Innovations Project Report : CG Modelling Techniques in Toy Production

BEN MARTIN r1309665

Introduction

 No matter how good the visualisation is within a CG system there is no substitute for a physical representation of the model. This has become clear in Engineering Product Design where the use of 3D CAD systems is now commonplace and model making or prototyping from the CAD model forms a major stage in the design to manufacture process, not only to evaluate fit and function but also the aesthetic form of a product. It is interesting that in many areas of Product Design the traditional approach of creating a hand crafted model for early design evaluation has been replaced by generating a physical model (through a variety of processes) from the evolving 3D CAD model. This has many advantages, as the CAD model is now the master representation for a variety of downstream processes.

If this process is becoming the norm for Product Design in general then
perhaps it could be applied to the more specific area of Toy Design,
which by its nature is more creative in the use of surface modelling and
styling. 

In the first instance this project will describe current practice in Toy Design, both traditional and “state of the art”, using an actual product as an example. In both cases production of a sculpted model from 2D designs is the first stage. 

The proposed innovation is to show the development of a Toy Design without the use of sculpting, by going from 2D images to a 3D computer model directly. Use will be made of the data transfer facilities to export the model, in part and in its entirety, to a CAD/CAM system and enable the evaluation of the computer model by machining directly from the surface data. Modifications will be made to the resulting physical model and an attempt made to bring these changes back to the originating system through 3D laser scanning. In this way it will be shown how the quality of the finished product can be quickly evaluated, and how rapid iterations of the design can be made if required.

Industry Research

Toy production has taken on many forms, from simple woodcarvings to the mass production of plastic dolls and figures. Though the materials used have changed most toy figures start as a hand-sculpted model, which may then be used to cast a mould from and mass-produce. To obtain a good overview of current techniques I visited a model makers called Synapse Creative who happen to specialise in toy figures.

Synapse Creative are based in Watford and are an internationally renowned design and development company offering solutions for creative services in branded and licensed character products. Synapse creates original concepts, new products and new characters in a variety of mediums with a design team that leads the market in cutting edge creative technologies. As well as familiar traditional wax character sculpting at any scale, they are the leading UK studio using digital sculpting. Using the FreeForm system it creates any sculptural item, character or shape, either sculpted new or adapted from a scan, and can be a reusable resource especially for approved components. This is used for all digital medium applications and also for rapid prototyping models at any scale, and it's fully compatible with 3D Computer Aided Design/Computer Aided Machining engineering facilities. (1)

The FreeForm system is a basic modelling package that is based on the techniques of a sculptor and uses the Phantom sculpting arm that replicates the surface tension between the sculpting tool and the virtual material. This system was developed by SensAble and was featured on BBC1's Tomorrows World (2). Synapse were very quick to invest and purchased three systems, but admitted that only two are ever in use at one time. The main use found for them is to produce geometry that needs to be symmetrical which is obviously much harder to achieve when sculpting by hand. FreeForm can export BMP, STL (Binary and ASCII), OBJ, PLY (supporting colour), ZCP, IGES  and QuickTime® VR  and Actify 3D files, which means that the scene files can be imported into most other 3D packages.

Synapse physically realise FreeForm files via either Computer Numerically Controlled (3) machining or Thermojet printing(4). CNC is much cheaper but it will take longer as it can only machine on three axis and not reach undercutting surfaces so the model has to be rotated and machined on different passes. Thermojet printing uses an expensive resin which is set in layers when it is struck by a laser. Both approaches produce high quality models; it is just a case of time versus cost. 

Synapse has produced merchandise toy figures from 3D computer animation productions, in which case they will prototype directly from a high-resolution character mesh. However, most of their work starts from sketches, which can be used as image planes in FreeForm or as reference during hand sculpting. As I decided to specialise in vinyl toy making they showed me an example job that they had recently finished for their client Peter Fowler of Monsterism. They were briefed to create a 3D representation of his 2D illustrations of an abstract character.
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The main shape of the body was sculpted with FreeForm.
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Then the CG model was Thermojet printed.
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Detailing was added by hand sculpting the zipper, and CNC machining the foot tread which was imported as a STL file from Adobe Illustrator, which Peter Fowler had created.
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 With the finished prototype a reverse cavity mould could be cast. The camouflage for the coat had only be illustrated from the front, back and side with the texture being projected flat, therefore it had to be redesigned in four views with consideration to how it will wrap round the surface.

The desired colour scheme was then applied using water transfers.
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 The figure was then produced in a short production of a 1000 units via roto-moulding where the reverse cavity mould is filled with a minimal amount of molten vinyl plastic, capped closed and rotated in all three axis. The casts are pulled out while they are still soft and then cooled ready for colouring. There are three methods of colouring: hand painting, spray masking and tampo printing. In this case spray masking was used where each colour layer is masked off and sprayed. In tampo printing the colour layers are mapped out flat on a plane surface so a print head can pick up a layer at a time stamp it on.

