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1. Supplementary Information for Methods 

1.1 Algorithm 1 

The algorithm of preliminary clustering of the 3D line segments can be descried using 

Algorithm 1. 

Algorithm 1 Preliminary clustering of the 3D line segments 

Input:  {𝑳𝒊}, the initial 3D line segments from Line3D++ algorithm, where 

i=0…n1 

Output:  {Ci}, the classified line-segment cluster set, where k=0..n 

Insert {𝑳𝒊|𝒊 = 𝟎…𝒏𝟏} into 𝑼 

Sort 𝑼 by the length of 𝑳𝒊 ∈ 𝑼 in descending order 

Insert 𝑳𝟎 into 𝑪𝟎 

while (𝒍𝒐𝒐𝒑 ≤ 𝟑&&|𝑼|! = 𝟎) do 

for (each 𝑳𝒊𝟏 ∈ 𝑼) do   

for (each 𝑪𝒌 ∈ 𝑪) do 

for (each 𝑳𝒊𝟐 ∈ 𝑪𝒌) do 

if (angle between 𝑳𝒊𝟏 and 𝑳𝒊𝟐 less than 𝜶𝟏) then 

𝑵𝟏++ 

end if 

𝑵𝟐++ 

end for 

if (𝑵𝟏 ∕ 𝑵𝟐 > 𝑹)then 

Insert 𝑳𝒊𝟏 into 𝑪𝒌 



break 

end if 

end for 

if(𝑳𝒊𝟏 ∉ (∀𝑪𝒌 ∈ 𝑪)) then 

if(length of 𝑳𝒊𝟏 > �̅�) then 

Add a new cluster into 𝑪 

Insert 𝑳𝒊𝟏 into the new cluster 

else 

Put 𝑳𝒊𝟏 back into 𝑼 

end if 

end if 

end for 

loop++ 

end while 

1.2 Algorithm 2 

The extraction algorithm of axis-aligned and non-axis-aligned clusters of line 

segments can be described using Algorithm 2. 

Algorithm 2 Extraction algorithm of axis-aligned and non-axis-aligned clusters 

of line segments 

Input:  {Ci}, the classified line-segment cluster set, where k=0..n 

Output: 𝑶𝟎, the optimal axis-aligned cluster trio  

        N, the non-axis-aligned line-segment cluster set 

Compute dominant directions of clusters in 𝑪 

Sort clusters in 𝑪 by the sum-length of 𝑪𝒌 ∈ 𝑪 in descending order 

Insert top 20 clusters of 𝑪 into 𝑪′′ 

for (each 𝑪𝒌𝟏 ∈ 𝑪′′, 𝑪𝒌𝟐 ∈ 𝑪′′, 𝒌𝟏 ≠ 𝒌𝟐) do 

if (angle between 𝑫𝒌𝟏
⃗⃗ ⃗⃗ ⃗⃗  ⃗ and 𝑫𝒌𝟐

⃗⃗ ⃗⃗ ⃗⃗  ⃗ ∈ (𝜶𝟐, 𝟗𝟎°)) then 

Insert (𝑪𝒌𝟏,𝑪𝒌𝟐
) into 𝑮 

end if 

end for 

for (each (𝑪𝒌𝟏,𝑪𝒌𝟐
) ∈ 𝑮) do 

for (each 𝑪𝒌𝟑
∈ 𝑪′′, 𝒌𝟑 ≠ 𝒌𝟏&&𝒌𝟑 ≠ 𝒌𝟐) do 

if(angles between(𝑫𝒌𝟏
,⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ 𝑫𝒌𝟑
⃗⃗ ⃗⃗ ⃗⃗  ⃗)and(𝑫𝒌𝟐

,⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ 𝑫𝒌𝟑
⃗⃗ ⃗⃗ ⃗⃗  ⃗) )are both ∈ (𝜶𝟐, 𝟗𝟎°)) 

then 

Insert (𝑪𝒌𝟏
, 𝑪𝒌𝟐

, 𝑪𝒌𝟑
) into 𝑶 

end if 

end for 

end for 

for (each 𝑶𝒋 ∈ 𝑶) do 

Compute the weight 𝑾𝒋 of 𝑶𝒋 

end for 



Sort 𝑶 by the weight 𝑾𝒋 of 𝑶𝒋 ∈ 𝑶 in descending order 

Choose 𝑶𝟎 as the cluster of orthogonal directions 

for (each 𝑪𝒌 ∈ 𝑪&&𝑪𝒌 ∉ 𝑶𝟎)do 

if (angles between𝑫𝒌
⃗⃗⃗⃗  ⃗ and every cluster directions in 𝑶𝟎 are all∈

 (𝜶𝟑, 𝟗𝟎°)) then 

Insert 𝑪𝒌 into 𝑵 

end if 

end for 

1.3 Algorithm 3 

The algorithm for non-axis-aligned plane fitting can be described using Algorithm 3. 

