120 0.067 0.080
239.00 0.120 0.120 0.094 0.095
113.00 0.120 0.120 0.096 0.096
219.00 0.120 0.120 0.066 0.078
216.00 0.120 0.120 0.068 0.081
237.00 0.120 0.120 0.094 0.095
115.00 0.120 0.120 0.096 0.096
215.00 0.120 0.120 0.065 0.079
116.00 0.120 0.120 0.096 0.096
214.00 0.120 0.120 0.066 0.079
145.00 0.120 0.120 0.092 0.097
172.00 0.120 0.120 0.051 0.096
134.00 0.120 0.120 0.083 0.097
161.00 0.120 0.120 0.061 0.097
188.00 0.120 0.120 0.096 0.097
189.00 0.120 0.120 0.028 0.096
133.00 0.120 0.120 0.094 0.097
160.00 0.120 0.120 0.041 0.096
182.00 0.120 0.120 0.096 0.097
183.00 0.120 0.120 0.028 0.097
131.00 0.120 0.120 0.027 0.096
158.00 0.120 0.120 0.032 0.096
178.00 0.120 0.120 0.094 0.097
179.00 0.120 0.120 0.031 0.097
125.00 0.120 0.120 0.090 0.097
126.00 0.120 0.120 0.054 0.096
129.00 0.120 0.120 0.094 0.097
156.00 0.120 0.120 0.041 0.096
320.00 0.120 0.120 0.096 0.076
321.00 0.120 0.120 0.096 0.081
319.00 0.120 0.120 0.096 0.074
323.00 0.120 0.120 0.095 0.082
318.00 0.120 0.120 0.097 0.075
325.00 0.120 0.120 0.092 0.083
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-131.00 0.020 0.020 0.016 0.016
-132.00 0.020 0.020 0.016 0.016
-133.00 0.020 0.020 0.016 0.016
-134.00 0.020 0.020 0.016 0.016
-135.00 0.020 0.020 0.016 0.016
-136.00 0.020 0.020 0.016 0.016
-137.00 0.020 0.020 0.016 0.016
-138.00 0.020 0.020 0.016 0.016
-153.00 0.020 0.020 0.016 0.016
-139.00 0.020 0.020 0.016 0.015
-140.00 0.020 0.020 0.016 0.016
-146.00 0.020 0.020 0.016 0.016
-147.00 0.020 0.020 0.016 0.016
-148.00 0.020 0.020 0.016 0.016
-149.00 0.020 0.020 0.016 0.016
-151.00 0.020 0.020 0.016 0.016
-152.00 0.020 0.020 0.016 0.016
-154.00 0.020 0.020 0.016 0.016
-156.00 0.020 0.020 0.016 0.016
-157.00 0.020 0.020 0.016 0.016
-158.00 0.020 0.020 0.016 0.016
-159.00 0.020 0.020 0.016 0.016
-160.00 0.020 0.020 0.016 0.016
-161.00 0.020 0.020 0.016 0.016
-162.00 0.020 0.020 0.016 0.016
-163.00 0.020 0.020 0.016 0.016
-168.00 0.020 0.020 0.016 0.016
-175.00 0.020 0.020 0.016 0.016
-176.00 0.020 0.020 0.016 0.016
-177.00 0.020 0.020 0.016 0.016
-178.00 0.020 0.020 0.016 0.016
-179.00 0.020 0.020 0.016 0.016
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-180.00 0.020 0.020 0.016 0.016
-181.00 0.020 0.020 0.016 0.016
-182.00 0.020 0.020 0.016 0.016
-184.00 0.020 0.020 0.016 0.016
-202.00 0.020 0.020 0.016 0.016
-204.00 0.020 0.020 0.016 0.016
-205.00 0.020 0.020 0.016 0.016
T § s R 1 NI EERRE BT R R
0.023 0.016 0.016
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M s B BRIEE URE YRR ERA
PSRRI L I M P - - - - - - FASE S (M2 -
T (EREHE
g ml pIHE"
a=  1.00041435 0.000878169
b= 0.00036970 0.000878147
c=  880.73271422 2286.81
d= -1147.09520977 2286.91
BRI N PR 0.000 PRHH E T FLE 0.000
ﬂ«ﬁUN*1 SaF 0.000 ﬁﬁﬁHEiT*iE% 0.000
&E@#@wﬁ% = 0.30438
FSFI (gt = 1.00041442

