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This work describes the development of a semi-automated packaging machine for 

small-scale manufacturers of fish crackers in Sabah. The crackers are locally known as 

amplang. They are lightweight, airy and round in shape. The machine is designed to 

speed-up the packaging process of amplang and thus maintain its freshness. Currently 

the packaging is done fully using manual labour. The machine’s major components are 

Arduino Uno as the controller, load cell sensor to measure the weight of amplang 

before the packets are sealed, supply hopper, vibrational feeder and a DC geared 

motor. The design process was done in CATIA V5 and Fritzing simulated the electrical 

circuit. Stainless steel form parts of the machine that interact with amplang as it has 

excellent anti-corrosion properties. The machine structure uses mild steel. 

Functionality tests on the completed prototype showed that the program is able to 

control the geared motor, load cell and sealant function. The vibrational feeder lane 

transported amplang from the supply hopper into plastic packages. The machine was 

able to weigh and pack a predetermined weight of 100 g of amplang at an average time 

of 8.17 seconds. The machine can improve the current packaging and sealing method 

and able to produce small packages of amplang at a faster rate while retaining the 

freshness of amplang at an economical cost. 
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1. Introduction  

 

Increasing demand and stiff competition within the food packaging industry makes it imperative 

for producers to improve the supply and quality of their products. This study aims to solve problems 

related to food packaging of a popular snack in Sabah.  Amplang is a fish cracker which is lightweight, 

airy and squarish-round in shape (Figure 1(a)). It is made from fish (usually mackerel) or shrimp, 

tapioca flour, garlic, egg, sugar and salt [1]. Then the dough is fried until crunchy. According to local 

history, amplang is traditionally eaten during tea-time and best served with hot coffee [2].  
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One of the major small-medium enterprise (SME) amplang producers in Sabah is Perniagaan 

Rosmie Bersaudara Sdn. Bhd. in Tawau. The founder, Rosmie Nariddin, 63, started the business back 

in 1990 with just 10 workers. Now, the business has grown with sales reaching RM90,000 per month 

[3] and the number of workers has increased to 20. Depending on customer’s orders, the company 

packs roughly around 400 kg of amplang per day and the amount usually multiplies during festive 

season.  

Currently, the company faces issues in the packaging department as the process is done manually. 

Within the packaging department, the workers need to scoop the amplang into the plastic bag and 

measure the weight before the bag is sealed. The sealing process is also being done manually as 

shown in Figure 1(b). Packaging is important as it preserves and maintains the quality of packaged 

food plus it incorporates clean production technologies [4]. 

 

       
(a)                                                                      (b) 

Fig. 1. (a): Freshly produced amplang crackers, (b): process of scooping amplang for packaging [1]  

 

The manual process pose one major concern to the company which is the length of packaging 

time which directly affects the quality of the product. Due to the nature of current process, workers 

require a considerable amount of time to pack all the cooked amplang accordingly. This has created 

a back log within the process. The longer time the cooked amplang need to wait before being packed, 

the quality of the amplang will be affected. Automation of packaging in the amplang industry will be 

able to reduce the concern on the timing and quality. Due to this, a new way of packing and weighing 

need to be devised. It is important to preserve the freshness of amplang during packaging stage to 

ensure its freshness and crispiness. 

This study aims to improve the amplang packaging process for Perniagaan Rosmie Bersaudara 

Sdn. Bhd. and other similar small-scale amplang producers in Sabah. The process relies fully on 

manual labour for large amounts of amplang production. To achieve this, a semi-automated amplang 

packaging machine with the functionality of weight measurement, safe sealing and vibrational feeder 

lane was designed and fabricated. The complete prototype was tested for its functionality in 

producing sealed amplang packages weighing 100 g each. 

In food and beverages products, packaging provides convenience as well as safety benefits, such 

as spoilage reduction and tamper resistance [5]. Therefore the amplang packaging machine will have 

the feature of sealing the plastic pouch without spoiling the amplang. Through the implementation 

of automation, double-dip effect on productivity by reducing labour and increasing throughput with 

the existing assets can be achieved [6]. Through this machine, automation will reduce the time taken 

to complete the packaging process. This improves the company’s overall productivity [7] and product 
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quality. To weigh the amplang correctly for every package, load cell was used. Load cell transducers 

are used extensively in scales because of their accuracy in measuring weights [8]. Load cells are 

accurate as they apply the principle of stress and strain. Therefore, an accurate value of electric signal 

is passed to the controller.  

