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Project Proposal 
1. Abstract 
Nonograms are a type of visual logic puzzle where the player uses numeric clues to deduce the state 

of cells in a grid. Voxelization is the process of taking a polygonal model and approximating it within 

a 3D grid to create a volumetric representation. This project aims to combine these ideas in order to 

generate 3D nonograms through the voxelization of polygonal models. Generated puzzles will be 

validated by the creation of a 3D puzzle solver. The suitability of this method of puzzle creation will 

be evaluated by creating puzzles of various subjects and styles and qualitatively assessing the results. 

Three different methods of puzzle solving will be created and compared quantitatively in terms of 

memory usage, accuracy and speed in order to determine which method is most effective. 

2. Introduction 

2.1 Nonograms 
Nonograms (also referred to as griddlers, Japanese crosswords, hanjie or picross) consist of a set of 

numbers along each row and column which indicate how many consecutive cells in the row or 

column should be filled. Multiple numbers indicates multiple blocks of consecutive cells, with at 

least one empty cell between them. Figure 1 depicts a simple example puzzle and its solution; note 

that all of the numeric constraints are satisfied by the solution, and that only one possible 

configuration of the grid could allow this. 

 

 

 

 

 

 

Figure 1: A simple nonogram (left) and its solution (right) (Chugunny 2015). 

This concept can be extended to 3D. In solving a 3D nonogram the player starts with a solid block of 

orthogonal cubes and carves out a hidden structure, using the numeric clues to deduce which cubes 

to keep and which to remove. 

2.2 Voxelization 
Traditionally 3D graphics models have been rendered polygonally as meshes of triangles. An 

alternative method uses voxels; a voxel is a single cube in a uniform orthogonal grid and represents a 

small volume in much the same way that a pixel represents a small area. 3D models can be 

approximated by turning voxels in the grid on or off as seen in Figure 2. The resolution of the grid 

determines how effective the approximation is, since smaller cubes allow for more detail to be 

modelled at the cost of higher processing requirements. 
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Figure 2: Rendering the Utah teapot using polygons (left) and voxels (right) (Westerdiep 2010). 

The process of taking a polygonal model and computing the voxel approximation is known as 

voxelization or voxelizing. One of the main differences between voxels and polygons is that voxels 

fully model a complete volume whereas polygonal meshes, being hollow shells, model only the 

visible surface. This makes polygons and voxels better suited for different purposes, but far more 

polygonal models exist than voxel ones due to the comparative rendering efficiency. 

2.3 Research Question 
In solving a 3D nonogram the player is essentially manipulating a voxel model. With the relative 

ubiquity of polygonal models, the question arises of whether the voxelization of these polygonal 

models would result in effective puzzles. Put simply: 

How suitable is voxelizing existing polygonal meshes as a method of generating solvable 3D 

nonogram puzzles? 

This question will be answered through the development of an application which will voxelize 

polygonal models at a user-specified resolution, then construct and algorithmically attempt to solve 

the resulting 3D nonogram in order to check it’s validity as a puzzle. 

3. Background and Context 
 “The main problem with selling picture-logic puzzles is the need to generate a large number of 

picture-logic puzzles per month, or even per week, so automating the generation process of such 

puzzles is an important task.” (Ortiz-García, et al. 2007a, p. 750) 

Nonogram videogames have proven popular, especially in Japan. Nintendo has published numerous 

games starting with Mario’s Picross (1995) and saw international success with Picross DS (2007). 

Various sequels have followed including some games that focused on 3D puzzles. In its first week of 

release Picross 3D (2009) sold 38,000 units in Japan (Jenkins 2009). The game is estimated to have 

sold 490,000 units worldwide (VGChartz 2015a). Picross 3D 2 (2015) was recently released in Japan 

and sold 30,000 units in its first four days (VGChartz 2015b). It was the eighth best-selling game that 

week and the second best-selling 3DS game, despite releasing half-way through the week. 

A lot of work has been done to automate the creation of 2D nonograms. Image processing followed 

by iterative modification can produce solvable puzzles based on an input image (Henstra 2011; Ortiz-

García et al. 2007a). Varying the properties of the image processing can produce multiple puzzles of 

varying difficulty from a single image (Batenburg et al. 2009). There are also tools that allow users to 

draw their own puzzles (Wootten 2012). 

A lot of work has also been done in computationally solving 2D nonograms both as an exercise in 

itself and in service of the generators. Various methods have been tried such as integer linear 

programming (Goldner, Kimura and Schwartz [no date]); evolutionary algorithms (Batenberg and 

Kosters 2004); depth-first search (Wiggers 2004) and simulated annealing (Wang and Tang 2014). 

