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Abstract Since the current profile recognition methods are not able to extract the precise skeleton and
the special terrain feature, a new profile recognition method combined with morphology is proposed to
solve these problems. In this method, the candidate points are extracted by the profile recognition,
and then are connected into polygon stripe according to direction coefficients. Furthermore, the fulfill
algorithms building the scale feature areas are put forward based on the polygon stripe by taking
advantage of morphological strategy. In addition, multiple morphological codes are proposed to
simplify the scale feature areas according to the concept of morphological erosion algorithm, and to
obtain the scale feature lines. In order to satisfy the requirements about vector skeleton features in the
various fields, the algorithms including restoration, detection and optimization are proposed to
implement the transformation from the scale model to the vector model. Finally, a series of strategies
about keeping the out-branches and recognizing the ring process are presented in this paper, which
solve the problems about missing the long trunk lines and ring features in the result feature lines.
These methods have been tested on the benchmark data and the real elevation data. As a result, the

skeleton feature lines produced by our method outweigh the traditional method as a whole.
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Fig. 1 Profile recognition diagram.
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Fig. 2 Polygon strips of skeleton feature.
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Fig. 3 Diagram of special patterns.
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Fig. 6 Remove the bottom pixels.
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Fig. 7 Remove the top pixels.
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Fig. 8 Remove the left pixels.
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Fig. 9 Remove the right pixels.
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Fig. 10 Remove the bottom left pixels.
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Fig. 11 Remove the bottom right pixels.
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Fig. 12 Remove the top left pixels.
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Fig. 13 Remove the top right pixels.
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Wod, Fom e e G 5 R AR AR R
(raO IR Hoh r= [ [ £1,c= [j |1, SeHUff
fd,. T /NE Cro o ME R R B B8 A AR bR, T8
VectorRidge (i’ ;)R VectorRidge (ryc) , VE R & 5
LT B B SRRRAE A ] 15 380K T K & AR A o A s 1
FE ) O 1 REAE 05 BSOR A

Fig. 15 Skeleton feature points.
K15 BZRRHIE A

TEH SRR S G LRl b A S 5 2 A1
LAY T 2 e B AT AT 19 B SRR AR A T IR i
FRE 2 Bt VectorLines. NIKI 16 ] AF ), B & 58 %
Mo BRI T Ok E SRR AR 2K 5 SR T 78 JR T b DX AT 4K BE

Fig. 16 Skeleton feature lines.

16 B ARRAEL

% B/ B ) = R TP 4, R DR AR T R R A AR
fIE BT %, B B2 5 08 T B K/ i B R = A
St s DR TG B2 i — 25 1 A Ak Ak .
4.2 XEWRNMHKL

XFF 401 AT B 0 A /N = T S S A SR
P LR HR R = M U AT R0 SO R R AR
AT 2L B AR AE 2R 1 4 BB R AR S A7 A 2 A
MBI — A B E L, an B 17 FroR .
YRR T A e B B K 2 308 4 P 3
MTAEXF = I8 47 3% s A B 45 B0 5 R A9 28 363
B17 w2 R A dE 3.

(e) Morphology 5 (f) Morphology 6 (g) Morphology 7 (h) Morphology 8

Fig. 17 Remove the common edge of triangles.

K17 FRER=ATEALIRER

FATXF 5% it i QLR AR 2R B B R AT 3 T, AR
A =M EE R = M8 JF it g A s g T
U QAR 1 W A A TE Qi 17 TR B
1 B0 DR B OZ AN AT IR R 5 A5 DU 2 B e AR
BRI IR BIHRBR = A B BE i B Y. TR0 20 B an 5
%3 s

Bk 3. PrBR = MIBEEAE.

Wi s R H PREFIE L VectorLines s

i th s DOAR IS B9 R BB AR AE LR VectorLines.

Stepl. ¥tk VectorLines h B 5 45 HE £k 5 i
H— 1, R L B b FE

Step2. WIARNAELERRIC R — 1 M9 4 Be, ) 4%
Stepd , 75 M 44T Step3;

Step3. HUYATZeEr f1E VectorLines :

Step3. 1. PAT 20 4t o Iy R0 B AR A TOUAS 5

Step3. 2. WIARAFTE =ML BT HARIC Sig(fD
T — 1, MEMbRIC Sig(fDR 15

Step3. 3. GHRANFFAE =AML |l I HARiC Sig
(fOSFT — 1, MEHARICH Sig(fD N 05
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Step3. 4. WRAFAE = MAIE 5T HARIC Sig(fD
RNET — 1 MMEShRIC A Sig(fD=Sig (fD+1;