Market Research

Play Lounge are an independent toy store in Soho, London, which I visited. They stock collectable toys aimed at the adult market, many being imported from Hong Kong and Japan. The majority of the toys are the vinyl figures, and they stock Peter Fowler's range of characters. Here are some examples of their products.
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The majority of these toys are very simple in design, constructed by the union of simple geometrical solids, and once a popular character is established it will be produced in limited numbers of different variants on the colour scheme. I intend to carry this style through into my design.

Modelling in Maya

I decided on the squirrel monkey as it has a distinct looking coat and its head is separated into simple shapes. Starting with breaking the head down into stylised shapes, I then applied the style to the rest of the figure. The curved arches that surround the eyes and the mouthpiece are replicated on the chest with the breastplates and the bloated stomach. The monkey is well built so there is plenty of definition of muscle structure, and his hands and feet are over emphasised. His eyes are quite small and beady, peering from a frowning brow, coupled with his extended whisker like hair, give him a sense of menace but also promote his wisdom. This is designed as a generic figure, which could be modified to create a series of different variants. 

Here are the concept sketches for my toy figure:
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The main considerations of modelling the character are that it had to be machined by a CNC milling machine, which will have difficulties reaching deep cavities or tight undercuts. Having previous experience of machining from CAD gave me some of idea what was going to be possible. I started by blocking out the shapes that make up the head and using boolean union operation to unite them. The ears have to be pinned backed to the head as otherwise they would create a tight crevice. The pointy hair has to be reasonably thick along the width otherwise it would be too fragile. As the model needs to be exported from Maya as an IGES file, the final surface has to be made of NURBS patches. As a personal preference I have made the monkey in polygons, so before exporting I had to convert from polygons to sub-divisional surfaces and then to NURBS, which leads to the original model being subdivided twice and becoming smoothed, losing a lot of definition around the sharp edges and fine details. I had to counter this by emphasising details and bevelling edges that I wished to remain hard. Areas that suffered severely were the fingers, toes and the limb joints such as under the armpits and the back of the knees. The surface sculpt tool was extremely useful for tweaking the definition of the muscles, as they lost volume in the conversion process. 

Here is the final conversion process, starting on the left with Polygons, to Subdivisional Surfaces and finally NURBS surfaces.
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These renders are included on the Appendix CD.

Export via IGES to the CAD/CAM System

IGES (Initial Graphics Exchange Specification) has been the standard form for exchanging 3D geometric information between different CAD systems for over 20 years, and in that time has been refined and become extremely reliable. Please see Appendix for an overview of IGES.

In this instance we are concerned primarily with transferring a NURBS surface model from Maya to the receiving CAD/CAM system – VISI from Vero International. There was one problem encountered due to the internal units used in both systems. When the file was initially read into VISI nothing at all was visible and it was only by importing it into an intermediate system (RHINO - a NURBS based surface modelling system) that the size of the model became apparent – over 40 metres high! This was way outside the modelling envelope for VISI and the reason nothing was displayed. Scaling by a factor of .005 in RHINO and exporting the model (again via IGES) reduced the figure to a height of approximately 230mm.

VISI is a comprehensive CAD/CAM system based on the Parasolid Kernel Modeller, which provides extremely reliable and functional solid modelling facilities together with a full range of machining functions for point to point, 2 and 3 axis machining. The target market for VISI is the mould making industry. 

After reading the surface model into VISI all the surface patches can be united to form a closed solid, which if required could be subtracted from blocks to form a mould cavity. In our case the first step was to decompose the model into machinable parts, namely the main body, the two arms and the tail. This is achieved by sectioning the model with a plane at the relevant places and at the same time a 3mm diameter cylinder was subtracted from either side of the joint. This creates a location for 3mm dowel pins to enable assembly of the parts to the main body.
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The tail was split in half so both halves could be machined together from a flat surface, the 3mm dowel ensuring accurate registration. The two arms positioned together and an extra block was added for support – see picture.  The remains of this support would be hand fettled after machining.

For the main body it was necessary to create blocks that represent the remainder of the material that supports the top and bottom of the model during the machining process. The block attached to the feet would remain but the one attached to the head would be removed, as the top of the head has to be machined as the last operation.

