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Cognitive Semantic Analysis and Dynamic Generation of Cartographic Symbols
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Abstract: Location-based services (LBS) requires generating real-time personalized and dynamic
cartographic symbols. In order to tackle this problem, this paper proposes a structural description model
and a dynamic generation method of cartographic symbols based on cognitive analysis. Following the
cognitive semantics principle of ‘reality-cognition-symbol’, the description model elaborates the mapping
mechanism between symbol graphics and symbol semantics, which uses symbol morphemes as atomic units
and semantic structure as description framework. The generation method is composed of a context-free
grammar model which uses rules to generate cartographic symbols on the basis of morphemes. Through the
modelling of graphic morphemes, structural morphemes and rule-based generation system, a grammar
compiler for dynamic generation of cartographic symbols is redesigned. Lastly, experiments of dynamic
generation of cartographic symbols in different contexts and semantics are performed to verify the
feasibility of the proposed method. Therefore, this study leads to a further understanding of cognition and
structure principles of cartographic symbols, and also pushes forward dynamic generation of cartographic
symbols for related industries and applications.

Key words: cartographic symbols; cognitive semantics; morpheme; context free grammar; dynamic
generation
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Fig.1 Cognitive semantics analysis of cartographic symbols: take water tower as example
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Fig.2  Structural description model of cartographic symbols

with unified graphic and semantic aspects
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Tab.1 A lists of symbol-morphemes which are extracted from topographic map symbols (portion)
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Tab.2 The morphological structures which are extracted from topographic map symbols
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Tab.3 The BNF description of cartographic symbols generation rules
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LY (reduce) , H A & HY i A TR A A 1Y o0 B
MEIEER 1k, B 5 JE e B R R i
LA g R ST S A AR A R U ) B AL L R 2
FI 5 e A 3 K] 6 BT s Y R IR TE R

T8 T SCREAIE - P81 e 53 7 1« % 1 [ 38 2K 1M
5L T 3 B S A 1 SCRRIE A DR R 2
SIS N 4 PR3 FhOT R TR — i SRR
TERARTRN G 5T W EIERIZIER . W TIEELH
FIEZEM S . EEHE MK ERNT R, BT
“meet” I to” I 23 1) K R By R IK L, Wk 5
Jiirs . BT L6 g ik B2 B A5 8 BE
TR 1Y R T8CE TE AR NE S 4510 75 R A 45 A0 AL
b A DR IR 7 R AT S A EDE

