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Abstract— Loose-end defect on the tip of the cigarette is 

a common problem found on production lines. Large 

companies use computerized sophisticated machines to 

detect and reject it automatically. However, the same 

solution can not be implemented in small or home 

industries because the investment cost is too high. This 

paper presents the development of simple electronic 

instrumentation to detect loose-end defects in cigarettes. 

It relies on the signal acquisition of a photoelectric 

transceiver mechanism that is converted and processed 

digitally to relatively quantify the difference between the 

good and defect. Motor-driven cigarette rotator device 

was built specially to test the performance of the 

instrumentation system. Loose-end defects are made 

artificially by removing 0.2 gr tobacco from the tip of a 

normal cigarette. The average quantifying relative value 

was found above 58.5%, this indicates that the system has 

good contrast properties. At the speed of 10,000 

cigarettes/min, the average accuracy is 90.5%, and at 

17,500 cigarettes/min, the average accuracy is 65.3%. 

Index Terms— cigarette quality; loose-end defective 

cigarette; photoelectric device. 

I. INTRODUCTION 

The Indonesian cigarette industry has experienced 

significant growth over the past few decades [1], [2]. 

One of the factors contributing to this growth is the 

implementation of machine processes in the 

production of cigarettes [3]. These machines have 

revolutionized the way cigarettes are manufactured, 

providing numerous benefits to both the industry and 

consumers. However, one persistent issue that 

continues to plague the industry is the occurrence of 

loose-end defects [4]. This defect refers to the presence 

of unfinished or loose tobacco at the end of a cigarette, 

resulting in a subpar smoking experience for 

consumers. The loose-end defect can arise due to 

several reasons during the manufacturing process. 

Improper cutting of the tobacco, inadequate 

application of adhesive, or faulty machinery can all 

contribute to this defect. When a consumer lights a 

cigarette with a loose-end, they may experience a faster 

burn rate, uneven draw, and increased tobacco 

wastage. These issues not only affect the smoking 

experience but also lead to dissatisfaction among 

consumers. Smokers expect a consistent and enjoyable 

smoking experience from the cigarettes they purchase. 

The loose-end defect directly undermines this 

expectation. When a cigarette burns too quickly or 

unevenly, it affects the taste and overall satisfaction of 

the smoker. Consumers may also feel cheated as they 

are paying for tobacco that ends up being wasted due 

to loose-ends. 

One way to tackle the loose-end defect is by 

implementing improved manufacturing techniques. 

Cigarette manufacturers can invest in state-of-the-art 

machinery that ensures precise and consistent packing 

of tobacco and paper. By using advanced automation 

and quality control measures [5], the likelihood of 

loose-ends can be significantly reduced. These 

techniques can help create cigarettes with tightly 

packed tobacco that stays intact throughout the 

smoking process. However, the same solution can not 

be implemented in small or home industries because 

the investment cost is too high. Loose-end defect 

detection based on photoelectric devices is a common 

method used in several patent sources [6]–[12]. A 

machine vision-based method for detecting the loose-

end defect of a cigarette was also employed [13]–[15]. 

This paper presents the development of simple and 

low-cost electronic instrumentation to detect loose-end 

defects in cigarettes. It relies on a photoelectric 

infrared transmitter and phototransistor receiver. One 

of the key advantages of this photoelectric device is its 

simplicity and low cost. The phototransistor receiver is 

placed at the tip of the device and emits a beam of light. 

When a cigarette is inserted, the beam is interrupted. 

The microcontroller analyzes the interruption pattern 

to determine whether the cigarette has a loose-end 

defect.  Motor-driven cigarette rotator device was built 

specially to test the performance of the proposed 

instrumentation system. There are two parameter 

qualifiers to indicate its performance: contrast 

properties of the measured signal and the accuracy of 

detection capability, both are normalized in 

percentage. 
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II. METHODS 

A. Hardware Block Diagram 

The instrumentation system mainly relies on 

infrared light transmission through the tip of the 

cigarette and its intensity was received by the 

photodiode to produce a small equivalent voltage. This 

voltage was amplified by a signal conditioner to a 

reasonable value before it was converted to a digital 

value and calculated by a microcontroller to relatively 

quantify the value of the good and defective cigarettes. 

