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Abstract - The challenge of the process involved in placing ceramic bowls during the firing process, a common occurrence in 

ceramic production, is addressed. Each ceramic item possesses a distinct shape and unique attributes. Given the dimensions of 

a shelf and a single ceramic piece, the objective is to determine the subset of items that maximize profit and can fit into the 

container while ensuring the items do not come into contact with each other. This research focuses on a ceramics company in 

Lampang, Thailand. One recurring problem in the planning and preparation of ceramics before the firing process involves a 

single shelf accommodating multiple items with varying dimensions. To address this intricate problem, a series of heuristics are 

employed successively, with each heuristic designed to solve a specific aspect of the problem. Large and small-sized ceramics 

are arranged in a specialized structure to ensure efficient use of the designated region of interest with a safe distance maintained 

during firing. The importance of algorithm performance is discussed and analyzed, and this approach is compared with several 

other algorithms currently in the literature. Comprehensive numerical trials demonstrate that the suggested heuristic technique 

is effective. 
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1. Introduction 
The worldwide ceramic sector serves as evidence of the 

enduring attraction and adaptability of ceramic goods in 

various markets and cultures [1], [2]. Ceramics have reached 

an essential status in numerous facets of global artistic 

expression and daily life, finding use in intricate artwork as 

well as functional kitchenware [3], [4]. Thailand is a country 

that is well-known throughout the world for its rich cultural 

legacy, booming craft sector, and stunning natural resources, 

which bring in millions of tourists every year [5]. Of all the 

attractions in the nation, Lampang province uses its ceramic 

skills—especially in the production of plates and cups—to 

great use to entice visitors [6].  

Lampang province emerged as a distinguished hub for 

ceramic production, where highly skilled artisans 

meticulously crafted a diverse array of pieces [7]. These range 

from intricately designed bowls to uniquely inspired artifacts, 

contributing to the province's reputation for excellence in 

ceramic artistry. The entire ceramic production process in 

Lampang operates with a keen emphasis on precision and 

expertise at every stage. Our study specifically zooms in on 

the initial phases leading up to the pivotal firing process [8], 

with a particular focus on geometric optimization techniques 

for arranging [9] ceramic bowls on flat shelves. The aim is to 

discern strategies that can significantly enhance workflow 

efficiency in this crucial aspect of ceramic production. 

The creation of ceramic bowls involves a meticulous and 

multi-step process [10], with the final firing stage standing as 

a critical transformation from raw materials to finished, 

aesthetically pleasing products [11]. Before reaching this 

crucial point, workers in Lampang's ceramic factories 

encounter a significant challenge: arranging ceramics on 

refractory shelves [12], [13]. This step requires careful 

consideration to ensure that bowls of varying sizes and shapes 

are strategically positioned, preventing any unintended 

contact that could result in damage during subsequent 

production stages. Through the exploration of geometric 

optimization in this arrangement process, the goal is to 

streamline workflows, boost productivity, and maintain high 

quality [14], [15] associated with Thai ceramic craftsmanship. 

Automation with the use of artificial intelligence plays an 

important role in increasing efficiency in several fields, such 

as agriculture, disaster detection, healthcare, and also factories 

[16], [17], [18]. Efficiency in ceramic production is not solely 

an industrial concern but a vital element in meeting the 

demands of a dynamic market. Geometric optimization in the 

arrangement of ceramic bowls on flats emerges as a key factor 

influencing the overall workflow in Lampang's factories.  

https://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fig. 1 Ceramics factory firing chamber 

 

Numerous previous studies regarding object placement 

have been carried out, with researchers exploring various tree 

search methods, heuristic methods [20], [21], [22], and meta-

heuristic methods [23], [24], [25]. Noteworthy contributions 

include [26] the introduction of the AND/OR-graph approach, 

[27] an algorithm for constructing homogeneous blocks of 

identically orientated items, and [28] an innovative tree-based 

search strategy employing a hill-climbing strategy. [29] 

proposed a novel wall-building-heuristic approach, while [30] 

derived a heuristic from the branch-and-bound approach. [31] 

suggested the block-building-hierarchical search approach, 

and [32] presented a multi-dimensional block-loading 

heuristic algorithm. [33] put a two-stage search algorithm 

[33], and Araya and Riff employed a beam search strategy, a 

variant of the branch-and-bound search [34]. Additionally, 

[35] proposed a combined heuristic algorithm with greedy and 

tree search modules, while [36] employed a branch-and-bound 

method with a layer-wise loading strategy. 

