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(MIST), Dhaka, Bangladesh; rokibulhasan9102@gmail.com 

Abstract: Designing a ship hull is a complex procedure that involves constructing the basic hull 
using prede-termined criteria or spec-ified lines. Grasshopper, a visual programming environment 
for Rhinoc-eros 3D (CAD software), has a parametric model-ing and analysis tool that automates 
the generation of ship hull and line plans using offset tables. This strategy reduces the necessity of 
manual de-sign while enhancing efficiency and precision. Grasshopper is widely used for 
generating de-signs, enabling designers to visually create intri-cate algorithms by con-necting 
components in-stead of writing code. This paper proposes a novel technique to auto-mate the 
construction of ship hull and line plans with Grasshopper, lever-aging its parametric ca-pabilities 
to produce hull shapes and plan lines readily from offset table data. Future advance-ments may 
involve com-bining hydrostatic and hydrodynamic evalua-tions, improving hull performance, and 
auto-mating the fairing pro-cess. A user-friendly in-terface and real-time collaboration tools can 
boost accessibility and design flexibility. 
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1. Introduction 

Designing a ship hull is culturally understood as a design art where the primary hull is first 
formed either from preset parameters or from the designed lines of additional conceived by the work 
designer which details coordinated for drift correction and post drafting. Further along, an offset 
table would be presented which showed the coordinates of the structural parts of the vessel. Such 
coordinates depict a particular ‘arc’ depicting the hull configuration of the vessel at a sectioned length 
along the vessel's cross frame. Depending on the position of the cut, the coordinates assigned to 
whine shaped lines which composed the curved frame structure depict the shape of the framing, and 
the position on the surface of the vessels submerged hull shows. Offsetting the shape of a spline radial 
makes it possible to obtain a model of the hull which aspires to have the most optimal design, through 
thrust optimization. There exists a method where designers, rather than determining superelevation 
lines or specific data of the hull, have moved to the construction of lines where a very vexing shape 
results in more trouble than what it is worth to resolve.  

To undertake these obstacles, researchers have delved into the usage of computer-aided design 
and automation technologies. Grasshopper is a visual programming environment for Rhinoceros 3D 
(CAD Software). It has a huge library of blocks written in GhPython language which can be used for 
parametric modeling and analysis. It enables the automation of forming ship hull and line plans from 
offset tables. This decreases the need for manual drawing, ultimately improving the efficiency and 
accuracy of the design process. This enables designers to create complex algorithms visually by 
dragging and connecting components rather than writing codes. Grasshoppers are frequently used 
for producing generative designs, in which the shape of an object is formed using parameters 
(inputs), providing designers with greater control over geometry and the ability to iterate quickly. 

This paper presents a unique approach for automating the creation of ship hull and line plans 
using Grasshopper. The method makes the most of the parametric capabilities of Grasshopper to 
generate hull forms, and the corresponding lines are effortlessly planned from offset table data, 
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reducing the time and effort required for manual design repetitions. Nonetheless, the study decided 
to leave out hydrostatic and hydrodynamic analyses, choosing to only examine the geometric 
portrayal of the hull form. Future developments could include integrating hydrostatic and 
hydrodynamic analyses, optimizing hull performance, and automating the fairing process. Enlarging 
to different hull types, integrating specialized ship design software (Ship Constructor, NAPA, 
Maxsurf), and automating creation of drawings would enhance serviceability. A user-friendly 
interface and real-time cooperation tools can improve attainability and design flexibility. 

