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Abstract
The Digital Elevation Model (DEM) is an important basic base map of NGIS,

and the topographic grid information recorded in the data can be used as the
foundation of various constructions. With the update of surveying and mapping
technology, the acquisition and application of digital topographic data are
gradually diversified. Since 2011, with the efforts of all departments, the use of
airborne lidar point cloud data to produce DEM of the whole Taiwan has
completed. Point cloud measurement and classification results are quite mature
data processing technology. In view of the fact that our country’s land is prone to
large-scale changes in landforms caused by wind disasters or earthquakes, and the
speed of change is particularly high, the actual changes in landforms may no
longer correspond to the frequency of data updates, and subsequent application of
data may lead to information gaps and other problems. Furthermore, although
semi-automatic methods can be used to obtain relatively stable production results
in urban areas and plain areas, in areas with dense vegetation such as hilly areas
and mountainous areas, since the laser points cannot effectively penetrate to the
ground, the ground points still need to be screened out by a large number of

manual methods.

In recent years, due to the rapid development of hardware equipment, big
data combined with artificial intelligence (AI) technology has achieved new
breakthroughs in many fields. Therefore, this project plans to use Al technology
to develop an automatic ground point classifier based on airborne lidar point cloud
data. The results of airborne lidar point cloud measurement and classification
across the country can be used as training data for Al source. It is expected to
improve the efficiency of production through the production of automated work,
and provide the assistance of basic graphic work and subsequent value-added

services.

Based on the references in this project, an Al automatic ground point
classifier was designed, and a pre-processing mechanism for airborne lidar point
cloud data was established. Four Al models were trained with the MobileNet-
UNet network architecture design. Through the classification results and the
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quality evaluation of the produced DEM, the results show that when the data is
used with an appropriate model, the accuracy performance closer to the reference
DEM can be obtained, and the time cost can also be reduced.

Keywords: Airborne lidar cloud point data, DEM, Al.
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(- ) Deep-Learning-Based Classification for DTM Extraction from ALS
Point Cloud (Hu et al., 2016)

AT HRZEZPEREIHFHLBI T B3 RMERAEY T AY DM
TR H P 2 G Bh2 Ein S L R RS T AR IR A AR
BHAEEERLE o r? S - ’57} #¢ %5 4 g (Convolutional
Neural Networks, CNN) = 3¢ » #-= 3k
Bd - RPN BREY 2 !
mﬁﬂ%@leT B228 A A% > %d A A28 6 26 J

)

BRI TG B ) BB S RCHE Y (@2 (0) 0 LR (R (0
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(c)
Bl22~ 3 6 BLET 23 G BA S % (B~ § Huetal, 2016)
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(\@» RERRE R e T ERFPFZPREEITHAIp &0 6 B FEL Y 7
SR GRS

214 5 ML G ELAES SRR LG F Huetal, 2016)

Type I Error (%) Type II Error (%) Total Error (%)
TerraScan 11.05 4.52 7.61
Mongus 2012 3.49 9.39 5.62
SGF 525 4.46 485
Axelsson 5.55 7.46 482
Mongus 2014 2.68 12.79 4.41
Deep CNN 0.67 2.262 1.22
Error TerraScan Deep CNN

type I 10.5% 3.6%

type Il 1.4% 2.2%

total 6.3% 2.9%

(= ) Fully convolutional networks for ground classification from LiDAR
point clouds (Rizaldy et al., 2018)

A2 F2t Hu 8 4 (2016)2 % % > % B2 7 e & AR fut
Al B2 2 S B2 ' » A A2 30 : Hu 34 &> 8.2 By ng\f SIPE T
Y REZ FAEE A A R E A A fft;:’ L R E R VR %ﬁu’ﬂ%
ReF i Phri®z ERYFIFEFF > 7 0k “i"’%é

(Intensity) ~ i€ ¥ #ic(Return value) & 3 * F 3t o Fgt » A 2 e f'gﬁ\;u(Pixels)—’\
J R - A MEAT AL e EERA G B R A
ZFAREBAEEErER{rhINGREL(TERN AMFREE TS5
AE)EFTAITZIRTH ’Jlﬁi%J » > B f A 5 e ik (Fully Convolutional
Networks, FCN)i& {7 42 273" 50 » B 2 H4c ] 2-3 777 ° TRl 2 ﬁisa] iR ¥
G T AT P IER] A K PraE ki gE 2 ’;'Kﬂ‘*'ii* BB WIER A KL G B
oo p 2 BB o A R H TR RE L B AR T HIFFE Actueel
Hoogtebestand Nederland, AHN) fr & *% 42 7 1% & 4% #| & ¢ (International
Society for Photogrammetry and Remote Sensing, ISPRS)#% & 2_ i Jjp 38 % F A%
% (Filter test) & W& 17 F B> F Ak A 4eB] 2447 7 E 42+ #& Hu ¥ £ (2016)
2 EfpA SR (CNN)? ;Y2 5 % 5088 LAStools » 402 2-2 #7571 > H# =
SBor ALY FCN = N A L2 - 3 é%i%mma; » R A2
P PIRFAE SR F D AFAART oA A BRI APRL T Ak