Currently, no similar machine has been produced or designed specifically to package amplang. 

However, a researcher in Indonesia did develop a machine using centrifugal principle to drain oil out 

of amplang (after frying process) quickly and efficiently [9]. In another study, a machine was invented 

to extrude and slice amplang dough uniformly into circular cross-section [10]. Regarding food 

packaging initiatives, there are previous studies focusing on the design of the product packaging 

based on consumer response [11] and also food packaging for wet food like coconut rice (nasi lemak) 

[12].  

 

2. Methodology  

 

In packaging machinery, it is important to identify the needs and requirements to support the 

design process [13]. The design process needs to be documented properly to ensure continuous 

machine improvement. In this study, the design process follows the guideline stipulated in [13] that 

begins with the task identification, criteria specification, conceptual design, preliminary design and 

cost estimation, finalized design and documentation. This flow is illustrated in Figure 2. 

 

 

 
Fig.2. Typical activities involved in the design process [13] 
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The amplang packaging machine has weight measurement and sealing function to produce 

amplang packages. It is semi-automated where workers need to manually feed freshly fried amplang 

into the hopper. In this study, the hopper can hold a maximum of 2 kg of amplang. The machine 

comes with a sealing section and it required manual operation to seal every packets of amplang after 

the weighing process. Stainless steel form parts of the machine that interact with amplang as it has 

excellent anti-corrosion properties. The machine structure uses mild steel. 

 

2.1 Machine Design and Fabrication 

 

The design stage begins with sketching the conceptual design based on the user requirements. 

Two concepts were proposed and the best one was selected based on technical and economic criteria 

(Figure 2).  

Next, the definitive design stage utilized two computer-aided design (CAD) software; CATIA V5 

and SolidWorks 2013. CATIA V5 designed and simulated parts of the machine in three-dimensional 

(3D) such as supply hopper, vibrational feeder lane, end chute (nozzle) and spring base (Figure 3). 

The supply hopper is designed to hold a maximum of 2 kg of amplang. CATIA V5 also simulates the 

completed assembly of the whole machine. 

 

(a) (b) (c) 

 

(d) 

 

(e) 

 

Fig. 3. Parts of the amplang machine designed in 3D using CATIA V5; (a) hopper, (b) feeder lane,     (c) spring, 

(d) nozzle, and (e) spring base 

 

SolidWorks 2013 has similar functionality to CATIA V5. In this project the SolidWorks 2013 was 

used to draw the machine parts in 2D (Figure 4). These parts were cut to shape using laser cutting 

machine. The laser cutting machine (Mitsubishi ML2512HV2-R Plus) only reads input data in the DXF 
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format Drawings in CATIA V5 were not able to be converted successfully to DXF format. Thus, parts 

to be cut using laser were drawn in SolidWorks 2013 in 2D and saved as DXF file format. Figure 4 

shows the part names and 2D drawings in DXF format.  

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 4. 2D drawing of parts of the amplang machine in DXF format (shown as white line) in SolidWorks 2013; 

(a) hopper, (b) feeder lane, (c) spring base, (d) motor mounting, and (e) end chute 

 

After completing the laser cutting process, the sheet metals were bent into desired angle using a 

bending machine (Armada RG-80). Next, the bended parts and the body structure made from mild 

steel were welded using MIG welding machine. After the fabrication process, the parts were then 

installed to form body structure as shown in Figure 5. Electrical and electronic parts were mounted 

on the body to form a working machine. 

 

 
Fig. 5. Amplang packaging machine in 3D drawing: (a) before, 

and (b) after fabrication process 
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2.2 Simulation and Programming 

 

The machine uses an Arduino Uno board as the main brain. Uno is a microcontroller board based 

on the ATmega328P. It has 14 digital input/output pins (where 6 pins are also PWM outputs), 6 analog 

inputs, a 16 MHz quartz crystal, a USB connection, a power jack, an ICSP header and a reset button 

[14]. Fritzing is a simulation software that makes electronic circuits easy to design, prototype and test 

in the simulation environment without the need to connect the hardware parts first.  

