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Abstract

Taiwan is surrounded by sea. We have vast ocean territory and rich ocean
resources. Therefore ocean related issue is one of the primary policies and

administration works for our government.

"Plan for Development National Basic Surveying" (2004-2007) -~ "Plan for
Fundamental Surveying and Mapping" (2010-2012) ~ " Continental Shelf Survey
Project"(2013-2014) and "Plan for Development Marine Surveying and Data
Integration" (2015-2020) are both important programs planned and executed by
Ministry of the Interior.These projects contain the high accuracy hydrographic

surveying and mapping for Internal Sea, Territorial Sea and Contiguous Zone.

The surveying area of this year’s project is from BuDai Port in Chiayi County to
the south of Mituo Port in Kaohsiung City. The area is about 690 square kilometers and
length of the coastline is around 83 km.This project gathered bathymetric terrain data
by multi-beam echo sounder system and single-beam echo sounder system, besides
gathered coastline terrain data by photogrammetry and airborne LiDAR. 95% of the
output match the job accuracy. The TPU(Total Propagated Uncertainty) analysis is
more than 99% match the job accuracy.Most of wrecks and artificial reefs marked on
charts are disappeared, but some of artificial reefs announcement by Fisheries

department still exist , and some new targets were be found.

The chart of marine area is the cornerstone of the national oceanic development.
It also serves as basic maps for national territory management, environmental
maintenance, navigational safety and ecological conservation. This project has mapped
112 sheets of the base chart at the scale of 1/5000 and 10 sheets of the base chart at the
scale of 1/25000 both with pre-data of ENC(Electronic Navigational Charts) and meta
data and resolution of 5m ~ 10m ~ 20m ~ 50m ~ 100m ~ 250m DTM data.

Keywords: DTM, pre-data of ENC(Electronic Navigational Charts), meta data,
TPU(Total Propagated Uncertainty)
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Test) > #2238 P ¢ 7 Latency ( F 42 T@ﬁ%iﬁ@ﬁﬁ’? )~ Roll (## % )~ Yaw (4if
) ZPitch (fFird ) 5> 2 PIARE R RBLAIN2002 % o AIF 1 FF fp pFik (75
FELBI(E T )E B EP(B ) *ﬁﬁ 'F?ih‘%)iéﬁf"%%’—\—ﬁi‘ﬁ’kiﬂ?-‘zﬁ'lgﬁlii:T'\o

BARA >

125

\9g 77
S ;%'" e/ A’mggjj de‘liw‘y.‘

4, (BANO.612

01
103

HARTAR

\

Bl 3-9 ~ RIF & S * I“*’T-' %ﬁlfi“&f“'iﬁl



FHSAR

\

(B)H 3 & iplan

(C)RIFERB R TR REBXHA

AERE ARG RFRIER Y TRAS, TRES, 2 TWI315, ¢

FREEFRRFERE TFE A T ER* XF R AR 3-11977 > 24 S22 £ F




B REBEPFTA - FEAR CHE2 2 NBEP 2F 4R THEL105E & -KF
pEs

REFHENEZ FR ’vimﬁ-,ﬂ ARBETH S EEFL o

B3 RAPM REHKRYT

® 3-11 »
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CRIFRLRBRITERP
dAERZTN BT RRFRBEFALSLFRE  ZREREFH AR
BERFPL RxmeFAIRAITE -
1. f¥%¥ p #:
> 105/04/17:& = Kongsberg EM2040 % § & BliF % S t% (T % o
» 105/04/20 i& = Reson NaviSound 215(95291) ¥¢ Reson NaviSound
210(95472) 8 § K BliF & sl i E o
> 105/04/22 i& = Reson NaviSound 215(95556) 8 5 & Bl /F % %22 R2
SONIC 2024 % 5 K BlF & St 7% -

LUEEA 20 L F R b RTARA A 3010 -
2 310 % RIFETH
TR 4R BUiR| TR P B R4 (&) B B xF
¥ % P =36
X*g 2016/4/17 17 p el 4Ep 6T RFH AR FERHIVE
LRI ) 04:30 06 p* & b TE AT ER R 1 R B G ek
L h 8
£*g 2016/4/20 20 p Al AR 6mTT OAF Y ] B2
2inis 04:30 06 pF Lk 43 SR T 12k
xT® 2016/4/22 22 p o i 45%h 6&11TF B Y R 2=
ECAE S 04:30 06 p* o AR ISR

ﬁ&%%@ﬁAu"?»awﬁVﬂvﬂw»we%€~4waﬂa
o AR BRIFAANEE AP ST L EY opE
L ig 12 E o A PIE X mﬁﬁjF;riﬁi%ﬂﬁi%ﬁil’Lﬂﬁﬂz

BIF kS A F %\03 Wi%ﬁﬂ@ﬁ%?ﬂ@ﬁ=-ﬁ%r&§§ﬂm
Bt srd)y T 2T T105-SOP k454

(2) & wplz:

AH 3 o RIFRIE RIERT e (bar check ) » & 12 g ik £ ) B 7
B2 o e B BRI REFR S RIERS T EEH TR A RARBIF
AR T AT ARIFHARE KD EZFERP o Bar Checki® ¥ i) 40 B 3-12
):'Li—ﬁ— °

