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Abstract

The detailed and highly accurate information produced by the 1/
5,000 Basic Topographic Map (BTM) is widely used for various national
economic and construction projects, resource surveys, and administrative
purposes; the National Land Survey and Mapping Center (NLSC) of the
Ministry of the Interior(MOI) began to take over the revision of the 1/5,000
BTM in 2006, and has been promoting the establishment of co-constructed
numerical maps such as the Land Use Investigation (LUI) and the Taiwan
General Electronic Maps (Taiwan e-MAPs). This has enabled the BTM
database to play a more active role in data supply under the framework of
the National Geographic Information System (NGIS), and has further
introduced the application of various geographic information systems (GIS),
which has greatly expanded and enriched the scope of applications.

The "2022 Government Procurement for the Revision Project of
BTM( 1st Work Zone) " (hereinafter referred to as the Project) covers
Miaoli County, Hsinchu County, Hsinchu City, Taoyuan City, and some
parts of Taichung City and Yilan County, and 472 sheets of basic
topographic maps were revised.

ASIA GIS&GPS Co.,Ltd.(AG&G) invested all its manpower and
resources in the process standardization and automated/semi-automated
quality control, and all phases were delivered on schedule except for phases
3-1/4-1/4-2 and 5 with some delays. We would like to thank the NLSC and
the Aerial Survey and Remote Sensing Society of the Republic of
China(CSPRS) for their supervision.

Keyword: BTM ~ LUI ~ NGIS ~ GIS ~ Taiwan e-Maps
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LiDAR DEM £ ADS # %= Bl3F£ > P|% F40 2k 3-6 &2 4

7oA R EURM R 1.25/2 2 ¢

2 111_ADS 02 -
% 3-6 ADS 201912250326 4% T & # B # i#l A 45

» ] 3% 111_ADS 01

NO | X =] Y =Bl X eMap | Y _eMap dX dy dL
1 |275485.220]2706531.111[275486.282| 2706530.394| -1.062| 0.717| 1.281
2 |275488.4972706522.902(275489.449| 2706522.414| -0.952| 0.488| 1.070
3 |274633.917|2700641.548|274633.450| 2700640.706| 0.467| 0.842| 0.963
4 1274634.160]2700633.628(274633.650| 2700634.276| 0.510| -0.648| 0.825
T35 1.035
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s dm A
1 T AR 2

\@) 111 #R A A VBB RL THES ($1F%%)

% 3-7 ADS 201912250326 %74 3 424 & #& Bl 4 47

NO X =Rl Y =R H_ =Rl H LiDAR DEM dH
1 275424.723 | 2706592.558 | 3284.193 3283.468 0.725
2 275460.387 | 2706523.045 | 3298.193 3298.081 0.112
3 275509.014 | 2706511.328 | 3295.568 3295.218 0.350
4 276472.512 | 2705033.147 | 3121.943 3120.943 1.000
5 274654.072 | 2700613.480 | 3583.568 3582.539 1.029
6 274630.508 | 2700636.820 | 3584.318 3583.732 0.586

T3 0.634

o~z = e

%8 * ImageStation Orientation 2015 5= & ISAT p #

SRS EE AR SR PRI FEES R NN 4

BIZ GPS/IMU # & » #i 4 T £ ehv R « %
TEARA G DR RRAET L RPN E
i Az 4B 36 o

¥ >l §
oo 0 L

=

AFZUSEE@A

¥

EEREN
(BARPIERETE)

PRI
BN S
HEET )

GPS/IMU

¥

I—UD AP

TEitE

B 3-6 77 =
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&R T E AR

& Jp

12 5~
TR
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(=) %egr (Fidm):
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- fREi 1 32028 TEXUTCET 1B
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4~ FUPIITHIBEE 22 RPIBEE RI(I2 S BRI 1%R el 2
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111 # R fhhy 2 Mg pla ek (% 1%

PAVER WA 10pme A E T L d 2 HE Bk
Brlz To 2 FRLFESSPFLES RGP HET D
FRLHEE AR AN PR BEE R AR T
HAERVFRGS B2 TLRB(F 1 %2 % 2 F)RP 4
.

