
Contemporary Engineering Sciences, Vol. 11, 2018, no. 66, 3295 - 3304 

HIKARI Ltd,  www.m-hikari.com  

https://doi.org/10.12988/ces.2018.87329 

 

 

Open dSpace Hardware for RV-M1 Robot Control  
 

 

Stephany Vargas Cabrera1, Eduard Carpintero Pérez1,  

Paola Barros Zarante1,2, Eugenio Yime Rodríguez1,3  

and Javier Roldán Mckinley1,3 

 
1 Universidad del Atlántico, Barranquilla, Colombia, 2 KAI Research Group,  

3 DIMER Research Group 

 
   Copyright © 2018 Stephany Vargas Cabrera et al. This article is distributed under the Creative 

Commons Attribution License, which permits unrestricted use, distribution, and reproduction in 

any medium, provided the original work is properly cited. 

 

Abstract 

Open hardware construction and test to implementing control strategies in the 

serial manipulator Mitsubishi RV-M1 is presented. The power stage is comprised 

of five LOGOSOL LS-5Y servo-amplifiers cards in continuous current mode. The 

signal circuit box contains an opto-coupler circuit for deactivating joint brakes; 

they are normally closed type. Experimental verification was made by comparing 

PD and gravity-compensation PD control strategies. A dSpace 1103 card let 

creating a program in C language from the Simulink models simulation stage. The 

generated C code eases the creation of a project in the ControlDesk graphical 

environment. The robot is modeled as a DAC (Digital-Analog Channel) that 

communicates with the controller through the built hardware. This contribution 

will allow future implementation of basic and advanced control strategies in one 

of the most used robots in Academy. 
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1 Introduction 
 

The feed-forward control system (open-loop control) of robots in personal 

computers (PC) arise from the absence of flexibility in the “control boxes” 

provided by the manufacturers, as well as the high cost in updates of the original 

software and conflicts in the interaction with the hardware. These “black boxes” 

allow, in most cases, point-to-point motion with no possibility of testing non-

linear control strategies, such as commonly planned tasks in a robotics course and 

required at industry [1]. The open architecture also allowed in various 

manufacturing teams the integration of multiple suppliers of equipment under a 

standard platform, improving its flexibility and capability of integration into 

multiple tasks [2]. For instance, a PUMA 560 robot was adapted with interface  
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boards to connect to a PC with diverse control strategies [3]. Generalized open 

architecture programming proposals for PC in industrial robot applications [4] 

were made with the latest applications reported to SCARA [5] and Movemaster-

EX [6] robots. More recently, Farooq and Wang [7], and Wand and Dar [8] 

integrated an open architecture controller with PC for control of the PUMA robot, 

using Pulse Width Modulation-PWM amplifiers and Virtual C++ programming. 

Another type of open architecture technology such as xPC Target has been 

reported for real-time control of industrial Staubli RX robots [9]. In order to 

strength the academic capabilities of the Mitsubishi RV-M1 manipulator (located 

at Universidad el Atlántico),  it was built a power control unit with servo amplifier 

cards, and a signal data array for implementation of position control and trajectory 

tracking strategies. In this paper is presented such hardware, with the simulation 

and tests implements with dSpace ControlDesk. 

 

2 Materials and Methods 
 

2.1. Hardware Description 

The Mitsubishi RV-M1 is a vertical robot comprised by five revolute-type, see 

Figure 1. This robot can perform simple kinematic tasks for educational robotics. 

Five servoamplifiers cards (LOGOSOL LS-5Y-DE [10]) are used to supply 

current to each motor of the robot within 12V to 24V, using PWM. The cards 

were set into “Current Mode” (4 A peak current). For communication between 

servo amplifiers and dSpace 1103 card, it was made a circuit to transmit digital 

inputs and analogs outputs, Figure 2.a. The power hardware is in Figure 2.b. The 

RV-M1 manipulator has encoders to know the actual position of each joint. The 

encoder digital signal is obtained with a Centronics-36 pins connector, IEEE 1284 

protocol. A signal adapter was made comprised of a signal detachment circuit, a 

motor signal connector, encoder signal connectors and limit switch connectors, 

Figure 3.a. A circuit for activating/deactivating the normally closed brakes of joint 

2 (shoulder) and joint 3 (elbow) was done. The schematic diagram of the circuit is 

shown in Figure 3.b; Figure 3.c depicts the actual circuit. Figure 4.a shows the 

robot original operation scheme with the original drive unit D/U. It allows limited 

point to point motion with single-joint control. Figure 4.b depicts the new 

hardware scheme: 5 servo amplifiers, CP/CL dSpace 1103 board and signal 

adaptation box. 