—
|

\

4 https://app.pdok.nl/ahn3-downloadpage/
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o Sl
& RS RS S &
Width
he = = - =
£ I £ £ 2
16 32 e G4 2
Output
DConw1 DComv? DComvd DCorvd Conv
BN BN BN BN BN
RelU RelU Ral U RelU Diropoiit
Softmax

W 2-3~ % & BA R ? FCN 2 #(5§ Rizaldy et al., 2018)
b,

a. Sample 11 b. Sample 12 c. Sample 21

d. Sample 53 e. Sample 61

W 2-4 ~ ISPRS FH # 2 B2 RIFEFHGp Rizaldy et al., 2018)
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@ p\ 53 8@214 BEY e T ERFPF T REERIFTHRAIG S5 6 BARELLFT | &

%22 RIS FHBITR(F #:%) (3§ Rizaldy et al., 2018)

) Total Exror
Sample FCN CNN | LAStools
Sample 11 14.54 19.47 17.67
Sample 12 3.97 7.99 6.97
Sample 21 1.55 2.23 6.66
Sample 53 4.89 5.67 14.37
Sample 61 1.16 4.20 17.24
Average 5.22 7.91 12.58
Type I Error
Sample FCN CNN__ | LAStools
Sample 11 12.86 27.10 26.94
Sample 12 3.03 13.92 12.87
Sample 21 0.20 1.63 7.98
Sample 53 3.88 4.44 14.84
Sample 61 0.55 3.95 17.85
Average 4.10 10.21 16.10
Sample Type II Error
FCN CNN LAStools
Sample 11 16.80 9.20 5.18
Sample 12 4.96 1.75 0.77
Sample 21 6.43 4.39 1.87
Sample 53 29.10 34.79 3.24
Sample 61 18.04 11.06 0.40
Average 15.07 12.24 2.29

% 23~ &3 3% FF (3§ Rizaldy et al,, 2018)

Point to tmage Training Testing

Method conversion (15 samples) (10 samples) (5 samples)
FCNs = 36 minutes = 12 hours 7.8 sec
CNNs + 47 hours + 2.5 hours 126 sec
LAStools - - 3 85 sec

(=) Classifying airborne LiDAR point clouds via deep features learned by
a multi-scale convolutional neural network (Zhao et al., 2018)

P og B S A ERBE(CNN)p & 3 BFRR S0 5 3 & (Semantic)
ez kgL 'E\‘}—-‘(Et 5 P Fehp ﬁv/w\f»? o KT I 4{#&\?%}25”77 ’
PRy ki gk 2 2 3 4% B (Elevation) ~ 3 & E fosfe #& & (Roughness >
Tfeh I E T o 2 ﬁﬁéﬁ—i)ﬁﬁ ARG 2 VR R o 4 2GR
FHEEFFYEIRZIEFR2ZEY > FIP A2 BiE= zmpe;::%“ﬁz;ﬁ

&%ﬁxﬁiﬁu Loz BH - 2B CNN A i ‘M; i %@ &% <R CNN
A %5 4 5 (Multi-Scale CNN, MCNN) fe BF 2 583+ & ~j7 8 ~ B 78 & 8 fa s
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R < iﬁi

{ B384 L ¥ 2 B AuBoundary)z A #8 & % o %5 4§ ISPRS # &2 &
;'1‘ B S A2 EY R T = B2 {{ ® Vaihingen ¥ % i Pl
B 2-6 B BEE A AE A % o @ B 2-7 BT R FORLN R3ER b oo o
E E_ﬁ_if?rj%cli ZBRARATAEL(BY all Az A ag= % > FEgRt H -
%iﬁﬁ—%&éﬁﬁﬁiﬁ%w”é%’@ﬁiﬁﬁﬁiqﬁﬁﬁig
EF i B G R R L NN R 2AKT AT RS2
Wz YRR AT o T TR R 23 2 (B]Y NANJ2 B AR AT E 2
ATEA tf B g g 2 Hs 2 fpvt > P mEHFR AR -

g v
’\ Comlined deep features|
p—— across various scales

:Multi-scale contextual images

Softmax
classifier

o e o e o o o

Create multi-scale contextual images Learn deep features by multi-scale CNN Classification

