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ABSTRACT 
 

The vital part in mosaic making is the assembled of tesserae or tile, where the tiles are 

arranged in a sequence or pattern. The different looked of the mosaic arts are entirely 

depends on the choice of materials, skill of creating and applied opus for the mosaic. Now 

a days, direct method of mosaic making is frequently replaced by indirect method due to 

the speed up of mosaic worked particularly while assembled in large mosaic surfaces. 

Despite mosaic tiling systems has developed for mosaic design in recent times, the 

systems are confined to certain uniform size square tiles and normally use one size tiles. 

In this researched, tiling automation for multiple-size square tiles is developed to support 

mosaic assembly. The system follows the concept of product flow for sorting the tiles. It 

consists of multiple unit of modules. Each module assembles one size tile in the mosaic 

production line. The mosaic pallet moves from one module to another module in a moving 

conveyor belt to assemble all the tile sizes. The final mosaic is achieved from the last 

module. The input to the system is a digital image which is converted to mosaic like image 

and this image is partition to the machine capacity such that it can assemble the maximum 

number of tiles in a row. A software is programmed in LabVIEW programing with Data 

Acquisition software to integrate with the hardware. The proposed tiling automation was 

successfully developed and experimented. 

 

Keywords: Mosaic Tiling, Multiple-size tiles, Opus regulatum, Tiling automation, 

Mosaic assembly 
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CHAPTER 1  
INTRODUCTION 

 

1.1 Background of the study 
 

Mosaic is a decorated art, formed by assembled together of small tesserae or tiles.  Mosaic 

is also called as predefined image where individual tesserae are assigned to certain 

positions, forming a decorative covering surface. The tesserae may be regular or irregular 

one and consists of different sizes. Commonly, tesserae are cut and made from marble, 

porcelain, stones, ceramics and glass for greater designed variety.  The art of mosaic 

designed has a very long traditional history and mostly used for flowering floor and wall, 

scribe the sculptures of ancient arts, portraits of humans, animals and for illustrating their 

activities. Hence, Mosaic arts provide the decorative potential and improve ambience 

(Oral and Erzincanli, 2004) for both interior and exterior to human living places and 

structures.  

In ancient days, Greeks used small pebbles to create defined geometric patterns, portraits 

of man and animals (Albert, et al., 2015). During the course of time, it is changeover from 

pebbles to specially cut pieces of stone, glass, clay or marble etc. This shift made the 

mosaic creation of more colourful and detailed work (Vanessa, 2010). The Romans also 

considered mosaics as luxury items (Ricciardi, et at., 2009) so they did mosaic 

decorations though mostly used in covering walls, ceilings and floors. Furthermore, the 

mosaic art is used by architects to decorate the walls of restaurants, sport complexes, 

churches etc. Still today, most mosaic artists are following many of the same techniques 

and principles used by artists thousands of years ago (Vanessa, 2010). In the recent 

mosaic development, new ideas and approached styles ranging from abstract to 

representational, traditional to a style of design is seen.  Figure 1.1 showed the traditional 

mosaic arts in ancient culture. 

 
(a) Rome's best swimming pool   
(https://salamboblog.files.wordpress.com/2011/04/p

ool-view-2.jpg)             

 
(b) Ashland United Methodist Church 
http://www.aumcfamily.org/AboutAshland/TheMosaic/

tabid/105/Default.aspx 

Figure 1.1: Mosaic arts 

https://salamboblog.files.wordpress.com/2011/04/pool-view-2.jpg
https://salamboblog.files.wordpress.com/2011/04/pool-view-2.jpg
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(a) In the Bathroom 

http://www.jillgussow.com/tile_and_mosaics/index.php?s

pgmGal=In_the_Bathroom&spgmPic=5&spgmFilters=#p

ic 

(b) Mosaic Art as Inspiration 
(http://www.mosaicartsupply.com/mosaic- art.aspx) 

Figure 1.2: Mosaic arts 

The inception of new ideas and designed, mosaic arts found a wide range of applications. 

Many impressive mosaic designs like colourful tiling floor, inspirational mosaic etc. are 

found in many places as like in Figure 1.2. In order to equip with this latest designed and 

their complexity, people are learning the arts of mosaic. People are educating the artists, 

craftsmen and organizations to equip with the mosaic design. Taking an example, Arctic 

Mermaid Mosaics (http://www.arcticmermaidmosaics.com) offered a beginner mosaic 

class to cater to those who wish to learn the beautiful craft of mosaic. Another example, 

Institute of mosaic art, USA (http://instituteofmosaicart.com) provided technical mosaic 

education. Group of mosaic lovers brought the mosaic design books costing hundreds of 

dollars of money, which later inspired them to own one of those mosaic arts. These 

highlights that mosaic arts could be more demanded in the near future.  

 

1.2 Statement of the problems 
 

The fundamental activity in mosaic design is the mosaic assembly where the tiles are 

arranged together in a particular sequence or pattern. Mosaic assembly is classified into 

three methods: direct, indirect and double indirect methods (Phooripoom and Koomsap, 

2015). In the direct method, the tesserae are placed directly onto a prepared surface of the 

backing materials and then grouted. While indirect and double indirect methods includes 

those techniques where tiles are assembled into a medium such as paper or grid nets and 

these subassemblies are placed on the substrate surface. The difference between the two 

indirect methods is that tiles are faced down onto the medium for indirect method and 

tiles are faced up for double indirect method. Direct method is suitable for small area and 

uneven surfaces while indirect method applied for tiling large area. Nevertheless, the 

direct method consumes huge amount of time and requires skilled labour to finish the 

product (Phooripoom and Koomsap, 2015). Additionally the assembly of the mosaic 

pattern become complicated when the number of tiles and tiles colours increases. This 

http://www.arcticmermaidmosaics.com/
http://instituteofmosaicart.com/
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complexity of mosaic worked has thus, studied in recent time to find the feasible mosaic 

assembly.  

Commonly, mosaics assembly are arranged in different styles according to grouting flow. 

The styles of placing the tiles or techniques of positioning the tesserae are called opus. 

Different opus result in different flow and looked of the tile pieces. There are seven opus 

namely Opus Regulatum (Uniform square) Opus Tesselatum (Regular horizontal or 

vertical line) Opus Sectile (Instead of having lots of tiles, bigger tiles are used) Opus 

Palladianum (Irregular mosaic) Opus Musivum (Ripple on ponds, like a sea wave) Opus 

Vermiculatum (Following the outlines of a feature) opus classicum (combination of opus 

tessellatum with opus vermiculatum). Henceforth, the different looked of mosaic 

designed is the used of opus, choice of materials, and skill of creating and placing of tiles 

in mosaic pattern. In overall, there are several things to consider while designing a mosaic 

arts. The foremost thing is the opus, the material to be used and their colours. This mosaic 

art's fascination are the illustration how artists have crafted decorative and functional 

objects to living spaces. Today, mosaic art and style are integrated into our environments 

(Locktov, 2007). Adding mosaic add life and interest to transform and cheer up dull space 

through decorating in the most charming and enduring way (Baird and Gregory, 2012). 

It is thus, not a surprised to see how mosaic art are applied to every surface imaginable. 

Examples of such mosaic creation applied are shown in Figure 1.3. 

 
(a) Green bathroom 

http://www.terrysfabrics.co.uk/blog

/2014/09/ 

16/gorgeous-green-bathroom-ideas/ 

 
(b) The Matriarch 

http://www.mosaic-tile 

art.com/index.html 

Figure 1.3: Mosaic creation 
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The magnificent worked of artists displaying throughout the history of art, applying 

techniques of shaping and insertion the tesserae made a contest for many artists. 