B3:H 3 ABIE A Al E A Wdrd 3-11~% 3-13%7 o

C.Oof & RFRE AT REXE R > FLIRTIFHEF» BT
siendp & ) 3E (patch test) 0 A W] KB~ 3k B anip e & (pitch) ~ 4k &
(roll) ~ #%iF, & (yaw) %2 GPSenF 42 @)ﬁa?lfl?ﬁ%“‘ 7 ¥& (GPS Latency) > S5d % =t
FE RPRREFEREBNE GO B U LY AR DKL
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GPSPF [ £ 8 2 58 > fp £ PR RISE B 32+ 312002 7 o
D.% 4 & kiFR &2 & & pliE(patch test) > 2 FAL L EF &4 v 2 ~ ()
RIRIE TR P 2 3.5 TR

®l 3-12 -~ Bar Checki% #& 1735

% 3-11 ~ Reson NaviSound 210(95472) Bar Check # B] %

Bl p HP: 105.04.20 iB|i7% & 7] 5.: Reson NaviSound 210
Bl B iE b BB P 3 e KiEA 099 m
BIER: ®RiZE X T 1530 m/sec

PlLFISEPLIFR

f AR Bm)) L0 s o(m)

i% B #1 D=B-C(m)

1.00 0.99 0.01
2.00 1.99 0.01
% 3-12 ~ Reson NaviSound 215(95291) Bar Check # ip| %
B P 2 : 105.04.20 iB)7% & 7 %.: Reson NaviSound 215
R BL B iE R R P 3 ke KiFE AL 099 m
BlER: Bi-F % Hik: 1530 m/sec

RIFS 2 RIFER

R R Bk iE Cm)

% B #i £ D=B-C(m)

1.00 0.99 0.01
2.00 1.99 0.01
% 3-13 ~ Reson NaviSound 215(95556) Bar Check # /B %
¥R P ¥P:105.04.22 )57 & 1) %5: Reson NaviSound 215
R B BB P 3 ke ckiFE A 099 m
BlER: R % Hik: 1530 m/sec

om] 572 s EL cpyl oo
W Hedm % 2R R B(m) ’Fi”':*’ii‘;:’?ég;’)i iE B # £ D=B-C(m)
1.00 0.99 0.01
2.00 1.99 0.01
(B) 4 B F fuezd 323 5§ A-RIFRIE FREERE LR P EMotion
Sensor) % & % 35 (Gyro Compass) )4 T pF 2s 4RI P 4y & e {2 08 AL (pitch) ~
= v ¥#A4(roll) ~ 4y (yaw) 2o & B & 1+ T A= iR(heave)z F & 0 T iF L RIF




G EE B REARBERESE e ~(Z)RiFRIETERP 2 4
‘é’pxi’l&‘{.l_"/% °

(4) dp B w2 w2 EF LRiFRESE 3 A KiFRIESHRE® RTIK T
F‘i’:@?{&«fﬁfi TR R o

(5) ¥4 T-kiFEplE ?‘%—';@ﬁﬁ FEIR T E P g -RIE K e R R ARR1RIAR
PRI R E > TFEA R A ES S & [EAS ,r;qﬁu R -
Foom2Rig %.“'3#"“%1*“5 LIRS R - /F LI A G

R R BE R BE(H 3 é\)é} Bl A dod 3-140 A IFEFEH 5 L pEE

e $aka) 3 0.65 22 > 53 q\—un%ll* a zgyzﬁp\ j 10 i 12
FoeplEL s 3T P %\«k /?J/ﬁc,f" 2 (FEBPB LT LRPIEFTHEDEZ K
IR g -3 B8 AR E %pwﬁé Foo WHF RRIE F LR B ET
<310 2% o 5 F RPIF LB e bR 3 DR 10%F R e

(B~ H = %‘)F\ 1% 3 %5 & (beam):gk o

2 03-14~ LIRS TORRRRNEE

61,128 177,789 0.34
54,847 84,563 0.65
58,510 113,952 0.51

BIE & S5 RIREEF Fr0RiFE TIORLEBAR
(m’) RBE(B)  (B/mY)
R2 Sonics 2024 1,192,941 19,520,913 16.36
Kongsberg EM2040 1,198,155 130,692,902 109.08
6) P imig > N h kKRR R ITERE s TR HMRLBEBP R AT Rk
FERFEIARFR P EEREBLS FEABETS S 2 2 (D)
KRB FERP 2 6B B S N o Rk A e R T02.57
F AR TR\ ITEARIP RER RS ) TR AT T30 ER
Sk érd J°
(7) B3> 2 0% G RFRENTEFFIN » EPRFL R THEEE
BT ERRA PPFEGIED R RE R BRI R ERE R B
g FEY I ORERIE S S o FERRIZ B EELEYR S
Fow (S PRFRETERPZ TEEB LS 2 ’ﬁ« Plle d3fa e %
ABTO2LRIFE A A %\03. /%4 R B# 25 &&cd ;T T4,
B de Epledd o
(8) Hrzk % 3+ 5 = ;4. Kongsberg EM2040 ,x 3t > 423 * Fugro Seastar 9200
HP chFrprfrd £ AW T L W pldisarka 2= £ 24 Applinax POS
MV 320 B #F 2 B 5 Pl MLk 3> 32 kT B GPS L1&L2 band F
Flo ¥ ¥ L—lbjf@/@m—@ﬁiﬂ ’ ‘LA#BE‘;@E&“&'&‘”\#‘\%‘&}?P\ A fEy 5B
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IR 2 S5 AR 2 % A - R2 Sonics2024 % § & ,% %27 Reson NaviSound
B3 & Anpr & £4080"POSPac™:e (7 {4 f2 5 > {1 * POSPac #i#ie
{7 GPS Tt jad - fyd B adlen™ SURE M A OB & kit > LR E
RO E B R B E S EELBE TSR e S (2 )KiIFR
BIEEEM2 67 =1 3 8 o