x4 HEARERBEEHNEEERET
Tab.4 The design of graphical morpheme for different

contexts
EIEER Contextl Context2 Context3
LS (o) ® @
%45 (E) ® Q
S (O ° *® 4
AR
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SYMBOL ( C on (S meet (E meet R)));
% BAIE Fl #0075 4]
1 SYMBOL (C on (S meet (E meet R)));
2 SYMBOL AL (C on (S meet (E meet R)));
3 SYMBOL ( A C on (S meet (E meet R)));
4 SYMBOL ( C AL on (S meet (E meet R)));
5 SYMBOL ( GM H2y (FLe) on (S meet (E meet R))):
6 SYMBOL ( GM on 2 (5 meet (E meet R)));
7  SYMBOL ( GM SM HLy (FR 9) (S meet (E meet R))):
8  SYMBOL ( GM SM ( ®hr S meet (E meet R)));
return 3
34 SYMBOL ( B8 C on (S meet (E meet R)));
9 SYMBOL ( C A on (S meet (E meet R)));
10 SYMBOL ( GM H2y (Fe) on (S meet (E meet R)));
11 SYMBOL ( COM ey (FMMT-1)  on (S meet (E meet R)));
12 SYMBOL ( COM on AL (S meet (E meet R)));
13 SYMBOL ( COM SM F& (BRI 9) (5 meet (E meet R)));
14 SYMBOL ( COM SM ( E22in g S meet (E meet R)));
15 SYMBOL ( COM SM ( S Ez2ina meet (E meet R))):
16 SYMBOL ( COM SM ( GM HLT (FLMs) meet (E meet R)));
17 SYMBOL ( COM SM ( GM meet AL (E meet R)));
18 SYMBOL ( COM SM ( GM SM L (FRM ) (E meet R)));
19 SYMBOL ( COM SM ( GM SM ( AL E meet R)));
return 14
144 SYMBOL ( CCM SM ( =13 S meet (E meet R)));
20 SYMBOL ( COM SM ( S Ez2ina meet (E meet R))):
21 SYMBOL ( COM SM ( COM LY (FM7-1)  meet (E meet R)));
22 SYMBOL ( COM SM ( COM meet =2 (E meet R)));
23 SYMBOL ( COM SM ( COM SM HRLT (FLM9) (E meet R)));
24 SYMBOL ( COM SM ( COM SM ( AL E meet R)));
25 SYMBOL ( COM SM ( COM SM ( E EE2ina meet R)));
26 SYMBOL ( COM SM ( COM SM ( GM HLT (FRM8) meet R)));
27 SYMBOL ( COM SM ( COM SM ( GM meet AL R))):
28 SYMBOL ( COM SM ( COM SM ( GM SM HLLY (FLM9) R)));
20 SYMBOL ( COM SM ( COM SM ( GM SM R AL 1)
30 SYMBOL ( COM SM ( COM SM ( GM SM GM FET (FRMe) 1)
31 SYMBOL ( COM SM ( COM SM ( GM SM GM ) E22in g 1)
32 SYMBOL ( COM SM ( COM SM COM LY (FLI7-3) 1h:
33 SYMBOL ( COM SM ( COM SM COM ) Ez2ing )i
34 SYMBOL ( COM SM COM ey (Fm7-2)  );
35 SYMBOL ( COM SM COM ) i ;
36 SYMBOL ( COM ) Ly FMW7-2)
return 34
344 SYMBOL ( COM SM COM =] 8 ):
37 SYMBOL ( COM SM COM ) 724 ;
38 sD LY (FRM 4 ;
39 sD; =2
0 s FRET (FRM 1)

Bl 5 OIS ST B (GM: BB E ; SM 85815 K s COM B4 SD: A 5 4 ik S 4 5)
Fig.5 The derivation process of case symbol (GM: graphic morpheme; SM: structural morpheme; COM:

component; SD:sbl_desc;S:symbol)

SD

SYMBOL (C on (S meet (E meet R)));

SD
(Con (S meet (E meet R)))
COM SM COM
C on (S meet (E meet R))
GM GM SM COM
C S meet (R meetE)
oM [sm] [[Gm R gy @
R meet E
B 6 JUI2E S A R B T S 7 ETHSWNGS R4 A8
Fig.6 The derivation tree of case symbol Fig.7  The graphical structure of symbol according to

derivation tree
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x5 WBEEMERET
Tab.5 The design of structural morpheme
WAL E % P to P P to L L to P
A meet B AlB A.L LA
A on B W8 T

3.1.3  EpkEER

FETRE 5 0 ST e B SO R IE
TR & — 8O T BB TR 6 TRy 3 K
ol B, 1 2 A IERIE XA F
PR B 4 BT B Y IS bR HEAT A SR G
55 2 2% SR E IE R IR U A, L BUE i R
e (% 0GR A A L B A S RS B
T SR IERE B R R ROR 5 U A —
G 3 K ETEAGE X R A (S) A
CE) MY R P A8 S (CO) B L 15 5 A 0I5
SCAEAERE B, [ B A 8 L DR 38 3R I 5% 04 4 g
KR MRFF S AR TE L F AR T H &Gk
(R 445 SR Al TC 5 A RSN A 1R
3.2 Km4ie

AR BCE T LAAS DL R 4598

(1) T4 BR A 18 38 A A 0 0, BE 9% A8 Al
G 2 TR ATReIE A5 . —J5 1, J0 Y
ARV S B ] LU E R E X RS
Az BURE T AR 5 73— 5 T, B G RN, Sk A
PRSI AT AT DR A T3 Bl an7E 2 6wl 2 X
B4 B L AE SCE AL, AR BT R E SCIE A S B —
BT Z M TE 2455 BRI AT 5 A1) 92 bR
FH S E X U755 14 A i R 45 SR 2 JE R

