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Abstract 

 

Pellet represent a well spread commodity for energy production in Europe with a 

rapidly increasing market. Previous studies evidenced as the color could be used 

for visual prediction of pellets quality through RGB calibration methodologies 

paired with image analysis techniques. The open source software and hardware 

available nowadays represent a great possibility for prototypes development due 

to their affordable nature and commercially suitable license. Therefore, this work 

point to the development of an image analysis based open source conveyor belt 

prototype for pellet quality assessment. The realized open source system, coupled 

with image analysis, could allow a rapid characterization of wood pellet and chip. 

Moreover, being based on open source technologies, it resulted to be low cost and 

could be able to characterize large quantities of products. The system, following a 

proper calibration, may be used in future for products quality labelling and 

certifications. 
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Introduction 
 

Among all wood pellet is one of the wider internationally spread commodities for 

energy production and its market is rapidly increasing in Europe [1, 14, 15] 

mainly driven by the fairly low cost per energy unit and the European and 

National subsidy systems to achieve the 2020 targets. At the moment the 

continuous increasing demand for wood pellets seems not to be totally satisfied by 

the domestic production, not for technological reasons, but for shortage in primary 

resources and for the competition with large power plants [2] and wood industry. 

Even if there are not precise statistics for the sector, the European market appear 

dependent upon importation [3] and the ENplus annual report highlights that the 

Italian import of wood pellets from abroad (within EU-27, Canada, United States, 

South America and New Zealand) is actually filling the gap between the domestic 

production and consumption [4]. Pellets have higher energy density, when 

compared with other biofuels, resulting in lower transportation and storage costs 

[5, 6] and moreover present a regular shape that allows the automation of feeding 

procedure for burning [7]. 

However not all pellets do present the same quality which is expression of 

different parameters depending on both, intrinsic feedstock characteristics and 

treatment or production conditions. The properties owing to the raw materials 

affect pellets quality because their constituents are found practically unchanged in 

the final product. Indeed, tree species as well as wood provenance and quality 

certification have been found to influence the pelletizing process [8, 9,], and the 

final pellet quality [10, 11, 16]. Sgarbossa et al. [12] evidenced as the color could 

be used for visual prediction of pellets quality. The applicability of such method 

for the evaluation of pellets quality is based on RGB calibration methodologies 

paired with image analysis techniques, resulted to be an affordable and useful 

tool. 

Open source software and hardware available nowadays represent a great 

possibility for prototypes development due to the thick coding community and the 

possibility to use such technologies even at commercial level. 

Therefore, based on such evidences the present work point to the development of 

an image analysis based open source conveyor belt prototype for pellet quality 

assessment. Wood pellets and wood chips tested were produced in the Italian 

Calabria region (Southern Italy). 

 

Materials and methods 
 

The open source prototyped (Fig. 1) was composed pairing together a conveyor 

belt, an optoelectronic system and a feeding separator. The optoelectronic system, 

positioned vertically with respect to the belt plane, uses a GigE Vision Camera 

Mako G-125C PoE equipped whit a CCD sensor Sony ICX445 of 1.2 MP (1292 x 

964 pixels) acquiring consequent images of the objects. The camera was boxed 

with wood panels in order to control the light during the acquisition. 
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Figure 1 - Prototype composed by: a conveyor belt equipped with a separator 

(feeding system), an optoelectronic system that uses a GigE Vision Camera Manta 

G-504B/C and a pc with touch screen for ease of use. 
 

The lighting system was built using led array and a white internal finish in order 

to obtain uniform light distribution. Moreover, the system has been equipped with 

an encoder to record the belt positioning e therefore to synchronize the image 

acquisition. 

The system was mainly built using the open source electronic prototyping 

platform Arduino. In details were realized all the electronic circuits for integrating 

the Arduino components as following: 

 

 Voltage regulation Vcc for powering the various components (valves, 

encoders, feeder, Arduino, acquisition room lighting); 

 Relay for managing the conveyor belt; 

 Regulation and control of DC motors in the feeder 

 MOSFET for control of pneumatic solenoid valves. 

 

A Arduino® has been used to manage the encoder, while another for the 

controlling the conveyor belt, the feeder, the room lighting and the solenoid 

valves. Figure 2 shows the main patterns of the system, in particular the Encoder 

(A), the main power supply board and control devices (B). 
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Figure 2 – General scheme of the systems patterns showing the connection 

among power supply with Arduino, the conveyor belt and the pc. 