[image: image2.jpg]



Machining Master and Hand Modifying

A rectangular block of material (Prolab – a high density polyurethane resin based modelling board) was prepared with pairs of dowel holes at the extremes of each face. This is to accurately locate the model as it is rotated to machine from all four sides. The accompanying pictures show the various machining stages, which in general require a roughing operation in a series of levels with a flat end mill, followed by one or more 3 axis finishing operations with successively smaller ball nosed cutters. There are some areas that were not accessible using this approach (insteps and between fingers) but this could be addressed by further decomposition of the model, machining from alternative orientations and using even smaller cutters.
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Rough and finish machining of the main body
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Views of the Finished Model

It must be clearly stated that the machining of all models was carried out by Solid Models Ltd (6), and although I have working experience of the process I was not practically involved at this stage.

A separate model of the monkey’s head was also machined, to be used specifically for making changes to the original design. It is worth noting that this model was machined before the complete model of the monkey was completed, showing that aspects of the design can be evaluated in parallel with the design process. Stylised hair was added to the head using modelling clay and below is a picture showing these changes. 
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Scanning Modified Master and Import into Maya

The system used for scanning the modified model was the PICZA LPX-250 3D Laser Scanner(7) from Roland. The LPX-250 emits a spot beam onto the scan object and detects reflected light from the object with sensors. It performs scanning as it rotates the scan object and moves the laser beam from bottom to top. It has two scanning modes – plane and rotary scanning – the use of which depend upon the type of object concerned. The capacity of the scanner is an envelope 230mm diameter by 406mm high.

Plane scanning uses parallel laser beams to scan while rotating the table and laser head in synchronization, and can be used to scan up to six surfaces at one set-up (multi-plane composition). The rotary mode scans the outer perimeter of the object while rotating the table in one direction and is more suited to objects that are close in shape to a sphere or cylinder. 

There are two software systems associated with the LPX-250. Dr Picza from Roland which controls the scanning process and provides some basic tools for manipulating and filtering the scan data, and Pixform which is a subset of Rapidform from INUS. Pixform provides a variety of functions for working with point data, polygons and surfaces. There are various filters available for cleaning and smoothing the scan data, for registering multiple scans and merging them and tools for automatically surfacing, although this is limited in functionality. The resulting model can be exported in a variety of formats – VRML, STL, DXF and IGES. STL (specifically for stereolithography) and DXF define a faceted model made up of triangles. IGES will produce a surface model based on any surfaces created in the model.

Below are images from the LPX-250 scan of an Action Man head showing the point data and a series of faceted output models at various resolutions.
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The scanning of the modified monkey head was done at two orientations, using 4 planar scans at each, with a sampling grid of 0.2mm by 0.2mm The first orientation was with the head vertical (on its base) which achieved capture of all the detail on the sides of the head but not on top. This scan was to provide a reference model to enable accurate registration of the second orientation. Here the head was laid on its side and planar scans were made of the front, top and back (and base – not required) to obtain good detail of the modifications.

The two scan files were exported to Pixform where they were processed to combine each of the planar scans into a single point set. This left two shells and it was then possible to register the second shell with the first which remains in the correct orientation. Registration is done within Pixform by identifying the shell to be moved and the target shell, and then identifying at least three common points on each shell. This point identification is performed by eye, and obviously the more pairs of points identified the better the result, but in general this is an extremely reliable process.
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The scan, which was now correctly orientated, was then exported as a DXF file (triangles) and read into Maya.  The middle and right hand pictures above show the final version of the scan in Pixform and Maya respectively.

The mesh of the modified head was then imported into the same scene as the original monkey and scaled and orientated to match the existing surfaces. The mesh was extremely dense and each faces was separated from its neighbours, so I deemed it to be redundant. Going back into PixForm allowed me to convert the polygons into NURBS  surfaces and smooth the surface. This was then exported to Maya. Attaching the surfaces only work when they were converted to sub-divisional surfaces, which then could be converted to polygons for uniting with the original character model.
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The converted surfaces is shown above left, before this could be combined with the model it had to reduced to a 1/16 of its original detail as shown above right.
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So that it is possible for the modified character model to be machined, it had be converted back into NURBS  surfaces which can be seen above.

This can be view in more detail on the Appendix CD.

Whilst the scanning process is quick and should offer a way of transferring changes or whole models from the physical to the virtual world, in practice it seems difficult to achieve a good result. The mesh was extremely dense and had lots of holes within it which made union with the original model extremely difficult.

A solution could be to produce a model at a much larger scale and modify that prior to scanning, thereby achieving more consistent results.

Another method that I could have used to add physical texture to the surface would have been to use displacement maps or paint effects and convert them to polygons. 