In the realm of heuristic methods, conventional 

approaches such as greedy algorithms and local search 

algorithms have been presented by [37], [38], [39]. On the 

other hand, meta-heuristic methods have gained traction, with 

[40] introducing genetic, parallel genetic, and hybrid genetic 

algorithms. [25] have contributed to tabu search and parallel 

tabu search algorithms. [41] proposed simulated annealing 

and hybrid simulated annealing algorithms. [42], suggested a 

GRASP method for cargo loading optimization, while [19] 

presented a swarm optimization algorithm. Several researches 

only focused on placing cargo in containers, so it was deemed 

necessary to carry out research that focused on placing 

ceramics before the firing process. Our study aims to uncover 

optimal ceramics loading strategies that not only safeguard 

against potential damage but also enable personnel to work 

more quickly.  

In the face of an expanding market for intricately 

designed ceramic products, the optimization of production 

processes becomes paramount for the sustainability and 

competitiveness of Lampang's ceramic industry. In this 

research, a heuristic algorithm was developed and 

implemented for the ceramic placement on the shelf. The 

modified algorithm, referred to as the "Heuristic Ceramic 

Placement Algorithm," aimed to optimize the arrangement of 

ceramics on the shelf, considering factors such as size and 

spatial constraints. The method involved the adaptation of 

traditional placement techniques to enhance efficiency. In the 

results, the heuristic algorithm demonstrated notable 

improvements in ceramic placement, showcasing space-

saving advantages.  

The discussion highlights the effectiveness of the 

proposed algorithm in optimizing shelf usage and its potential 

applications in practical settings, emphasizing the significance 

of heuristic approaches for efficient placement strategies in 

diverse contexts. These not only enhance workflow but also 

minimize the risk of damage during handling, thereby 

influencing the economic viability of the ceramic factories in 

Lampang. 

2. Problem Description 
The process of localizing ceramics in the firing chamber 

before the firing process is a crucial aspect of ceramic 

production, demanding meticulous planning and strategic 

considerations. This preparatory step is essential for ensuring 

the optimal outcome in terms of both product quality and 

operational efficiency. Ceramics, each possessing unique 

shapes and dimensions, necessitate careful arrangement 

within the firing chamber to maximize space utilization and, 

consequently, production efficiency. The placement of shaped 

and dried clay objects on shelves or within the firing chamber 

requires a thoughtful approach, as the firing process involves 

high temperatures that directly influence the final properties 

of the ceramics. The ceramics that have been arranged are then 

put into the firing chamber through a conveyor, as shown in 

Figure 1. 

In this study, three innovative approaches were 

introduced to optimize the placement of bowls on a shelf. 

Firstly, recognizing that the bowls situated in the corner of the 

shelf do not need to be precisely aligned with the shelf's 
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border, an equation was developed for bowls placed slightly 

outside the border while ensuring stability to prevent falls, as 

demonstrated in Equations (1) and (2). b signifies the radius 

of the base circle, and u stands for the radius of the upper 

circle. Additionally, r is defined as the distance from the arc 

of the base circle to the outer edge of the upper circle. The 

actual width of the bowl relative to the border is determined 

by the sum of half of r, the diameter of the base circle (cb), and 

r. This flexibility in placement allows for more efficient use 

of the shelf's surface without compromising safety.  

𝑟 = 𝑢 − 𝑏      (1) 

𝑤𝑖𝑑𝑡ℎ =  
𝑟

2
+ 𝑟 + 𝑐𝑏                  (2) 

Our second focal point involved bowls characterized by 

diverse designs and sizes, specifically classifying them into 

larger and smaller categories based on the variation between 

their top and base diameters. To optimize placement 

efficiency, a strategic approach was devised wherein the 

smaller bowl is positioned to overlap between two larger 

bowls. This deliberate arrangement minimizes the spatial 

footprint, maximizing the utilization of the shelf surface for 

enhanced aesthetic and functional outcomes.  