Consequently, the researchers started researched for mosaic automation. The 

commitment of mosaic tiling automation is for speeding up the mosaic worked and able 

to design mosaic effectively. Examples of such worked are: Walter and Dos Passos, 

(2008) presented to simulate the technique for building 3D textured mosaic using variable 

shapes tiles and mixed tiles on the same object. Cayiroglu and Demir, (2012) developed 

computer assisted glass mosaic tiling automation. King, et al., (2014) integrated the 

digital workflow for the robotic tile placement system for on-site tiles surfaces. 

Phooripoom and Koomsap, (2015) developed a tiling automation to support the custom 

mosaic design using uniform sizes square tiles. Nevertheless, those researched are limited 

to certain level and had a challenged to assemble accurately. Most of the automation are 

restricted to one size tile. Due to this limited researched, Mosaic company and artists 

cannot offered more design and smoothly assembled. And the difficulty to deliver all the 

requirements of the customers is due to mass demand which required an automatic tiling.  

The current mosaic worked totally depended on direct mosaicking. The mosaic arts 

displaying on the living floor, bathroom, wall of buildings, portraits of man and animals, 

depicting the ancient cultures, decorating sport complexes etc. are some of the examples 

of direct mosaicking method. In recent time, tiling automations are being applied to 

automate the mosaic assembly processed although this automations are limited to uniform 

square size tile (Cayiroglu and Demir, 2012; Kaya, Berkay and Erzincanli, 2005; 

Phooripoom and Koomsap, 2015) and rectangular tile (Dos Passos andWalter, 2008).  

The multiple sizes tile of fixed position concept (King, et al., 2014) was applied for on-

site tiles surfaces but consumed huge amount of time to assemble all tiles due to tile being 

picked and place individually. Assembled of uniform square tiles row by row (Cayiroglu 

and Demir, 2012 and Phooripoom and Koomsap, 2015) was implemented and managed 

to speed up the tiling but it is limited to one size tiles.  These proved that the range of 

practicable tiling patterns is inadequate and poorly reflecting to multiple-size tiles 

particularly in product flow-based tiling. Assembled of multiple-sizes tile follow the 

principle of opus sectile where bigger tiles are used instead of many small tiles. 

Accordingly assembled of multiple-size tiles in product flow concept will bring more 

convenient for mosaic creation. The composite mosaic design required different sizes of 

tile which could be assemble by robust tiling system. If such system are fabricated and 

automated the assembly process, it will bring flexibility in mosaic tile assembly and able 

to assemble mosaic respective to the desires of the customers. Henceforth, the expansion 

of fully automated mosaic tiling will bring benefited to the mosaic customers and the 

mosaic manufacturing companies. 
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1.3 Objective of the thesis 
 

The objective of this research is to develop a tiling automation system to support assemble 

of multiple-size square tiles.  

1.4 Scope of the study and limitations 

This tiling automation system is a prototype model to support assemble of mosaic design 

where mosaic tiles are placed automatically row by row. Only two sizes of square tiles 

are considered keeping that the others sizes can be assembled in a similar manner.  
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CHAPTER 2  
LITERATURE REVIEW 

 

This chapter is dedicated to review literature related to mosaic designed from mosaic tiles 

and discussed their relative mosaic assembly. It covered the related topics of mosaic tiling 

automation and tile handling process to assemble the tiles. 

2.1 Mosaic tile pattern creation process 
 

Since ancient time, tiling has been used and applied for surface covering.  Decorative 

surfaces are created when the tile called tesserae are placed to form a pattern in the 

grouting flow. Mosaicists have been their choice for design, select colour and create the 

andamento decision by using their experienced. 

Landi et al., (2006) presented the work for automatic creation of reproductions of pattern, 

synthetic geometries or images means for ceramic tiles. However, their work ed process 

is slow and prone to errors, their approached made a working hypotheses as follows: 

 Tiles can be in different orientation in the pick-up position 

 Tiles can be in different orientation in the tiles place position 

 Tiles can have different shapes and sizes 

 Tiles can be upside-down in the pick-up position 

 Tiles may be uniformly colour or textured. 

For creating mosaic tile pattern, the craftsmen or artisan designed the tile pattern of his/her 

imagination or creating from imitating the visible object. According to the pattern 

designed tile colours were selected. The selected sizes and shape of the tiles totally 

depends on the applied opus or choices of the mosaicists.  

Generally, the mosaic tiling must meet the following requirements (Oral and Erzincanli, 

2004) 

 Individual tile has to  be placed in the right position 

 The tile gap has to be uniform 

 All tiles have to be assembled at the same level 

 The thickness of the grout has to be the same entire back of each part 

 Tiles must be in good conditions such as no crack, good shape 

 Users have to press a tile into the decorating area and left them to dry. 

There are different methods for generating patterns (Alexander, 1975; Kali, 1995). 

However the mosaic works are created from different andamento (Shelby glass studio, 

2016) such as opus tessellatum, opus vermiculum, opus regulatum, opus palladium, opus 

musivum and opus sectile. In mosaic tiling process, Dos Passos and Walter (2008) used 

opus regulatum and later opus palladium was used to simulate mosaic sculptures and 

called this opus as crazy paving due to the inherent freedom of mixing the tiles. Cayiroglu 

and Demir (2012); Kaya, Berkay and Erzincanli (2005); Phooripoom and Koomsap, 

(2015) also applied a square mosaic tiling automation. Thus the opus regulatum and opus 



   

  7 

 

tessellatum are seen as commonly used because of the mosaic creation process from 

square till can be done easily. 

There are three steps involved in creation of the mosaic. They are mosaic rendering, 

colour matching and mosaic tile assembly (Phooripoom and Koomsap, 2015). In the first 

step, the object image is taken and converted to raster image which is actually 

transforming to image like mosaic. The second step is the process of generating the colour 

mapping selected by the designer according to the tile colours available in the stock. Then 

the last step is the tile assembly for the mosaic image following the designer selected 

opus. The details of the mosaic tile assembly is explained in the following paragraph. 

2.2 Mosaic tile assembly 
 

Placement of mosaic tile is one of the important process in tiling. This process assembled 

the tile with desired colour to the desired position to make a specific mosaic pattern. There 

are three methods of tile placement (Phooripoom and Koomsap, 2015): direct, indirect 

and double indirect methods. The direct method applied each individual tile directly onto 

a prepared surface at the site. This ways of placing tile is appropriate for small mosaic 

area and uneven surface. In the indirect and double indirect methods, tiles are 

preassembled on certain media like papers or grip nets before being assembled to mosaic 

surface. This preassembled mosaic tile sheet is done in factory and then brought to the 

mosaic site for final tiling. The difference between the two indirect methods is that tiles 

are faced down onto the medium for indirect method and tiles are faced up for double 

indirect method. Both the indirect methods are suitable for assembled the tile in large 

tiling area. 

Recently, some researchers had developed a tiling systems to reduce the man work forced 

and speed up the assembly of mosaic tile pattern process. There are two common type of 

automations (Phooripoom and Koomsap, 2015): fixed position assembly and product 

flow assembly. In fixed position method, the tiles are assembled by batch or the individual 

tiles are placed one by one onto the stationary mosaic surface. Normally tile placement 

of tile by tile is common that allowed assembled of mosaic containing various tile sizes, 

shape and orientations. For product flow concept of assembly, tiles that are being 

assembled mosaic moves instead of being stationary.  

