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Abstract - This study proposes a method to control multiple 
command type servo motors (CTSM) using Matlab. CTSM that was 
used in this study was a Futaba RS301CR-F3 motor which can be 
controlled multiply by a set of command lines through RS485 
interface using Matlab. In order to setup the connection between 
Matlab and RS485 interface, an USB serial adapter was used. The 
advantages of servo command type motor are high speed, 
accuracy, and built-in feedback system. The control functions for 
motors are written in Matlab M-file. Then, a Graphic User Interface 
(GUI) was created to manually control motor’s positions and 
visualize motor’s actions. The system has been tested and showed 
its properly working behavior. As far as we know, so far this is the 
first work to use Matlab to control CTSMs with only a single RS485 
port. This is a new approach for engineers to build a big system 
with multiple driving mechanisms which use a single RS485 port 
through USB serial adapter. 

Key words - Command type servo motor (CTSM); RS485 port; 
using Matlab; Graphic User Interface (GUI); control functions 

1. Introduction 

Motor control system is very important in any electro 

mechanical system; thus, many researchers have been 

working on this aspect to improve and perfect the output 

performance of motors. For realistic application, the 

decision to select the right motor is far more important 

because choosing the right motor type for specific 

application can make the system work more effectively. 

For example, if an application requires continuous rotation 

motion then a DC or AC motor type is more suitable; 

meanwhile, if an application requires position or angle 

control then a stepper motor type or servo motor type will 

be more operative [1], [2], [3]. There are many kinds of 

motor such as DC motor, AC motor, stepper motor, servo 

motor… Among them, command type servo motor is a 

newly developed motor type that has many advantages 

such as high speed motion, accuracy, stability, durability, 

and so on. Nevertheless, it is complicated to control such 

motor type because it requires the controller to send a 

package of control data in multiple bytes sequence to the 

motors through serial interface port. Most of command 

type servomotors require the controlled signal to be sent 

through serial port such as RS 232 or RS 485. 

In this study, two Futaba RS301CR-F3 CTSMs were 

put in investigation [5]. Firstly, the motors were assigned 

their address using Futaba IDwriter software. Then a 

function to establish the interconnection between a 

computer USB port and an RS485 interact was 

programmed. After that the control functions for motors 

and a GUI interface were created [4], [6], the system was 

tested with position control of two motors to verify the 

control method. Section 2 will describe the system 

configuration, section 3 will show methodology for 

controlling multi CTSMs using Matlab comment, then 

section 4 will show the test result, and finally a conclustion 

will follow in section 5. 

2. System Configuration 

Equipment used in this study are a computer with 

Matlab 2012b installed, a USB serial Adapter from 

VSCom, two Futaba RS301-F3 CTSMs, Power supply 

Alinco DM-330MV. Overall system configuration was 

shown in Figure 1; and the detailed working process will 

be described in Section 3. 
 

 

 

 

 

 

 

 

 

Figure 1. Overall configurations 

2.1. Futaba Motor 

Among very few companies that produce CTSM, Futuba 

ranks at the most popular manufacturer. Futaba RS301CR, 

which is a small and lightweight servo specially designed for 

robots,is about 21g in weight. However, it can generate a 

maximum torque of 7.1 kg-cm with very fast speed of 0.11 

seconds for rotating 60 degree. This motor can be controlled 

by commands sent from a processor unit through RS485 port. 

Futaba CTSM also has various kinds of feedback 

information such as angular position, load, temperature, and 

warning signal that are embedded in feedback data package 

as showed in Figure 3. The detailed of the data package is 

referred to document [2]. CTSM is suitable for building 

rapid and high accuracy application such as humanoid robot 

mechanism, rapid molding machine, and high precision 

CNC machine. Figure 2 shows the pin assignment of 

connectors for CTSM which has 4 pins corresponding for 

RS485 A, B data cables, and power supply. 

 

Figure 2. Pins assignment of connectors for RS301CR-F3 
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Figure 3. Using Futaba software for controlling CTSM 

After CTSMs has been connected to power supply and 

USB serial adapter, it was tested with RS485-Basic 

software from Futaba to verify their working behavior. The 

software has sent package data and returned package data 

as shown in Figure 3. Then, in order to control multiple 

CTSMs, the ID for each CTSM need to be assigned by 

RS485 IDWriter software as shown in Figure 4. In this 

study, two motors were assigned with ID 1 and 2. The next 

step was to program the motor control function in Matlab 

M-file to send the controlled package data to two motors. 