Notably effective, this approach demonstrates 

adaptability when accommodating a diverse array of bowl 

designs and sizes, offering a versatile solution for culinary 

presentation. As shown in Figure 2, it can be seen that the 

placement of the bowl can be done based on the size of the 

diameter of the small bowl (t2) and large bowl diameter (t1) at 

the height of a small bowl (h2). The mathematical expression 

for determining the actual size (d) of the larger bowl in the 

context of bowl arrangement on the shelf is defined as 

Equation (3): 

𝑑 =  𝑏2  +
ℎ1

ℎ2
∗ (𝑡2 − 𝑏2)                    (3) 

Thirdly, the study introduced the concept of a Region of 

Interest (RoI) for ceramic placement, consisting of two 

shelves of identical size arranged in two tiers. The RoI is 

characterized by Depth (DROI), Width (WROI), and Height 

(HROI). Notably, the RoI is divided into two parts by the 

presence of shelves, with the first part reduced by the space 

required for four supporting pillars. The second part of the RoI 

exhibits more available space, offering a nuanced 

understanding of the spatial dynamics involved in ceramic 

placement on the shelf. These three approaches collectively 

contribute to an advanced and comprehensive strategy for 

optimizing ceramic arrangement on shelves. 

After the ceramics are arranged on both shelves, then the 

shelves will be stacked parallel, as presented in Figure 3. 

Shelf1, which has pillars, will be placed at the bottom, while 

Shelf2, without pillars, will be placed at the top. The bottom 

shelf1 will contain a smaller number of bowls due to cut space 

for pillars. 

Figure 4 shows several parameters that are used to make 

variable declarations easier in Python programs. p1, p2, p3, and 

p4 are the placement or location of the four pillars. Meanwhile, 

ph and pw represent the width and height of the four pillars, 

which are the same size. wp1, wp2, hp1, and hp2, respectively, 

are variables used to store the width and height of each shelf. 

 
Fig. 2 Small and big bowl placement 

 
Fig. 3 Layer structure of shelves 

 
Fig. 4 Pillars placement on the shelf 1 
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3. Materials and Methods 
 

As illustrated in Figure 5, the sequence of steps outlines 

the process of initializing parameters, sorting bowls, and 

systematically arranging them in alternating order while 

ensuring they fit within the container's dimensions based on 

defined algorithms. 

Step 1: Begin by initializing the necessary parameters for 

the bowl arrangement process. Step 2: Create a structured 

pattern by sorting the bowls in an alternate order. Step 3: 

Evaluate whether the current layer is the base layer. Step 4: If 

the current layer is identified as the base layer in Step 3, 

position the bowls along the Y-axis using Algorithm I. Step 5: 

Repeat the assessment from Step 3 until the cumulative height 

of the bowls surpasses the container's height. Step 6: If the 

height limit is breached in Step 5, proceed to the next column 

with space. Step 7: If the height remains within acceptable 

bounds, continue placing the bowls along the Y-axis 

according to Algorithm I. Step 8: Examine whether the 

cumulative width of the bowls exceeds the container's width. 

Step 9: If the width limit is surpassed, make adjustments to the 

Y-axis positioning using Algorithm II. Step 10: Reassess if the 

cumulative height of the bowls exceeds the container's height. 

Step 11: If the height surpasses the limit in Step 10, move to 

the next column with sufficient space. Step 12: Conduct a final 

check to determine if the cumulative width of the bowls 

exceeds the container's width.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Ceramics placement flowchart 
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Algorithm 
Input: 

Rb   Radius of the big bowls 

Rs   Radius of the small bowls 

Nb   Total number of big bowls 

Ns   Total number of small bowls 

Pw,h    Width and height of the ceramic placement 

Output:  Visualization of the arrangement of circles within the ceramic placement. 
 

Procedure: 

1. R  alternate sorting array result for Rb and Rs 

2. Px,y  starting point from x and y edge 

3. w  Px 

4. h  Py 

5. x_position =  Px 

6. y_position =  Py 

7. total_circles =  Nb  +  Ns 

8. circles_placed = 0 

9. prev_i = 0 

10. circles = [] 

11. # Create rectangles for circles 

12. circle_radii =  Rb  *  Nb  +  Rs  *  Ns 

13. sorted_circle_list = [] 

14. For i=0; length of circle_radii; 

15.         IF i % 2 == 0: 

16.             num = max(circle_radii) 

17.             sorted_circle_list.append(num) 

18.             circle_radii.remove(num) 

19.         ELSE: 

20.             num = min(circle_radii) 

21.             sorted_circle_list.append(num) 

22.             circle_radii.remove(num) 