 

2.3. Control Strategies. 

The Mitsubishi RV-M1 is a serial manipulator for the industry and the academy 

that moves freely in its workspace without interacting with the environment, the 

pure position control is suitable [11] in RV-M1. Therefore, the dynamics of the 

manipulator can be modeled as (1), for this reason the PD and gravity-

compensation PD control were selected to be analyzed and tested. In eq. (1), 

𝑀(𝑞) ∈  𝑅𝑛𝑥𝑛 is the inertia matrix, 𝐶(𝑞, �̇�)�̇�  ∈  𝑅𝑛 is the vector of centrifugal 

forces and Coriolis, 𝐺(𝑞) ∈  𝑅𝑛 is the gravitational pair vector, and 𝜏 ∈  𝑅𝑛 is the 

applied forces and pairs to the joints by actuators. The gravitational torques vector  
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𝐺(𝑞) is shown in (2), where 𝐺11 = 𝐺51 = 0;𝐺21 = 𝑔𝑐(𝑚2𝑏2 cos 𝜃2 + 𝑚3(𝑎2 cos 𝜃2 +

𝑏3 cos 𝜃23) + 𝑚4(𝑎2 cos 𝜃2 + 𝑎3 cos 𝜃23 + 𝑏4 cos 𝜃234) + 𝑚5(𝑎2 cos 𝜃2 + 𝑎3 cos 𝜃23 +
(𝑆5 + 𝑏5) cos 𝜃234));𝐺31 = 𝑔𝑐(𝑚3𝑏3 cos 𝜃23 + 𝑚4(𝑎3 cos 𝜃23 + 𝑏4 cos 𝜃234) + 𝑚5(𝑎3 cos 𝜃23 +

(𝑆5 + 𝑏5) cos 𝜃234));𝐺41 = 𝑔𝑐(𝑚4𝑏4 cos 𝜃234 + 𝑚5(𝑆5 + 𝑏5) cos 𝜃234). 

 

𝜏 =  𝑀(𝑞)�̈� + 𝐶(𝑞, �̇�)�̇� +  𝐺(𝑞)                                                                           (1) 

 

 
 

Figure 1. Motion angles and work space of RV-M1 

 
Figure 2. Power components 

𝐺(𝑞) = [𝐺11 𝐺21 𝐺31   𝐺41 𝐺51]𝑇  (2) 

 

These parameters were determined with the kinematic model in [12] and the 

dynamic model in [13].  PD control is written in (3); its block diagram is in Figure 

5.a. Gravity-compensation PD control is in (4) (Figure 5.b), with  𝐾𝑝, 𝐾𝑣  ∈ 𝑅𝑛𝑥𝑛: 

proportional and derivative gains definite positive matrices, respectively; and 

G(q): gravitational torques vector. Selected gains will make zero the position, 𝑒𝑞, 

and velocity, 𝑒�̇�, errors in (5) and (6), respectively. The control law needs desired 

position 𝑞𝑑(𝑡) and velocity 𝑞�̇�(𝑡) as well as real position 𝑞(𝑡) and velocity �̇�(𝑡). 

 

𝜏 = 𝐾𝑝𝑒𝑞(𝑡) + 𝐾𝑣�̇�𝑞(𝑡)                                                             (3) 

  

𝜏 = 𝐾𝑝𝑒𝑞(𝑡) + 𝐾𝑣𝑒�̇�(𝑡) + 𝐺(𝑞)                                                             (4) 
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𝑒 (𝑡) = 𝑞 𝑑(𝑡) − 𝑞(𝑡)                                                            (5) 

  

�̇�(𝑡) = 𝑞�̇�(𝑡) − �̇�(𝑡)                                                             (6) 

 

 
 

Figure 3. Signal adaptation from Centronics 36 connector. 