PRESE N -EDR NG

qgﬁi EdsT—E! a9 = N dep—5g -F o 4e

1.0 2597160.429 191931.553 -0.036  0.013 2597160.393  191931.566
2.0 2597087.135 191865.761 0.041  0.161 2597087.176  191865.922
3.0 2597060.900 191908.810 0.105  0.031 2597061.005  191908.841
4.0 2597040.214 191924.216 -0.052  0.023 2597040.162  191924.239
5.0 2597010.390 191893.970 -0.077 -0.121 2597010.313  191893.849
6.0 2597054.747 191827.716 0.269  -0.065 2597055.016  191827.651
7.0 2597090.437 191770.631 -0.249  -0.042 2597090.188  191770.589
PIREIRT S R = 0,135 N-HJpj=  0.118 E-H[f)=  0.065
PSR SRRIN AR BOHIE D4R Nos-Bl Edsihl dx i N g d - E 8
-34.0 2597160.388 191931.650 0.005 -0.002 2597160.393 191931.648
-452.0 2597087.126 191866.025 -0.005  -0.021 2597087.121 191866.004
-228.0  2597060.969 191908.954 -0.014  -0.004 2597060.955 191908.950
-295.0 2597040.102 191924.365 0.007  -0.003 2597040.109 191924.362
-264.0 2597010.226 191893.955 0.010  0.016 2597010.236 191893.971
-437.0 2597054.968 191827.721 -0.035  0.008 2597054.933 191827.729
-407.0 2597090.067 191770.625 0.032  0.005 2597090.099 191770.630
ORI Sk = 0.018 N-Tfj=  0.015 E-Hfpj=  0.008
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(O ERRLEY SRR

PORJRIBE RN IR RN R

1.00
2.00
3.00
4.00
5.00
6.00
7.00

0.500
.500
.500
.500
.500
.500

.500
.500
.500
.500
.500
.500
.500

o oo o o o o

RNl KER-B R

RN

o oo o o o o

AR -N I
.180 0.180
.180 0.180
.180 0.180
.180 0.180
.180 0.180
.180 0.180
180 0.180

0.111 0.111
0.076 0.076
0.080 0.080
0.088 0.088
0.090 0.090
0.084 0.084
0.111 0.111
NI ISR B2 IR
0.091 0.091
2 RER-NFIREE BRI
0.053 0.053
0.052 0.052
0.052 0.052
0.052 0.052
0.052 0.052
0.052 0.052
0.053 0.053
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“itéFe ~Delaunay = & 2P 3E3R £

- il”%ﬁDelaunay = E"'J%PH%LJWEP J;{ﬁa;—rtg. Iy

W W W NN DN DN DNDNDDNDNDNMNDNDNDNPRPEP R P PR RPRP P PP
N P O © 00 N O O W NP O O 0 NO ol W DN - O
O O O O O O O O O O O O O O O O O O OO OO oo oOoOoooo o o

© 00 N O O A W N B

346.
32.
32.

346.
32.

121.
32.
32.

121.
32.
32.
32.
32.
32.
32.
32.
32.
32.
32.
32.

121.
32.
32.
32.
32.

346.
48.
48.
48.

O O O O O O O O O O O O O O O O O O OO oo oo oO o ooo o o

O O O O O O O O O O O O O O O O O O OO OO oo oOoOoooo o o

O O O O O O O O O O O O O O O OO O OO oo oo o o oo o o o

3 1 2 3
124 0.066 0.139 0.065 0.015 0.034 0.
124 0.066 0.139 0.063 0.016 0.035 0.
124 0.066 0.139 0.057 0.018 0.038 O.
032 0.124 0.066 0.003 0.096 0.008 O.
124 0.066 0.139 0.106 0.005 0.011 O.
124 0.139 0.000 0.062 0.007 0.000 O.
032 0.124 0.066 0.004 0.090 0.010 O.
124 0.066 0.139 0.072 0.014 0.030 O.
129 0.139 0.000 0.011 0.034 0.000 O.
124 0.066 0.139 0.072 0.013 0.031 O.
124 0.066 0.139 0.067 0.014 0.033 0.
129 0.139 0.000 0.014 0.049 0.000 O.
124 0.066 0.139 0.057 0.016 0.041 0.
124 0.066 0.139 0.058 0.016 0.040 O.
124 0.066 0.139 0.058 0.016 0.040 O.
124 0.066 0.139 0.063 0.015 0.036 O.
124 0.066 0.139 0.057 0.017 0.040 O.
124 0.066 0.139 0.057 0.017 0.040 O.
124 0.066 0.139 0.056 0.018 0.039 0.
124 0.066 0.139 0.056 0.017 0.041 0.
124 0.066 0.139 0.056 0.017 0.041 0.
124 0.066 0.139 0.056 0.017 0.040 O.
124 0.066 0.139 0.054 0.018 0.040 O.
129 0.139 0.000 0.016 0.070 0.000 O.
124 0.066 0.139 0.038 0.020 0.055 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
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%té77 ~ Delaunay = & 25358 i S ¥cdR £