Step3. 5. ¥ Step2;

Stepd. M FIA Sig(fDR 1 LB, #e i B (E
P AR 21 3 (8 Y R AT HE P (B SRR 2 A v
SRR IR 5

Step5. ¥ s /& YHTARIC A 1 LB N 5 &
F R = A TR R A 2 %, e FRAE K /DN

Step5. 1. AN s (4 /&5 B AE & /I, WK Vecror-
Lines A ER s B s FIHAD 2 R B brich 05

Step5. 2. WRAFTERRIC R 1 AL B I B
N 1 LR BAE a2 B s, 5% Steps, 5 W AT
Stepb6;

Step6. B k4

MRPEE L 3, 5UhR < i B AR A R B b i = A
TEBE O 20 B 5B . & 18 ik TR AL Ja i % =8
BURRIELR. AXER iz R R D i TR K
1L 3 T 4R 3 7E 12 B TP i 8 5 E T T A 4
FOREYE. SR P 8 T AT A7 A8 20 /N 3 8 O 2R
RFAIE 28 P G 57 EAT I 7 530 B3 25 1 /N T 48 7 B0 (R A 4%
fIEZk.

Fig. 18 Optimization of vector skeleton feature line.
K18 kEHARIEL AL

4.3 HIREIREAIE

BEETE 2 ML 3, R HE R LR AT A B A
fiIEk VectorLines )45 ¥y J& 5 A J5 ) 2 B0 R AR
FER G B, X T4l /N o3 SCAR 25 5 i e, AT 1Y
Ji G J& i [ VectorLines W IRHE 52X T8 FAE
FEB R 19 R I BOW A /N T 46 7 B R 2 B, A
VectorLines "R » 24 Fi 45 AE R 357 A9 R B 19 A5

feGe ity PPA [ 57 B AL 15 F AT 40 /1N 43 35
R T ARL 4 B K W 0 S el IR A4 T4l
SXWEA WU ST, AT T AN A SR A
BRI RO TR AN S R E T AR

Z B ALY S e B 22 Uk 8T A FRATTRRAE 25 85 AL A
SRABNE R B B I B B RRAE T4k, BB W 2 v] o
il L1 2 i B A M A oK

EX 4, & v B YHE RS . d, Ro B
75 16 BB BN d, =2, ) v 24 S AL/ v
AR AL

EXS. WodZa . o AHERA 15
B IE Y 53 3R W o R A S

EX 6. & v @AM mi.0S v MiEmn L
TR 3 3 ) b RS RS2

MR A2 S 4~6, AT LAAIE 32 2k K I — 22 A7 1
— kA gy 3, U O W T B R AR AR &R G
VectorLines W0 &A1 8 6 TR G & L5 553
X R AT AR s B TR R A A o ST S
I K53 3, BIAN 43 32 FRATT R FH 17 ik 5w £ BR
BEARIC A0 o 32 BT A AL B S & R ANy 3, R 3 F
LA B TR HE T oK 3 N R AT DL A7 4 A 5T AL
sz . 5 19 rh IR MR8 2 SRR AR T B
Aoy 3.

Fig. 19 Out-branch diagram.
B 19 Ao 3oREE

BRI LLAN A2 58 PPA AN RE 1 26 8% 19 11 5 26
T 3K Fofr 4t P 1L 7 A 55 B B A8 B AR R T2 AR AE.
PPA ARNREVUN IR % 1B iy TN AE T 208
PR A 10 25 AR AR AT B i R k. FRAT I B TR S
PR T N AR X T T R () (H S T B R
MO I 0 LA B0, FRAT TR BR A TEE 3R B L AR B AR E
1R 2 i

X 7. W vsv, o, EERBFELES
VectorLines 2B R i i s IF H 01 v 0y s 00, R
77 1] R BCE AL MR B, Ring S 0y a0, 000
v, MR G B Ring J& ARG E B3R 40 AL il 2
IR 2 FARFMZ—:
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1) PR IROTE DX/ T B 5
2) FEEBYRFAE LR 2 M A A D AR B 24 Ak o
P
HRAE 7 S 7 0SR20 1) 114 T 0] 2 4 2R 38 % N
DI A8 /0 L WIS S 1 AR B o A L AR A T 2
UL A P 0 ARG B 45 R R 5 9 2) R W
PRI EEAFAE SRR AE L FATT PR B3 [m] B 3k o 17 2
R AT ] T RO A IR RS R L DR AR A O AN AR
JE B PR - RO BERBR . X T 2 29 AR D RO PR
IR g R (R o A P R IR 2 B s X T 00 I 0 554 2
(1 A » ELHEARIRR 7™ A5 B0 ol 6 P A B B