(2) 55 W T8 SCH IR 52 W i A BUARE 5 19 TE1E
e X D iy SCA 2% B2 I SCIE B 1 9 4~ J7
T+ T S A% BE T T 5 T A MR A R R
P W EE L SO 2% I Z IR IR X R AT 5
i SRR (9 45 K — Bk s 38 SCIEBR R D7 18 L 5 2%
8 SCHE I 23 2 OB 2 IE A E D DL (L 22 2
W INFD WA i an sk 6 il CEFL” S AT
LB AWK IEM AR EHAE . B, i SO
RE5 1 #2805 2 16 0 ™ A T B2 O, R TR TR Y
i L 1 5 2k — 2 R A )L

(3) REHE UG S5 A7 ol 0 R ] U0 75 5
FIRENE . AR SCT7 15 AR 3R 2 100 1 58 A7l A
FH AR AP A 4 i 25 47 18] 4L 1] 0 1108 3 3R X
THIBUR 147 b U0 T T 18 A2 %2 (3R 4 7m i)
TE 2545 K T 2R o R 1] 4k 3 16 R S5 R A, 497] 2 o 1)
3D FEEI 3 5 Mz M SC R RIB T H AT R,
AR A [ 19 558 A7 oMb 0 0 T AU 47 1 2K it OF
AE I A BE R AT DT B L8 AN E A L A A 5 2R A
RAEME—E TR Lo AR RBE. XhaRW,
FETE 282 W HEAT AV AR Ak 69 [ 16 . 22 HEFE AT 5
JZ £ T R T B A

(4) FF5 4077 1 B2 B U i 4 it RS2 i 3 245
RIKWT . VAT R Al iy LA UK 3 45 5 8]
AR IE SR (W L GRSk e SN D
353 S PIAS B B RIS SCop A 4 21 BEFI AT 241
Fa B BL, B AT AL O iR ik m . 1R IR
X — L FEAT 5 LU B SCUE S B AR BE Al L 7T
et A Bl 25 3 3K A ) BBURE Il SN 48 b 45518
A AR T W POk ik —
AT 5 3 31K (9 A1 AL R BE AL 7 S8 B85 S

x6 ROFSHERER

Tab.6 The generation list of case symbol

BEALE BRI E

FH 5 BOR
ATTRTEEN o S ¢ 9 o
I SCIE B | EAL S 5 @ @ on. & Al
©r e 02 O G

©

¥
®
lo

®
®
®




PG 55 < b AR5 B DA B LA BT 5 3 25 AR 1L 937

CHE]
4 ":_EJ!'\ %

0B IR 55 15 55T A P10 PR, 55 98 M 1R AF
O B2 A AN SR o 7 SCAT X I — ] AL LA i ]
FE5 BN o M I OTA R S T —Fh AR
SCEH S N AEZ B8 LA 2 3 SCRTTEDE G 1k i
TR T 2R AT S B 3 A S B 3 A
B SR E AT 5 B S 5 i g

AR Sl PRI AT 5 A iR, 22 It DL 6 16 A7
B S5 T ST M EAT S AL I A B 25 R A
R PR T AR SR A S T ORI
A OCIBOC 2R L I H 75 5 1 RO A e 5 i T 47 5 1Y
B AR L — Bl i > IR 7 59 A 3 B
PLA . X FIHRALIN & X — 5 BOk 2 28 A
PR T 32 48 DAy i SC o o ) 358 AR 35 I
WA S XA MBNAL A M TIPS B, X
TANBIFFS M L i R4 T 75 iR 5 46
oy 550 SCE A 22 18] Y — EovE A R T R e 1 A
FHNHIRCR

e ] TS %07 86 AN ALRE RS I T AL
255 5 5t B M A5 5 AL J5 1, ik Al BEAE LA R G
KA DR 3R 2 W AN 2 7455 J2 18D 4 45
S 22 S Pk R AT A6 AN T BT O 22 ATl A 22 40
AT e B I g B0 R @ LLTE SCN AT
4 AT 2 4 3 1 SO0 X 37 45 58— g B A7 R
R it LR, B R T SRR RS
P O BUAT ZE AR 5 T S AT A 808 08 A A 1 A 4
B TR T3 58 5 O M HE IR 5 Y F1 BE L AR SCRIBIESE AT
WA X B T 5 I B A s R X T A
HOF P AT 5 AR 2 K LA | M P A S ] 15 A
A28 HA A fEL
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