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 Chain code -> efficient description of 2d geometric objects;

 Can be used for presentation or for determining object/shape 
properties;
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 Crack F4 chain code, which starts at coarser grid point, in a 
2x2 cell [Chen & Chen, 2001]:
◦ Four F4 moves reach coarser grid point;

◦ Four F4 moves leave the coarser grid cell; 

 Building block is a quadruple 𝑄𝐴 = ⟨𝑠0
𝐴, 𝑠1

𝐴, 𝑠2
𝐴, 𝑠3

𝐴⟩;
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 Input: crack Freeman chain code in four directions (𝑆0);

 Map at most four symbols from input chain code into at most three 
symbols in the coarse F4 chain code;

 All combinations of four symbols of F4 alphabet => base alphabet 
for new multiresolution chain code (VVK, MrCC);

 Reducing 256 symbols of new alphabet to at most 32 symbols;
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 Correct the starting point

 Remove all dangling edge 
sequences
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 256 possible sequences of four F4 symbols ⟨𝑠0
𝐴, 𝑠1

𝐴, 𝑠2
𝐴, 𝑠3

𝐴 ⟩;
 Combinations with dangling edges can be removed;
 Grid point reached after two moves: 𝑠0

𝐴 = 𝑠1
𝐴;

 Rotations; 
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𝑍𝑙 ← ⟨𝑀𝑟𝐶𝐶, 𝑠0
𝐴⟩

𝑆𝑙+1 ← ⟨𝑠𝑡⟩



9Compromise



10Compromise



𝑆0 = ⟨3,0,0,3,3,0,3,3,0,3,3,0,3,3,0,3,3,0,3,3,
2,2,2,1,1,2,1,1,2,1,1, 2,2,2,2,3,3,2,3,3,2,3,3,
2,2,2,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,0,1⟩

𝑆1 = ⟨0,3,0,3,3,0,3,3,0,3,3,2,2,1,2,1,1,2,2,3,
3,2,3,2,2,1,1,0,1,1,0,1,1,0,1,0⟩

𝑍0 = ⟨𝐸, 3, 𝐵, 3, 𝐻, 2, 𝐵, 3, 𝐻, 2, 𝐵, 3, 𝐵, 2, 
𝐸, 1, 𝐵, 1, 𝐻, 0, 𝐹, 1, 𝐺, 1, 𝐿, 3, 𝐶, 2, 𝑇, 3, 𝐵, 1,
𝐶, 0, 𝐿, 1, 𝐶, 0, 𝐿, 1, 𝐶, 0, 𝑅, 1, 𝑙⟩
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 𝛿1 = 𝐹 ⇒ Ψ𝐶𝑊 = ⟨0⟩;
 𝛿1 = 𝐿 ⇒ Ψ𝐶𝑊 = 1,0,3 |0..3;

 𝛿1 = 𝑅 ⇒ Ψ𝐶𝑊 = 0,3,2 |0..3;

 𝛿3 = 𝐹 ⇒ remainder 𝐴 = ഥ𝑠𝑎 , 𝑠3
𝐴  is required:

Δ(𝑄𝐴+) = ቐ
𝑠0

𝐴, 𝛿1, 𝛿2, 𝐿 ; 𝐶𝑊

𝑠0
𝐴, 𝛿1, 𝛿2, 𝑅 ; 𝐶𝐶𝑊

 Based on above:

𝜓0
𝐶𝑊 = ቐ

0; 𝛿1 = 𝐹 ∨ 𝛿1 = 𝑅

1; 𝛿1 = 𝐿

◦ 𝜓𝑖
𝐶𝑊 = 𝜓𝑖−1

𝐶𝑊 + 3  𝐦𝐨𝐝 4

 Of course, we must determine Ψ (Δ);
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 Map subsequence of Δ ↦ ℤ:

𝜆 𝛿 =

−1; 𝛿 = 𝑅

0; 𝛿 = 𝐹

1; 𝛿 = 𝐿

𝜏 Δ = ቐ
0; 𝜆 𝛿1 = 0

𝛼𝜆 𝛿1 + 𝛽𝜆 𝛿2 + 𝛾𝜆 𝛿3 ; otherwise

 𝛼 must be large enough for 𝛿1 = 𝑅 ⇒ 𝜏 < 0 and 𝛿1 = 𝐿 ⇒
𝜏 > 0 

 Observing possible options (𝛽 = 𝛾; 𝛽 = 𝜈, 𝛾 = 𝜈 + 𝜉; 𝛽 = 𝜈 +
𝜉, 𝛾 = 𝜈): 

1. 𝛼 =
7

2
, 𝛽 = 2, 𝛾 =

1

2

2. 𝛼 =
7

2
, 𝛽 = 1, 𝛾 =

3

2
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⟨𝜹𝟏, 𝜹𝟐, 𝜹𝟑⟩ 𝝉𝟏 𝝉𝟐

⟨𝐹, 𝛿2, 𝛿3⟩ 0 0

⟨𝐿, 𝐿, 𝐿⟩ 6 6

⟨𝐿, 𝑅, 𝑅⟩ 1 1

⟨𝐿, 𝑅, 𝐿⟩ 2 4

⟨𝐿, 𝐹, 𝑅⟩ 3 2

⟨𝐿, 𝐹, 𝐿⟩ 4 5

⟨𝐿, 𝐿, 𝑅⟩ 5 3

⟨𝑅, 𝑅, 𝑅⟩ -6 -6

⟨𝑅, 𝑅, 𝐿⟩ -5 -3

⟨𝑅, 𝐹, 𝑅⟩ -4 -5

⟨𝑅, 𝐿, 𝑅⟩ -2 -4

⟨𝑅, 𝐹, 𝐿⟩ -3 -2

⟨𝑅, 𝐿, 𝐿⟩ -1 -1



Ψ𝐶𝑊 (Δ) = 𝜌 Δ = ൞

−𝜏1 Δ

2
+ 1 𝐦𝐨𝐝 4; 𝜏1(Δ) ≤ 0

3 − ⌊
𝜏1 Δ

2
⌋; 𝑥 > 0

Ψ𝐶𝑊 Δ = 𝜌 Δ =

1; 𝜏2 Δ = 0

−𝜏2 Δ + 2
−𝜏2 Δ

4
𝐦𝐨𝐝 4; 𝜏2 Δ < 0

4 − 𝜏2 Δ + 2
𝜏2 Δ

4
; 𝜏2 Δ > 0
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𝜓0
𝐶𝑊 = ቐ

0; 𝜏 ≤ 0

1; 𝜏 > 0

 𝜓𝑖
𝐶𝑊 = 𝜓𝑖−1

𝐶𝑊 + 3  𝐦𝐨𝐝 4
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 IEEE Access (Q2):

Andrej Nerat, Damjan Strnad, Krista Rizman Žalik, Borut Žalik. An effcient 
multi-resolution chain coding. IEEE Access, 2024, 11 pp.

 Image analysis & stereology (Q4; while sending Q2 ):

Andrej Nerat, Damjan Strnad, Eva Zupančič, Borut Žalik. Extended algorithm 
to construct a quadtree from Freeman chain code in four directions. Image 
analysis & stereology : official journal of the International Society for 
Stereology. 2019, 227-235 (Scopus: 2 citations, 1 citation without self-
citations).
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