W 2-5 ~ 7 3 7 #(B~§ Zhao et al., 2018)

W car
m roof
 low_veg
W imp_surf
fen / hed
! facade
W shrub
I tree

W 2-6 ~ B2 A %5 = % (3 Zhao et al., 2018)
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@ PR THLEREELLLERDTRALD B 5 HLFEF LR A

i gg -
89.4%
85.6%
T12% o 85.6%
55.4% 84.1%
82.1%
height  intensity ronghness all 3.2m 6.4 m 9.6 m all

B 2-7~ e = BiE® FA¥ A BFER 2 4 47(3~p Zhao et al., 2018)

2242 RN S SRR R 22 22 2403 NANJ2(X 2:%) (B~ f Zhao

7 et al., 2018) 7
Methods Low_veg Imp surf Car Fen_hed Roof Facade Shrub Tree OA
ls_7 65.2 85.0 57.9 289 90.9 -/- 395 756 76.2
UM 79.0 89.1 47.7 5.2 923 527 409 779 80.8
HM_1 738 91.5 58.2 29.9 91.6 54,7 47.8 80.2 805
WhuY3 81.4 90.1 63.4 23.9 93.4 47.5 39.9 78.0 82.3
K_LDA 20.1 61.0 30.1 16.0 60.7 428 325 64.2 50.2
LUH 775 91.1 73.1 34.0 94.2 56.3 46.6 83.1 816
NANJ2 88.8 91.2 66.7 40.7 93.6 426 55.9 82.5 85.2

(= ) Comparison of heuristic and deep learning-based methods for ground
classification from aerial point clouds (Solian et al., 2020)

A BRI LA b B FREYZEFAFTE Y o
HY ®RE Y@ * PointNet 2 SegNet o PointNet 2 i%;2 5 & &£ 82 F
Al 7 o B2 A %8 5 ™ SegNet PI#-BEZ BT 1 o % v » 7445
B p 2 B AR ME(z Ed ] B)A B35 - A icE - B2 2 F% A2 1B
2 2% K& E(intensity) ~ B:2 27 20 = ¢ ¥ F HF RPN oM B2 3 AL
MR G~ BB 8 AR o AR R 2-8 AT o fz\:rﬁ v SRR
A Fgz 18 * > - SegNet 2 T;ip\ ® <t #| & (Layer)# “%rf 8Tl u:ﬁ
R 0 Tl A2 8 % SegNet 3 it {8 2. S-SegNet i& {7 Al 2" 3 »
B TR RS 2 F AR T ALC(FE  Actueel Hoogtebestand Nederland,
AHN)% ISPRS # A “ﬁ“ﬁﬂ‘ii?e(Benchmark Dataset)®2_ 1§, ® Vaihingen F #i& {7

» A w|

S https://app.pdok.nl/ahn3-downloadpage/
6 https://www.isprs.org/education/benchmarks/UrbanSemLab/Default.aspx
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Bz E@ P 5 ;7‘ TR B % 4rB 2-9 2 B 2-10 #7110 B 2-9 ¢
d (a)F](c)~ B & @ %> ;% - S-SegNet ;* 2 PointNet j* ; B] 2-9 ¥ = d %
VooEk Hed PIREEE F A KRS BT BI2-10Y Ll AT A
Yodrdgnl 2 BEE N HE o A AT & Hedok 2-5 #6 0 BEF @ % S-SegNet ¥ 7
#i B 2_ ¥ R (precision) ~ 7. ® & (recall) °

i‘?—\\

‘“_ﬂ

Output (SegNet)

K

B Input Layer Group 2 Layer Group 4 Layer Group 5

: "tl ‘ Ground Truth

Output (S-SegNet)
N

®] 2-10 ~ ¢ A Vaihingen p & B Rl:# % 2 = % (3 p Solidn et al., 2020)
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; ) ifgr

% 2-5~ Z A4 83 353 AHN F# 2 £ 473§ Solian et al., 2020)

Method Accuragy Precision Recall Fscore
Heuristic 0.950 0.944 0.939 0942
5-SegNet 0.977 0961 0.988 0975
PointNet 0.968 0.955 0.970 0.962

