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Abstract—Panel saw machines are available in different 

shapes and sizes, from small hand-held power saw machines 

to floor-mounted types. Floor-mounted machines comprise 

of a loading station and cutting surface where panels are 

transferred from the loading to the cutting station. Cutting 

wooden panel problem in furniture industry is one of the 

highest computation complexity optimization problems and 

belongs to rectangular layout problem. In this paper the 

mechanical design of floor-mounted panel saw machine is 

proposed. NanoPC ARM-based control system design with 

IIoT applications for remote and real-time monitoring, 

diagnostic and Machine-to-Machine (M2M) interfacing are 

described. The results of the cutting process are evaluated 

and discussed with achieved cutting size error less than 0.2 

mm. In addition, the cutting wastage reduction and the 

cutline quality have been improved to 90% and 91% 

respectively based on the results of customer satisfaction 

survey. 
 

Index Terms—panel saw, ARM controller, NanoPC, 

Industrial Internet of Things 

I. INTRODUCTION 

Panel saw machines are available in different shapes 

and sizes, from small hand-held power saw machines to 

floor-mounted types [1]. Floor-mounted machines 

comprise of a loading station and cutting surface where 

panels are transferred from the loading to the cutting 

station [2]. Cutting wooden panel problem in furniture 

industry is one of the highest computation complexity 

optimization problems and belongs to rectangular layout 

problem [3], [4]. Therefore, solution techniques to 

minimize wasted material and optimize cutting results are 

highly needed such as genetic algorithm [5]–[7]. 

Programmable Logic Controller (PLC)-based cutting 

machines may provide a part of these solutions [1], [8] 

but at higher designing and development cost compared 

to nanocomputer (NanoPC)-based machines. In addition, 

NanoPC-based systems increases the system adaptivity in 

terms of hardware platforms, programming languages and 
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communication protocols at high-speed rates for 

Industrial Internet of Things (IIoT) applications [9], [10]. 

In this paper the mechanical design of floor-mounted 

panel saw machine is proposed in Section II. NanoPC 

ARM-based control system design with IIoT applications 

are described in Section III. Section IV discusses the 

results and the paper is concluded in Section V with 

future work suggestions. 

II. MECHANICAL DESIGN 

The mechanical structure of the panel saw machine is 

indicated in Fig. 1. This design allows the wood panel to 

be fed through three float tables into the main body 

shown in Fig. 2. Tow-Degrees of Freedom (DOF) side 

aligner helps to position the panel at the zero point of 

cutting line while the pressure beam holds the panel 

during the cutting process. The position of the circular 

saw blade can be controlled according the desired cutting 

width by moving the saw carriage using a servo motor. 

The saw carriage mechanism, as shown in Fig. 3, 

contains two blades, main blade and scoring blade. These 

two blades are rotated in opposite directions to avoid 

chipping. In addition, the saw carriage allows can be 

moved up and down using a pneumatic cylinder to hide 

or unhide the saw blades for safety purpose. 

 

Figure 1.  The mechanical structure of the panel saw machine 
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Figure 2.  The top side of the panel saw machine 

 

Figure 3.  Saw machine mechanism 

 

Figure 4.  The pusher at the back side of the machine 

Fig. 4 shows the pusher at the back side of the machine 

equipped with eight single-DOF pneumatic fingers and 

one servo motor with a gearbox. According the illustrated 

machine structure the saw carriage can be moved up and 

down for safety purpose. and positioned from home 

position to the cutting point. The circular saw blade can 

be turned on and off to start cutting process. Using 2-axis 

side aligner the panel can be aligned to the zero point 

while the pressure beam is used to hold the panel during 

the cutting process. The float table, shown used to feed 

the panel and the pusher to push the panel to the pre- 

determined positions by holding the panel using multiple 

fingers and moving the pusher forward 

During the cutting process, the pusher holds the wood 

panel and move it forward to cutting surface at the main 

body, shown in Fig. 2, for a certain distance according the 

desired cutting settings. Cutting process can be controlled 

and monitored either locally through the Human Machine 

Interface (HMI) or remotely through IIoT applications. 