2. Literature Review 

The use of parametric modeling tools has resulted in considerable breakthroughs in ship hull 
design, simplifying the complicated geometry involved. Bole and Forrest [1] were pioneers in 
incorporating integrated parametric design into the early stages of ship development, emphasizing 
the necessity for automation to reduce the manual work necessary to shape the hull shapes. In a 
similar spirit, Pavel's tutorial on using Grasshopper as a visual programming environment in 
Rhinoceros 3D to apply parametric design concepts proved quite effective in automating hull form 
synthesis. Artificial intelligence approaches were also used in the design of hull shapes. Islam et al. 
[3] discussed the use of artificial intelligence approaches to automatically build hull forms. Their 
work focused on the benefits of AI design in terms of efficiency and accuracy, as well as how AI 
reduces the number of man-hours required to do repetitive tasks. Pirker [4] expanded on this by 
focusing on the automated variation and optimization of grid structures--an idea that might be used 
to the construction of ship hulls to achieve maximum structural efficiency. Another significant 
addition has been the creation of customized Rhino/Grasshopper tools, such as those proposed by 
Guilcher and Laurens [5], who in their paper proposed a set of tools for ship design automation. The 
adaptability of Grasshopper, which was built for many maritime design contexts, was highlighted. 
Katsoulis et al. [7] suggests a T-splines-based parametric modeler applied to computer-aided ship 
design within the larger framework of implementing the idea of parametric ship design. Their work 
concentrated on demonstrating the viability of using parametric models to include hydrodynamic 
studies about hull performance in addition to complex geometries construction. Previous research 
emphasizing the value of incorporating these studies can be found in Lewis's [8] exposition of the 
fundamental ideas of naval architecture, which focused on the performance-based design of the hull. 
Grigoropoulos talked on optimizing hull form based on hydrodynamic performance and provided 
some techniques for designing hull shapes that maximize stability and fuel efficiency. The study falls 
under Panikolaou's holistic approach to ship design, which combined many aspects of ship 
performance into a single, integrated design optimization process. The parametric method has also 
been investigated in the field of architecture design for the purpose of creating free-form structures. 
Grasshopper was utilized in the work by Glymph et al. [11] to produce intricate glass structures, 
demonstrating its potential for ship hull design through the automation of challenging geometric 
tasks.  Additionally, McNeel's work [12] has shed light on the construction of ship hulls using offset 
tables, a concept that combines Grasshopper's parametric features to generate hulls in an automated 
manner. The approach of automatic analysis, which includes digital hull design, model processing, 
and evaluation, was also highlighted by Xing et al. [13], advancing the field's objective of fully 
automated ship design workflows. 

3. Methodology 

The workflow begins by reading the offset table, generating smooth curves through parametric 
interpolation, and lofting these curves to create a hull surface. The entire process is automated, 
allowing real-time adjustments and optimization  
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A. Assumptions: 
Nonetheless, the offset table format must be transposed for this grasshopper application. As 

illustrated in Figure 1 , the stations represent the columns of the table, and the waterlines represent 
their rows. Furthermore, the table must begin with Excel Sheet's A1 cell and cannot contain any 
letters. 

 
Figure 1. Excel Sheet. 

To read the Excel table Grasshopper needs an additional plugin named TT toolbox by 
food4rhino [6] which must be preinstalled before using this script. 
B. Data Input:  

The input section contained four elements presented in Figure 2. The Excel file of our Offset 
Table should be imported in the ‘Offset Table’ block. The yellow ‘Table block’ takes the entity of the 
specific sheet name (OT) in the Excel file in which the offset table is saved. ON/OFF (True) indicates 
that the system is active and the read? The (True) block confirms that data reading is enabled, 
allowing interaction with the OT table.  

 

Figure 2. Input Section. 

C. Generate Points: 
In Figure 3 this part is designed to extract and organize a cloud of points and dimensions from 

an offset table. It begins by reading the Excel sheet through a ‘Read Excel Sheet’ block (tt toolbox), 
which takes inputs from the input section and reads the Excel sheet as a tree of lists. Next, the columns 
are divided into two lists so that the Z-coordinates of the points in the waterline height column can 
be separated. The station’s longitudinal position row, which contains the X coordinates of the points, 
is then separated using further split operations inside the list of other columns. These data were 
separated into positive and negative values by a split tree function using applied masks to organize 
the point Y coordinates. The ‘Concatenate’ function assembles these values into 3D coordinates (X, 
Y, Z) visualized in Figure 4. Finally, item blocks were used to retrieve and output specific dimensional 
values, such as length, height, and breadth, effectively automating the process of converting tabular 
data into points. 