(Z ) GraNet: Global relation-aware attentional network for semantic

segmentation of ALS point clouds (Huang et al., 2021)

Z > B M Tk R i £ % B (Global relation-aware attentional
network, GraNet) k faz §* £ E B2 FAl2 2 H 2 4 G BLA 3T > 4 R B2 2
FREMGERT 2w 2 2L 3)E B TR &2 2 e BRIB R T
B BB ) RBEFHR e 4oR) 2-11 #7770 GraNet 2 ZFHKk 43 Qi ¥
A (2017)#73% 3+ 2. PointNet++55 4 » @& * S f4 SR E(CNN)Z > ;& {73
FoA BTN AR TR M GR T B S LR S RS R R
BT A H R R R R G AF e A7 Y @ 7 ISPRS #
ez X A F 4 B (6 W Vaihingen) ~ LASDU F# & (¢ R 3%k 4k)& DALES ¥
AL & (4 £+ City of Surrey)’ » #-2 FH EHFE R L 2 > BT HL
PIRFAZE PIETAL > AR 2-12 47 o RS REL A SR 2-13 5 R F
PEART LR Y AR R R A M SN A M R 2 Fl Al
iR T )i(OA)ft T3 F1 & #ic(AvgF )2 S B2 4ok 2-6 Bgo7 A7 3 A 4F
FEERHB NG MEEAE IS T 5 R A2 T

&

1 Ipsampling [[GS ]Group sampling m
w o
- Global relation-aware 3 p b
GRA | iention module [MLP Multi-layer perception -
ﬂa@;ﬂ

; Local spatial discrepancy
LoSDA | tiention module mrullx connected layer _-'e, N xn_class

P

@ e

FC FC
| » [LoSDA LoSDA] — [ToSDA| © Lu‘aD-\ MLP! MLP | 1 [MLP | < [MLP MLP |
= ﬁLS ﬁ ﬁl{\

r-::es

\:f..-l

= b
: e
<. Z

1 L o )

® 2-11 ~ GraNet % f#.(?* p Huang et al., 2021)

" https://udayton.edu/engineering/research/centers/vision lab/research/was_data_analysis and
processing/dale.php
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W 2-12 ~ ISPRS F# & & F4L 4 % (3§ Huang et al., 2021)

Powerline . Low vegetation|| Impervious surfaces[j Car | Fence Hedge . Roof [l Facade [l Shrub [l Tree

(a) (b)

W 2-13 ~ BlE A 5 (2)# E FTH(+)4 %~ % (3§ Huang et al., 2021)

%26~ 2F T EHE IFEHFR R 2:%)(Fp Huang et al., 2021)

Methods Power Low veg Imp_surf Car Fence hedge Roof Fac Shrub Tree 0A AvgF,

PointNet (Qi et al., 20172) 0.0 77.1 92.6 0.0 0.0 77.6 5.4 28.5 37.0 71.2 69.3

PointNet++ (Qi et al., 2017b) 58.5 51.4 98.1 55.3 19.2 56.9 41.0 33.2 71.2 79.1 60.5

HDA-PointNet++ (Huang et al., 2020b) 64.2 85.1 99.2 68.9 19.2 852 36.5 37.7 69.2 81.2 63.1

PoIntSIFT (Jiang et al., 2018) 50.6 G035 91.3 74.9 35.4 92.9 59.2 41.8 8l.4 827 67.9

Curs 67.7 52,7 91.7 80.9 51.1 94.5 62.0 49.9 82.0 845 736
Methods Power Low _veg Imp_surf Car Fence hedge Roof Fac Shrub Tree 0A AvgF,
LUH (Niemeyer et al., 2016) 59.6 77.5 91.1 73.1 34.0 94.2 56.3 46.6 G3.1 8l.6 60.4
NANJ2 (Zhao et al., 2018) 62.0 58.8 91.2 66.7 40.7 93.6 426 55.9 82.6 85.2 69.3
WhuY4 (Yang et al., 2018) 425 827 91.4 747 53.7 94.3 53.1 47.9 828 349 69.2
RIT_1 (Yousefhussien et al., 2018) 37.5 77.9 91.5 73.4 16.0 4.0 49.3 45.9 82.5 81.6 63.3
DPE (Huang et al., 2020b) 6G.1 56.5 99.3 75.2 19.5 91.1 44.2 39.4 7.6 83.2 66.2
GANet (Li et al., 2020a) 75.4 520 91.6 77.8 44.2 94.4 61.5 49.6 82.6 845 73.2
DANCE-NET (Li et al., 2020b) 65.4 51.6 92.5 77.2 38.6 93.9 60.2 47.2 Gl.4 83.9 71.2
D-FCN (Wen et al., 2020) 70.4 80.2 91.4 78.1 37.0 93.0 60.5 46.0 79.4 822 70.7
KPConv (Thomas et al., 2019) 73.5 78.7 58.0 79.4 33.0 94.2 61.3 45.7 82.0 81.7 70.6
RandlLANet (Hu et al., 2020) 66.0 521 91.3 76.6 43.0 91.1 61.9 45.2 T7.4 821 70.9
Ours 67.7 S2.7 91.7 80,9 51.1 94.5 62.0 49.9 82.0 84.5 73.6
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%ﬁ%fviﬁéwwwmﬁ’ﬁﬁﬁé SR P H R SRS Bl
PR IERIFE 2T AN 0 Ao SnapNet (Boulch et al., 2018) -~
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WA G AR > PR PSR A T BP0 n T g
KRR I