To simulate the function of the electric and electronics components of the machine, components 

including the LEDs (Light Emitting Diodes), DC-geared motor, 9V battery, Arduino UNO and LCD 

display were connected. Figure 6 shows the circuit design stage in Fritzing environment.  The LCD 

display is to indicate the weight being measured by the load sensor. The LCD requires 5 V of DC power 

supply. 

 

 
 

Fig. 6. Circuit design in Fritzing environment 

 

Arduino Integrated Development Environment (IDE) is the programming software to input the 

coding to operate and control the data input and output through the machine controller which is the 

Arduino Uno. Arduino IDE contains a text editor to write programs and it connects to the Arduino 

hardware to upload programs and communicate with them. It uses a simplified version of C++ which 

makes programming easier. Figure 7 shows a part of the codes used to control the Arduino Uno to 

either send input or receive output. 
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Fig. 7. A screenshot of code programming using Arduino IDE 

 

2.3 Machine Operation and System Architecture 

 

The operation of the machine begins with the process of manually loading amplang into the 

machine hopper followed by the pre-defined weight input from the machine operator. The operator 

then presses the load button and amplang will start to travel from the hopper, through the 

vibrational feeder and into the plastic packages. The machine will compare the operator input with 

the load sensor input to determine when the desired weight has been achieved. When the weight is 

achieved, amplang will stop loading. The block diagram in Figure 8 shows the operational sequence 

of the machine. 

For weighing process, the machine uses a load sensor that converts stress and strain value into 

electric signal using HX711 amplifier. The output is sent to the Arduino Uno controller. Then, data 

will be sent to the LCD to display the weight of the plastic pouch filled with amplang. 
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Fig. 8. Block diagram of the machine’s process sequence  

 

The role of the load cell is critical to measure the weight of amplang and it sends signal to 

controller stop the vibration once the desired weight has been achieved. The operator will then be 

able to manually seal the plastic bag using the sealer located at the base of the machine. Location of 

the supply hopper, load cell, vibrational feeder and DC-geared motor on the amplang packaging 

machine are shown in Figure 9. 

 

 
 

Fig. 9. The location of the supply hopper, load cell, vibrational feeder and DC-geared motor 

on the amplang packaging machine 

 

3. Results  

3.1 Vibrational Feeder Test 

 

The purpose of vibration feeder is to guide the amplang from the supply hopper into the plastic 

package. Using a 12V DC geared motor (model TG-85C) to provide vibration and transport the 

amplang was not successful as the motor rotation was too slow. The solution was by removing the 

gear box inside the motor. Hence, the speed of the motor was maximized. Figure 10 shows how the 

Load amplang 
into machine 

hopper

Select desired 
weight

Push load 
button

Wait until 
desired weight 

is achieved

Seal package 
manually 
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12V DC motor is attached to the feeder lane. Power supply to the motor is provided by a 3-pin DC 

power adaptor and to the controller circuit provided by USB connection. 

 

 
                                     (a)                                                                        (b) 

 

Fig. 10. (a) The 12V DC motor attached to feeder lane, and (b) a half-circle aluminium part 

fabricated and attached to the end of the motor’s rotor that causes the motor to shake 

when it spins 

 

3.2 Load Cell Function 

 

Analog reading from the load cell is converted into digital form by the 10-bit analog to digital 

converter (ADC) in the Uno. This means that the ADC maps input voltages between 0 and 5 volts into 

integer values between 0 and 1023 from the sensor [15]. The function of the load cell sensor and LCD 

display were tested before installation to the machine. As shown in Figure 11, the load cell was tested 

to weigh a 50 g load. The sensor worked well and the value given on LCD display was the same which 

is 50 g. 

 

 
 

Fig. 11. Load cell measurement function test using nail clipper weighing 50 g as load 

 

3.3 Sealant Function 

 

Figure 12 shows the sealing process which is the last step in the machine operation. The seal 

mechanism uses Nichrome wire connected to the power supply. This wire can withstand a high 
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temperature and can generate heat in shorter time. In which, this wire can produces heat at shorter 

time but does not burn easily. 

  
Fig. 12. (a) Nichrome wire, and (b) the sealing process for each package of amplang 

 

3.4 Bill of Materials and Costing 

 

The total cost involved in fabricating the machine is RM 715.89 as tabulated in Table 2. The cost is 

considered economical for amplang producers to invest in. 