5 XBEREHLHHN

T B B B RO FRATT X 22 A B e R e
(benchmark) ¥E47 T 52 56 X Lo A1 43 Hr. 5256 1) A 148
SE& 8 AMD Athlon I X4 651 3.00 GHz CPU, Iy
7# DDR3 1600 MHz 4 GB. . F Nvidia GeForce
GTX 560 (1GB) [ i 4 35 4L s 5k FH VS2008 1 2 i
FIFRTH. N T AR — etk JeAiT 200 % ] 1 28 it
Bk PPA fYSZEGEHE ex100, ex200 LI K& GTOPO30,
MR MR B X PPA 53 AT J7 % MEPPA i
177 255 % L A 434y
5.1 BERFELZESIIESH

R T A P B AR AR R IR S FRATR
TSR B e M ok FE R E B IEM T S T E W
Xt PPA 5 MEPPA # HUAY 5 28 FRIE L 1 o i 72
I FRATTR B BRI 5 2R vh BT A ST 2k Be e it K A
N B,  E AR R, RS 2 Befin B 3. KA E
FRAR 2 B4 i AR 5 R S BT 1) 1Y e AR e 1357 1Y
75 0 o S 9K A AL AR A B R il N7 R B g T R R
JE 7 1) 22 A B U o ST 2 B e 2 A0 SR
BCE R I Y R 2 ) Y B 3, A 1 AR DL BB
FEAR. M ST ER B % % D WA T 2 B IR R
5 16 B 5357 07 1) ) s 5 3 R 78 AT B0 IR v Sl 4R
FRAE S5 2R v i 241 5 X ) s

Do = D1 ¢(siyas5/360. (3)
i=2

Horosioros MBI AHARHY 2 A LR 2K
Brsg sy os FINTETS ] B4 ) e £

AR AR 2o A ST AR B R AR A RO LA AR
A LAPPAR 200 57 2 BEAY -  F2 R L ER A B B E
T 7 2R B i) R AR AR AL B A e R AT I T AR =X
(3) 2 X i 7 26 B G B 3 FLAi 3R 1 oh i 57 R BE—

Uiy ) 1K 5y — i 28 2o 1) 2 B ) 25 R R 00 B R AR
Lk B BRI AR R A L AR X DAL Il ST 2k B
i itz 238 S o ik N7 2 B A Qi P R S I A AR

LI 20 5, B 20 Ca) (b) 4> %1y PPA FI
MEPPA TE 1 [F] 25 14 7T 19 52 56 % [, >R F A9 #5040 1
R IR ex100B0 w1 — Bl 7 1l k. AN wE & B,
K20 i Ler e, o Lmob ] Lmoa 13590 S7 2k B, 7]
LA th B PPA $2ECH LA 5 ) 22 il oK, DA Ler s
e IR 7 AE AL IR B 9 W, Hh B, = 2. SR fi
i MEPPA $EHUH (ST 28 Bt [ e 15 I M AR AR IR
Bl 5 W Horb s K 5 1 AR A6 AR BE Sl 907, B, =0. 53
—J7 I PPA [k 57 4 B fw % %24 1. 75; MEPPA
(A ST 2R BEm L Z R 0. 75, WA B 45 bR F
MEPPA FEIE & 1B LT PPA; B 2%
TEZR RO ] 7t ] LUULEE H )RR A 4538

(a) PPA

(b) MEPPA

Fig. 20 Morphology comparison of local skeleton

features.

20 JR B SEARAETE 25 0T L

PLEZr B T 38 B 2R R AE A R i B 2 o T
U b A A 42 SRy R SRR AE . FRAT TS 8T 20 v T A i a7
L BLIEAT T ot 0T, BT ex100B0 #B B 3 1 43
4T PPA 5 MEPPA 1K fi 4~ 40 B, . B fi 4
BOR, s WIS 45 AR TR D AR AT 0 AR EL 4
In,..= (f(PPA) — f(MEPPA))/f(PPA), H: f
JE B, R, Do TR BUE. AHER B 42 TR e T
MEPPA M3 F PPA eV 12 1 19424k N SE 5
LORE E A BER TR E] 700,