ARFLZAMEL S AT > MmD FAER IR TS At
(3D convolution):& {7 4 #cde P~ 22 & 58 » 4 : SEGCloud (Tchapmi et al., 2017 »
7€ H4o B 2-14 #7771 ) ~ ScanComplete (Dai etal., 2018) 3 = p- 25> j2

BZ2 DTN oM EFIME AL ZEREAF A RS HP o F R
BR2ZHWZAE8®F2LELFT R F2LMETRZMENEZZERE
TR -

BT

W F— Pesiaual modla o lamp w wall
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- = dlzll BEe 5 & = .
1E0Y 2 2 2|52 £l
H r}: H 4 el " ) o = Toar
h ” =p || & & Af = = =2 D I
2l = - i = = X
H = = - H - = (= o 4
= < =] = H g 2 E j
Occupancy E
RGBvalues 1 L] I e L eveeeesnesnseseens sk bed  floor
Input 3D Fully Convolutional Neural Network Output
Voxelized 3D Point Cloud
3D Point Cloud

Segmentation

] 2-14 ~ SEGCloud % § 7F #-B(3~ p Tchapmi et al., 2017)

Bkt gk NP LA e U R4 BEE ’f@?l» » EE 2
* # 3£ © PointNet (Qi et al., 2017a) ~ PointNet++ (Qi et al., 2017b) & - &2 #X gt
BPZ2EFT I RROBPEEO RFZET 2 &R AT HINEEKS
PP § B 5 4L PF o PointNet++2 e Be B Bl4- @] 2-15 “77 > R4-232 Ltﬁi%]
r RS 0§ S S ‘:'Ki-ﬁiﬁf—*aﬁflf& ° ’FT L ¥ELZ ﬁﬁa‘"ﬁﬁ » T
FRBL Y - PR gD B
PAES R B Bk X E e ?é‘«%‘éﬁwié\ﬁw
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skip link concatenation

unit interpolate unit

interpolate
pointnet pointnet

—>
sampling & pointnet sampling & pointnet
grouping grouping
C J J
hd hd

set abstraction set abstraction

Bl 2-15 ~ PointNet++%* k. £ FI(5< % Qi et al., 2017b)

% 2-B BB B BET TR N T RAL R 2 (TR R o B 2
FOREFARLEE TR AR EE RS IRT R AT A %
AR DEM 2 & 326 o d TR 5 - PR o SRR U AR M 2
FEG B G e pA b RAAET o AR R KR R
oA h o Bt A L 54 Solidn ¥ 4 (2020)2 @ kbR * 22 ko R RS
2% BB D R D B o AT B B AL (T p B

fu Q‘!._’—‘R A Lx‘F‘ o

™~

F 2-8 MR FTHE 2 = IV VR
PR L - BB FRL-am3 AL 3 N
B }? L B P FETEZZZ AT FOEYERT B iR
" T dp PiF (g 21 2% o B
Wi RERE
o R FAR & AR 0 KRE % P RERERBE | RINEERE PR
- BEHFL BT EFER o oA <R & FFs
%7 B2 it
2 %
o 3 : i
Hu et al.(2016) ~
Rizaldy et al.(2018) ~
2;;%; Zhao et al.(2018) ~ Tchapmi et al. (2017) ~ H(g?gtg;t ?;((jgi)l )\ )
- Solian et al.(2020) ~ Dai et al. (2018) Qi et a'l (2017b)
f Boulch et al. (2018) '
Tatarchenko et al., (2018)
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A 3.113 9.9% -3.122 5.9% 0.326
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% 4-23 ~ 96203045-32F° Li(z )2 DEM # R A 45 (E =@ 2 ¢)