(Hp & %2 L (4K 3-8)

o

Summnary Stats ] Photo Stats] DI_JiectStats] F'D_intStats] EﬁteliorDrientation] GF'S] INS] Self-CaIibration]

Parameter | KAOmega | ' /Phi | Z/F.appa | Key Stalisties Sigma: 4.6 um
Emg Eﬁnhﬁl RS Image [, v 4.1, 34 um
EC Mumber of iterations: 3
RMS Lirits 0001 0O0m 0001 HTREr e e
. Degrees of Freedom; 21222
b ax Ground Residual :
Fresidual Linits 0.001 0.001 0.001 Gross Image Blunders: 0
tean Std Dev Object Grogzs Control Blunders: 0
FMS Phota Pozition Image Blunders: 1
RMS Photo Attitude
tean Std Dev Photo Position Solution Status: Solution Successful.
Mean Std Dev Photo Attitude
< >
Current Count Lz et sest ) Project Settings
Control Points Used: 0 Camera|d | Lens Di.. | Gids Linear: Meters Refraction:  On
Check Points Used: 0 bMC ot oft Angular Degrees  Curvature:  On
Phaotos Used: 215

Phatos Mot Used: 0
Image Points Used: 16255 <

A4

®l 3-8

1 ®%FZ=p

,

()5 1% T £ (4-F] 3-9)

Summary Stats | Photo Stats| Object Stats | Point Stats| Eterior Orientation| GPS | INS | Sef-Calibration |

Current Count

Cameras uzed: [1).

Pararneter | #/Omega | ' /Phi | Z/K.appa |
RMS Contral 0.057 0.048 0.044
RMS Check 0138 0241 0.435
RS Limits 0.001 0.001 0.001
Max Ground Residual 0108 0.033 0.031
Reszidual Limits 0.001 0.001 0.001
Mean 5td Dev Object 0128 0.098 0.347
RMS Phato Position 0,380 0.502 0.881
RMS Phato Attitude 0.0 000 0.007
Mean Std Dey Photo Position 0,272 03E 0134
Mean Std Dey Photo Atitude 0005 0.008 n.a0z
< >

Taiwan [TWD 7] - Transverse Mercatar (m)

Key Statistics
Sigma: 4.6 um

RMS Image [« vl 4.1, 3.4 um
Murnber of iterations: 3
Degrees of Freedom: 22496
Grogz Image Blunders: 0
Grogs Contral Blunders: 0
Image Blunders: 1

Salution Statuz
Solution outzide of AMS tolerance.
Solution outside of residual
tolerance.

Project Settings

Control PDiﬂtS Uzed 10 DE;ngera i | :;lenS Zl E;Ifds Linear  Meters Refraction:  On
Check Points Used: 5 Angular: Degrees  Curvature:  On

Phc-t?;or‘:?:t Hz:z: 31 g Taiwan [TwDE7] - Transverse Mercatar [m)
Image Points sed: 16258 Py 3
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\@ 11 &R AR AVE SR CHES (51 FE%) R

(3)Z = #2® (4® 3-10)

B 3-10 5 % 1 % 5= %3 B 2 ¥R Bl ekt 53 o
Bl od A7 3E8 kEI LT 4EB8TT -

Phe siduals s 3 $

Rt otos Residual Aol Theeshold Point Colors [requites refoading sokution)

WV Foolprints 24z points: [ | Contot [ |
IV Labeis FX - p— oo 0008 Bezppoints: M .. | Creck:

¥ Centers FZFp j—— e (1,000 4erpponts: 8

B3-10 1 %%
ORI FLHRAN (4o 3-8)

i
_ﬁ

N
NV
=

%38 % 1 ®%EPRY FLHELITA

s % B pod g 5 1

> gk 10
% ir Bk 0
1 Fodleey FA RMS X 0.057m
RMS Y 0.048m
RMS Z 0.044m

2 ¥ %4 (o) 4.6(x=4.1,y=3.4)| 4.6(x=4.1,y=3.4)

7 AGRG =37 m L7431



@ 11 &R A ABEVESRL CHES (51 F%F) 1 irmAp

(S)He 12 B3R L A 47 (4od 3-9)
%39 % 1R R AT

2LEE Rx(m) Ry(m) Rz(m) g
Al11-04 0.232 -0.157 0.716
A111-05 0.021 -0.098 -0.645
All11-12 0.117 0.268 -0.031
All1-13 0.018 -0.269 0.014
Alll-14 0.164 -0.335 0.125