Table I shows the technical specifications of the panel 

saw machine. 

TABLE I.  TECHNICAL SPECIFICATIONS OF THE PANEL SAW MACHINE 

Maximum length of cut 3150 mm 

Maximum thickness of cut 100 mm 

Main saw blade diameter 400 mm 

Scoring saw blade diameter 180 mm 

Saw blade motor 13.4 kW 

Saw carriage motor 2 kW 

Pusher servo motor 1 kW 

Air blower 5 HP 

Floating table (three sets) 400 x 1200 mm 

Working air pressure  5.5-6 bar 

Pusher speed 0-38 m/min 

Saw carriage speed 0-60 m/min 

Machine dimension 5950 x 5700 x 3510mm 

Gross weight 4500 kg 

III. NANO PC ARM-BASED CONTROL DESIGN WITH 

IIOT 

Many recently proposed industrial solutions utilize 

either PLCs or powerful computers to process a huge size 

of data and graphs. Their usability and flexibility often 

come at a high cost [11]. The recent promising researches 

successfully achieved the building of Low-cost NanoPCs 

[12], [13] such as ARM-based NanoPC. 

A. NanoPC ARM-Based System Configuration for IIoT 

Fig. 5 illustrates the smart system configuration of the 

NanoPC ARM-based panel saw. This configuration 

improves the cutting process and implements the 

Industrial Internet of Things (IIoT) for remote Machine-

to-Machine interface [14]. By this type of interface, the 

machines can exchange the data and synchronize in the 

whole process. Full remote access and high-speed 

communication, through either 4G or LAN internet 

connection, enable the remote diagnostic, maintenance, 

update, real-time status monitoring and fault notification. 

For adaptive system configuration, the remote i/o is 

used for data acquisition and controlling the actuators. In 

addition, the system configuration can be expanded with 

the standard Machine-to-Machine (M2M) interfacing 

where different off-the-shelf peripherals can be connected 

to the machine. Panel cut optimization algorithm is 

improved to achieve an advanced nesting results reducing 

the wastage cut-off material and to decrease the total cut 

length [15] 
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Figure 5.  System configuration of NanoPC ARM-based panel saw 

Using ARM-based Nano-PC with the remote i/o 

reduces the cost of designing and developing the control 

systems compared to PLC-based control systems. In 

addition, ARM-based Nano-PC increases the system 

adaptivity in terms of hardware platforms, programming 

languages and communication protocols. 

B. Servo Drives System Configuration 

Servo drives system at the machine is fully controlled 

by the ARM-based Nano-PC using the serial Modbus RS-

422 communication protocol. Two Mitsubishi servo 

drives MR-J4-A-RJ series are used, one for the pusher 

and the other one for the saw carriage. With fully closed 

loop positioning control mode the cutting size accuracy 

can be highly improved using a load side linear encoder. 

Fig. 6 shows the configuration diagram of the servo drive 

system. 

C. Java Code for Machine Control 

Fig. 7 shows the machine user interface with multiple 

options. As the control architecture of the machine is 

modular, the control process is based on Stateflow. The 

code is comprised of multiple threads which are running 

simultaneously to communicate with all the modules, 

sensors, drives and the interface. Each thread has access 

to global flags defined in the code. However, the main 

thread reads the flags and decides on the current State of 

the machine and plans the next State. By switching the 

State, machine proceeds to next task while threads read 

the sensors and modules and report back the ongoing 

process constantly to the main thread. Meanwhile, if any 

thread detects fault in its ongoing task, it will raise the 

emergency stop flag to put all the other threads on hold. 

The outcome of this teamwork is a redundant control 

process. 

The HMI is designed to be a colorful user-friendly. 

The hierarchical design of the HMI is in a way to imitate 

a daily notebook with different sections for tasks. Hence, 

each category of functions is grouped inside a sub-tab and 

each sub-tab contains multiple tabs to deliver the 

functions of the machine, accordingly. As a result, user 

always can see the where he’s standing and can find the 

way back to other functions. Similarly, the graphical 

objects have been designed to mimic the real objects can 

be found in industries, e.g. buttons, knobs, etc. Likewise, 

each object is tagged with label while depicted with a 

familiar logo. 