 

Figure 4. Assigning ID for motor 

2.2. Matlab Programming 

Firstly, the interconnection between computer and 

motors via USB serial adapter were programmed. Thank to 

Matlab serial interface support function, this step was very 

basic, and the programmed coded for the interconnection 

is shown below. 

s=serial('com3'); 
set(s,'BaudRate',115200); 

fopen(s); 

 

Then the motor controlled data package was sent to 

control CTSMs using fwrite command. The structure for 

sending a package to control multiple motors is as follows: 

Header (4- bytes) – ID – Flag – Address – Length – Count–ID– Data 

(4bytes)–Sum 

*Sum is the XOR logic operation of all previous bytes (From header -> 

last Data) 

Example for sending header byte using fwrite 

command is as follow: 

fwrite(s,[hex2dec('fa')],'uint8') %headerv (1) 

The motor control function also contains subfunction to 

calculate the Xor logic operation for the Sum (last data 

byte). This subfuction was written in another M-file and 

was called to calculate the Sum data for the final byte of 

sending package. 

The receiving data from motor was stored to workspace 

of Matlab using fget command. The data of returning 

package is similar to sending package; and the “Data” 

bytes in the returning package contains the information of 

current situation of CTSMs. 

3. Methodology 

As indicated above, the sending package contain sequence 

of data in Hex format; however, Matlab serial supports 

sending decimal format, thus, it was necessary to convert hex 

data to decimal format as shown in command (1). 

The maximum and minimum angles for CTSMs range 

from -150 to +150 degree. If the set angle is larger than the 

set angle limit, the CTSM will rotate to the maximum 

value. The Data byte in sending package has 4 bytes and 

was sent to CTMSs with two fwrite commands. The 

working data value that can be sent ranges from -1500 to 

1500 in decimal format as corresponding to “05DC” and 

“FA24” in hexadecimal format. The range from -1500 to 

1500 also indicates the maximum and minimum angle 

rotation of CTMSs with step size of 0.1 degree. It is 

complicated to use hexadecimal format in realistic 

application; thus, the author programmed a subfunction in 

M-file to convert the input angle to hexadecimal format for 

easier control and visualization. The detailed coding is 

shown below: 
Function [ML,MH] = convertfile(inputangle) 
% input inputangel in decimal first; 
i = 32767; 
%this part to handle directive angle high and low 

data for 

if(inputangle<17&inputangle>-1) 
x1 = inputangle; 
mc10 = 0; 
mc11 = 0; 
mc12 = 0; 
mc13 = x1; 
ML = mc12*16 + mc13*1; %first motor data byte 
MH = mc10*16 + mc11*1; %second motor data byte 
elseif (num_dc1<256&num_dc1>16) 
x1 = fix(num_dc1/16); 
x2 = num_dc1-(x1*16); 
mc10 = 0; 
mc11 = 0; 
mc12 = x1; 
mc13 = x2; 
ML = mc12*16 + mc13*1; %first motor data byte 
MH = mc10*16 + mc11*1; %second motor data byte 
 

elseif(num_dc1<4096&num_dc1>255) 
x1 = fix(num_dc1/256); 
x2 = fix((num_dc1-(x1*256))/16); 
x3 = num_dc1-(x1*256)-(x2*16); 
mc10 = 0; 
mc11 = x1; 
mc12 = x2; 
mc13 = x3; 
ML = mc12*16 + mc13*1;%first motor data byte 
MH = mc10*16 + mc11*1;%second motor data byte 
 elseif(num_dc1 < 32767&num_dc1>4095) 
x1 = fix(num_dc1 / 4096); 
x2 = fix((num_dc1-(x1*4096))/256); 
x3 = fix((num_dc1-(x1*4096)-(x2*256))/16); 
x4 = num_dc1-(x1*4096)-(x2*256)-(x3*16); 
mc10 = x1; 
mc11 = x2; 
mc12 = x3; 
mc13 = x4; 
ML = mc12*16 + mc13*1;%first motor data byte 
MH = mc10*16 + mc11*1;%second motor data byte 

elseif(num_dc1<0) 
e = i - abs(num_dc1) + 1; 
x1 = fix(e / 4096); 
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x2 = fix((e-(x1*4096))/256); 
x3 = fix((e-(x1*4096)-(x2*256))/16); 
x4 = e-(x1*4096)-(x2*256)-(x3*16); 
mc10 = x1; 
mc11 = x2; 
mc12 = x3; 
mc13 = x4; 
ML = mc12*16 + mc13*1;%first motor data byte 
MH = mc10*16 + mc11*1;%second motor data byte 

end 

This code is critical for showing the current angle of 

CTSMs in GUI interface. 

3.1. GUI interface 

To test the working behavior of the motors and their 

real-time data visualization, a Matlab GUI was built as 

shown in Figure 5. The GUI interface include 

“interconnection” button to establish the interconnection 

between CPU and CTSMs by calling the connection 

subfunction as described above. “Angle 1” and “Angle 2” 

textboxes contain value of current angle of CTSM 1 and 

CTSM 2, while “slider 1” and “slider 2” showed actual 

angle position of CTSM 1 and CTSM 2, respectively. 