Conclusions

It was clear from my visit to Synapse that traditional methods of Toy Production are still dominant, and the hand crafted sculpture is a very important part of the process. The use of FreeForm is mainly restricted to models that require symmetry or are constructed from geometric primitives, and for blocking out models that are to be finished by hand sculpting. The user interface seemed rather superficial, aimed more at reproducing the environment of the craft rather than modelling functions that were easy to use. It would seem more beneficial to give a modelmaker new tools and techniques rather than just implementing the same ones again over a different medium. FreeForm is already on version 6.0, so I think it is likely that SensAble will implement more functions similar to the high end 3D CG systems. One function I think would be extremely beneficial is the application of displacement maps to the model which then can be converted to geometry. 

This project has shown that generating a physical representation from the model created in the CG system, as the design progresses can be a real benefit in terms of product quality and lead-time. The time invested in the 3D CG modelling should not be underestimated, and to achieve the right result is not trivial. However, time spent at this stage should be seen as an investment in the life-cycle of the product. With the traditional approach once the mould has been made from the sculpture it is of no further use, but if the CG model is the master representation, a number of downstream applications can be realised. 

· The model data can be provided in a form (IGES) acceptable to the injection mould toolmaker who would previously have had to use the sculpture for copy milling. Instead he can use modern CAD/CAM techniques for rapid tool production.

· In today’s world of distributed manufacturing the model data can be transmitted electronically within minutes for tool manufacture in the Far-East (for example), where production is more cost effective. 

· If the toy is to be a character in an animation feature the modelling task is complete, with the figure ready for character set-up and texturing.

· If the toy character is to exist in a number of poses and / or costumes, then it is a relatively straightforward task to make the changes within Maya or similar CG system.

· Any other spin-off merchandising products which require 2D or 3D graphical representation can use the 3D computer model as a reference.

The model was made on a large 3 axis CNC milling machine, but there are much less expensive alternatives available aimed at the prototyping market which would be ideal for this application. A “Character Design Workstation” could be envisaged which has a prototyping machine beside the Graphics Computer for fast realisation of design changes or “what if” scenarios. Also there are other technologies available such as stereolithography(8) (SLA) and selective laser sintering(9) (SLS) available which are totally automatic prototyping options.

The scanning gave reasonable results but it required me to experiment and tweak the data extensively before being of any use, this must become more efficient with experience. The hair effect I was hoping to achieve was not exactly realised; small imperfections in the scan data and the clay surface spoilt the appearance. This was down to my sculpting ability as much as the technology aspect. There is a place for it, though I would expect it to be more useful for some cases than others like organic textures, but major alterations to a toy figure would be easier to make directly in Maya.

Other considerations

If this works for Toy Design, then will it work for Animation characters? Current practice has sculptors creating models to be used as reference by the character modellers. If the sculptors were provided with the CG modelling skills, or conversely the character modellers were more aware of the sculpting craft, the sculpting stage could be eliminated. In the former case, the approach could identify the need for a more intuitive user interface, which would also be a major benefit.

Walking with Dinosaurs(10), produced at Framestore made use of a sculptor to create all of the animal character models out of clay before they laser scanned each one into Splicer. Splicer is used to convert high density scanned meshes to more usable character models which can be set up for animation. This is achieved by intersecting the mesh with closed spline curves that can be lofted together to create the new surface, but as these follow the length of the limbs and torso uniformly they will never capture the true detail and curvature of the original sculpture.

Finding Nemo (11), produced at Pixar studios, also made use of a sculptor between the character design and character modelling stages to create a master reference model. This seems elaborate but obviously is beneficial as they have produced one of the best CG animated motion pictures to date.

The Barbie Doll(12) by Mattell is modelled on Maya and exported to a CAD package for prototyping, as Synnapse told me. This is the approach I have used, which seems to be very efficient. It is evident that they have been able to produce their television advertisements by passing on the character model directly to a production company that uses Maya. The dolls are tampo printed as described in the Industry Research section, with five colour layers being applied to the eyes alone. Though this gives an extremely detailed finish it has to be taken into account in the modelling stage as the tampo printing heads cannot cover deep recesses, which leaves the eyes reasonably flat. 

Texture maps created in Photoshop for each colour layer could be combined into a layered shader and projected onto a model in Maya from the same angle as the tampo printer head, rather than waste time and expense on producing water transfers to apply to the prototype. 

This approach to Toy Design and Manufacture seems worth pursuing as it has inherently many benefits. However, to maximise the advantage today’s sculptors should be tomorrow’s character modellers, or the skills of the sculptor should be appreciated by the modeller. If the former situation is to prevail then there is a challenge to provide a User Interface which provides an intuitive way for the sculptor to work with curves and surfaces within a CG environment. Parallels can be drawn with the early 2D CAD systems which required numeric input and have since evolved to a graphical UI which can be considered as an electronic drawing board. This is a far more complex situation but the rewards are there if the craft of the sculptor can be used efficiently within the CG system.
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