Table 1 Comparison of Smoothness for PPA and MEPPA
%1 PPA 5 MEPPA T8 EXItt

Method B, R, Dae
PPA 5 10 9.625

MEPPA 0 3 5. 000

Intae| %6 100 70 48.05

MNE 20 FZE 1 AT LA H L fE B 2R AR 4 00 - T
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PRI I MEPPA T PPA. F 2§l [N 7 T PPA 1
Z TP ik i B v AU R Y AR BB R T IR AR
fift s RO B2 e A b s D054 B 4 30 v s AR
AR LB T A 7% 1 B R AE 4 1Y) & AR Sk 34, i DL
BT R AE & A AE R 28 & BEAY Jm A it
MEPPA T ]\ B B8 R¢ AE 2 KT8 28 1k 47 % 8, JF @
W I FE AR T e — D P T TR R LR Y o R
LN O T AR — ek, AT 3 1L ex100B3,
ex100B1,ex200B2B0 % 3 HefidE L #:47 T R AL 1 4
B FNBAIE , W 5R 2 7w

Table 2 Comparison of Other Data of Smoothness
R2 TEEREHMBEXLL

ex100B3 ex100B1 ex200B2B0
Method
B, R, Dwe B, R, Duwe B, R, Due
PPA 0 11 5.500 6 19 19.125 6 23 23.000
MEPPA 0 1 3.375 0 12 13.625 0 19 20.625

Ine/ % oo 90.9138.64 100 36.8428.03 100 17.39 10.33

21~23 JEERIE L BOUR BT HE. BRI IE 0k
F »MEPPA 198 BLRRE 281 i #2 1 oF 4

(a) PPA (b) MEPPA

Fig. 21 Comparison of feature line(ex100B3).
B 21 HRAE 2R ORI X L (ex100B3)

(a) PPA

(b) MEPPA

Fig. 22 Comparison of feature lines(ex100B1).
Bl 22 HRAEL AL B X H (ex100B1)

MWK 20~23 & 1~2 Ha] LLF 1 . MEPPA
JIT B BRI L 2R W R A T PPAL RIS, R AT

(a) PPA

(b) MEPPA

Fig. 23 Comparison of feature lines(ex200B2B0).
23 RFAELEBOR BN L (ex200B2B0)

T 2 B 7 B4R ex100B0, ex100B3 f1 MEPPA #H %
T PPA {94 7+ R 2 5 T 8% ex100B1, ex200B2B0
B SE g 25 R, R K AE T ex100B0, ex100B3 A9 %k
PEE /N T ex100B1, ex200B2B0. 45 5 3% B MEPPA
FPPA FE 1L ik i 88 M4 5 5 b T — B0 10 7E R 3k
5 . MEPPA #2 BUpY ZCR I8 T PPA, 50 IF 1
MEPPA #A4 % k.
5.2 BRFMELKRIHRE

R T TG b 3 E A SR B B FRATT T
GTOPO30 1y Jay FRE s S g2 0T 5 BRFRAE Lk R ic hy
Gy ~Gy » TSR BE UL 50 XX 50, H 28 43 43 i) 2
G, (127. 328077°N, 111. 869963°E), G, (149. 210531°N,
129. 369253°E) , G, (88. 128044°N, 112. 494934°E) ,
G, (143.752417° N, 74. 994434° E) , G; (137.502670° N,
69. 994637°E) , G5 (60. 004166°N, 39. 995834°E).
BRI LS AN 24~29 s, & 24(a) ~29(a) Ky
J5 i DEM Ji B 8], [ 24 (b) ~29(b) &£ 1 MEPPA
FEAEFE IO PR L B 24 (o) ~29 (o) iR BB (5 45
Bty MEPPA & U i KB ZRFRIE £ T2 AXER
W TEBE BB 50 X 50 1) Ji i v A T v, AT DA B
K ETLE KR 118, T IRAT 7 k78 35 K 72
AR R T T HRAE . 45 A UL L4 B MEPPA
WIS FEETORG E #R I T R4 i R

v v v
'l

(a) Original elevation  (b) Skeleton feature
map lines

(c) The longest main
trunk lines
Fig. 24 Skeleton feature lines and the longest main
trunk lines(G, ,step length is 87).
&l 24 HHRRHEL MK ETLRBOERE (G LKA 8D
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a

(b) Skeleton feature

(a) Original elevation
map lines

(c) The longest main
trunk lines
Fig. 25 Skeleton feature lines and the longest main
trunk lines(G, ,step length is 94).
B 25 HHRFMEL KK ETLRBERE (G, LK R 9D

(a) Original elevation  (b) Skeleton feature
map lines

(c) The longest main
trunk lines

Fig. 26 Skeleton feature lines and the longest main
trunk lines(Gs; ,step length is 118).
Kl 26 BBRRPIEL MoK ETLRBOERE (G B Ky 118)