RMSE 0.138 0.241 0.435
BT ot ¢4 | 0.138/27000 0.241/27000 0.435/27000
(um) =3.6 =10.1 =16.2
-] *+30N2pm

e YES

& 1 (Y/N)

(6): F 2L B A7 (4o 3-10)

% 3-10 % 1 "z = 58m R A~ 47

11 A+B% 1 RZ=(EHF 1 60%) i tRiE i B
T30 % AepLip i (R 5 ARERLR dc/ S BLR H) 0.69 =0.55
& EhT ok e (i S EE AR R AU/ ik S Bh ) 4.89 =4

@i Rtk (4 £ @ S ghi/ R B ik) 0.65 =03

28 RGRG =9 |+ 7



11 #RAAEABRI THEMESE (F1IFER) 1 iFARIEE

#

(—) $2%z=T4
()p & %L % (4oF 3-11)

B

Summary Stats | Photo Stats| Object Stats | Point Stats | Esterior Orientation | GPS | INS | Sel-Caliration |

Pararneter | #/0mega | /Phi | Z/K.appa | Koy Stalistics Sigma 36 um

Emg Eﬁnhil 0.0z22 0.043 .04 RMS Image [ v 29, 26 um

RMS Limits 0o0t 000 0001 [';J“mb'ar DE e in?z

Max Ground Residual 0.029 0.072 0.064 egrees ol Freedom

Fesidual Limits 0.001 0.00 0.001 Gioss Image Blunders: D

Mean 5td Dev Object 0,333 0.276 0.621 Grass Control Blunders: 0

RS Photo Position 0.a0z2 1.020 0914 Image Blunderz: 0

RMS Photo Attitude 0.024 0.023 0.023

tMean Std Dev Phota Position 0,705 0.729 0413 Salution Status:

Mean Std Dev Phata Atftude 0,012 0.013 0.006 Solution cutside of FMS tolerance.
Solution outside of residual

£ > talerance.

Cameras used: [1).

Current Count | - - Praject Setings
Lontiol Points Used: 3 [?:llrgerald ET[M Di. g;;da Linear: Msters Refraction:  On
Check Paints Used: 0 Angular: Degrees  Curvature: On

FPhotos Used; 185
Phaotog Mot Used: 0
Image Points Used: 3306 < >

Taiwan [T'wDS7) - Tranzverse Mercator (m)

B3 $2F2=fd T 185

Q) #1 T £ (4@ 3-12)

Summary Stats | Phota Stats| Object Stats | Point Stats | Esterior Orientation| GPS | NS | Selr-Calibration |

Pararneter | x/0mega | ' /Phi | Z/K.appa | ey Statistics Sigma: 3.7 um

RS Contral 0024 0165 0157 RS Image [+ v} 3.0, 26 um

RMS Check 0630 0.733 0.730 G

RMS Limits 0.001 0.001 0.001 [rfe”grr”::s' z: E‘;’;‘Zﬂj 3088

b aw Ground Rezidual 0.082 0.237 0.409 )

Residual Limits 0.001 0.007 0.007 Gross Image Blunders: 0

Mean Std Dev Object 0.274 0.218 0.567 Grass Control Blunders: 0

RS Photo Pogition 0.840 0.9a7 1.085 Image Blunders: 0

RS Phatao Attitude 0023 0.026 0019

tean Std Dey Photo Pogition 0680 0715 0382 Solution Status:

tean Std Dev Photo Attitude 0,011 omz 0.005 Salution outzide of RMS tolerance.
Solution outzide of residual

€ > tolerance.

Cameras uzed: (1.