 

Figure 3. Points from Offset Table. 
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Figure 4. Points from Offset Table. 

D. Generation of Sections:  
In this stage (shown in Figure 5), the points generated are interpolated using the ‘Interpolate’ 

block to generate curves through points, and section curves shown in Figure 6 are obtained according 
to the stations of the offset table.  

 

Figure 5. Points from Offset Table. 

 

Figure 6. Section Curves from Points. 

E. Generation of the Hull Surface  
Figure 7 shows the next step, where the 3D hull surface is formed by lofting the section curves. 

A bottom surface was also generated using the ‘RuleSrf’ block and joined with the lofted surface to 
fully create the port side of the vessel hull. Mirroring forms on the opposite side of the hull. 

 

Figure 7. Hull Generation Section. 

F. Body Plan:  
In Figure 8, after creating the hull surface, Section curves are divided into two parts (aft & fwd. 

amidship) from the middle using ‘Subset,’ and the aft part is mirrored using ‘Mirror.’ The curves 
were then moved to the YZ-plane to create a single-plane drawing. The ‘Body Plan Grid’ block creates 
the grid of the body plan using the water line spacing and height from the offset table.  

 
Figure 8. Body Plan Generation Section. 
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G. Half Breadth Plan:  
The value of the waterline height is passed to the Z input ‘Vec’ block to create coordinates (for 

example, (0, 0, Z)). XY section planes are created at those vector points (water planes), which form 
the cross-sectional curves of the hull surface at the waterline heights. Subsequently, all the curves 
were moved to plane XY to form a single plane drawing. The ‘HB Grid’ block creates the grid of 
the Half Breadth Plan using the station spacing and breadth from the offset table. 

 

Figure 9. Half Breadth Generation Section. 

H. Profile Plan: 
This part, shown in Figure 10, begins by creating a boundary box around the half hull. The 

number of buttock lines can be changed by using a slider. ‘Perpendicular Frame’ block creates equally 
spaced breadth wise planes (buttock planes). Again, using the ‘Section’ block, the cross-sectional 
curves of the hull at those planes are generated. These curves were then moved to the X–Z plane. 
‘Profile Grid’ creates a grid of profile view which contains stations and water lines.  

 

Figure 10. Profile Generation Section. 

 
Figure 11. Boundary Box. 

I. Arrangement: 
This is the last section in Figure 12, where all outputs (Hull, Body plan, half-breadth plan, and 

profile) are arranged. This section rotates and moves the three plans at the XY plane and aligns with 
each other to create a full-line plan drawing. provides the final output for the entire program. 

 

Figure 12. Final Arranging Section. 
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4. Results And Discussion 

The results of this study demonstrate the effectiveness of automating ship hull and line plan 
generation using the Grasshopper. By inputting an offset table, the Grasshopper script successfully 
produced smooth Hull Surface (Figure 13), Body Plan (Figure 14), Half Breadth Plan (Figure 15), 
Profile Plan (Figure 16) from the given Offset table. 

 
Figure 13. Hull surface from section curves. 

 
Figure 14. Body Plan. 

 
Figure 15. Half Breadth Plan. 

 
Figure 16. Profile Plan. 