 

Table 1 

Bill of materials and cost for each machine component 

No. Material Dimension Qty Price/unit(RM) Price (RM) 

1 Stainless steel sheet 500 mm x 300 mm x 1.5 mm 2 136.31 272.62 

2 Hollow Square Mild Steel 600 mm length 2 49.90 99.80 

3 Custom Made Spring 30 mm length x 20 mm diam 4 25.00 100.00 

4 LCD Display 12ic - 1 23.50 23.50 

5 L298N Motor Driver - 1 7.16 7.16 

6 12V DC Geared motor - 1 55.12 55.12 

7 Load Cell Sensor - 1 13.99 13.99 

8 HX711 Amplifier - 1 4.90 4.90 

9 Jumper Wire - 20 4.70 94.00 

10 Arduino Uno - 1 26.90 26.90 

11 White Breadboard - 1 10.00 10.00 

12 Voltage Regulator - 1 99.90 99.90 

13 Connecting Wire 6-pin to 

DC motor 

- 1 2.00 2.00 

Total price 715.89 
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3.5 Time Study on the Packaging Process for 100 g of Amplang 

First, the hopper was filled with 2 kg of amplang. Then the operator set the 100 g weight using 

the LCD. Then, the vibrational feeder started to vibrate. The door at the bottom of the hopper opened 

and amplang dropped onto the vibrating feeder lane. Amplang travelled on the lane and fell into the 

plastic pouch and. The weight of the pouch is measured by the load sensor. When the sensor reads 

100 g, the controller sent signal to close the hopper door. The pouch containing amplang was 

manually sealed. This procedure was tested 15 times to measure the time needed for every complete 

cycle. Results are shown in Table 2. 

 

Table 2 

The time taken to weigh and seal 100 g of amplang 

No. Time (s) 

1 8.98 

2 8.06 

3 9.88 

4 8.44 

5 8.01 

6 8.07 

7 8.37 

8 8.31 

9 9.08 

10 9.30 

11 8.71 

12 8.76 

13 8.83 

14 9.23 

15 9.15 

Average Time 8.75 

 

Based on Table 2, it can concluded that the average of time taken for amplang to fill the pouch 

at constant weigh of 100 g is 8.75 s. So the current frequency achieved by the machine is 8.75 s for 

every 100 g of amplang. 

The machine was able to replace the process of scooping amplang into plastic pouches by hand 

and weighing each pouch automatically in one step. The operator need to be efficient in handling the 

sealing process to ensure shorter time taken for every cycle.  

However, the machine has a few limitations: 

a) Operator is needed to load amplang into the hopper, run (start) the machine and wait for 

amplang pouches to be filled so sealing process can be done manually 

b) Operator needs to run the machine each time after every cycle of filling up an amplang 

pouch so that the hopper door opens and amplang will drop onto the feeder lane 

c) The is also no indicator at the hopper to tell the operator that amplang supply has finished 

thus more amplang need to be loaded 

      

4. Conclusion 

 

This project is set out to improve the packaging process of amplang, a fish-based local snack 

produced by an SME facility located in Sabah. A semi-automated amplang packaging machine 

capable of weighing and sealing plastic pouches was designed, fabricated and developed. The 
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machine was able to perform the task of filling plastic pouches of amplang, weighing it and it also 

comes with manual sealing function.  

Functionality tests on the completed prototype showed that the program is able to control the 

geared motor, load cell and sealant function. The vibrational feeder lane transported amplang from 

the supply hopper into plastic packages. The machine was able to weigh and pack a predetermined 

weight of 100 g of amplang at an average time of 8.17 seconds. The machine can improve the current 

packaging and sealing method and able to produce small packages of amplang at a faster rate while 

retaining the freshness of amplang at an economical cost of RM 715.89. This machine has potential 

to increase the productivity of the packaging department compared to the previous manual method. 

Nevertheless, the machine still has some limitations based on some issues discovered during the 

machine validation process. 

For future works, the ergonomic factors in machine design can be taken into consideration. 

Ergonomics consideration will greatly improve on the workers’ experience the machine operation as 

less strain is subjected to the neck and hand joint during machine operation. Authors would also 

suggest the use of bigger display for the machine human-machine interface (HMI) unit with a much 

friendlier interface. This will help the workers to set the machine much quicker thus making it more 

fool-proof. 
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