(Z)EARESF 18

AERIF A ATEAR Y 228 5 RRIFE L RE3REF LRIF
B WMRIEERPN A B RSB TR

Lo kERE TR E S &
(1) Kongsberg EM2040

105/04/17 Kongsberg EM2040 *5 jp|#uf* 4@ 3-13 1+ > & & = % 4§
303 LT o A A R AeB] 313 4T o

B 3-13 ~ Kongsberg EM20403 B #15* B



(2) Reson NaviSound 210-95472

105/04/20 Reson NaviSound 210-95472 5 jp| > 4c@ 3-14 + > &+ 3 =

S5 4o 3-14 277 o IR B S R 4oB] 3-14 4T

iSound 210-95472F | i B> B

Reson Nav

® 3-14 ~
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(3) Reson NaviSound 215-95291

105/04/20 Reson NaviSound 215-95291 5 jp| #if*4c@ 3-15 + > &+ 3 =

VTR R S % o] 3-15 4T

,
=

% 4c@ 3-15

-95291% B L& B

Reson NaviSound 215

® 3-15-

40



(4) R2 Sonic 2024:
105/04/22 R2 Sonic 2024 & &L 4o @ 3-16 F > & 3 = % 4cB] 3-16 =
T oo s R doR] 3-16 w7

¥ 3-16 ~ R2 Sonic 20243 :p| #Li B

41



42

(5) Reson NaviSound 215-95556:
105/04/22 Reson NaviSound 215-95556 *& p|#ufr 4B 3-17 + » & B =
Shc® 3-17 =7 0 1B S S4B 3-17 T

IR TR AT B R RRA U 5 T AR R EO5%
PR AORERBERMBAEE ko Sd LHRBALHAEEHT S
H SRR 2 sk e~ L B TPUS § 48 B chilfc(® > 4 20 iRlR b sui ¥

H: o102 e %%d
CARISz_ + #%2 ;8 “BASE Surface QC Report”# :E 4 7 11 A & /5 B -RiF = % 2.
7 FEP"L&”}; 5 on L )+ & IHO S-44-L7H"}§i’f§,lj_§ s % /:‘4\ A8 A B hoE] 3-18~[F]
S AFEER R EA o

322 M E G SR RP LB AR

by



| QCreport_DP-SOP.bxt - £5& [ [ © [t
BEF JEE) #HO) #mEV) FHEH)

BASE Surface OC Report

Date and Tine: 2016/5/1] T4 00:0

Surface: DIACARIS 8\F1e1dSheets\20160417 _MAP_EM204040C ses. caar
Holiday Search Rading:

Holiday Minimum Nuomber of Nodes: 6

Holiday layer created: No

Error values from: Uncertainty

Humber of nodes processed: 4796126
Number of nodes populated: 4796100 (100.00%)
Nunber of holidays detected: 0
THO 5-44 Special Order:
Range: 0.000 to 100.000
Huiber of nodes considered: 4796100 I
Humber of nodeg within: 4796100 (100.00%)
Residnal mean: -0.149
S-44 Order la:
Range: 0.000 to 100.000
Huiber of nodes considered: 479610
Humber of nodes within: 4796100 (IOU 00%)
Residnal mean: -0.430
S-44 Qrder Ib:
Range: 0.000 to 100.000
Huiber of nodes considered: 4796100
Number of nodes within: 4796100 (100.00%)
Residnal mean: -0.430
S-44 Order 2:
Range: 100.000 to 5000.000
Ho depths within the specified range

=13 5117

B 3-18 ~ Kongsberg EM2040 % § 4« SOPR| % 72 FEZ R G ELA 75 %

Date and Time: 2016/5/10 BZF- 11:42:21

Surface: It \HIPS(x64)\71\F1eldSheets\IUSSEA\IUSSEA SOPYSOPHE_RWall_G50cu.czar
Holiday Search Radius: 2

Holiday Hinimum Nunber of Nodes: 6

Holiday laver created: No

Error valunes from: Uncertainty

Humber of nodes processed: 479706
Humber of nodes populated: 4771671 (99.47%)
Humber of holidays detected: 129
THO 5-44 Special Order:
Range: 0.000 to 100,000
Huiber of nodes conzidered: 4771671
Number of nodes within: 4755401 (99.66%)
Residual mean: -0.107
3-44 Order la:
Range: 0.000 to 100.000
Huiber of nodes considered: 477167
Number of nedes within: 4771671 (IUU 00%)
Residual mean: -0.368
S-44 Order 1b:
Range: 0.000 to 1[00.000
Number of nodes conzidered: 4771671
Nunber of nodes within: 4771671 (100.00%)
Rezidual wean: -0.388
5-44 Order 2:
Range: 100,000 to 5000000
Wo depths within the specified ranze

E13 2117

B 3-19-R22024% 3 4 SOPR| % * FE TR G- EA 13 %

7| TPU_105SEA-SOPSB_210-0420_G10m.bet
#EEF) f[EE) BXOQ) BEV 8]FH

BASE Surface QC Report

Date and Tine: 2016/5/10 R2F 11:46:42

Surface: Dt \HIPS(x64)\7I\FleldSheets\IUSSEA\IUSSEA SOPYSOPSE_210-0420a11_G10m. c:
Holiday Search Radins: 2