 

 

Figure 6.  Servo drive system configuration diagram 

 

Figure 7.  User Machine Interface 

The control code is written in Java language and 

targeted for Android OS and the HMI is written in XML 

and bounded to the main Java code. 

IV. RESULTS AND DISCUSSION 

In this section the results of the cutting process are 

evaluated and discussed based on the measurement of the 

cutting size error and the customer satisfaction survey. 

A. Cutting Size Error 

The evaluation protocol is defined by measuring the 

actual cutting dimensions (length, width and diagonal) of 

the 37 wood panels with varied sizes. Then, the Root 

Mean Square Error (RMSE) is calculated based on the 

following formula 
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x  is the reference value and ix  is the achieved 

value.  
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Fig. 8 shows the RMSE column chart of the length, 

width and diagonal of the wood panels. The results show 

that the diagonal has the lowest RMSE at 0.05 mm, while 

the RMSE of the length and the width are 0.14 mm and 

0.19 mm respectively. These results can guarantee the 

cutting resolution less than 0.2 mm.  

B. Customer Satisfaction Survey 

Satisfying customers is a fundamentally sound 

principle. Surveys provide an official feedback to a firm 

and give a positive signal to customers that the firm is 

interested in them [16]. As the primary commitment of a 

company is satisfying customers, a satisfaction survey 

has been designed based on industrial needs to produce 

high-end products. The feedback from 15 industrial 

companies is analyzed and summarized into three 

categories: cutting performance, user interface and 

machine functionality as shown in Fig. 9, Fig. 10 and Fig. 

11 respectively. 

The results show that the cutting wastage reduction 

and the cutline quality have gained the most satisfaction 

percentage with 90% and 91% respectively. This is 

because of using an advanced algorithm for nesting 

calculation such as genetic algorithm [5]–[7] and the 

precise mechanical structure of the cutting surface and 

the saw carriage. Service notification feature and 

graphical view have come at the end of the list with 

satisfaction percentage of 52% and 54% respectively. 

This reflects the improvement needs of these features.  

By calculating the average of the satisfaction 

percentage of the three categories Fig. 12 will be resulted. 

According this result, the cutting performance has the 

highest percentage with 83% while the user interface has 

the lowest percentage with 66%. This suggests putting 

more efforts to improve the user interface specifications. 

 

 

Figure 8.  Root Mean Square Error of the wood panels’ dimensions. 

 

Figure 9.  Cutting performance 

User-friendly interface  

Process complication  

Graphical view  

Touch screen  

Sturdy mouse & keyboard  

Editing features  

Advanced feature  

Calibration process  

Remote help & debugging feature  

Service notification feature  

 

73% 

65% 

54% 

69% 

64% 

70% 

64% 

61% 

52% 

88% 

 

Figure 10.  User interface 

  

Adjustable cut length   

Side aligner position  

Edge of panel detection  

Automatic panel length and 

width measurement 

 

 

67% 

71% 

83% 

60% 

 

Figure 11.  Machine functionality 

 

Figure 12.  The average of satisfaction percentage  

V. CONCLUSION AND FUTURE WORK 

This paper illustrated the proposed mechanical design 

of floor-mounted panel saw machine. NanoPC ARM-

based control system design with IIoT applications were 

described for remote and real-time monitoring, diagnostic 

and Machine-to-Machine (M2M) interfacing. The cutting 

size error results can guarantee the cutting resolution less 

than 0.2 mm. Based on the results of customer 

satisfaction survey, the cutting wastage reduction and the 

cutline quality have gained the satisfaction percentage of 

90% and 91% respectively. 

For future work, the user interface features can be 

improved especially service notification feature and 

graphical view. In addition, the machine functionality can 

be improved to include adjustable cutting depth and label 

recognition techniques. 
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