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Abstract Only vertex chain code can be applied to triangular grids, but it has defect in angle adjacent expression.
Aimed at the problem of object border representation in triangular grid, three novel chain codes were proposed and
compared in character and performance. Firstly, Freeman chain code was extended to triangular grids. For two
different triangular elements, the corresponding 12-direction Freeman chain code encoding rules were designed
respectively. Secondly, based on the relative direction changes of the contour, the relative direction chain code was
proposed. Finally, the edge chain code could be obtained by differentiating the combinations of edges number and
internal grids number of the boundary grids. The geometric properties, expressive abilities and compression ratios
of three novel chain codes were compared and analyzed. Experiments show that the proposed methods can
accurately and completely realize the shape boundary expression of triangular grids. Among them, edge chain owns
the best performance, the average code number per grid is 1, and compression ratio can reach 0.75.
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Fig. 14 Shapes used in experiments
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Table 1 Total code numbers of various chain codes

S F12 vCC RDCC EACC
I%5E 1269 1654 1654 1269
JE 1025 1352 1352 1027
I 935 1257 1257 935
4] 2776 3848 3848 2778
D 1863 2516 2516 1863
5 1950 2497 2497 1954
7313 3977 5129 5129 3981
T 3277 4241 4241 3289
KAl 1300 1714 1714 1300
% 1691 2086 2086 1691
A 1662 2100 2100 1662
Hu& 2300 3006 3006 2304
U 2485 3174 3174 2489
Se 1 1.28 1.28 1
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S F12 vce RDCC EACC
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B, 4 3.83 3.83 3




R MARBI ) H 558 56

2019 4 11 A

ATLVE M, FI2 BARRAHCR S, H TiEd 2,
AT B 4 bit R, EgPERERAL; RDCC
FIVCC IS F12 2 28%, {H i T 484N5 & H A7
B D R R 45 R S T F12, 2R 0.955; EACC
B F S5 5 FF B 07 5038 B/, S5 F12 4 H, HE
i F AR 0.75, TRl I AT 2R R0 A0 46 1 BB 19 1
#

4 HiE

it B 7Y 45 % 7 vk 1 e BT R A, AT Freeman ik
W RERE 8 N T T = B Mg b, (HVCC X =
TE WAR AR 120 5 A A AR ) 2R AF AE B B o AR SR
3 AP T = MAIE AR A BERS T ik G, B
PRI R B = ML IR, 38t 12 77 14 Free-
man FEY, i HO G AR IF AT — 2 K5, BT
FE B RTRE T 1) ARG AR AR R, R A O i) A 5
e, T AN L S AR B N TR AR K
2 =8 RS B RS . T 3 RhBERS T IA Y
JURTREPE, I8 2 52 56 e B 2 TR 8 ) A 4 %
SEAFRM], 3 B0 EER J5 1k 1 RE HEHG 52 A o Xt = f P
WIR I AR 2 S dE AT ok, FLvb i f A 1) 13 0 5t
W 7 S A B — RS (EDR Rk, TR 40 5 0.75,
FIRAE ST MG 1 BE L e 1 o

£ % 3Lk

[1] Freeman H. On the encoding of arbitrary geometric
configurations. IRE Transactions on Electronic Com-
puters, 1961, 10(2): 260-268

[2] Bribiesca E. A new chain code. Pattern Recognition,
1999, 32: 235-251

[3] Sanchez-Cruz H, Rodriguez-Dagnino R M. Compres-
sing bi-level images by means of a 3-bit chain code.
SPIE Optical Eng, 2005, 44(9): 1-8

[4] Sanchez-Cruz H, Bribiesca E, Rodriguez-Diagnino M
A. Efficiency of chain codes to represent binary ob-
jects. Pattern Recognition, 2007, 40(6): 1660—1674

[5] Borut Z, Mongus D, Liu Y K, et al. Unsigned man-
hattan chain code. Journal of Visual Communication
and Image Representation, 2016, 38: 186—194

[6] Jain J, Sahoo S K, Prasanna S M, et al. Modified

1020

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

chain code histogram feature for handwritten charac-
ter recognition // Advances in Computer Science and
Information Technology, Networks and Communica-
tions, Berlin: Springer, 2012: 611-619

Ema R, Supriana I, Khodra M L. Bag-of-shapes
descriptor using shape association based on Freeman
chain code. Journal of Theoretical and Applied Infor-
mation Technology, 2017, 95(5): 1142-1153

Lee D, Kim S J. Modified chain-code-based object
recognition. Electronics Letters, 2015, 51(24): 1996—
1997

Karczmarek P, Kiersztyn A, Pedrycz W, et al. An
application of chain code-based local descriptor and
its extension to face recognition. Pattern Recognition,
2017, 65: 26-34

Madenda Y S, Prasetyo E. Object feature extraction of
songket image using chain code algorithm. Interna-
tional Journal on Advanced Science, Engineering and
Information Technology, 2017, 7(1): 235-241

Tawfiq A. Asadi A, Joda F A. Removing spatial re-
dundancy from image by using variable vertex chain
code. European Academic Research, 2014, 2(1): 179—
192

Ren M, Karimi H A. A chain-code-based map mat-
ching algorithm for wheelchair navigation. Transac-
tions in GIS, 2009, 13(2): 197-214

X, HIE . oL AL M4 = 2 A 5 SR W AT
o, R T RE 2 MGGER 5 TR, 2013,
37(3): 581-584

Liu Y K, Zalik B. An efficient chain code with Huff-
man coding. Pattern Recognition, 2005, 38(4): 553—
557

THEP;, EFA. EHBTBUSEMSOTR. hEER
K 24, 2010, 15(10): 1465-1470

Sanchez-Cruz H. Proposing a new code by conside-
ring pieces of discrete straight lines in contour shapes.
Journal of Visual Communication and Image Repre-
sentation, 2010, 21(4): 311-324

Zalik B, Mongus D, Zalik K R, et al. Chain code
compression using string transformation techniques.

Digital Signal Processing, 2016, 53(6): 1-10