Holiday Hinimum Number of Nodes: 6

Holiday layer created: No

Error values from: Uncertainty

Humber of nodes processed: 1327
Humber of nodes populated: 9667 (72.80%)
Number of holidays detected:
1HO 5-44 Special Order:
Range: 0.000 to 100.000
Huiber of nodes considered: 9667
Humber of nodes within: 9667 (100.00%)
Residual mean: -0.008
S-44 Order la:
Range: 0.000 to 100.000
Humber of nodes considered:
Number of nodes wlthln 9667 (100 00%)
Residual mean: -0.379
S-44 Order 1b:
Range: 0.000 to 1[00.000
Number of nodes congidered:
Nunber of nodes within: 9667 (100 00%)
Rezidual wean: -0.379
5-44 Order 2:
Range: 100,000 to 5000.000
Wo depths vithin the specified ranze

< T

E1F-F11]

B 3-20 - Reson NaviSound 210-954728 ¢ 4 SOPR| % 2 FET R G- EL 73 %
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[

| TPU_L0SSEA-SOPSE_215-0420_G10m.bxt -
#BEFR HEE B0 BEV |]EAH
BASE Surf C R port

Date an 615110 B2 |

Surface: D: \HIPS(X64)\71\F1eldSheets\IDSSEA\IDSSEA SOPYSOPSB_215-0420a11_G10m.c:
Holiday Search Radins:

Holiday Minimum Number of Nodes: &

Holiday laver created: No

Error valunes from: Uncertainty

Humber of nodes processed:
Humber of nodes populated: 7743 (72 09%)
Humber of holidays detected:
THD S-44 Special Order:
Range: 0.000 to 100,000
Number of nodes congidered:
Humber of nodes within: 7743 (100 00%)
Residual wean: -0.098
S-44 Order la:
Range: 0.000 to 100,000
Huiber of nodes considered: 7743
Nuwber of nodes within: 7743 (100.00%)
Residual mean: -0.379
3-44 Order Ib:
Range: 0.000 to 100.000
Huiber of nodes considered: 7743
Number of nodes within: 7743 (100.00%)
Residual mean: -0.379
S-44 Order 2:
Range: 100.000 to 5000.000
No depths within the specified range

. I b

F15: =11

® 3-21 ~ Reson NaviSound 215-95291% ¥ # SOPR| % % FE T R G- ELA 173 %

[o] & [

| TPU_105SEA-SOPSB_215-0422_G10m.txt -
BEF SEE B0 BREV |EH
BASE Surface QC Report

Date and Tine: 2016/5/10 B7F 11:55:21
Surface: D: \HIPS(X64)\71\F1eldSheets\IUSSEA\IU5SEA SOPYSOPSB_215-0422a11_G10m. cs
Holiday Search Radius:

Holiday Hinimum Nunber of Nodes: 6

Holiday laver created: No
Error valunes from: Uncertainty

Number of nodes processed:
Humber of nodes populated: 9268 (72.51%)
Number of holidays detected: O
THO 5-44 Special Order:
Range: 0.000 to 100,000
Huiber of nodes considered: 9268
Number of nodes within: 9268 (100.00%)
Residual mean: -0.099
3-44 Order la:
Range: 0.000 to 100.000
Huiber of nodes considered: 9268
Number of nodes within: 9268 (100,00%)
Residual mean: -0.380
S-44 Order 1b:
Range: 0.000 to 1[00.000
Number of nodes congidered:
Nunber of nodes within: 9268 (100 00%)
Rezidual wean: 380
5-44 Order 2:
Range: 100,000 to 5000000
Wo depths within the specified ranze

Fl T b

E15:E11]

@ 3-22 ~ Reson NaviSound 215-95556% 4 # SOPR| % # fr TR w3t EA 173 %

—

BLARAVHMREFA L FRERRAAREE A LRR)

FTERAEZ POBANR I RRIFAAFLREFZHFRALT B
%ﬁﬁ@{?ﬁﬁﬁﬁﬁii%p’mﬁﬁwﬁﬁﬁ

i *w

[t —"L‘izlﬁ;EP (footprint) AU APBRRERE T mAT S RBNE ST B
ks O?‘ﬁéE%ﬂi1*€%13%iﬁ£&@é0mpiﬁﬁi}ﬁﬁ&
HFARME9°, EESHI T Z 232 T 5 10m e

$E§$%£ﬁ?ﬁ2£&%égﬁ$ﬁ@jﬁﬁ kB T
FIMERRIF AT P RARAF MR H A R R F LR
A ARIERY P A2 R TS R



(1) Kongsberg EM2040-1 3 :

F1#* Kongsberg EM2040 2 % 2 -K/FEBLM 36 = 0.5m*0.5m e 12 2 &
PIARCE ERIEE S S F RRIFERE A SRR RS SR B i 98.95
YuEc it & T KiERIE \7}"’\%% HEFRITELY AGEREZaLogIEE
S de 323~ % 3415 447 o

W 3-23 » Kongsberg EM20404 1% R/50 22 > % 2. 324 4 F §]

% 3-15 ~ Kongsberg EM2040 # 5B 32 2 B2 It 34V 4

FARN S S 13,693,456
A 13,693,456
# L T ¥ (m): -0.02
LY A (m): 0.11

FERHRE S T8 [13,549,091) &+5: (98.95%
FERHRE 7 &38| 144,365 #* & 5| 1.05%
1 S HE ERITHc [13,614234] &#5: |99.42%
13 HAE 7 &R 18 79,222| * &5 0.58%
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(2) Kongsberg EM2040-¥5%% % :
¥R FRE T A I Y PR B k5L 1% Kongsberg EM2040 2 %
2 KIFEBEN OSm*O Sm e B e PR ST RRIBEE Y S F AOKIF
BIE S F 2R TR ST %L 98.4690 2 dcit & T RIERIE T
MM A2 FRITERP AEREELL 2L FERE 4B 3-24-% 3-16
3] o