 

 

Software and image acquisition 
 

The software is divided following two types of implementation. The first relates 

to the programming of the microcontroller MCU to the reading of the encoder, the 

second the development of a multithreaded software for the synchronized 

acquisition of the images by means of high-resolution camera Ethernet and the 

encoder. The microcontroller software is structured by the serial USB connection 

for sending impulses to the main software, and the control logic for processing the 

encoder signals. The generated pulses are processed to identify the correct 

sequence that determines the direction of continuous rotation and the presence of 

eventual errors due to interference and / or electrical malfunctioning. 

Processing of pulses is done through the implementation of the “gray code” that 

makes the adjustments (forward - stop - backward) easier and less error-prone. 

The main software plays a key role as it manages the image acquisition and the 

synchronization with the encoder. The synchronism is made possible through the 

use of multithread, in particular two parallel threads are started, the first is 

responsible for receiving the number of encoder pulses, the second to acquire the 

images. 

The development environment used is C / C ++ for the software and MCU 

programming, while the main software has been developed in Java. 

Once the system has been synchronized, following the software development, in 

order to test the prototype efficiency were automatically acquired some images 

(Figure 3) of wood pellets and wood chips produced in the Italian Calabria region 

(Southern Italy). Samples of 200 g each of wood pellet from alder, poplar and 

chestnut and alder wood chip were analyzed. 
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Figure 3 – Samples of the images acquire. On the left side wood pellet, on the 

right side wood chips coming from the Italian region Calabria. 

 

Results & discussion 
 

In order to calculate the exact belt operating parameters, and thus setup exactly 

the frame rate to correctly acquire images, to minimize the errors, time, lengths 

and pulses frequency were all assessed on the base of ten full rounds of the 

encoder wheel. 

 

 

Table 1 – Conveyor belt operating parameters 

  

Encoder wheel circumference (mm) 200 

Encoder wheel full rounds used for 

calculations 
10 

Belt speed (mm/s) 10.811 

Belt speed (m/min) 0.649 

Round / minute (rpm) 3.243 

Time / round (s) 18.5 

Encoder pulse / round (Hz) 1000 

Pulses / s (Hz) 54.054 

Time / pulse (s) 0.019 

Pulses / mm 5 

 

 

As shown in Table 1 the belt speed recoded was equal to 10.8 mm/s. At such a 

speed the encoder wheel, with a circumference equal to 200 mm, was able to 

complete 3.243 rounds per minute. Knowing a priori the number of encoder 

pulses per round was possible to calculate the pulses per s (54.054 Hz), the time 

needed for one pulse (0.019 s) and the number of pulses per mm of belt (5). 
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Table 2 – Operative camera acquisition parameters. 

 

Distance from lens to plane – lens 

bottom to the belt plane (mm) 

250 

Width resolution (y - columns) 1292 

Height resolution (x - lines) 964 

Y FOV (Field Of View, mm) 118 

X FOV (Field Of View, mm) 158 

Encoder pulses / Y FOV 590 

 

 

Table 2 report the data regarding the Mako camera resolution (width and height 

resolutions) and the distance between the camera lens and the belt plane used for 

the image acquisition (250mm). Measuring the Y and the X FOV (Field Of 

Views) was possible to calculate the encoder pulses needed to cover entirely the Y 

FOV and thus triggering correctly the acquisition of each image without 

overlapping. 

The synchronized images were acquired by the prototype imaging sensor and 

elaborated obtaining Calabrian wood pellet and chip color, shape and other 

dimensional aspects (data not shown) using the methods proposed by Febbi et al. 

[13] and Sgarbossa et al. [12]. These data could help: i. quality managers of large 

biofuel suppliers or purchasers, ii. chipper machine constructors to verify the 

prototype performances depending from different settings (knives position and 

number, cutting and feeding speeds, cutting and sharpness angles, anvil height, 

cutting direction, etc.) in a given experimental situation, and iii. engineering 

machine certification in order to fix standard methodologies highly replicable. 

 

Conclusions 
 

The proposed open source conveyor belt prototype coupled with image analysis 

based methods could allow a rapid characterization of wood pellet and chip. The 

prototype is low cost, being based on open source technologies, and could 

characterize large quantities (the whole lot) or when frequent sampling is required 

(e.g., for an internal quality system). More samples or large amounts would 

reduce the uncertainty arising from sampling and potentially could increase the 

quality and value of wood pellet and chips. 
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