Textboxes’ value was taken from data decimal value 

divided by 10 as described in previous part to displace the 

corrected angle value. 

The angles of CTSM 1 and CTSM 2 can be controlled 

either by entering the angle values that the motors need to be 

reached in textboxes or by adjusting the slider to the 

designed position. The values in textboxes and position of 

sliders were also updated accordingly. This means, if a 

textbox is input with a value, the motor will rotate to that 

angle and the slider will also move to corresponding position 

of the textbox value. If the textbox value is out of designed 

range from -150 to 150 degree, the motor will rotate to either 

maximum angle position of 150 degree for greater than 150 

input value or minimum angle position of -150 degree for 

smaller than -150 input value. Meanwhile, the slider position 

was only corresponding to designed value range. Also, the 

slider step was set at 0.1 incensement as described as the 

minimum resolution for CTSM used in this study. The 

maximum and minimum value for slider were set at -150 and 

150, respectively. Thus, if the value in textbox is out of 

corresponding range of slider, the slider will disappear. 

 

Figure 5. Matlab GUI interface 

3.2. Experiment procedure 

Regarding to Figure 1, the first step is power on the 

whole system and CTSMs need to be tested with Futaba 

software for verifying motors’ proper operation. Then, the 

motors function in M-file was tested to verify it was 

working appropriately. 

After that, GUI was called as shown in Figure 5. 

“Interconnection” button was clicked to establish the 

connection between computer and CTSMs. When the 

connection was established, values of 0, 50, -50, and 150, 

were put in textbox 1; and values of 0.1, 50.1, 50.2, and 

200 were put in textbox 2 in sequential steps. These steps 

were used to test how fast the motor responded to the input 

in the textboxes, and how accurate the responses were. 

Next, the sliders were moved to different locations to test 

if the motors can respond quickly enough and also the 

value data in textboxes would update accordingly. 

Programming flowchart was shown in Figure 6. The 

detailed results will be shown in the next section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Flow chart for experiment program 

4. Experiment results 

The first test was to move motor 1 to 0 degree position 

and motor 2 to 0.1 degree position. After inputting the 

value for the two textboxes and “Enter” key was hit, the 

two motors seemed not moving at all. However, from the 

receiving data signal, it showed that motor 2 actually 

rotated 0.1 degree. 

 

Figure 7. Timing table in Matlab 
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The timing for Matlab program to run two motors was 

shown in Figure 7. As noticed, the most costly timing was 

serialcomm, serial open, and serialclose which were built 

in functions of Matlab; the others functions took less than 

50 ms which was pretty fast for controlling motors. 

The next step was to examine the working of motor 1 

and motor 2 with value of 50 and 50.1 respectively. The 

result showed that two motors rapidly rotated to 50 and 

50.1 angle. Also, the slider 1 and slider 2 on GUI moved to 

50 and 50.1 location accordingly. This proved that the 

program worked properly to control the motors. In the next 

experiment, the value of textbox 1 was changed to -50 and 

motor 2 was changed to 50.2. After hitting “enter key”, 

motor 1 rapidly rotated counter clockwise to position -50 

degree while motor 2 did not seem to move at all because 

the changing angle of motor 2 was so small; thus, it was 

nearly unnoticeable. Then, in order to test what happened 

if the input value in textbox was out of working range of 

motor, the value of 150 and 200 was put in textbox 1 and 

textbox 2, respectively. The two motors quickly rotated to 

150-angle position, also the two sliders moved to their right 

end position. This verified that even though the input value 

was out of range, the motors still rotated to their end limit. 

 

Figure 8. Experiment setup 

The authors also tested with changing sliders. When 

one of the slider changed, the corresponding motors also 

rotated and the value of textbox was updated consequently. 

5. Conclusion 

A method to control multiple command type 

servomotors (CTSMs) using Matlab has been successfully 

implemented. Multiple CTSMs can be controlled by set of 

command lines through RS485 interface using Matlab. 

Real-time visualization using Matlab GUI is also applied 

to test and verify the properly working behavior of motors. 

The advantages of servo command type motor are high 

speed, accuracy, and built-in feedback system, which was 

suitable for many applications requiring high speed and 

accuracy such as humanoid robot mechanism, rapid 

molding machine, and high precision CNC machine. 

This method that controls multiple CTSMs using only 

one USB port connected with USB-RS485 adapter can be 

applied to build a very big system with multiple driving 

mechanisms. Moreover, using Matlab allowed users to 

access to a variety of toolboxes and add-in functions of 

Matlab that would save a lot of time in designing and 

building an application. 
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