Figure 1 shows the flow of signal on the main hardware 

of the instrumentation system. 

 

Figure 1. Main Hardware Block Diagram 

B. Photoelectric Components Arrangement 

Infrared transmitter and phototransistor receiver 

were placed at certain gaps to ensure physical non-

contact with cigarettes so it can move freely between 

them. Figure 2 shows the arrangement of photoelectric 

components: infrared transmitter (1), cigarettes (3), 

and PT334-6B phototransistor receiver (2). It uses 

three infrared transmitters to improve light intensity 

reception on the receiver.  

 

Figure 2. The Arrangement of Photoelectric Components 

Figure 3 shows a single infrared transmitter based 

on High Power LED (HPL) with 3 Watts power 

consumption and emits a 940 nm wavelength of 

infrared light. These LED are designed to provide a 

higher output of infrared radiation compared to 

standard infrared LED. With advancements in 

technology, high power infrared LEDs have become 

more efficient, compact, and capable of emitting light 

in a narrower wavelength range. 

 

Figure 3. 3 Watts 940nm Infrared HPL 

Figure 4 shows a typical 5mm generic 

phototransistor infrared receiver. Infrared 

phototransistors offer several advantages over other 

types of infrared detectors, such as infrared 

photodiodes. One of the key advantages is their ability 

to amplify the current, which allows for greater 

sensitivity and detection range. Another advantage is 

their response time. Infrared phototransistors can 

detect and amplify infrared light signals at a faster rate 

compared to other infrared detectors. 

 

Figure 4. A Typical 5mm Infrared Phototransistor 

C. Signal Conditioner Circuit 

Figure 5 shows the electronic circuit for a signal 

conditioner that utilizes an operational amplifier as a 

non-inverting voltage amplifier with a gain of 3. The 

non-inverting amplifier is a type of operational 

amplifier (op-amp) configuration that amplifies an 

input signal while maintaining the same polarity. It is 

widely used due to its high input impedance, low 

output impedance, and excellent gain accuracy. The 

basic non-inverting amplifier circuit consists of an op-

amp, two resistors, and an input and output terminal. 

The input signal is applied to the non-inverting 

terminal of the op-amp, while the inverting terminal is 

connected to ground. The output signal is taken from 

the junction between the resistor connected to the 

inverting terminal and the op-amp's output. 

The non-inverting amplifier operates based on the 

principle of negative feedback. When an input signal is 

applied to the non-inverting terminal, the op-amp 



 

 

 

 

32 Ultima Computing : Jurnal Sistem Komputer, Vol. 15, No. 1 | June 2023 

 

ISSN 2355-3286 

amplifies it and produces an output signal. This output 

signal is fed back to the inverting terminal through the 

resistor connected between the output and inverting 

terminal. 

The feedback loop creates a voltage divider 

between the input and output resistors, which 

determines the gain of the amplifier. The gain of the 

non-inverting amplifier is given by the formula: 

  𝐺𝑎𝑖𝑛(𝐴) = 1 +
𝑅𝐹

𝑅𝑖𝑛
 (1) 

where 𝑅𝐹 is the feedback resistor and 𝑅𝑖𝑛 is the 

input resistor. The gain is always greater than 1, 

making the non-inverting amplifier an amplification 

device. The output voltage is connected to the Analog 

to Digital Converter (ADC) pin of a microcontroller. 

The analog voltage is then converted to an equivalent 

digital value to indicate infrared light intensity 

received by the phototransistor. The ADC is a 10-bit 

successive approximation type. It has a resolution of 

1024, which means it can divide the input voltage 

range into 1024 discrete steps. The ADC operates 

based on the principle of comparing the input voltage 

with a known reference voltage. It generates a digital 

value proportional to the input voltage within the 0-

1023 range. 