Algorithm 3 The algorithm for non-axis-aligned plane fitting 

Input: N, the non-axis-aligned line-segment cluster set 

Output: F, the final set of non-axis-aligned hypothetical planes  

for (each 𝑪𝒊 ∈ 𝑵) do 

Insert 𝑪𝒊 into 𝑼 

while (𝒍𝒐𝒐𝒑 ≥ 𝟏𝟎&&|𝑼|! = 𝟎) do 

Generate point cloud 𝑽 from 𝑼 

Random select 𝑳𝒑 and 𝑳𝒒 from 𝑼 

Get the plane 𝑺 from 𝑳𝒑 and 𝑳𝒒 

for (each 𝑳𝒌 ∈ 𝑼, 𝒌 ≠ 𝒑&&𝒌 ≠ 𝒒) do 

if (𝑳𝒌 is on plane 𝑺) then 

𝒍𝒏𝟏 ++ 

end if 

end for 

if (𝒍𝒏𝟏 ≥ 𝟏) then 

Get the normal vector of plane 𝑺 as �⃗⃗�  

Mean shift cluster along �⃗⃗�  on point cloud 𝑽 

Save the cluster result {𝑷𝒂|𝒂 = 𝟎,… , 𝒄𝒎 − 𝟏} as 𝑸𝒎 

for (each 𝑷𝒂 ∈ 𝑸𝒎) do  

Get the number of segments 𝑷𝒂 included in as 𝒍𝒏𝟐 

if (𝒍𝒏𝟐 > 𝟓𝟎%|𝑪𝒊|) then 

Insert𝑷𝒂 into 𝑭 and delete 𝑷𝒂 from 𝑼 

end if 

end for 

end if 

𝒍𝒐𝒐𝒑++ 

end while 

Select 𝑸′ which has max 𝑾𝟑 from {𝑸𝒎|𝒎 = 𝟎,… , 𝒏𝟗 − 𝟏} 

Plane filter on 𝑸′ 



Insert 𝑸′ into 𝑭 

end for  

1.4 Algorithm 4 

The algorithm of subdivision of triangle meshes can be described using Algorithm 4. 

Algorithm 4 The algorithm of subdivision of triangle meshes 

Input: 𝑻𝒂, the initial triangle mesh 

Output:  𝑻𝒊, the subdivided triangle mesh 

for (each 𝒕𝒎 ∈ 𝑻𝒊) do 

Compute the area threshold 𝒔𝟎 

if (area of 𝒕𝒎 > 𝒔𝟎) then 

Insert 𝒕𝒎 into 𝑼𝑻 

while (𝑼𝑻 is not empty) do 

for (each 𝒕𝒎 ∈ 𝑼𝑻) do 

if (area of 𝒕𝒎 > 𝒔𝟎) then 

Add the center 𝒗𝒄 of 𝒕𝒎 into 𝑷𝒊 

Update the normal �⃗⃗�  and visible image list 𝑽 of 𝒗𝒄 

Add the new 3 triangles into 𝑼𝑻′ 

else  

Add 𝒕𝒎 into 𝑻𝒊 

end if 

end for 

Swap 𝑼𝑻 with 𝑼𝑻′, then clear 𝑼𝑻′ 

end while 

end if  

end for 

1.5 Algorithm 5 

The algorithm of subdivision penalty mechanism can be described using Algorithm 5. 

Algorithm 5 Subdivision penalty mechanism 

Input:   𝑻𝒂, the initial triangle-mesh  

Output:  𝑻𝒃, the update triangle mesh using subdivision penalty mechanism 

Compute the ratio 𝒓𝒊 of each triangle 𝒕𝒊 ∈  𝑻𝒃 

for (each 𝒗𝒋 ∈ 𝑻𝒃) do 

if (𝒗𝒋 is expanded vertex) then 



Get the parent triangle of 𝒗𝒋 as 𝒕𝒑 

if (the ratio of 𝒕𝒑𝒓𝒕𝒑 ≤ 𝜷𝟑) then 

    𝒇𝒗𝒋
′ ← 𝒇𝒖 + (𝒇𝒕𝒑𝟎 + 𝒇𝒕𝒑𝟏 + 𝒇𝒕𝒑𝟐) ∕ 𝟑 

else 

    𝒇𝒗𝒋
′ ← (𝒇𝒕𝒑𝟎 + 𝒇𝒕𝒑𝟏 + 𝒇𝒕𝒑𝟐) ∕ 𝟑 

end if 

else 

 𝒇𝒗𝒋
′ ← 𝒇𝒗𝒋

 

end if 

end for 

 