23. circle_radii = sorted_circle_list 

24. # Place circles from the top-left corner with space 

25. While circles_placed <  total_circles: 

26.           For i, r in enumerate(circle_radii): 

27.               Px   =  x_position + r 

28.               Py  =  y_position + r 

29. # Check if the circle exceeds the container height 

30.               If y_position + r - out > h: 

31.                     Py  =  0 

32.                     y_position =  Py   # Move to the next row 

33.                     x_position = prev_i + space 

34. # Check if the circle exceeds the container width 

35.                If  x_position  + r - out> w: 

36.                      Px  = x_position + r 

37.                      Py  = y_position + r 

38. # Display the current circles in the terminal 

39.                       plot_solution(container, circles) 

40.                       circles = []  # Reset the circles  

41.                       y_position = 0  # Move to the next row 

42.                       x_position = 0  # Start from the left edge 

43.                IF  x_position == 0 or  y_position == 0: 

44.                      IF Px == r or Py == r: 

45.                             x_position =  x_position - out 

46.                             y_position =  y_position - out 

47.                      IF Py == 0: 

48.                             y_position =  y_position - out 

49.                      prev_i = x_position + r 

50.                circles.append((x_position + r / 2 , y_position + r / 2 , r / 2)) 

51.                circles_placed += 1 

52.                Y_position += r+space 

53. ENDIF 
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4. Results and Discussion  
4.1. Algorithm Evaluation 

As an initial test, the algorithm was given several bowls 

with different diameters. The complexity of the algorithm was 

then tested by providing several different bowl placement 

conditions on the shelf.  

Some of these conditions include:  

1) The bowl is placed only on one layer of shelf 2 and cannot 

cross the ROI boundary;  

2) The bowl can pass through the ROI of shelf 2;  

3) The large and small bowls can overlap each other and cross 

the ROI;  

4) Large and small bowls can overlap each other, pass through 

the ROI, and be placed on shelves 1 and 2 (2 layers).  

Several parameter values used in this test are presented in 

Table 1. 

Table 1. Evaluation parameters setup (Scenario 1) 

Parameters Value Parameters Value 

wp1 45 cm ph 3.3 cm 

wp2 45 cm pw 4 cm 

hp1 45 cm t1 20.5 cm 

hp2 45 cm t2 11 cm 

Table 2. Condition 1: The bowl is placed only on one layer of shelf 2 and 

cannot cross the ROI boundary 

SB BB SB/shelf BB/shelf 
Total Required 

Shelves 

10 10 9 4 4 

20 20 9 4 7 

30 30 9 4 11 

40 40 9 4 14 

50 50 9 4 18 

60 60 9 4 22 

70 70 9 4 25 

80 80 9 4 29 

90 90 9 4 33 

100 100 9 4 36 

Table 3. Condition 2: The bowl can pass through the ROI of shelf 2 

SB BB SB/shelf BB/shelf 
Total Required 

Shelves 

10 10 4 2 3 

20 20 4 2 5 

30 30 4 2 8 

40 40 4 2 11 

50 50 4 2 14 

60 60 4 2 16 

70 70 4 2 19 

80 80 4 2 22 

90 90 4 2 24 

100 100 4 2 27 
 

Table 4. Condition 3: the large and small bowls can overlap each other 

and cross the ROI 

SB BB SB/shelf BB/shelf 
Total Required 

Shelves 

10 10 4 5 3 

20 20 4 5 5 

30 30 4 5 7 

40 40 4 5 9 

50 50 4 5 11 

60 60 4 5 13 

70 70 4 5 16 

80 80 4 5 18 

90 90 4 5 20 

100 100 4 5 22 

Table 2-4 presents the test results from conditions 1 to 3 

sequentially, where the results of placing the bowl are efficient 

based on the number of shelfs used. Small Bowl (SB) and Big 

Bowl (BB) are the number of bowls that will be placed on the 

shelf. Condition 4 is the most complex test where conditions 

1 to 3 are combined, and placement is applied to two layers 

(1st and 2nd shelves).  

Overall, the test results show satisfactory results where 

the efficiency of bowl placement can be generated 

automatically. As an illustration of bowl placement in ideal 

conditions, in the next sub-topic the ideal conditions and the 

application of this algorithm are visualized. 