2.2.1 Fixed position product assembly 
 

The fixed position product assembly is applied in mosaic arts usually in manual tiling 

process where there is greater flexibility of tiling a complicated pattern containing various 

shapes and sizes. However in the automation tiling process, the tiles are fixed tile by tile 

at the preparing position or assigned coordinates by applying a robotic arm with vacuum 

pad for picking up the tile. 

A four degree of freedom robot with three revolute joints was used by Oral and Erzincanli, 

(2004) to assemble the non-pattern marble mosaic. In the assembly processed, a suction 

cups were used for pick and drop the marble pieces. There were two techniques used for 

positioning of the robot end effector. At first, the forward kinematic was applied to the 
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joint angles as an input linked parameters in order to obtained the desired orientation and 

position. While the reverse kinematic was used for the purpose of output linked 

parameters to the joint angles of the end effector.  

            

Figure 2.1: The four degrees of freedom robot with three revolute joints (Oral and 

Erzincanli, 2004) 

Moreover, Oral and Inal (2009) developed a four degrees of freedom Cartesian robot for 

marble mosaic tiling automation in which the manipulator is designed to move in a 

rectilinear mode as shown in Figure 2.2. The manipulator is an arm that moved to the 

direction of XYZ coordinates of a Cartesian system where the stepper motors and timing 

belt mechanism were used to drive the arm while pneumatic cylinder was used for driving 

on the Z axis. It is worthwhile to note that, five suction cups were used to speed up the 

process of picking tiles and placing the tiles.  

  

Figure 2.2: The Cartesian robot with four degrees of freedom (Oral and Inal, 2009) 

A six degree of freedom Puma 500 industrial robot shown in Figure 2.3 was used by 

Kaya, Berkay and Erzincanli (2005) for automatic tiling the regular glass mosaics with 

an ordinary vacuum gripper. For the tiling process, the working area was set for 135 x 

225 mm2. The tile charger magazine system were fixed on this working area for housing 

the entire tiles set. Then the vacuum grippers moved toward the proper tiles location on 

the charger to pick the assigned tile and placed it to the new mosaic picture position. 
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(a) Conceptual 3D design of the 

robotic tiling system 

(b) Glass mosaic tiling process with 

ordinary vacuum gripper 

Figure 2.3: Puma 500 robot: six degree of freedom robot (B. Kaya et al, 2005) 

King, et al., (2014) developed a robotic tile placement and its feasibility for the production 

of custom surface patterning using an ABB 4400 industrial work cell with pneumatic 

suction gripper for tiles assembly. The experiment was carried out taking an iconic 

Marilyn Monroe image which required 2247 individual placed tiles as shown in Figure 

2.4. A final assembled was constructed using two industrial standard 12 mm cement 

backer boards on dimension of 1530 mm x 1830 mm with doubling modular square tiles 

ranging from 19.05 mm to 173.4mm. 

  

One panel of the image prototype Completed Marilyn Monroe tile 

pattern prototype 

Figure 2.4 Robotic tile placement (Nathan King et al, 2014) 
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2.2.2 Product flow assembly 
 

The other production techniques of mosaic tiling is product flow assembly. In this 

assembly, the mosaic pattern is generated by sorting tiles to the required position before 

placing to an assembly process. The tile sorting is done by considering the three required 

factors like tile colour, number of tiles for each colour and their position of the mosaic 

pattern (Phooripoom and Koomsap, 2015).  This concept works with tile moves from one 

process to other process through a mechanical design system. This system is designed in 

such a way that the mosaic tile pattern is assembled row-by-row until the complete tile 

image is formed 

The system proposed and used for glass mosaic tiling automation by Cayiroglu and 

Demir, (2012) is shown in Figure 2.5.The system was designed that automatically 

produced mosaic tile pattern from a digital image using product flow assembly system. 

Their system had two band modules, the lateral and main band modules. The tiles were 

stored on the bunkers of the lateral band modules where the tiles were sliding down by 

the sliding system on 11 x 11 tiles size matrix which moves on the main band with the 

help of a stepper motors. This main band is a moving conveyor belt which moved 

forwards after the tile placement from the lateral band. The tiling system processed have 

four main activities to achieve the mosaic tile product: mosaic rendering, colour 

matching, production simulation and tile assembly. 

 

Figure 2.5 Overall picture of the Mosaic Tiling Machine (Cayiroglu and Demir, 

2012) 
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The system start with mosaic rendering process where digital raw image is converted into 

mosaic like image. Then the decoration area were inserted in the developed program. The 

user manually selected the area of interested of the image and cropped to make 1 pixel 

for 1 tile. The colour matching activity was done either by manual selecting the desired 

colours or using the automatic selection processed by entering the number of colours 

required. The program then compared the in-hand colour to the image colours and 

converted in mosaic image in RGB colour model. 

In production processed, the production file was retrieved after receiving the mosaic tile 

pattern using the simulation module program. It simulated all stages of production 

processed. The sequenced and time intervals of the operations were recorded in the 

production file and sent it to the control assembly process.  Figure 2.6 showed the details 

layout of their simulation system and their controls. 

 

Figure 2.6 Layout of the simulation screen and the parts where controls are 

performed (Cayiroglu and Demir, 2012) 

 

Phooripoom and Koomsap (2015) proposed a system for tiling automation that assembled 

uniform square tiles to form custom mosaic design as shown in Figure 2.7. The process 

started with mosaic rendering where the input image is transformed to mosaic like image. 

Then, the tiling area and the input image were matched to determine the mosaic-like 

image. After the rendering process, the pixel of the rendering image were matched to 

available tile colour from the storage. Since the image colour were not exactly matched, 

the colour matching process of CIE L*a*b colour model was used to find the best matched 

colour. 
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Figure 2.7: Proposed tiling automation (Phooripoom and Koomsap, 2015) 

The prototype machine has four main units and built for product flow concept. Figure 2.8 

showed their machine layout and prototype machine. The inventory unit consists of tiles 

storage, carriage, pneumatic cylinders for dispensing tiles and sweeper. There are two 

inventory panels of storages for ten tiles colours. They shared five channels that carried 

eight tiles at a time connecting to the carriage. Each storage has one exit door to the 

bottom where the tiles are released through the pneumatic. The sweeper is assembled to 

ensure all the dispensed tiles are filled to the carriage. This carriage collected the row tiles 

to the sorter unit. 

  
(a) The initial design of the machine (b) A prototype machine 

Figure 2.8 Tiling Automation for custom mosaic design (Phooripoom and 

Koomsap, 2015) 
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Tile sorting was considered as one of the important process. Figure 2.9 showed the sorting 

activity. To achieve successful implementation, tiles are sorted out row by row managing 

the tiles to their positions. This tiling process is done in three steps. The first step is 

partitioning the tile image. Since the machine cannot assembled the complete row of 

mosaic as on the image due to machine constraint, the image is partition to match 

accommodate the maximum number of tiles that the machine can assemble in one row. 

The second step is to determine the dispensed sequence. The information for dispensed 

sequence is retrieved from the partition image. In this step, the required number of tiles, 

tiles colour and their intended position are identified.  The last step consist of arranging 

the tiles row by row where the tiles were configured to their coordinate position. The steps 

of this activity is showed in Figure 2.9. Then, the sorter unit panel of pneumatic cylinders 

with suction cups comes and picked up from the carriage. This unit then brought to the 

conveyor belt and released them orderly according to the design mosaic pattern. 

The conveyor unit is assembled to the sorter unit for forming a sorted tile row. It consists 

of slope plane, guiding rails and conveyor belt. In this mechanism, the tiles were released 

to the slope plane sliding down to the conveyor belt. Then it moves along the conveyor 

guided by the rails to form a row. This unit of row formed the required mosaic pattern 

ready for the assembly process. 