B 3-24 ~ Kongsberg EM20404# +: R A 27 > % 2. {3} 3 34 4 + F
% 3-16 ~ Kongsberg EM2040 # 5 R|5 27 > %2 #3334 WV ik 4

£ B 13,693,437
Wbt ok 13,693,437
B L T A (m): -0.03
B Y EF (m): 0.14

EEHRE Y8k (13,482,999 &£#.3F: |98.46%
IR 2 8T8k 210,438 # & #F:| 1.54%
1 3R &4 13,614,068| & ¥ %: 199.42%
1 S8R 7 &84 8 79,369 * & % 0.58%




(3) R2 Sonic 2024- #:

F1#* R2 Sonic 2024 > % 2 -KiFEEN 362 0.5m™*0.5m 4 2 27 1 17 P 4
7 w‘P'J’\!*"“L i3 dRkFERES SRR TEESET S E 98.65%2
Bt g URERIETHED A S FIRIERRP JAERIEF e FE 0
ho@ 3-25 - £ 3-17 3] o

Bl 3-25 ~ R2 Sonic 20244 RIS E 2 FH 2 &t BF4A 4 F B
% 3-17 -~ R2 Sonic 2024 {3+ RN E2 >2 F 2. &t B %4 P )i

EAR 2,146,775

RN 1S S 2,146,775

i £ T35 (m): 0.01

i ¢ A (m): 0.13

FERFR S8 (2,117,841 2HF: [98.65%
FERR 2 L8| 28934 7 &R F: 1.35%
1 E#FR 48 (2,130,769 &4F: [99.25%
1 2HB 2 &8 58| 16006 * &% 0.75%
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(4) R2 Sonic 2024-1#7k % :
Tk R FALASLE B RSB 5 %0 {17 R2Sonic 2024 > % 2 ok
FBEM RS 0.5m*0.5m e B i PO AT FRIBE R S 5 AkRRIE
X E2ZHR O TEWER SR B E 984908 & ToRiFERIE F‘X#"ﬁ'
B2 ETLCERM R R R RS AT B R R hoW] 326~ & 3-18 %

7 e

B 3-26 ~ R2 Sonic 2024 % ip| 027 > % 2 3k 3 324 A % F)
% 3-18 ~ R2 Sonic 2024 ¥ 12 iP5 2 > % 2 #F5k 3 34 R4

0 B 2,145,851
W1t b gk 2,145,851
i £ T ¥5iE (m): 0.01
A ¥ A (m): 0.14

FEHAR LT B 2,113,388 £HF: [98.49%
FEFR 7 ST H:] 32463 7 2% 1.51%
1 SR &4 8:  [2,129,856) & +.%: [99.25%
1 SR 7 &1 8 15,995 # & #.%:| 0.75%




(5) Reson NaviSound 210-95472-1 3 :

1 * Reson NaviSound 210-95472 2> % 2 -KiFEEPN 36 = 10m*10m =i
REWPORIRT ZRBNUFEE S RFERESRZHE  TESRHET
B L 9951%8 & TRIFERETHEBAE FRIFERP | BRI IR
S B2 — Et*ﬁdpa v 4o B 3-27 ~ & 3-19 #r7) o

o o S

Difforence B g, Al

B 3-27 ~ Reson NaviSound 210-95472#: B R & 2 R 2 L 3L 4 §

% 3-19 ~ Reson NaviSound 210-95472 % RIMB 2 H 2 F B L

£~ gL 88,231
AR 1S S 88,231
L T ¥aE (m): 0.06
AP FA (m): 0.19

BEHRE SHETH 81,532 2RI [92.41%
BEHRE A LETH] 6,699 * & HF:| 7.59%
18HR S8 (87,795 &#%: [99.51%
1E3HAR 7 EH 38| 436] 2 &#5:| 0.49%
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(6) Reson NaviSound 210-95472-#7% 3 :
¥ o#-RRpE T A eI B ek rg 4 kv 41 * Reson NaviSound 210-
95472 Spi’}s‘/rf‘%&«F\ 2 10m*10m e 15 22 3 7 R4 Rl gL 3 B H
T RKERE AR HRE M E R &zﬁ % iF 99.33% 8L & ToRFERE
FTHRALZ FREERP | BEREFsrffe - 046 ioB 328 %
3-20 #7751 o

@ Crostheck
T —

B 3-28 ~ Reson NaviSound 210-95472# + B4 22 > % 2 ¥ 3 F;‘Laa\ '# ]
% 3-20 ~ Reson NaviSound 210-95472 ¥ {5 B 2 %2 ¥k B L v 1 4

EAR E}.@;- 88,227
IR 1 88,227
i £ T 359E (m): 0.07
A ¢ R A (m): 0.21

BFEHR 18 (77947 &5 |88.35%
FEHRE 2 & 1810280 7 & 25 11.65%
1 57}?& Ak 87,034 EHF: 199.33%

EHRE 7 EREH| 593 F &R F: 0.67%




(7) Reson NaviSound 215-95291-1+ 3 :
f1* Reson NaviSound 215-95291 2 % 2 "RiFELN F& = 10m*10m 4
RO PIRT RRENFEE S A RFRES RS2 HAE > TR EET
% £ 97.03% 88 £ TORFRIETHEAAZ FRITERP | AERE S
LREZ R AL 0 Aol 3-29 - £ 3-21 A7 7)