DELAUNAY = #7452 gl (A58 -

R
weees g7 1 (R DELAUNAY = FPsa e e
fEifg 52 gl FHEEL
a=  0.99927466 0.0012783
b= -0.00134119 0.0012783
c=  -59.29505025 0.177521
d=  7.50992750 0.177521
PSRN S 274301057 PSR E T AR -25814.207
HAIN T F2EL . -74308.307 PN E T FEl . -25754.401
BBR O = 3.70682
PSR itk = 0.99927556

%I%ﬂﬁﬁ q%ﬁ['N A AE [ﬁII'E Al e qu[_N deT—El %I'E ds TRl O g N T dETig E A

1191.0  -74184.315 -25780.151 -0.038  0.095 -74184.353  -25780.056
1190.0  -74235.535 -25767.938 -0.011  -0.069 -74235.546  -25768.007

32.0  -74181.856 -25682.396 0.041  0.002 -74181.815  -25682.394
SRR R = 0.063 N-Tffil= 0.030  E-Tffii= 0.056

[pRSE EARIN 8 ERHIE L N IED Bav Rl I N AR IR B AR

1191.0  -74184.236 -25779.382 0.012  -0.031 “74184.224  -25779.413
1190.0  -74235.400 -25767.473 0.005  0.031 -74235.395  -25767.442

32.0  -74181.818 -25681.818 -0.000  -0.000 -74181.818 -25681.818
W TR = 0,021 N-fil= 0.006 E-Hjfl= 0.021

SORTHEGEE CERCN (IR LN RRN[IEE AR R

1191.00 0.031 0.031 0.089 0.089
1190.00 0.026 0.026 0.083 0.083
32.00 0.027 0.027 0.096 0.096
T I R R NSRRI RE B R
0.126 0.089 0.089
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%té77 ~ Delaunay = & 25358 i S ¥cdR £

PREE  CRNIRE CCRNIRE ERNRE AR R

1191.00 0.018 0.018 0.061 0.061
1190.00 0.017 0.017 0.061 0.061
32.00 0.001 0.001 0.002 0.002
TR N H iR R BT ISR 1R
0.058 0.041 0.041
Rk 3T 2 WP DELAUNAY = FpRusg ek
LA 7t pIE
a= 0.99927466 0.0012783
b= -0.00134119 0.0012783
c=  -59.29505025 0.177521
d= 7.50992750 0.177521
BRI N F2Rl: -74301.057 fﬁﬁﬁﬁ[EfT*%EE: -25814.207
BPINTFEE -74308.307 WP E T 2R -25754.401
R RBFIESE = 3.70682
fﬁigﬁﬂﬁhﬁﬁaz = 0.99927556

RS N L B A N TR BB SR SN I ST 1

1191.0  -74184.315 -25780.151 -0.038 0.095 -74184.353  -25780.056

1190.0  -74235.535 -25767.938 -0.011  -0.069 -74235.546  -25768.007
32.0  -74181.856 -25682.396 0.041 0.002 -74181.815  -25682.394

ﬂ%ﬂ%ﬂ'j‘ fgdsT-EE = 0.063 N-Hfp=  0.030 E-Hfp=  0.056

RS TARIN 8 ERRIE L N IED BOY Rl I NS I B AR

1191.0  -74184.236 -25779.382 0.012  -0.031 _74184.224  -25779.413
1190.0  -74235.400 -25767.473 0.005  0.031 _74235.395  -25767.442

32.0  -74181.818 -25681.818 -0.000  -0.000 _74181.818 -25681.818
P TR = 0,021 N-fil= 0.006 E-Hjfl= 0.021
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%té77 ~ Delaunay = & 25358 i S ¥cdR £

SORTHEGEE CBRCN (IR CCRN[IEE RRN[IEE EERGE R

1191.00 0.031 0.031 0.089 0.089

1190.00 0.026 0.026 0.083 0.083

32.00 0.027 0.027 0.096 0.096

= R 1R NS T E A S = e A e e
0.126 0.089 0.089
ﬁ%ﬁﬁ%'gﬂfﬁ ARE-N IR RN KRE-NIEE =B IR