 

Figure 2.9: Tile sorting concept (Phooripoom and Koomsap, 2015)  
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CHAPTER 3  
METHODOLOGY 

 

This chapter explains the methodology of a proposed tiling automation for mosaic 

assembly consisting of regular shape of multiple-size tiles. The details of this researched 

are explained in the following sections. 

3.1 The research concept 
 

In automatic tile assembly, managing tiles to their intended position is a challenge. It is 

because tile arrangement on the mosaic surface is time consuming and costly. This issued 

becomes more considerable when their intended position, number of tile colours, number 

of tile size, number of tiles, tile shape are increased. However, the usage of these factors 

varies depending on the type of mosaics. If a mosaic is a simple colour pattern for 

flooring, number of tile size and tile shape might not be considered. While, the mosaic is 

complex like human facial, it required multiple tile size and shapes. As aforementioned, 

assembled of multiple size tiles in fixed position method for on-site tiles surfaces has been 

developed. Fixed position method consumed huge amount of time to assemble all tiles 

due to tile being picked and place individually. And the disadvantage of fixed position 

tiling is, mosaic surface is at stationary position hence not convenient for mass production 

of the mosaic. Another method of product flow-based assembled of mosaic is developed 

where tiles are assembled row by row. This method speed up the tiling processed. 

However, the assembly is limited to one size tile of uniform square tile at present. Thus 

having a system that could assemble multiple-size tiles in product flow concept will 

enable to assemble complex mosaics efficiently. 

The multiple-size tiles automation system in fixed position assembly is tedious worked. 

Therefore, this research aims for multiple-size tiles assembly in product flow-based tiling. 

In complex mosaic, it designs are complicated consequently various tile sizes are started 

putting onto the mosaic. However, placing various tile sizes in the same mosaic is not an 

easy in tiling implementation. This studied focused on the multiple-size tiles automation.   

The input of automation system is the partition tile image which come from mosaic 

rendering processed where the image pixels matched with the available tile colour in the 

colour matching step. The tiles are dispensed from the tile inventory to a receiver carriage 

forming a row of tiles. This row of tiles then reconfigured the tile position according to 

the mosaic output. The rearranged of tile is a simple procedure where the sorter unit 

picked up the row of tiles from the receiver carriage and discharged it down one by one 

at different times in the second carriage (replacing the slope plane and the rails guide to 

form a row by Phooripoom and Koomsap, 2015) to form a row. This new row of tiles is 

then picked up again by the same sorter unit and placed them in the mosaic surface. The 

assembly processed is the product flow concept where the sorter unit moves point to point 

and finally assembled to the mosaic pallet. The row of tile from the first carriage called 

receiver carriage is transported in the second carriage called sorted carriage for properly 

pattern tile.  The second carriage is designed that, sorted tile can drop down easily from 
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the sorter unit and make a proper spacing between the two adjacent tiles in a row. The 

sorter unit moves above the carriage after every dropped of tile to the sorter carriage. This 

process continued till the last tile is dropped. Once the carriage is filled, the carriage 

moved to the home position so that improper aligned tiles are properly placed onto the 

carriage slot. However, there are chances that tiles are misplaced or overlapped with one 

another. This misplaced tile has to be well placed in the assigned position. To comply 

with this issued, the tile level rod is attached at the end side of the sorter unit at the height 

just above the placed tile to properly adjust onto the sorter carriage. Then, this new row 

of tiles which is in proper pattern is picked up together by sorter unit and assembled to 

the desire mosaic pallet surface.  Set up of row by row is thus an efficient way of mosaic 

tiling. Nevertheless, the dispensing of tile from the inventory become a problem for 

complex mosaic where assembly of multiple size tiles are desired. Storing of different 

sizes of tile in the inventory is an issued. Tiles are difficult to dispense. The dispensed 

tiles cannot accommodated in the carriage of particular tile. This issued is a matter of 

concerned when the individual tile colour and number of tiles increases. Thus, different 

tile size needs separate inventory and dispensing carriage for the complex mosaic.  

The installation of separate inventory units for all tile sizes in one work flow is, however, 

a problem in tiling automation. This way of designing make the process more complicated 

and slow down the process. Instead of optimizing the whole process, it bring a setback of 

conflict of working simultaneous while using various sizes of tiles. Therefore, in order to 

make the complex mosaic assembled in the most efficient is to build different workflow 

for each tile size. Each tile size assembled in separate work bench that could combine 

them in the final assembly. For this purposed, continuous running conveyor belt is built 

to carry the mosaic pallet. The pallet is a preassembled mosaic surface which moves from 

one station to another. Each station assembled at least one tile. Actually, a row of tile is 

assembled in each station.  A row of tile is assembled in particular station irrespective of 

the tile position in the mosaic output. The mosaic output pattern is seen from the last 

station where one pallet of mosaic is completed. Assembled all the pallets give the final 

mosaic. Therefore, this studied simplify the complexity of tiling assembly in mosaic arts. 

This research concept is demonstrated in Figure 3.1 and 3.2. The input image is split for 

each tile size. One tile image is assemble by one module. All the tiles of the image is 

assembled by assigned module irrespective of their position. Similarly, the other tile size 

images are assembled by respective module. Combining all the modules make the 

complete output mosaic pattern. 
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Figure 3.1: Research concept 

 

Figure 3.2: Research concept demonstration  

3.2 Mosaic pallet 
 

Mosaic pallet referred to the preassembled mosaic surface. This mosaic surface is 

designed to enable easy control of the pallet movement in the mosaic production line. It 

is designed that mosaic tiles can be assembled row by row. There are two types of hole 

in the pallet as shown in Figure 3.3. The first hole represents the row of a tile to be 

assembled and second hole for stopping purposed. The dotted lines referred as a row of 

tiles. The holes are arranged alternately for the row of tiles and stopping purpose. The 

rows have equal spacing so that the proper gap between two rows are maintained.  
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Figure 3.3: Initial design of mosaic pallet 

3.3 The proposed mosaic assembly layout 
 

Propose tiling automation module implemented the tiling automation system that can 

handle various sizes of tile in the tiling assembly. The design improves the tiling pattern 

in term of quality of the tile assembly, accuracy and design. The system comprise of 

various modules: first module, second module, third module etc.  If there is one tile size 

in the mosaic image, there is one module. However the module extended to number of 

modules according to the tile size used in the mosaic. One tile size will be handled by one 

module as shown in Figure 3.4. All same size of the tiles is assembled in the assigned 

module, no matter of their position. Likewise, the other module assembled all the same 

size of other tiles for a given mosaic. Nevertheless, the fabrication of smaller tile is given 

priority to assemble first following the bottleneck concept. The combining of different 

sizes of tile to assemble a row by row is possible by controlling the mosaic pallet in the 

conveyor belt that run continuously in the production line. The final mosaic is achieved 

in the last module.  

In the mosaic tiles assembly, the tiles are manage to place at the right position with right 

mosaic colours as shown in Figure 3.5. In this process, the focus is given to sorting of 

tiles. The number of colours used, number of tiles require for each individual colour and 

their intended position are the key factors that are observed. The sorting process is simple. 

In the first step, the number of tiles are dispensed with correct colours onto the receiver 

carriage. In order to transfer quickly, a multiple dispenser is built with exit door at the 

bottom.   These dispensers are designed in such that all tiles are dropping, according to 

the required order into the carriage. Then the sorter unit pick up the row of tiles from it. 

