
Inputs
• 3D model

‣ Vertex coordinates (3D vectors)

‣ Normals (3D vectors)

‣ Edges, faces

‣ Texture / UV coordinates (2D vectors)

• Unwrapped texture (2D image)

Algorithm

1 𝐼 ≔ ∅
2 𝑃 ≔ ∅
3 𝑇 ≔ ∅
4 load image

5 simplify colors to available palette

6 separate colors

7 for each color 𝑐
8 identify island borders 𝐼𝑐 = {𝐼𝑐1 , 𝐼𝑐2 ,…, 𝐼𝑐𝑚}
9 𝐼 = 𝐼 ∪ 𝐼𝑐

10 for each island 𝑖
11 split border polygon 𝑝𝑖 at edges into flat paths 𝑃𝑖 = {𝑃𝑖1 , 𝑃𝑖2 ,…, 𝑃𝑖𝑛}
12 𝑃 = 𝑃 ∪ 𝑃𝑖
13 for each 𝑓 = 1,…, 𝑘
14 compute intersections of parallel line 𝐿𝑓  with border polygon 𝑝𝑖
15 split 𝐿𝑓  at edges into segments 𝐹𝑖,𝑓 = {𝐹(𝑖,𝑓)1 , 𝐹(𝑖,𝑓)2 ,…, 𝐹(𝑖,𝑓)𝑛}
16 𝑃 = 𝑃 ∪ 𝐹𝑖,𝑓
17 for each path 𝑝𝑗 = ({𝑃1(𝑢1, 𝑣1), 𝑃2(𝑢2, 𝑣2),…, 𝑃𝑜(𝑢𝑜,𝑣𝑜)}, 𝑐) in 𝑃
18 interpolate 3D positions and get face indices from UV coordinates

19 𝑉1(𝑥1, 𝑦1, 𝑧1), 𝑓1 ← 𝑃1(𝑢1, 𝑣1)
20 𝑉2(𝑥2, 𝑦2, 𝑧2), 𝑓2 ← 𝑃2(𝑢2, 𝑣2)
21 …

22 𝑇 = 𝑇 ∪ {({𝑉1, 𝑉2,…, 𝑉𝑜}, 𝑓𝑜, 𝑐)}

Future considerations
• Input may be a side image of the duck → add a projection step at the beginning

• Output can be optimized, for example by sorting the segments to minimize distance or normal 

delta

• Segments may be non-linear (e.g. arcs) depending on robot interface and constraints

• Segments may need to be split when crossing sharp edges

• Other filling patterns can be implemented (e.g. concentric border, dots, waves, crosses, etc.)



Cross-face algorithm

1 Input: Point 𝐴 on face 𝐴𝑓 , with normal 𝐴𝑛
2 Input: Point 𝐵 on face 𝐵𝑓 , with normal 𝐵𝑛
3 𝑃 = {}
4 if 𝐴𝑓 ≠ 𝐵𝑓  then

5 compute the middle point 𝑀  on face 𝑀𝑓  with normal 𝑀𝑛
6 if dist(𝐴,𝐵) < 𝑑 or max depth reached then

7 if angle(𝐴𝑛, 𝐵𝑛) > 𝜃 then

8 𝑃 = 𝑃 ∪ {(𝑀,𝐴𝑛), (𝑀,𝑀𝑛), (𝑀,𝐵𝑛)}
9 else

10 𝑃 = 𝑃 ∪ {(𝑀,𝑀𝑛)}
11 end

12 else

13 if 𝐴𝑓 ≠ 𝑀𝑓  then

14 𝑃 = 𝑃 ∪ compute_edge_points(𝐴,𝑀)
15 end

16 if 𝑀𝑓 ≠ 𝐵𝑓  then

17 𝑃 = 𝑃 ∪ compute_edge_points(𝑀,𝐵)
18 end

19 end

20 end

21 return 𝑃
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