Current Count Project Settings

Contral Paints Used: 11 Camera Id | sl | L Linear: Meters Refraction:  On

Check Points Used: 5 DML aff ot Angular: Degress  Curvature:  On
Photos Used: 185

Photos Mot Used: O
Image Points Used: 3306 Fy 3

Taiwan [TwD97] - Tranzverse Mercator [m]
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—

1 iFRIE 2

()% = #7 R (4c® 3-13)

Bl 3-13 2 % 2 %3 = $7 R % Sk Tl T 570
BY =d gig3E %,7k%g%ﬁ4ﬁ%‘]‘;'|%io

[
Phatoz Fesiduals Coale Threshold Paint Colors [requires reloading =
[V Footprints Zrappoints: [ | L
v Labels W — 57 1 0016 Jray DD?nlSZ - |
W Centers v =G 1 ¥ 0000 4+ ray points: [T

0 AGRG =3 m 413



@ 11 &R A5 2R RL FHES (5 1FE%) R

(DB FAM RSP (40 3-11)

2311 2% Z=28p°P ZAHFRELITZ
7P

38 =% Ao g 5 4
> 3B 3 7
LA S 0 4
1 gy 4 RMS X 0.022 0.034m
RMS Y 0.043 0.165m
RMS Z 0.047 0.157m
2 ? 4 (0) 3.6(x=2.9,y=2.6)|  3.7(x=3.0,y=2.6)
) P BEF-A A 47 (drd 3-12)
% 3-12 %2 % ZZHRPEH R A T4
LS Rx(m) Ry(m) Rz(m) s
111 LIDAR H1 - - 0.279 ® i
111 LIDAR H2 - - 1.193 ® i
111 _LIDAR H7 - - 0.536 i
111_ADS 02 0.501 -0.474 -0.916 >
111_LIDAR 06 -0.736 0.922 0.186 B
RMSE 0.63 0.733 0.73
Hed D oor LR 0.63/32000 0.733/32000 0.73/32000
([,é m) =19 =23 =23
-] *30\2um
, 1 YES
& #(Y/N)
(6)id 8L B A F7 (404 3-13)
%3-13 ¥ 2 % FZ 22 ERREA~IT
1 AABS 2% 5= (EHF 1 60%) R g 8
T g appip B (A8 5 AP B/ SR ) 0.62 =0.55
& BT 3ok e (b BRIk AU/ i ) 4.0 =4
dign kit (4 £% @b el R H) 0.58 =03

31 AGRG =3 |+ 54
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@ s rs s uman R (51 R) 1 e

o, ¥
prels

2~ B T R 4
A BERE I ER A TEHA T BT
BLETHE 0 & 2 B WA T R R B R LR

= ARz pdlghr g gl ik T RGY

Jin
gl

v

AMA G LEH TG IS EFEEAE S H L
B o 5B 594 Bl 3 R LT &3 PR B F R B 216 B¢

LA o AP FRE S - 2 A 2N doR
3-14> 7 f B ik BB G B RS 2 BEEE R BB R A
2 Ap BT EITAR R A B B R Ac ] 3-15 ¢

85 Image Control i [m| W

AR R L I A E DMCumport 2 DMC\E: S E08 E 1R 258 T
Aerotriangulation RS @R 11 EF B _DMCimport_2_DMCE_DMC_3845EE 536

GAEHE SRR NEFE_DMCmport_2_DMCphoto TET
O R R R L EF B _DMCimport_2_DMC\camenra bt
GARGIEREAEEN 1B A _DMCS_DMCOAWGE_TWDI7@2020 s

B 3-14 R B4 T f 8 A A2 5~ R B

33 AGRG = | + 8 %



1M1 ERAAE VBRI THEMEE (5 1FEF) 1 fFR AR

UNID IMG_Format  FID Yotfnt NCC LSM Sigma GroundE/N/H Bl o Niah W TWVD PriName TypelD ChkID AHID ChkMeta UpdateTime

952140504111-02_Aerial  tif, raw AlLL02 5 999 99 20 224576.083/2696834.845/313.122 0.043/0,04310.068 ) TWVD2001 AGG cT Lal | EEBRGREZMED 2022171151512
6233100411103 _serial it raw A111.03 3 999 899 20 223109.55126G2M456AH195421  0.04410.0440.069 TWVDZ00L 4GG €T LALL i RESUREISHIND 20227151512
06233100A111-04_serial  1if, raw ALLLO4 8 999 999 20 Z26169.785/2692622.792/210.109 0081007410241 TWVD200L A4GG  CT LAl L M PERCRENEHED 20027715 15:12
962331004111-05_Aedial tif, raw AlLLOS 7 999 999 20 232000AC268964LISTEZBE92  0.0TTOORONZEL T TWVD2001 AGG  CT LAl L M FYRGREIERED 20227115 1502
no HID PID Yotfnt [MGFath IMGWidth*Height ~ Focal_length MoBand IMGOriginal? IMGOriginall PhotoX Fhoto¥ PhotoCam PhotoPizel PholoDate PhotoScale OrgIMGPath Azimuth