Highlight Qoren Dot Pecenbge 95 Cucar: 302

B 3-29 » Reson NaviSound 215-95291#: {5 RS 2 R 2 L 3L 4 F §

% 3-21 ~ Reson NaviSound 215-95291 % RIsMB 2 %2 F B L

£ r 8 36,594

R 1 36,594

$ L T A (m): 0.01

AP EAL (m): 0.19
FERFRE &1L 8: 35506 &#F: [97.03%
FERFE 2 658 1,088 # &3 2.97%
1 3R &1 36,280 & ¥ % 199.14%
1 3R 7 &4 314 # £ % 0.86%
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(8) Reson NaviSound 215-95291-#53 3 :
¥ o#-RRpE T A eI B ek rg 4 %L 41 * Reson NaviSound 215-
95291 > Svi’}»uvf%fﬂlj" 2 10m*10m e 82 4 £ R RUF E Rl gk - B H
F hCRIFERE SR 2ZHR ) TIEESE &:«p*-‘r B i 95.809¢ 8k Hc it & ToKIEBIE
TR AR FILITENP | AEREF RS2 FERE 0 0Bl 3-30 £
3-22 #3] o

@ Crostheck
T —

B 3-30 ~ Reson NaviSound 215-95291#; + B4 27 > % 2 ¥ 3 F;‘Laa\ '# ]
% 3-22 ~ Reson NaviSound 215-95291 ¥ {5 B 2 %2 ¥k B L v 0 4

AR 2&-@:' 36,584
IR 1 36,584
i £ L 351 (m): -0.01
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DMC Il 230 Calibration Protocol

Optical System MTF ’Fﬁ T

Modulation Transfer Function, MTF of PAN Camera
Camera: DMC 11 230 (Reference)

Manufacturer: Intergraph 2/ Deutschland GmbH, D-73431 Aalen, Germany
Reference: PAN

Serial Number: 00123116 (PAN Head) ’ — N ——— -
Dte of Calibration: 26. May 2015 ' LA A oc
Date of Report: ~ 28. May 2015
Number of Pages: 40

DMC 11 230 Calibration Pretocol

RMK DX/ DMC Il PAN — MTF Polychromatic F/5.6; 92 mm — Temperature Stability

Calibration performed at: Carl Zeiss Jena, Carl-Zeiss-Promenade 10, 07745 Jena, !
Germany. i

This camera system is certified by Z/l Imaging and is fully functional within its | +20°
specifications and tolerances
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4 3-41 - Sup e n LA -3 A

& B X Y Z(GPS) | T¥H¥ & 3 GSD Z2E | ¢
80310 | 150889.147 | 2553290.238 | 1700.303 34.5 10.1 00%| Y
80311 | 151113.626 | 2553118.743 | 1700.242 34.5 10.1 0.0%

80312 | 151335.528 {2552945.494 | 1699.961 34.5 10.1 00% | Y
80313 | 151558.022 [2552770.461 | 1699.903 34.5 10.1 00% | Y
80314 | 151781.193 [2552598.764 | 1699.740 34.5 10.1 00% | Y
80315 | 152005.363 [ 2552428.183 | 1699.681 34.5 10.1 00% | Y
80316 | 152229.703 | 2552256.138 | 1699.793 34.5 10.1 00% | Y
80317 | 152452.071 | 2552081.854 | 1700.047 34.5 10.1 00% | Y

2 32 -mppprr A E-v s EF

5 X Y Z(GPS) | T35 G % [GSD| AME |HEdF
80310 | 150889.147 | 2553290.238 | 1700.303 34.5 10.1

80311 | 151113.626 | 2553118.743 | 1700.242 34.5 10.1] 282.49 | 80.3%
80312 | 151335.528 | 2552945.494 | 1699.961 34.5 10.1] 281.52 | 80.4%
80313 | 151558.022 | 2552770.461 | 1699.903 34.5 10.1| 283.09 | 80.3%
80314 | 151781.193 | 2552598.764 | 1699.740 34.5 10.1| 281.58 | 80.4%
80315 | 152005.363 | 2552428.183 | 1699.681 34.5 10.1| 281.69 | 80.4%
80316 | 152229.703 | 2552256.138 | 1699.793 34.5 10.1| 282.72 | 80.3%
80317 | 152452.071 | 2552081.854 | 1700.047 34.5 10.1| 282.53 | 80.3%

2 33 - P A EA-MNeEFF
Bl £
B X Y g X Y AME
¥

80310 | 150889.147 | 2553290.238 | 90289 | 150406.192 | 2552504.679 | 922.14 | 41.5%
80311 | 151113.626 | 2553118.743 | 90288 | 150632.905 | 2552334.802 | 919.60 | 41.7%
80312 | 151335.528 | 2552945.494 | 90287 | 150857.868 | 2552162.430 | 917.25 | 41.8%
80313 | 151558.022 | 2552770.461 | 90286 | 151081.193 | 2551989.167 | 915.31 | 42.0%
80314 | 151781.193 | 2552598.764 | 90285 | 151305.798 | 2551815.744 | 916.04 | 41.9%
80315 | 152005.363 | 2552428.183 | 90284 | 151529.860 | 2551642.816 | 918.10 | 41.8%
80316 | 152229.703 | 2552256.138 | 90283 | 151754.080 | 2551470.035 | 918.79 | 41.7%
80317 | 152452.071 | 2552081.854 | 90282 | 151978.197 | 2551297.011 | 916.81 | 41.9%




i 344 plPT R A A
B X Y Z(GPS) o 1 K U 4
80310 | 150889.147 | 2553290.238 | 1700.303 | 0.04879 | 0.01778 | -38.30960 | 0.0
80311 | 151113.626 | 2553118.743 | 1700.242 | -0.00086 | 0.01657 | -38.32404 | 0.0
80312 | 151335.528 | 2552945.494 | 1699.961 | 0.07718 | -0.03469 | -38.33332 | 0.1
80313 | 151558.022 | 2552770.461 | 1699.903 | 0.08262 | -0.03974 | -38.32277 | 0.1
80314 | 151781.193 | 2552598.764 | 1699.740 | 0.07237 | -0.06446 | -38.35538 | 0.1
80315 | 152005.363 | 2552428.183 | 1699.681 | -0.00328 | -0.06942 | -38.44967 | 0.0
80316 | 152229.703 | 2552256.138 | 1699.793 | -0.08182 | -0.01055 | -38.45186 | 0.1
80317 | 152452.071 | 2552081.854 | 1700.047 | -0.10185 | 0.04422 | -38.38376 | 0.1