The second step is sorting process where tiles are released and dropped down, according 

to the mosaic pattern in the second carriage. The three functions of second carriage is to 

arrange the tile according to the require pattern, forming a straight row of tiles and to 

maintain a proper gap between the tiles. This row of tiles is a required mosaic pattern. It 

is then picks up and assembled to the intended position to the pre-assemble mosaic surface 

by the same sorter unit of pick and place. The multiple suction cup is attached to speed 

up the assembling process. 
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Figure 3.4: Assembly module layout 

 

Figure 3.5: Sorting tile pattern in regular tile 
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CHAPTER 4  
DEVELOPMENT OF TILING AUTOMATION FOR MOSAIC CREATION 

FROM MULTIPLE-SIZE TILES 
 

This chapter explain the assembled of multiple-size square tiles in product flow-based 

tiling automation system. The mosaic tiles are assembled row by row through a sorter 

unit built with a set of pneumatic cylinders with suction cups attached for pick up the tiles 

and placing the tiles. The system generate the required number of tiles and their colors 

from the tiles inventory and arrange them in accordance of their position. Two size of 

tiles were considered for the implementation. There are two work-flows to assemble the 

two size tiles. The first module assembled the small tile and the second module assembled 

the bigger tiles. Both the modules worked independently and simultaneously.  The output 

of the module gives a row of tiles and feeding to the assembly line. Assembled of all rows 

is a required pattern of the mosaic design which is assembled on the mosaic surface as 

shown in Figure 4.1. The description of prototype machine, machine operation and the 

accuracy of the mosaic tile assembled is presented in the following sections. 

 

 

 

4.1 Description of machines 
 

The machine comprised of two work-flows. The first work-flow assembled the first tile 

size and the second work-flow assembled the second tile size. The size of the first ceramic 

tile is 2.5 X 2.5 cm2 and the second tile is the double of the first tile i.e. 5 X 5 cm2. Both 

the work-flows operated in the same process simultaneously. The system is developed 

and able to assemble the assigned tiles accurately in the mosaic pallet.  The system 

composed of six main units: inventory unit, a receiver unit, a sorter unit, sorted receiver 

unit and main conveyor belt. Both the modules is operated by the LabVIEW programing. 

Figures 4.2 & 4.3 shows the built in machines.  

Figure 4.1: Initial layout design 
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Figure 4.2: Side view of the machines 

 

Figure 4.3: Front view of the machines 

4.1.1 The inventory unit 
 

This unit stored all the ceramic tile required for the mosaic design. The storing tiles are 

dispensed one by one according to the requirement of the mosaic pattern into the receiver 

carriage. The order of the dispensed tile is drawn from the partition tile image. It is 

necessary that all the required colors and number of tiles are provided correctly. There 

are arrays of magazines for storing the tiles. Pneumatic cylinders are fitted to the rear of 

each magazine for dispensing the tiles. This dispensed tiles are guided to the carriage by 

a channel that connected the magazines and the carriage.  
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(a) Tile storage of second machine (b) Tile storage of first machine 

Figure 4.4: Inventory units 

For easy assembled of the unit, the acrylic board is used. Ten magazines which means ten 

tiles colors are aligned in two rows equally in the first work-flow, such that each magazine 

has one opening for tile loading and one exit at the bottom for dispensing. The tile is 

dispensed from the applied pneumatic cylinder. The dispensed tile, then move along the 

path of each respective channel to the receiver carriage. Similarly, in the second work-

flow five magazines are placed with similar functions, however, the tile size is different. 

 

4.1.2 The receiver unit (First carriage) 
 

This receiver unit is also called as first carriage. This unit is designed for collecting the 

dispensed tiles from the inventory unit and form a row of tile available for the sorter unit. 

This carriage contains eight slots for eight tiles such that one tile occupied one slot at a 

time in first work-flow.  And second work-flow contain four slot for four tiles. The front 

of these units are open for filling tiles while the opposite side of the front is attached a 

stopper for preventing the tiles to bounce off from the carriages. The top and the other 

two sides are left open as sorter units will travel to pick up the row of tile from it. 

  
(a) Receiver unit of 1st machine (b) Receiver unit of 2nd machine 

Figure 4.5: Receiver units 

4.1.3 The sorter unit 
 

The function of this sorter is to sort the tiles in accordance with the required mosaic 

pattern. The unit is built with a set of pneumatic cylinders with suction cups attached to 

picked up the tiles from the receivers. All the cylinders are controlled individually by 

activating on/off of actuators. Therefore, tiles are picked and dropped easily. The whole 
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unit moves from point to point position. At the initial stage, the unit is in home position. 

The tiles are picked from the receiver unit and transported to the second carriage called 

sorted carriage which is explained in a later section. At this stage, tiles are dropped one 

by one to form the proper mosaic pattern. Then, the new row of tile which is in order is 

picked again from the second carriage and placed them in the mosaic pallet. The sorter 

used in first work-flow has eight pneumatic cylinders and second work-flow has four 

pneumatic cylinders. 

  

(a) First machine (b) Second machine 

Figure 4.6: Sorter units 

4.1.4 Sorted receiver unit (Second carriage) 
 

There are three functions of this unit. First, to maintain the tile gap between two tiles. 

Second, to maintain a straight row of the tile pattern. Third, to achieve the require mosaic 

pattern. This unit prepared the tiles into an intended row of tiles for assembled. It is 

formed by releasing tile one by one from the sorter unit and dropped down the slot. In 

some case, dropped down tile could not be placed accurately into the receiver slot. 

Therefore, this unit is designed to moves to certain position so that misplaced tile is 

properly placed into the slot. Tile level rod also attached at the one end of the sorter unit 

to guide the tile onto the slot. Figure 4.7 (a) & (b) showed the arrange tiles in respective 

sorted receiver unit. 

 
(a) Sorted receiver unit of 1st machine  
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(b) Sorted receiver unit of 2nd machine 

Figure 4.7: Sorted receiver units 

 

4.1.5 The main conveyor belt 
 

The function of the main conveyor is to carry the preassembled mosaic surface called 

pallet, from one station to another station. The conveyor belt runs continuously without 

stopping through a power supply of 24V DC motor. The speed of the running conveyor 

is controlled by voltage adjusted switch to the required speed to feed the pallet at the 

station. The proximity sensor is mounted on the side of the conveyor to detect the 

incoming mosaic pallet.  

 

 Figure 4.8: Main conveyor belt 
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4.1.6 Mosaic pallet 
 

 Mosaic pallet is a part of the mosaic design where the mosaic row of the pattern is 

considered. It is made from acyclic board. Rows of tiles are assembled on top of this 

pallet. Putting together all the pallets makes the complete mosaic pattern. The pallet is 

designed with two types of holes. The first hole is for sensor to detect the pallet and the 

other for the gate pins for the purpose of stopping the pallet at the station. Both the holes 

are drilled into the side of the mosaic pallet and to the opposite side equally. All the holes 

have equal spacing between the holes. The sensor holes are then fixed with aluminum foil 

as a sensor detector. As there are eight rows of tiles to be assembled, there are eight sensor 

holes in one pallet which means one sensor hole will be assigned to accommodate one 

pattern of mosaic row. 

 
Figure 4.9: Mosaic pallet 

4.2 Implementations of prototype machines 
 

These prototype tiling machines are fully controlled by LabVIEW software. The motions 

of the system are monitored from local controllers using the stepper motors. All the 

actuators are regulated from the relay boards. The automation system worked in the 

principle of product flow concept to assemble together of small square tiles and big square 

tiles in mosaic production line. There are two module and one main conveyor belt to 

functions the production line. The first module assembled only the small tiles while the 

second module assembled only the big tiles. The conveyor belt run continuously and 

brought the mosaic pallet from first module to second module. The mosaic pallet is stop 

in the module by pneumatic open/close gate mechanism.  