The parametric method of Grasshopper allowed for immediate changes of the hull shape. Any 
modifications in the offset table, like distance between stations or size of the hull, could be smoothly 
integrated into the model without re-running the whole process. The hull from the offset table was 
also much more accurate than the one manually created. Automation of hull and line plan generation 
offers major benefits in time efficiency and flexibility, at least during the initial design stage. More 
powerful parametric capabilities in Grasshoppers now allow designers to quickly create and refine 
designs, with only minor manual work needed to test different variants of a hull. This process is also 
still largely unusable during the final stages of design due to the lack of hydrodynamic analysis. Even 
more valuable information could be obtained by incorporating some performance calculations into 
Grasshopper. While the parametric approach saves a great deal of time and offers much more 
freedom, there are also some disadvantages in using this approach-for example, how interpolation 
error relates to the design at hand, especially in complex hull shapes. Another challenge is that such 
incorporation of Grasshopper with other software-that indeed will perform hydrodynamic analysis-
must be made in a manner to ensure seamless data exchange. Notwithstanding such challenges, 
automation in ship hull design is too good an offer to let pass by modern naval architecture. 

5. Conclusion 

The research showed that Grasshopper works effectively in the automation of ship hull and line 
plan generations. In essence, the parametric approach facilitates the direct translation of offset table 
data into an accurate three-dimensional model complete with a line plan, where changes are made in 
real time. While the present methodology involves only the basic geometry of the hull, without 
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complex features and hydrodynamic analysis, the methodology saves considerable time and offers 
flexibility in the early design stages of ships. Further development could give the approach a valid 
tool for the improvement of ship hull design in naval architecture. 
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analysis, and writing of this research paper.  

There is no conflict of interest. No external funding was received for this research. The data 
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study does not involve human participants, animal subjects or any data that require ethical approval.  

All procedures performed followed relevant institutional and legal requirements. 

Appendix 

A sample offset table. 

Position 
WL 1 WL 2 WL 3 WL 4 WL 5 WL 6 WL 7 
0 1.3 2.6 3.9 5.2 6.5 7.8 

St 0 0.00 0.00 0.00 0.00 0.00 0.63 2.20 3.44 
St .5 2.43 0.02 0.23 0.24 0.31 1.48 3.27 4.67 
St 1 4.87 0.08 0.52 0.61 0.83 2.36 4.19 5.58 
St 1.5 7.30 0.18 0.86 1.08 1.49 3.24 4.98 6.26 
St 2 9.73 0.36 1.27 1.61 2.27 4.09 5.66 6.77 
St 3 14.60 0.90 2.25 2.80 3.95 5.63 6.76 7.48 
St 4 19.46 1.58 3.31 4.18 5.49 6.81 7.54 7.91 
St 5 24.33 2.41 4.52 5.62 6.68 7.52 7.94 8.11 
St 6 29.19 3.34 5.74 6.87 7.55 7.92 8.10 8.20 
St 7 34.06 4.24 6.77 7.71 8.02 8.12 8.17 8.20 
St 8 38.92 5.07 7.49 8.10 8.20 8.20 8.20 8.20 
St 9 43.79 5.74 7.88 8.20 8.20 8.20 8.20 8.20 
St 10 48.65 6.09 8.04 8.20 8.20 8.20 8.20 8.20 
St 11 53.52 5.83 7.94 8.17 8.20 8.20 8.20 8.20 
St 12 58.38 5.20 7.69 8.06 8.10 8.13 8.12 8.15 
St 13 63.25 4.22 7.15 7.65 7.74 7.81 7.89 7.98 
St 14 68.11 3.08 6.32 6.98 7.14 7.25 7.43 7.64 
St 15 72.98 1.96 5.24 5.91 6.16 6.38 6.63 7.00 
St 16 77.84 1.06 4.00 4.62 4.88 5.11 5.46 6.00 
St 17 82.71 0.47 2.77 3.25 3.42 3.65 4.02 4.69 
St 18 87.57 0.18 1.69 1.96 2.05 2.18 2.54 3.23 
St 18.5 90.00 0.12 1.22 1.37 1.44 1.54 1.86 2.50 
St 19 92.44 0.08 0.78 0.84 0.88 0.97 1.23 1.77 
St 19.5 94.87 0.05 0.37 0.38 0.40 0.46 0.65 1.05 
St 20 97.30 0.00 0.00 0.00 0.00 0.00 0.09 0.35 
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