% 3-45~ Budptetior R R -fuip &
5 X Y Z(GPS) o v K i &
80310 | 150889.147 | 2553290.238 | 1700.303 | 0.04879 | 0.01778 | -38.30960 | 0.3
80311 | 151113.626 | 2553118.743 | 1700.242 | -0.00086 | 0.01657 | -38.32404 | 0.3
80312 | 151335.528 | 2552945.494 | 1699.961 | 0.07718 | -0.03469 | -38.33332 | 0.3
80313 | 151558.022 | 2552770.461 | 1699.903 | 0.08262 | -0.03974 | -38.32277 | 0.3
80314 | 151781.193 | 2552598.764 | 1699.740 | 0.07237 | -0.06446 | -38.35538 | 0.4
80315 | 152005.363 | 2552428.183 | 1699.681 | -0.00328 | -0.06942 | -38.44967 | 0.4
80316 | 152229.703 | 2552256.138 | 1699.793 | -0.08182 | -0.01055 | -38.45186 | 0.5
80317 | 152452.071 | 2552081.854 | 1700.047 | -0.10185 | 0.04422 | -38.38376 | 0.4
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IHO 5-44 Settings

Holiday Criteria

Holiday search radius: 2

Minimum number of nodes: &

[ create holiday layer

Error values lrom: Uncertainty 7

Min Depth {(m)  Max Depth (m)
Special Order: 0.00 100,00
Order 1a: 0.00 100.00
Order 1b: 0.00 100.00
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BASE Surface QC Report

Date and Tine: 2017/1/24 T4~ 07:43:11

surface: DVHIPS (#6407 1\FieldSheats 105SEAN 105SEAY 105SEL_SE_G100n. caar
Holiday Search Radine: 2

Holiday Minimum Number of Nodeg: 6

Holiday layer created: No

Error walves from: Uncertainty

Number of nodes processed: 51603
Homber of nodes populated: 50918 (98,674
Number of holidaye detected: 4
[HD 5-44 Special Order:
Range: 0.000 to 100.000
Number of nodeg congidered: 50240
Number of nodes within: 50227 (99.97%)
Rezidual mean: -0.095
S-44 Order la:
Range: 0.000 to 100,000
Humber of nodes congzidered: 50240
Humber of nodeg within: 50239 {100.00%)
Rezidual mean: -0.355
S-d44 Order 1b:
Range: 0.000 to 100,000
Humber of nodes congidered: 50240
Humber of nodes within: 50239 (100.00%)
Regidual mean: -0.355
S-44 Order 2:
Range: 100.000 to 5000.000
No depthe within the specified range

£15 8117

W 3119 2 e At Ei % 34 13
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BASE Surface QC Report

Date and Time: 2017/1/25 T4 02:45:18

surface: DiACARISVHIPS(x640471\Fieldsheeta \EL - 1055EANEL - 1053 ea-SB-ALL_G100m\EL - 1055ea-SE-ALL_G100n, cear
Holiday Search Radins: 2

Holiday Minimum Number of Nodeg: 6

Holiday layer created: No

Error wvalves from: Uncertainty

Number of nodes processed: 52577
Homber of nodes populated: 51188 (97.36%)
Number of holidaye detected: 7
[HO 5-44 Special Order:
Range: 0.000 to 100.000
Number of nodeg conzidered: 2419
Humber of nedes within: 2413 (99.75%)
Rezidual mean: -0.044
S-44 Order la:
Range: 0.000 to 100.000
Humber of nodes conzidered: 2419
Womber of nodes within: 2418 (99.96%)
Rezidual mean: -0.295
S5-44 Order 1b:
Range: 0,000 to 100,000
Humber of nodeg conzidered: 2419
Number of nodes within: 2418 (99.96%4)
Rezidual mean: -0.295
S-44 Order 2:
Range: 100.000 to 5000.000
Vo depths within the specified range
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BASE Surface QC Report

Date and Tine: 2017/1/24 T4 08:20:43

surface: DVHIPS (#6047 1\FieldSheets' 105SEAVHE_APVHE_APLT G5m.cear
Holiday Search Radine: 2

Holiday Minimum Number of Nodeg: 6

Holiday layer created: No

Error walves from: Uncertainty

Number of nodes processed: 652935
Homber of nodes populated: 651814 (99.83%)
Number of holidaye detected: 0
[HD 5-44 Special Order:
Range: 0.000 to 100.000
Number of nodeg congidered: 651814
Number of nodes within: 651665 (99.98%)
Rezidual mean: -0.112
S-44 Order la:
Range: 0.000 to 100,000
Humber of nodes conzidered: 651514
Humber of nodeg within: 651812 (100.00%)
Rezidual mean: -0.374
S-d44 Order 1b:
Range: 0.000 to 100,000
Humber of nodes conzidered: 651814
Humber of nodez within: 651812 (100.00%)
Regidual mean: -0.374
S-44 Order 2:
Range: 100.000 to 5000.000
No depthe within the specified range
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BASE Surface QC Report