95214050A11102  95214050A111420  ALLLOZ 1 GARGRERIE AN 11 82207229 120 RGE an 2824 12197 -17602 DMC 1220210203 1:27000  210203d_30_0015  -1.564670221
95214050A11102  95214050A111020 ALLLOZ 2 CARRITHIEI L1 8209229 120 RGE 855 445 40705 -19.733 DMC 1220210203 127000 210203d_30_0016  -1.548002327
9S2L4050A11102 95214050A111020 ALILORZ 3 ARSI RIEIA L1 #2204229 120 RGE 8510 5201 16337 -19.181 DMC 1220210003 127000  210203d_%0_0014  -L.STMZSTS
95214050A11102  G5214050A111020  ALILOZ 4 CARRIERIEIN L1 #2207 220 120 RGE s13 7362 42267 76.784 DMC 1220210203 1:27000  210203d 31 0077 1561528628
9521405041102 95214050A111020  ALLLO2 5 GARMBIERIEI L1 H200°220 120 RGE 8291 TSAT 44489 -16.544 DMC 1220210203 127000 2102034 30 0013 -L.S95178576
9623310041103 96233100A111.030  AL1103 | GAN QST 11 82007229 120 RGE 22 3032 9696 50034 DMC 1220210203 127000  210203d_%0_0008 1550149062

ESLED TWD97@2020 | E 4R/45E (m) 224576.083 / 0.04
EEELES 95214050 / A111-02 | NAAR/BE (m) 2696834.845 /0.04
HERRE 5 E&m) 313.122

| ICECARRA (5 BUBIE R / HEBKE (m)
BHEERPEE ) SEBEEm)

HE T HIE
i ESCIEESIES)

R (px) 1 229%229
% % (band) : RGB
FBATE (um) ¢ 12
T=FRE 1 210203d_30_001:
8B (mm) : 120

T (Rad) : -1.56467

28K px) 1 229%229
% % (band) : RGB

AT E(um) © 12
T=HR 1 210203d_30_001
8B (mm) © 120

F i (Rad) © -1.548002

245 HNpx) 1 229%229
i FR (band) : RGB

AT (um) © 12
T=FRHE ¢ 210203d_30_001.
E 8B (mm) : 120
FhifA(Rad) ¢ -1.577429

248 ANpx) 1 229%229
i F% (band) : RGB
AT E (um) ¢ 12
T=FAYE :210203d_31_007
FEIB(mm) : 120
Fhifh(Rad) | -1.561529

SR (px) * 229%229
i FR (band) : RGB
T E (um) ¢ 12
T=FRH ¢ 210203d_30_001;
FE B (mm) : 120
Fhifh(Rad) © -1.595179

B 3-15 B Hddl % % g2 o) (A111-02)

X b naen

34 AGRG = 37 i + 13
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ﬁ%iﬁbnﬁ—T v :
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2w & B & % TWD97[2010]DTM = % » & & 3704 » i%
110 # B % 2 =01 1% ¢3R4 > ¢ 33 15 DTM & % 954k
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1M1 ERAAE VBRI THEMEE (5 1FEF) 1 fFR AR

() Rlitgs Bz + o2 - Are R F ~ 35 -

wa&@%%ﬁy?ﬂ’i%%wW%ﬁﬁfﬂ
% DEM/DSM = % #% (GRD)
2 FER T4 A (HDR) » 4- @) 3-

-|I|M

b (gl \l\JH}N.hHihl\ulhd\h | |

'

W i
: IJH luJ.HlﬂlWh H |'|

iz FL
H69600.080 2538600.008 -999.000 95211062
169605.000 2538600.000 -999.000 TWD97 2010
169610.080 2538600.000 -999.000 K EE 8 42 E [TAVD2001
169615.000 2538600.000 -999.000 5000
169620.000 2538600.000 -999 .000 5
169625 .000 2538600.000 17.100 -
169630.000 2538600.000 17.000
169635 .000 2538600.000 17.000 287840
169640.000 2538600.000 17.000 514
169645 .000 2538600.000 17 .000 560
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