1191.00 0.018 0.018 0.061 0.061
1190.00 0.017 0.017 0.061 0.061
32.00 0.001 0.001 0.002 0.002

weeks g7 3 (R DELAUNAY = #Pgs e eeeees

LG Ey R AL
a= 0.99927466 0.0012783
b= -0.00134119 0.0012783
c=  -59.29505025 0.177521
d= 7.50992750 0.177521
f%%gﬁﬂblj\Aﬁﬁi: -74301.057 fﬁigﬁﬂEij‘ﬁiéi: -25814.207
HORIN 2 F2EN: -74308.307 HOHIE 2 F2EH: -25754.401

R RIS = 3.70682
0.99927556

PO ek =

[ﬁl%’!ﬁf q%ﬁ['N g [ﬁl_EiJi;[:g %[_NEI'SFI#E{ ﬁI_EEIiIQE', d g N g WS- -E G

1191.0  -74184.315
1190.0  -74235.535
32.0  -74181.856

-25780.151 -0.038 0.095
-25767.938 -0.011  -0.069
-25682.396 0.041 0.002

-74184.353  -25780.056
-74235.546  -25768.007
-74181.815  -25682.39%4
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47 ~ Delaunay = & 23+ 5 3k S-8cdF £

%%{@'jf‘daﬁ—ﬁf = 0.063 N-Hfp= 0.030 E-Hfp=  0.056

[pRSE TARIN 8 BRI E s N IED B YRl I N AR IR B AR

1191.0  -74184.236 -25779.382 0.012  -0.031 -74184.224  -25779.413
1190.0  -74235.400 -25767.473 0.005  0.031 -74235.395  -25767.442

32.0 -74181.818 -25681.818 -0.000  -0.000 -74181.818 -25681.818
P TR = 0,021 N-ffl= 0.006 E-Hffl= 0.021

SORTHEGEE CERCN (IR CURN[IEE RRN[IEE EERGE R

1191.00 0.031 0.031 0.089 0.089
1190.00 0.026 0.026 0.083 0.083
32.00 0.027 0.027 0.096 0.096
T R IR NI EGE E 2 ik R
0.126 0.089 0.089

PIRIRREE ARR-NPIREGE RN IEG KE-NIEEE KE-E RS

1191.00 0.018 0.018 0.061 0.061
1190.00 0.017 0.017 0.061 0.061
32.00 0.001 0.001 0.002 0.002
I8 R R N TSR BT SRR
0.058 0.041 0.041
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LA T ITREE I FEIMETNER AL DR B
<~ Bk 02003

Lo T gE s T g SR T R A A e
B LB R Pg o poredtd 28 A > 2003

LN SRR R B exk o http://www. 1sb. gov. tw > 2004

L4 s HkEE T p d plshE R BRI B S RIECE (D K R
L2 7 o H? A EmELH > 2004

LRI G E A T R e SR L B2
it %277 ) (%1~161F ) > 2004 -

Iy

- ~EF T - fEriDelaunay = B L AHZ AN T RELEN
B & B Fnasg imLHme (%1-83F ) 2005

-~ 3agze i > RMe-GPSHEE Tt Ak pE s fE 2k M g
ZORRITE P FARBAREETE T BRERY 2 FEF
W é, ($22-51F) 2005
o s g2y 0T Delaunay = & @R R R EZ B TR
LR 2T o R AB A BRLH (5 1-T9F) > 2006
Vs REA 3 Rgg TH SRR T BLERERLFTY
¥ T ERIEEME R 36 (% 983-990 F) 0 2006
Y B @R BEAE: TR E BREKET SRR
W L2 AT %Y T BRIEEME BT e (% 999-1008
)

v
=4

J
4t T

FEAL s FHaE TECBGEE BR2FE AR SR
Bz 77 0 %Y I EPIEENE B* (% 1131-1138
F) > 2006
SRR LR RN IR IOl S S T
R EwE 0 (% 1-59 F) > 2006
= ~Mikhail & F. Ackerman :" observation and least quares ;, 1976
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+ N ~ Mikhail, Edward M. and Gordon Gracie: "Analysis and
Adjustment of Survey and Measurement ; , 1981

+ 4 ~Tamim, N. S. (1992) A Methodology to Create a Digital
Cadastral Overlay Through Upgrading Digitized Cadastral
Data. Ph.D. Dissertation. Department of Geodetic Science,
The Ohio State University. 147 pages.
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