 

Table 5. Condition 4: large and small bowls can overlap each other, pass through the ROI, and be placed on shelves 1 and 2 (2 layers) 

SB BB SB (1st) BB (1st) SB (2nd) BB (2nd) 1set shelf (1st and 2nd) Extra 1st layer shelf 

10 10 4 5 4 3 1 1 

20 20 4 5 4 3 2 1 

30 30 4 5 4 3 3 1 

40 40 4 5 4 3 4 1 

50 50 4 5 4 3 5 1 

60 60 4 5 4 3 6 1 

70 70 4 5 4 3 7 1 

80 80 4 5 4 3 8 1 

90 90 4 5 4 3 10 1 

100 100 4 5 4 3 11 1 
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Table 6. Evaluation parameters setup (Scenario 2) 

Parameters Value Parameters Value 

wp1 30 cm p1 (x, y) (25.2, 3.2) 

wp2 30 cm p2 (x, y) (4.8, 3.2) 

hp1 30 cm p3 (x, y) (4.8, 26.8) 

hp2 30 cm p4 (x, y) (25.2, 26.8) 

ph 3,3 cm d 12 cm 

pw 4 cm t2 6 cm 

 
Table 7. Evaluation scenario 

Scenario Object Type Shelf Count 

S1 
Big Bowl 1 20 pcs 

Small Bowl 1 16 pcs 

S2 
Big Bowl 2 16 pcs 

Small Bowl 2 12 pcs 
 

 
Fig. 6 Placement Results for Shelf 2 

 
Fig. 7 Placement Results for Shelf 1 

4.2. Illustration of Bowl Placement in Ideal Conditions 

The test was carried out using two types of bowls of 

different sizes (large and small). Several test parameters are 

set before the program is run, namely the width height of the 

shelf (wp1, wp2, hp1, and hp2), the width height of the pillars 

(ph and pw), and the coordinates of the pillars p1, p2, p3, and 

p4, the diameter of the large bowl (d), small bowl (t2). The 

parameter setup can be seen in Table 6. 

4.3. Placement Results 

When the program is executed, the placement of the 

ceramic bowl will follow the specified parameter settings. The 

program on shelves 1 and 2 is run separately with the input 

parameters for the number of objects (ceramics) to be 

arranged, which are presented in Table 7. The results of 

generating the bowl placement locations are then plotted in the 

form of graphs and images.  

In scenario 1, four shelves are needed to arrange the bowl 

so that its placement is efficient, this is shown in Figures 6 and 

7. Meanwhile, in scenario 2, four shelves are also needed to 

accommodate the placement of all objects. The test results 

using these two scenarios show efficiency in planning the 

arrangement of ceramic objects before entering the firing 

chamber. 

4.4. Illustrated Placement Results 
If illustrated manually in three-dimensional form, the 

shelf placement looks like in Figure 8, where shelf 1 will be at 

the bottom as a base. Shelf 2 is placed directly above Shelf 1, 

which rests on four pillars. Figure 9 shows an illustration of 

the placement of several shelves arranged in parallel. 

 

 
Fig. 8 Shelf 1 and 2 illustrations 

 
Fig. 9 Parallel arrangement of refractory shelf 
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Based on the results of the arrangement and illustrations 

of the arrangement of ceramics, it can be seen that the 

algorithm can run well. The available space for each shelf can 

be filled optimally. So, it can save workers time in determining 

the pattern for arranging ceramics. There were several 

shortcomings found in this research, including that this 

algorithm was limited to only being able to arrange two types 

of ceramic bowls. This provides an opening for further 

research in developing algorithms with more flexible and 

dynamic parameters, not limited to bowl shapes only. 

5. Conclusion 
In conclusion, this paper presents a methodical process 

for effectively setting up ceramic bowls in a certain area. The 

suggested algorithm shows its efficacy in bowl placement 

optimisation by using alternating sorting and careful 

consideration of container dimensions. The evaluation results, 

which are based on scenario-based testing, demonstrate how 

the algorithm may be used to strategically arrange large and 

small bowls on different shelves, maximising space and 

enabling more efficient manufacturing procedures. Visual 

representations, which show well-organized placements on 

several shelves, further demonstrate the algorithm's 

effectiveness. Although the study recognises the limitations of 

the current algorithm, which is tailored for two specific types 

of ceramic bowls, it also offers opportunities for future 

research to expand its adaptability to a wider range of ceramic 

shapes and configurations. Overall, this paper advances the 

discipline by offering a workable solution for ceramic 

arrangement, opening the door to increased productivity in 

industrial settings. 
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