The machines started running when the incoming mosaic pallet is station at the module. 

Whenever the pallet is detected by proximity sensor, the gate automatically closed and 

stop the pallet at a position and holds till the sorter unit placed the mosaic tiles. The close 

of the gate depends on how the row of tiles is assembled. It stops in every row if there is 

a continuous row of same size tile is assemble else the pallet stop at different row of the 

pallet subjected to which tile size is assembled. In the tile sorting process, the receiver 

carriage move to the mouth of the inventory channel to collect the dispensing tiles when 

the pallet is stationed in the module. Then the slots of the receiver carriage are filled with 

required tiles and their colors as shown in Figure 4.10. The sorter unit picked up all tiles 

from the receiver carriage and placed them on the second carriage according to the 

respective tile position, thereby form required pattern maintaining the tiles gap. 

Thereafter, the sorter unit picked up again this row of tiles from the second carriage and 
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transported them on the mosaic pallet. Assembled of small or big tile depends on the tile 

image. Mosaic pallet moves from first machine where small tiles are assembled and then 

to the second machine to assemble the big tiles. When the first module is assembling with 

the second pallet, the second module assembled the first pallet. Thus both the modules 

worked independently and simultaneously at the same time. Figure 4.12 showed the 

picking up of tile by sorter unit. The completed assembly line is shown in Figure 4.13. 

 

  

Figure 4.10: Filling receiver carriage 

 

 
 

Figure 4.11: Placing tile on second carriage 

 

 Figure 4.12: Picking up of tiles by sorter unit  
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Figure 4.13: Assembly line 

 

4.3 Tested results of the machines 

The prototype machines are successfully implemented and experimented for the 

following tile patterns. The experiments are carried out in three category: only small tile 

assembly, only big tile assembly and for the mixture of small and big tiles assembly. At 

first the machine was tested only for small tile size as shown in Figure 4.14. Figure 4.15(a) 

show the tiles assembled by the first machine, leaving the space for bigger tile to assemble 

by the second machine and Figure 4.15 (b) show the completed one pallet mosaic after 

assembled by second machine. At last, the experiment is carried out for assemble the 

bigger tiles. Figure 4.17 show the results of bigger tiles assembled. After conducting 

numerous experiments, it is experienced that bigger row gap is occurred between two 

rows when the moving conveyor belt is moved faster than the required speed. It also occur 

when the mosaic pallet is not designed equal spacing between the holes. In overall, all the 

tiles are maintained though there is a slight variation due to distortion and rotating effect 

from the sorter cylinders stroke.  
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Figure 4.14: Assemble of only Small tiles 

 

 
(a) Assemble by first machine 

 
(c) Assemble by second machine 

 

Figure 4.16: Assembled of small and big tiles 

 
 

Figure 4.17: Assemble of only big tiles  

  

 
 

(a) Assemble by first machine (b) Assemble by second machine 

Figure 4.15: Assembled of small and big tiles 
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4.4 Comparison of tile gap between second carriage and assembled tiles 
 

All the tiles have no accurate dimension, therefore some similar dimension of the tiles are 

sorted to assemble the mosaic pattern. Five tiles were selected randomly and take the 

mean value of the size to design the second carriage slot. Table 4.3 and Table 4.6 shows 

the measurement of the respective tiles size. As there is a variation in the tiles size, the 

slots size of the second carriage are designed to have size greater than the respective 

biggest tile size. Table 4.4 and Table 4.7 shows the slot gap in the respective second 

carriage. 

Table 4.1: Measurement of small size tiles 

 

Table 4.2: Measurement of slot gap in second carriage for small tiles 

No. of Measurement Slot 1 Slot 2 Slot 3 Slot 4 Slot 5 Slot 6 Slot 7 Slot 8 

1 26.67 26.95 27.09 26.88 27.02 26.6 26.53 26.6 

2 26.74 26.88 26.95 26.95 27.09 26.67 26.6 26.67 

3 26.6 26.81 27.02 26.88 27.16 26.74 26.74 26.74 
 

Mean X 26.67 26.88 27.02 26.90 27.09 26.67 26.62 26.67 

s 0.07 0.07 0.07 0.040 0.07 0.07 0.106 0.07 
     

X 
26.815 

s 0.179   

Table 4.3: Comparing the tile size, slot gap and tile gap in small tile 

 

 

Table 4.4: Measurement of big size tiles 

Tile size  

1 53.4 *53.3 

2 53.4 *53.3 

3 53.4 *53.4 

4 53.4 *53.4 

5 53.2 *53.4 

Mean X 53.36 

s 0.066 

Tile Size 

1 26.5 * 26.6 

2 26.3* 26.15 

3 26.35* 26.35 

4 26.4 * 26.3 

5 26.2* 26.2 

Mean  X 26.335 

s 0.132 

 Tile 

size 

Slot/

Cell 

Wall 

size 

Tile gap Actual 

gap 

Tolerance 

Smallest 26.15 26.62 1.5 (26.62-26.6) + 1.5 = 1.52 1.98 ± 0.46 

Biggest 26.6 27.09 1.5 (27.09-26.15) + 1.5  = 2.44 
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Table 4.5: Measurement of slot gap in second carriage for big tiles 

No. of measurement Slot 1 Slot 2 Slot 3 Slot 4 

1 53.58 54.264 53.808 53.504 

2 53.656 54.188 53.732 53.58 

3 53.504 54.112 53.656 53.656 
 

Mean X 53.58 54.188 53.732 53.58 

s 0.076 0.076 0.076 0.076 
  

X 53.77 

s 0.256 

 

Table 4.6: Comparing the tile size, slot gap and tile gap in big tile 

 

The slot size of the first carriage is kept much greater than the size of the tile due to the 

problem in dispensing tile from the channel of the inventory. In the second carriage, the 

slot size is designed close to the tile size and maintain a proper gap between two tiles. 

The tile gap in the final assembly should be the same with the second carriage but some 

distortion was observed due to the rotating stroke of the cylinders. Thus a tile gap of some 

variation was achieved in the final pattern. To see the repeatability of this tile gap, the 

experiments are conducted three times at different times and measured the tile gap 

separately for small tile assembly, for big tile assembly and for mixture of their final 

assembly. Table 4.9, Table 4.10 and Table 4.11 shows the measurements of the tile gap 

for the small tile assembly.  Table 4.15, Table 4.16 and Table 4.17 show the tile gap 

obtained from the big tile assembly. Table 4.21, Table 4.22 and Table 4.23 shown the tile 

gap in assembly of mixture of small and big tiles. The gap between two rows in the 

respective assembly were also measured as shown in respective tables. After conducting 

numerous experiments and measurements, it is seen that bigger row gap is occurred 

between two rows whenever the moving conveyor belt is moved faster than the required 

speed. It also occurred when the mosaic pallet is not designed equal spacing between the 

holes. From all these measurement, some variation of tile gap from the second carriage 

to final mosaic assembly are seen. These variations may be occurred from distortion and 

variation of tile size to the second carriage. The rotating effect from the sorter cylinders 

stroke may also be one of the reason for these variations however, in overall all tile gaps 

are maintained to the tolerance. 