 

Figure 5. Non-inverting Amplifier Circuit Diagram 

D. Mechanical Motor Driven Cigarette Rotator 

A mechanical rotator device was specially built to 

test the performance of the instrumentation system. It 

can mount up to 50 cigarettes. The rotator is motor 

driven and its speed can be adjusted by a dedicated 

controller up to 17,500 cigarettes/min. Figure 6 shows 

the isometric view of the rotator and Figure 7 shows its 

side view, showing its motor and encoder. The 

mechanical rotator has built from five main parts: skid 

and frame (1), rotator wheel (2), human-machine 

interface (3), DC motor and speed controller (4), and 

encoder (5). Figure 8 shows the actual build of the 

mechanical rotator showing its cigarette wheel holder. 

 

Figure 6. 3D Isometric View of Mechanical Cigarette Rotator 

 

Figure 7. Side View of Mechanical Cigarette Rotator  

 

Figure 8. Actual Cigarette Rotator With Capacity of 50 Cigarettes 
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III. RESULTS AND DISCUSSION 

The experiment was conducted to obtain two 

performance parameters of an instrumentation system 

that has been tested on simulated environment 

conditions using a mechanical rotator: 

• Contrast properties of the measured signal 

This parameter indicates a relative range of light 

intensity that is able to be received by the 

instrumentation system. A larger value is good, it 

means the system has a reasonable range to easily 

distinguish a normal cigarette from a defective 

cigarette. 

• Accuracy of detection 

This parameter indicates the system's ability to 

detect defective cigarettes. The test was conducted in 

two configurations: altering rotator speed and altering 

the amount of artificially loose-end defective cigarettes 

which are placed randomly on the rotator wheel. 

The artificial loose-end defective cigarettes were 

made by removing 0.2 gr tobacco from the tip of a 

single normal cigarette as shown in Figure 9. 

 

Figure 9. Normal and Artificially Loose-End Defective Cigarette 

Figure 10 shows a series of digital values obtained 

from the calibration batch using a 40/50 configuration 

(40 normal cigarettes, 10 loose-end defective 

cigarettes, and 50 total cigarettes). This data is used to 

define a loose-end range of digital value and a range of 

normal cigarette’s digital value. The relative difference 

between them is defined as the contrast properties of 

the measured signal and calculated using Equation 2. 

Figure 11 shows the example of collected data from 

test batch 40/50 at a speed of 10,000 cigarettes/min, 

where the actual speed employed at the production 

level was around 8000 cigarettes/min. Figure 12 shows 

the data at a speed of 17,500 cigarettes/min. Actually, 

there are digital values greater than the upper limit of 

defined loose-end digital value. They were produced 

by light transmission through the gap between adjacent 

cigarettes on the mechanical rotator, as shown in 

Figure 13. Those values are excluded from the 

calculation. 

 

 

Figure 10. A Series of Digital Values Obtained From Calibration 

Batch 

 

Figure 11. Example of Digital Value Obtained From Batch 40/50 

10,000 cigarettes/min 

 

Figure 12. Example of Digital Value Obtained From Batch 40/50 

17,500 cigarettes/min 
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Figure 13. Illustration of Gap Between Cigarettes On Mechanical 

Rotator 

Equation 2 is use to calculate the contrast properties 

of the measured signal. 

  𝐶𝑃 =
𝑇𝑃−𝑃

�̅�
× 100% (2) 

where, 

𝐶𝑃 = Contrast Properties Value (%) 

𝑇𝑃̅̅ ̅̅  = Average digital value of loose-end defective 
cigarette per batch 

�̅�  = Average digital value of normal cigarette per batch 

TABLE I. CONTRAST PROPERTIES AND ACCURACY VALUE 

OBTAINED FROM SEVERAL TEST BATCHES 

No 
Test 

Batches 

Rotator 

Speed 

(cigarettes

/min) 

Contrast 

Properti

es (%) 

Actual 

Loose-

end 

Detected 

Accur

acy 

(%) 

1. 49/50 10.000 76 1 100 

2. 45/50 10.000 57 5 100 

3. 40/50 10.000 55 14 71,4 

4. 49/50 17.500 58 3 33,3 

5. 45/50 17.500 48 5 100 

6. 40/50 17.500 57 16 62,5 

Table I shows the test results from several test 

batches. The average value of the contrast properties 

parameter is 58.5%, evenly distributed across test 

batches. The average value of the accuracy parameter 

is 90.5% at 10,000 cigarettes/min and 65.3% at 17,500 

cigarettes/min, it has a tendency to decrease at faster 

speed and at larger amounts of loose-end defective 

cigarettes. Signal noise due to electromagnetic 

radiation generated by a motor controller seems to 

contribute to this. 