1 B E TiaiE HE L ¥ AL
>2FHHA | 130.008 -1146.804 -10.640 42.881 44.181
= 115.899 -1062.381 -36.295 81.058 88.813
Eo wtal | 112687 _1161.464 -9.060 46.368 47.368
R 111.634 -1085.731 10211 42.414 43.626
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FZL>1m g FE<-1m g FEL 1mp
. F2>1 , . | FE2<-Im . .
(=>%) (2%) RMSE (= %)
> AR A 3.659 7.5% -90.643 12% 0.351
B %A 7.512 13.3% -63.812 58.4% 0.397
Be &7 8.913 28.7% -110.913 10.5% 0.366
T A 5.443 8.2% -88.121 12% 0.353
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Accuracy Precision Recall F1
E 0.781 0.789 0.714 0.750
B %A 0.569 0.710 0.104 0.181
B % HA 0.505 0.480 0.914 0.629
Y 0.841 0.814 0.848 0.831
ERFZ 2T HEHRFHER B R R R
A% Al A2 B A N R FEE 4% 0 A %S %2 DEM
£ 3 B4 DEM % 42 £ B B4 @ 4-64 {v @ 4-65 #77= - 4 DEM
EF BT 25 ) DEM & % 2 2 FHEA e &40 % 5032 2+ %
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W) 4-65 ~ 96214023-i% i= .Li(z )2 DEM 3 42 £ £ H)

% 4-26 ~ 96214023-#% iz Li(z )2 DEM # R A (E @ 2 ¢)

y ] @ 5 BEL | 5% L
s ?#"ﬁ—b’i‘] 1718.254 -11891.405 -2.954 132.074 132.107
B3 R 3424.127 -15584.868 -160.250 1205.267 1215.873
B %07 2298.225 -11764.110 -1.339 168.396 168.401
Btk % A 1616.337 -12923.176 -7.738 198.550 198.700
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' ' . ' ' Index Value (m)
Index Value (m)
B E A ﬁ I |
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£ 4-27 ~ 96214023-% i= Li(z )2. DEM * 34 5] 4
WEL>1m " HAL<-lm . WL 1mp
) o FiA>1m , . FA2<-1m oy o
TR EL ";’i wg | TEREL "ii wgy | REEL
(’A\Q) (’A\{) RMSE(’A\Q)
> PR A 10.043 9.6% -248.781 1.6% 0.375
B3 %A 15.001 24.3% -333.957 49.1% 0472
A 8.429 64.9% -499.903 1.4% 0.475
Feth ® B 15.512 8.2% -524.580 1.7% 0.373
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*ﬂi‘?v A 0.924 0.600 0.851 0.704
SRR XFRHEA  HHEE B R L RS

ATHCEA] 2 B i+ S e (78R 2 2 3 M 5% 2 DEM £ % Bl4r
DEM 3 #2 2 £ Fl4-F] 4-72 frgj 4-73 #r77 od DEM £ 8. B ¥ 14 ”ﬁ Rk

113




@ PR RS e T ERPHFZRLERIFTHRAI -6 BAHFEL AT | F
e 7L fﬂ;' 4

i

"Fj Akl A ES T LR A s G 8

1)

y %ﬁﬁiéﬁ;ﬁﬁﬁﬁykﬁaaﬁi
2. DEM = % RP &7 3t %% DEMe = % B0 1K 5 4 2 8L 2 4%
B3 Rt NG > F TR A AR RS A AP AT

R AR a0 » 55 AR R F AR - B 473 fri
2

4-29¢ 2 DEM#RAF7F g3 Ble + 55531 2% 2 P EF
20 d A %L @d @ DEM # A 2 ot st A & L)
]E—:—__IE“O

% 7% B
W 4-72 ~ 96214006 #: L (- )2 DEM K ¥

114



(@) PICIRE REY s T ERFEZ P RERIFHAI) B0 6 BAEELLF Y
B o

B % B BT =
B -1 0.2m~1m -02m~02m B -im~-02m Il <-1m
W) 4-73 ~ 96214006 #% L:1(- )2. DEM % 21 £ @

% 4-29 ~ 96214006 #5 Li(- )2 DEM # B A 45 (H = 1 2 ¢)

e Rl E TioE £ 27 NgEAL
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Y 104.551 -249.374 -1.400 10.538 10.631
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