 

  

 Tile 

size 

Slot/ 

Cell 

Wall 

size 

Tile gap Actual 

gap 

Tolerance 

Smallest 53.2 53.58 2.2 (53.58-53.4) + 2.2 = 2.38 2.784 ±0.404 

 Biggest 53.4 54.188 2.2 (54.188-53.2) + 2.2  = 3.188 
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1st time 2nd time 3rd time 

Figure 4.18: Tile gap measurement in small tile assembly 

Table 4.7: 1st time measurement for tile gap in assembly of small tile 

No. of Measurement Gap 1 Gap 2 Gap 3 Gap 4 Gap 5 

1 2.24 2.07 2.324 2.8 1.66 

2 2.32 2.241 2.324 2.8 1.826 

3 2.4 2.158 2.407 2.88 1.909 

4 2.56 2.158 2.241 2.96 1.66 

5 2.72 2.158 2.165 2.739 1.743 
 

Mean X 2.448 2.157 2.2922 2.8358 1.759 

s 0.192 0.060 0.092 0.085 0.108 
 

X 2.298 

s 0.367 
 

Table 4.8: 2nd time measurement for tile gap in assembly of small tile 

 

Table 4.9: 3rd time measurement for tile gap in assembly of small tile 

No. of Measurement Gap 1 Gap 2 Gap 3 Gap 4 Gap 5 

1 2.204 2.736 2.508 2.28 1.976 

2 2.28 2.736 2.812 2.28 1.748 

3 2.204 2.584 2.736 2.28 1.824 

4 2.052 2.964 2.508 2.204 1.9 

5 1.9 2.888 2.432 2.204 1.824 
 

Mean X 2.128 2.781 2.599 2.249 1.854 

s 0.152 0.148 0.164 0.041 0.086 
 

X 2.322 

s 0.350 

No. of Measurement Gap 1 Gap 2 Gap 3 Gap 4 Gap 5 

1 2.573 2.241 3.569 3.071 2.241 

2 2.407 2.075 3.569 2.988 2.241 

3 2.573 2.075 3.486 3.071 2.158 

4 2.407 2.075 3.403 2.905 2.241 

5 2.656 2.158 3.486 3.154 2.075 
 

Mean X 2.523 2.124 3.502 3.037 2.191 

s 0.111 0.074 0.069 0.094 0.074 
 

X 2.675 

s 0.530 
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Table 4.10: 1st time measurement for row gap in small tile assembly 

 

Table 4.11: 2nd time measurement for row gap in small tile assembly 

 

Table 4.12: 3rd time measurement for row gap in small tile assembly 

  

No. of Measurement Row 1 Row 2 Row 3 Row 4 

1 2.075 2.158 2.573 2.573 

2 2.407 2.324 2.49 2.656 

3 2.241 2.158 2.241 2.407 

4 2.241 1.909 2.49 2.822 

5 2.324 2.075 2.075 2.573 
 

Mean X 2.257 2.124 2.373 2.606 

s 0.123 0.150 0.208 0.150 
 

X 
2.340 

s 0.228 

No. of Measurement Row 1 Row 2 Row 3 Row 4 

1 2.158 2.822 2.739 2.822 

2 2.057 2.241 2.075 2.988 

3 2.241 2.158 2.49 2.241 

4 2.573 2.158 2.158 2.49 

5 2.49 3.569 2.158 2.324 
 

Mean  X 2.303 2.589 2.324 2.573 

s 0.219 0.613 0.281 0.321 
 

X 
2.447 

s 0.373 

No. of Measurement Row 1 Row 2 Row 3 Row 4 

1 1.824 2.432 1.976 2.204 

2 2.128 2.432 2.964 2.28 

3 2.584 2.736 2.432 2.28 

4 2.356 2.888 2.204 2.584 

5 2.28 2.432 2.432 1.216 
 

Mean X 2.234 2.584 2.401 2.112 

s 0.282 0.214 0.366 0.522 
 

X 
2.333 

s 0.371 
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1st time 2nd time 3rd time 

Figure 4.19: Tile gap measurement in big tile assembly 

Table 4.13: 1st time measurement for tile gap in big tile assembly 

No. of Measurement Gap 1 Gap 2 Gap 3 Gap 4 Gap 5 

1 3.15 2.97 3.42 2.52 2.61 

2 3.15 3.15 3.15 2.52 2.52 

3 3.06 2.97 3.32 2.7 2.88 

4 3.06 2.88 3.21 2.97 2.7 

5 3.06 3.33 3.15 2.79 2.52 
 

Mean X 3.096 3.06 3.25 2.7 2.646 

s 0.049 0.18 0.117 0.190 0.150 
 

  X 2.950 

s 0.270 
 

 Table 4.14: 2nd time measurement for tile gap in big tile assembly 

 

Table 4.15: 3rd time measurement for tile gap in big tile assembly 

No. of Measurement Gap 1 Gap 2 Gap 3 Gap 4 Gap 5 

1 2.34 2.97 2.52 2.7 3.51 

2 2.43 3.15 2.61 2.79 3.42 

3 2.52 2.97 2.88 2.7 3.24 

4 2.52 2.97 2.88 2.61 3.33 

5 2.61 3.06 3.06 2.61 3.33 
 

Mean X 2.484 3.024 2.79 2.682 3.366 

s 0.102 0.080 0.220 0.075 0.102 
 

X 2.869 

s 0.324 

No. of Measurements Gap 1 Gap 2 Gap 3 Gap 4 Gap 5 

1 3.2 2.8 3.3 3.2 2.2 

2 3.2 2.7 3.4 3.1 2.3 

3 3.4 2.5 3.5 3.3 2.3 

4 3.3 2.5 3.5 3.3 2.4 

5 3.3 2.8 3.4 3.2 2.3 
 

Mean X 3.28 2.66 3.42 3.22 2.3 

s 0.083 0.151 0.083 0.083 0.070 
 

X 2.976 

s 0.434 
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Table 4.16: 1st time measurement for row gap in big tile assembly 

 

Table 4.17: 2nd time measurement for row gap in big tile assembly 

 

Table 4.18: 3rd time measurement for row gap in big tile assembly 

 

 

  

No. of Measurement Row 1 Row 2 Row 3 

1 2.34 3.69 3.78 

2 2.61 3.87 2.52 

3 2.34 3.42 3.6 

4 3.78 2.88 3.87 

5 3.69 3.06 3.69 
 

Mean X 2.952 3.384 3.492 

s 0.723 0.415 0.552 
 

X 3.276 

s 0.567 

No. of Measurement Row 1 Row 2 Row 3 

1 2.6 3.6 3 

2 3.1 3.7 3.3 

3 3.1 3.2 2.8 

4 3 2.9 2.6 

5 3.2 3.3 2.9 
 

Mean X 3 3.34 2.92 

s 0.234 0.320 0.258 
 

X 
3.086 

s 0.305 

No. of Measurement Row 1 Row 2 Row 3 

1 3.42 2.34 3.78 

2 3.06 2.79 2.97 

3 3.15 2.7 3.33 

4 3.15 3.6 3.41 

5 3.24 3.24 3.15 
 

Mean X 3.204 2.934 3.328 

s 0.136 0.491 0.304 
 

X 3.155 

s 0.348 
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1st time 2nd time 3rd time 

Figure 4.20: Measurement of tile gap for the mixture of small & big tiles assembly 

 

Table 4.19:1st measurement for tile gap in mixture of small & big tiles assembly 

 

Table 4.20: 2nd measurement for tile gap in mixture of small & big tiles assembly 

 

Table 4.21: 3rd measurement for tile gap in mixture of small & big tiles assembly 