However, the most effective method seems to be solving them with logical reasoning in much the 

same way as a human player (Ortiz-García, et al. 2007b; Yu, Lee and Chen 2011). 
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An important distinction between 2D puzzles and 3D is that of delivery method. 2D nonograms were 

popularised through newspapers and puzzle books before spreading to websites and software 

(including videogames). 3D puzzles on the other hand can only practically be distributed as software 

and consequently haven’t been around as long. This has led to a dearth of research into 3D puzzle 

generation and solving techniques. 

In contrast, voxels have seen extensive research. As a method of representing discretized volumes, 

voxels have been used in medical imaging such as MRI and CAT scans as well as for training 

simulations (Höhne et al. 2009). As a rendering technique they have seen use in games from Sid 

Meier’s Alpha Centauri (1999) to the more recent Resogun (2013). They are also used in games for 

calculating volumetric effects such as irradiance lighting and fluid dynamics (Evans and Kirczenow 

2011). 

With the rising popularity of 3D nonograms, the possibility of quickly generating 3D puzzles by 

utilising existing polygonal models and voxel techniques presents itself as one worth exploring. 

Despite this, no existing work could be found on generating or solving 3D nonograms, or on marrying 

these two technologies. 

4. Methodology 

4.1 Project Work 
The practical part of this project can be split into two sections: voxelization and 3D nonogram 

solving. These sections will form complementary halves of a single application written in C++ using 

DirectX 11. This application will allow the user to load in an existing polygonal model, voxelize it and 

determine the puzzle validity of the resulting 3D nonogram. 

The voxelization will require model loading, grid manipulation and an implementation of a 

raycasting-based algorithm for determining the ‘inside’ or ‘outside’ state of each voxel (Thon, 

Gesquière and Raffin 2004). A third-party model loading library will be used in order to support 

many file formats (Assimp Development Team 2014). Grid manipulation has already been 

implemented. 

The nonogram solver will involve creating a linesolver algorithm which deduces as much information 

as possible from a single puzzle line (Simpson 2000) and an implementation of three different 

approaches to applying this linesolver to the puzzle space. 

The brute-force method applies a linesolver to each line sequentially, repeating until the solution is 

found. The hierarchical method applies a linesolver until a cell’s state is deduced, pushes the 

linesolver onto a stack and starts a new linesolver on the modified line (linesolvers are popped when 

they finish). The heuristic method attempts to determine which line is most likely to produce the 

most new information and applies a linesolver there. 

The brute-force method will act as a baseline for determining the effectiveness of the other 

methods. The hierarchical and heuristic methods are both new attempts to model how a human 

player actually solves puzzles; look for the most obvious information, then see what effect that has 

on the rest of the puzzle. The number of passes the brute-force method takes to solve a puzzle can 

be used as a measure of the puzzle’s difficulty (Batenberg and Kosters 2012). 
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4.2 Evaluation 
Since this project uses an existing voxelization technique, the quality of the voxelization won’t be 

evaluated. The evaluation centres on the 3D solver and on the suitability of this method for 

generating puzzles. 

Evaluation of the solver will focus on a quantitative comparison of the three methods of linesolver 

application detailed above. This will include memory usage, accuracy of and ability to find solutions, 

and the time taken to do so. 

The suitability of using polygonal models as the basis for nonograms will be evaluated through a 

qualitative discussion of the generated puzzles. What effect does grid resolution have? Do certain art 

styles tend to produce valid puzzles more than others (e.g. realistic vs. cartoonish)? Do certain 

subjects (e.g. humanoid characters vs. household furniture)? How likely is it that a generated puzzle 

has a unique solution? These questions will be answered by attempting to generate puzzles from a 

strategic variety of models and comparing the results. 

4.3 Timeline 

 

5. Summary 
This project aims to determine the effectiveness of generating 3D nonogram puzzles through the 

voxelization of polygonal models. In order to do this, an effective 3D nonogram solver will be 

created. This project will add significantly to the area of 3D nonograms as games, as both the 

voxelization and 3D solver are previously unexplored possibilities. It is expected that voxelizing 

polygonal models will prove to be an effective part of the 3D puzzle generation pipeline, though the 

results may need to be fine-tuned by hand. It is also expected that logically solving puzzles by 

focusing on new information will be a very effective method for solving nonograms, and as such the 

hierarchical and heuristic methods will perform much better than the brute-force method. 
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