IV. CONCLUSIONS 

The proposed instrumentation system to detect 

loose-end defective cigarettes was successfully 

designed and tested using a specially built apparatus. 

Low-cost components and simple design were 

evidently effective and practical to obtain good 

performance parameters. This will give an opportunity 

to development of a complete fully automated 

detection and rejection of loose-end defective 

cigarettes machine at a much lower cost compared to 

existing expensive machines. This could be an 

alternative solution to help the small and home local 

industries in Indonesia to improve their cigarette 

product quality.  

REFERENCES 

[1]  N. S. Fahira, A. Amira, and A. Firmansyah, “Profitability, 

liquidity, leverage, and firm risk: Evidence from Indonesian 

tobacco industry,” International Journal of Economics, 
Business and Accounting Research (IJEBAR)2, vol. 4, no. 

4, 2020.  

[2] L. T. Tarmidi, “Changing Structure and Competition in 
THE Kretek Cigarette Industry,” Bull Indones Econ Stud, 

vol. 32, no. 3, pp. 85–107, Dec. 1996, doi: 

10.1080/00074919612331337038.  
[3] T. Latinovic, C. Barz, A. P. Vadean, G. Sikanjic, and L. 

Sikman, “Adaptive intelligence system for a predictive 

process for the Industry 4.0 in Tobacco factory,” in Journal 
of Physics: Conference Series, 2020. doi: 10.1088/1742-

6596/1426/1/012019. 

[4] Y. V. Hui and R. Wild, “Optimising production control of 
a maker-packer system in cigarette manufacture,” Journal 

of the Operational Research Society, vol. 49, no. 8, 1998, 

doi: 10.1057/palgrave.jors.2600584. 
[5] M. Husen, D. Gustopo, and D. I. Laksmana, “Product 

quality control using six sigma (DMAIC) methods to 
minimize wast in Bima Mandiri cigarette company 

Rembang, Pasuruan Regency,” Journal of Sustainable 

Technology and Applied Science (JSTAS), vol. 2, no. 2, 
2021, doi: 10.36040/jstas.v2i2.3359. 

[6] Buchegger J., Radzio, A., “Method and apparatus for 

testing the ends of cigarettes or the like,” US Patent 
US4486098A,1984. 

[7] Mitten, Robert T., Knight, Raymond J., Ripley, Robert L., 

“Cigarette detection and rejection device,” Patent 

CA1172932A, 1984. 

[8] Leslie, Elmer, and Payne, “Cigarette loose end detector-

rejector mechanism,” US Patent US3485357A, 1968. 
[9] Merker, S, “System for detecting loose tobacco at cigarette 

ends,” US Patent US3729636A, 1973. 

[10] Lassiter, Wallace R., “Method and apparatus for detecting 
loose ends of cigarettes,” US Patent US5010904A, 1989. 

[11] Bolt, Reginald C., “Cigarette ends testing,” US Patent 

US4944314A, 1987. 
[12] E. Ni, S. Weizhong, W. Lisu, and Z. Desen, “Complete 

integrated single loose-end cigarette detection and rejection 

device,” Patent CN201494639U, 2010. 
[13] S. Feng, S. Siyang, and X. Shengping, “A real-time 

cigarettes counting and loose ends detection algorithm,” 

International Conference of Online Analysis and 
Computing Science (ICOACS), 2016. 

[14] R. Ming et al., “Cigarette loose-end detection method based 

on machine vision technology,” Patent CN102499471A, 
2012. 

[15] R. Qu, G. Yuan, J. Liu, and H. Zhou, “Detection of cigarette 

appearance defects based on improved SSD model,” in 
ACM International Conference Proceeding Series, 2021. 

doi: 10.1145/3501409.3501612. 



 

 

 

 

 

ULTIMA Computing, Vol. XI, No. 2 | Juni 2020 35 

 

 

ISSN 2355-3286 

 