Date and Time: 2017/1/25 T4 04:50:09

surface: D:ACARISVHIPS(x640471\Fieldsheeta \EL - 1055EANEL - 1053 ea-MB-AP_Gon_QCAEL - 1055ea-MB-AP_G5n_0C. czar
Holiday Search Radins: 2

Holiday Minimum Number of Nodeg: 6

Holiday layer created: No

Error wvalves from: Uncertainty

Number of nodes processed: 444105
Homber of nodes populated: 442555 (99,6548
Number of holidave detected: |
[HO 5-44 Special Order:

Range: 0.000 to 100.000

No depthe within the specified range
S-44 Order la:

Range: 0.000 to 100.000

No depthe within the specified range
S-44 Order 1b:

Range: 0.000 to 100.000

No depths within the specified range
S-44 Order 2:

Range: 100.000 to 5000.000

No depths within the zpecified range
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BASE Surface QC Report

Date and Tine: 2017/1/24 T4 08:21:17

surface: DVHIPS(x640\71\FieldSheets' 105SEAVHB_UANHE_UALT G5m.car
Holiday Search Radine: 2

Holiday Minimum Number of Nodeg: 6

Holiday layer created: No

Error walves from: Uncertainty

Number of nodes processed: 66169
Homber of nodes populated: 65699 (99 20%)
Number of holidave detected: |
[HD 5-44 Special Order:
Range: 0.000 to 100.000
Number of nodeg congidered: 65693
Number of nodes within: 65679 (99.97%)
Rezidual mean: -0.081
S-44 Order la:
Range: 0.000 to 100,000
Humber of nodes congidered: 65699
Humber of nodeg within: 65699 (100.00%)
Rezidual mean: -0.341
S-d44 Order 1b:
Range: 0.000 to 100,000
Humber of nodes congidered: 65699
Humber of nodeg within: 65699 (100.00%)
Regidunal mean: -0.341
S-44 Order 2:
Range: 100.000 to 5000.000
No depthe within the specified range
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BASE Surface QC Report

Date and Time: 2017/1/25 T4 03:13:19

surface: DiACARISVHIPS(x640471\Fieldsheeta \EL - 1055EANEL - 1053 ea-MB-TA_GSn_QCAEL - 1055ea-MB-TA_G5n_0C. cear
Holiday Search Radins: 2

Holiday Minimum Number of Nodeg: 6

Holiday layer created: No

Error wvalves from: Uncertainty

Number of nodes processed: 66338
Homber of nodes populated: 65770 (99.14%)
Number of holidaye detected: 2
[HO 5-44 Special Order:

Range: 0.000 to 100.000

No depthe within the specified range
S-44 Order la:

Range: 0.000 to 100.000

No depthe within the specified range
S-44 Order 1b:

Range: 0.000 to 100.000

No depths within the specified range
S-44 Order 2:

Range: 100.000 to 5000.000

No depths within the zpecified range
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BASE Surface QC Report

Date and Tine: 2017/1/24 T4 07:43:48

Surface: DVHIPS (#6047 1\FieldSheats 105SEAN 105SELAY 105SEL_ME_GSn.caar
Holiday Search Radine: 2

Holiday Minimum Number of Nodeg: 6

Holiday layer created: No

Error walves from: Uncertainty

Number of nodes processzed: 10893821
Homber of nodes populated: 10892157 (99984
Number of holidaye detected: 0
[HD 5-44 Special Order:
Range: 0.000 to 100.000
Number of nodeg conzidered: 9952703
Number of nodes within: 9952534 (100.00%)
Rezidual mean: -0.230
S-44 Order la:
Range: 0.000 to 100,000
Humber of nodes conzidered: 9952703
Humber of nodeg within: 9952701 (100.00%)

Rezidual mean: -0.569
S-d44 Order 1b:
Range: 0.000 to 100,000

Humber of nodes conzidered: 9952703
Humber of nodes within: 9952701 (100.00%)
Regidual mean: -0.569

S-44 Order 2:
Range: 100.000 to 5000.000
Number of nodeg congidered: 939454
Number of nodes within: 939454 (100.00%)
Rezidual mean: -2.629
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BASE Surface QC Report

Date and Time: 2016/12/1 4 10:43:29

Surface: D:\Cariz_8\FieldSheetz'\ 20160520 _MAP4all\5m TPU.czar
Holiday Search Radins: 2

Holiday Minimum Number of Nodeg: 6

Holiday layer created: No

Error wvalves from: Uncertainty

Number of nodes processed: 10191867

Homber of nodes populated: 10191806 (100.00%)

Number of holidave detected: |

[HO 5-44 Special Order:
Range: 0.000 to 100.000
Number of nodeg conzidered: 9549644
Humber of nedes within: 9549644 (100.00%)
Rezidual mean: -0.189

S-44 Order la:
Range: 0.000 to 100.000
Humber of nodes conzidered: 9549644
Womber of nodes within: 9549644 (100.00%)
Rezidual mean: -0.504

S5-44 Order 1b:
Range: 0,000 to 100,000
Humber of nodeg conzidered: 9549644
Number of nodes within: 9549644 (100,008
Rezidual mean: -0.504

S-44 Order 2:
Range: 100.000 to 5000.000
Humber of nodes congidered: 201685
Humber of nodeg within: 201685 (100.00%)
Rezidual mean: -2.527
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