(a) Original elevation  (b) Skeleton feature
map lines

(c) The longest main
trunk lines

Fig. 27 Skeleton feature lines and the longest main

trunk lines(G, ,step length is 118).
B 27 BHRFREL KK ETERBOERE (G LB K R 118)

o

(a) Original elevation  (b) Skeleton feature (c) The longest main
map lines trunk lines

Fig. 28 Skeleton feature lines and the longest main
trunk lines(G; , step length is 106).
B 28 HEFREL MK T ERBOERE (G £ Ky 106)
5.3 XWERXLESH
FATA FH 2 [ W 5L 5 1l Xy 3 5 b R BOHE 0 —
A B UEAS SCHT 1 W HERR PR AN ] 30 Fi . N XfE & BE

(a) Original elevation  (b) Skeleton feature
map lines

(c) The longest main
trunk lines

Fig. 29 Skeleton feature lines and the longest main

trunk lines(Gs ,step length is 83).
Bl 29 HHRRHEL KK ETLRBORE (G LK H 83)

MHIE 1) = 4ER4CR . W] AT LLUA ) MEPPA 2 B
A2k 5 B eS¢ e UL e, JF Halg 4 s 2k, LT
AL WS TR A/ o S TR DR BT B
Tk

(a) 3D effect 1

(c) 3D effect 2

(d) Feature line 2 (ridge line)

Fig. 30 Comparison between feature lines and real 3D
terrain(Portion of Yakima).

P30 HCSCHIIE = AR ROR 5 REAE L0 L (I 2 5 ¥ 20 3 15O

H R 3009 Bl 21 ArceGIS Wi % T
PR T AR AIE 4 ], AT R R S (] I R 1 J) 3 b
X L SE MO B4, 4R AT MEPPA 5 F)
ArcGIS9. 3 FRAFZ5 4 1 2 M8 405 Jr i i 4T
TSN e W 31 ~33 fran L iR T 3 4l AN [ 8K
P10y 2 Py ik B RCR BT F A B o cprane TR 1T
i

AMEF s ArcGIS S 1L A 25 0% 3] 1
MR IR TEAS S TR LR AIE 4 N 32 2 , 0 H A S 1 i %
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(a) ArcGIS (Cpiame>30) (b) ArcGIS (Cpiane>35)

(¢) ATcGIS (Cpne>40)

(d) MEPPA feature lines (ridge line)

Fig. 31 Comparison between ArcGIS and
MEPPA (Portion of Yakimal).
& 31 ArcGIS 5 MEPPA X} [t GIF % B3 /3 #11X 1

1\, ﬁ

(c) ArcGIS (cpane>25) (d) MEPPA feature lines (ridge line)

Fig. 32 Comparison between ArcGIS and

MEPPA (Portion of Yakima2).
& 32  ArcGIS 5 MEPPA X} bt (V. 35 S #R 43 Hi X 2)

B M7 A S LG W] . 7E K 31 (a) (b)
() ~33Ca) (b) (o) i 2431 5848 R, 1 R AiE 26
A S IBOBCR AL G- SR T 1S T HAt MR 5 5. T MEPPA

O S
(d) MEPPA feature lines (ridge line)

(¢) ArcGIS (Cpane>40)

Fig. 33 Comparison between ArcGIS and
MEPPA (ex100).
& 33  ArcGIS 5 MEPPA X} [t (ex100)

FEARRE SR G Mo PR I 2 B & JF HIE S 4
W D

6 % T

TR AN [ U I B AR AR B SR AR
SCAE PPA JERl 52 T 25 5 8 25 5 R i i
AR BT ¥ MEPPA. HoR 0 8 A8 J2 1) 1
T P03 5 AR U B R AIE AR A 78 B B Al | 42
ThR RS AL S, B AR A TR T bR R Y
AT AR T ZMIE S a7 5 20
TR AR 2R L 5 T 15 58 PPA Z310B HF il SR AR
[F2) 8 [] P I 65 DA AR A - 25 R B AR AR R BB 25 L
TR B0 -1 R LA 1 A R A 2 o 1 3 &R
JECE R R b BRATH I T R AR L = A
O A A B S0 B B3 o A b A2 D TR SRR 1Y
KA.

HT % G 09 59 A D 1 0 T AT B RRAE 2k i e — 2B
KA BTA AL B, [N I B9 A A [R] i 3 F 2R B B 2 A
/N AN BRI R A S T B AT A S A S PR R 3R
TR 7RSI IF B oh o0 SR J5 0k S8 TR B
EFLM AR R BCICR . th T PPA 24P
PR AR A9 28 18 25 1R 2 A R DR T ok Ll 1 2
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