No. of Measurement Gap 1 Gap 2 Gap 3 Gap 4 Gap 5 

1 3.8 2.9 3.2 2.6 2.8 

2 3.3 2.9 3.3 2.5 2.8 

3 3.2 3 3.3 2.6 2.5 

4 3.5 3.2 3.5 2.3 2.6 

5 3.5 2.9 3.4 2.3 2.6 
 

Mean X 3.46 2.98 3.34 2.46 2.66 

s 0.230 0.130 0.114 0.151 0.134 
 

X 2.98 

s 0.407 

No. of Measurement Gap 1 Gap 2 Gap 3 Gap 4 Gap 5 

1 2.88 1.8 1.71 2.25 3.51 

2 2.97 1.8 1.8 2.25 3.51 

3 3.15 1.89 1.71 2.34 3.33 

4 2.88 1.71 1.71 2.16 3.42 

5 2.97 1.98 1.71 2.25 3.42 
 

Mean X 2.97 1.836 1.728 2.25 3.438 

s 0.110 0.102 0.040 0.063 0.075 
 

X 2.444 

s 0.665 

No. of Measurement Gap 1 Gap 2 Gap 3 Gap 4 Gap 5 

1 2.07 2.07 1.71 3.96 1.8 

2 2.07 2.07 1.98 3.78 1.71 

3 2.16 1.98 1.98 3.78 1.71 

4 2.07 1.89 1.98 3.42 1.62 

5 2.25 1.71 2.07 3.24 1.62 
 

Mean X 2.124 1.944 1.944 3.636 1.692 

s 0.080 0.150 0.136 0.295 0.075 
 

X 2.268 

s 0.713 
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Table 4.22: 1st measurement for row gap in mixture of small & big tiles assembly 

 

Table 4.23: 2nd measurement for row gap in mixture of small & big tiles assembly 

 

Table 4.24: 3rd measurement for row gap in mixture of small & big tiles assembly 

 

4.5 Analysis of tile gaps from the measurement results. 
 

1. The wall size of second carriage for small tile assembly is 1.5 mm while for big 

tile is 2.2mm. The reason of this designed is to maintain the same lengths of row 

and column while assembling both small and big tiles together. As the size of big 

tile is double of the small tile however while assembling two small tiles keep a gap 

between them, thus making the combination of two small tiles is bigger than one 

big tile as shown in the picture Figure 4.21. This condition is considerable when 

No. of Measurement Row 1 Row 2 Row 3 Row 4 

1 2.79 3.78 3.51 3.33 

2 2.52 3.24 3.69 2.43 

3 2.52 3.69 3.69 2.25 

4 2.61 3.06 3.51 2.79 

5 2.25 3.15 3.42 2.43 
 

Mean X 2.538 3.384 3.564 2.646 

s 0.195 0.328 0.120 0.429 
 

X 3.033 

s 0.518 

No. of Measurement Row 1 Row 2 Row 3 Row 4 

1 2.7 3.42 2.88 2.7 

2 3.15 3.69 2.07 2.79 

3 3.15 3.15 2.88 2.88 

4 2.79 3.51 2.79 2.43 

5 3.6 3.78 2.7 2.52 

Mean X 3.078 3.51 2.664 2.664 

s 0.356 0.246 0.340 0.186 
 

X 2.979 

s 0.436 

No.of Measurement Row 1 Row 2 Row 3 Row 4 

1 2.9 3.8 2.5 3.5 

2 3.2 3.4 2.4 3.2 

3 3.8 3.6 2.5 3.2 

4 3.5 3.8 2.8 2.5 

5 3.3 3.7 2.5 2.5 

Mean X 3.34 3.66 2.54 2.98 

s 0.336 0.167 0.151 0.454 
 

X 3.13 

s 0.498 
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two or more big tiles are assembled. Therefore, the wall size of big tile is kept 

greater than the wall size of small tile thereby maintained the same length. 

 

Due to these reasons, the tile gaps between two big tiles and between two big rows 

are expected to be bigger than gap between small tiles. 

 

 

Figure 4.21: Comparative tile gaps differences 

 

2. Assembled of small tiles: According to the second carriage designed, the smallest 

tile gap is 1.52 mm and biggest tile gap is 2.44 mm with tolerance of 0.46mm. Due 

to the variation of the tile size, the variation of tile gap is obtained. The 

measurement results show that almost all the gaps are fall within the range between 

smallest and biggest gap. However, there are some tile gaps that fall beyond the 

smallest or biggest tile gap due to the some rotating effect and pulling effect of the 

cylinder stroke. The row gaps are maintain from the pallet design thereby seen the 

uniformity of gaps between the rows however, it is dependable to the conveyor 

speed. 

3. Assembled of big tiles: According to the second carriage designed, the smallest 

tile gap is 2.38 mm and biggest tile gap is 3.188 with tolerance of 0.404mm. Similar 

to the small tile assembly, the variation of tile size generate the variation of tile gap 

in the assembly. The rotating effect and pulling effect still exist which lead to the 

slight distortion of tile assembly. 

 

Comparatively, the row gaps are little bigger than row gaps between the small tiles 

due to the reason that combining two small tiles is bigger than big tile as discussed 

above. 

4. Assembled of small and big tiles: The assembled together of small and big tiles 

resembled results from the individual assembled of the respective tiles. The gaps 

between small tiles looked similar to the small tiles assembly and gap between big 

tiles resembled to the assembly of big tiles. Similarly, the row gaps are looked 

similar to their individual assembled.  
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CHAPTER 5  

CONCLUSIONS AND RECOMMENDATIONS 
 

5.1 Conclusions 
 

The multiple-size tiles tiling automation system has developed from uniform square tiles 

to automate mosaic assembly. The prototype machine has been constructed and 

implemented successfully. The hardware and software integration of the machines are 

controlled from LabVIEW programing and local Controllers for the stepper motors. The 

input of the machines is the partitioned tile image. The modules are built for every tile 

size. One tile one module concept is used to assemble the mosaic pattern. The overall 

mosaic pattern is achieved from the last tile that were assembled from the last module.  

The tiling process follows the product flow concept where the mosaic being assembled 

moves instead of being stationary. In this automation, tiles are arranged row by row to 

make the pattern before it assemble to the mosaic surface. The mosaic pallet is designed 

to move from one assign module to another module, thereby enabling to assemble all the 

tile sizes. The mosaic pallet is controlled by open/close gate mechanism. The moving 

mosaic pallet stops at a module by controlling the gate through the information generated 

from row index. One tile size is assembled by one module irrespective of their intended 

position in the mosaic. Then the assembled mosaic in the pallet from one module move 

to another module through a moving conveyor that carried the mosaic pallet where other 

tile size are assembled to their respective position. The final pattern of one pallet is 

observed in the last module. The final mosaic is achieved by putting all the pallets 

together.  

5.2 Recommendations for the future study 
 

The proposed tiling automation has been implemented successfully. However, there is 

room for improvement to access robust functioning of the tiling system. The system can 

be extended for future study as follows: 

1. The system has the capability to assemble multiple-size tiles from a uniform 

square tile. Thus, this system limitations should be explored in future to assemble 

tile of different shape and size and orientations by extending the production line. 
 

2. Using of sweeper to confirm all the tiles dispensed from the inventory to the 

receiver slot consumed extra time in the mosaic assembly processed. Therefore, a 

new mechanism that can perfectly dispensed tile without any confirmation of the 

sweeper should be study and implemented to optimize time consumptions. 
 

3. This system can make more robust by adding features like reorienting of tile 

mechanism for custom mosaic design. This reorienting of the tiles from the 

existing system will make the system to assemble the tiles in angle in the mosaic 

output. 
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4. This current automation could assembled the tiles row by row only. Another unit 

of adhesive mechanism is required to glue the gap between the tiles and between 

the rows. Adding this unit will make the existing system full automation of the 

mosaic tiling process.  
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