 

 

 
 

Figure 4. Configuration of RV-M1 

 

 
 

Figure 5. Diagram block of each control strategies 

 

b. Schematic diagram of the 

brake circuit
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2.4 Simulation of Control Strategies to obtain the Gains.  

Position control strategies simulations were run in Simulink-Matlab to obtain the 

gains 𝐾𝑝 and 𝐾𝑣. The robot tool will depart from [589, 0, 0]mm (Origin position), 

to return at the same point with random angular position of the five joints. 

Proportional and derivative gains were tuned with six different values with 𝐾𝑝 =

 diag[3200,3400,2800,2800,2400] and 𝐾𝑣 = diag[35,40,30,30,25]. 
 

2.5 Real Time Implementation using ControlDesk 

The operation of the new architecture is achieved by using ControlDesk software 

[14]. This is a graphic interface from DS1103 card with RTI library, compatible 

with Simulink. The resting position or nest position (NT) is executed to move 

each link to its limit switch (OG) or kinematic zero. PD and gravity-compensation 

PD are executed after the OG. For real time simulation was built the system in 

Figure 6.a. The controllers block diagrams are in Figure 6.b. The RV-M1 plant is 

depicted in Figure 7. 

 

 
a. General block diagram 

 
b. Controllers diagram 

 

Figure 6. General block diagrams of control strategies 

 

 

 
 

 

Figure 6. RV-M1 manipulator plant with RTI library 

a. Diagram Block PD b. Diagram Block gravity-

compensation PD
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3 Results and Discussion 

 

The path traveled by the tool is governed by (7), (8) and (9), with 

A=cos(15sin(m)), B=cos(22.5[1-cos(m)]), C=cos(17.5[1-cos(m)]), D=cos(-

12.5[1-cos(m)]), E=sin(15sin[m]), F=sin(22.5[1-cos(m)]), G=sin(17.5[1-cos(m)]), 

H=sin(-12.5[1-cos(m)]), with m=πt/20. The controller block was tuned for each 

strategy with the proportional gain Kp=diag[3200,3400,2800,2800,2400]  and the 

derivative gain Kv=diag[35,40,30,30,25]. The X component trajectory of the tool 

is depicted in Figure 8.a. It is observed in detail in Figure 8.b that PD gets the 

desired trajectory within 0.5mm. In contrast, in gravity-compensation PD the tool 

path presents 1mm kinematic error. Figure 9 compares the Y component tool path, 

showing PD control better results. For the tool Z path, Figure 10, gravity-

compensation PD performs better. 

 

 

𝑥𝑑 = 250[(𝐴)(𝐵)] + 160[𝐶] + 179[𝐷]  
 

   (7) 

 

𝑦𝑑 = −250[(𝐸)(𝐵)] + 160[𝐶] + 179[𝐷] 
 

   (8) 

 

𝑧𝑑 = 250(𝐹) + 160[𝐺] + 179[𝐻]     (9) 

 

The torques at joints 2 and 3 are shown in Figures 11.a and 11.b, respectively. The 

gravity effect at link 2 is apparent. At the beginning of the tests the high peaks are 

presented by the adjustment of rotational encoders while the gravity compensator 

is active; and the PD maintains the torque in link 2 with relatively small peaks. In 

link 3 the gravity-compensation PD presents better performance than PD. 

 

 

 
 

Figure 8. X-axis results. 

 

 

 

 

a. Trajectory of the tool in the X-axis b. Detail of tool trajectory on the X-axis

.
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Figure 9. Y-axis results. 

 

 

4 Conclusions 
 

In this work, the open-architecture hardware of the Mitsubishi RV-M1 

manipulator was realized. Five servo amplifier cards were integrated for handling 

and conditioning of the power signals. They were chosen based on the voltage and 

current ranges of the motors. The acquisition of the position data of the links from 

the signals of the incremental encoders was made possible by the construction of a 

data box for output signals. All hardware described is complemented with a brake 

deactivation card of the second and third links of the manipulator, since these are 

normally closed (NC). The total cost of the hardware was $ 3,355,421. 

 

 
 

Figure 10. Z-axis results. 

 

 
 

Figure 11. Torques comparison. 

 

a. Trajectory of the tool in the Y-axis b. Detail of tool trajectory on the Y-axis

.

a. Trajectory of the tool in the Z-axis b. Detail of tool trajectory on the Z-axis

.

a. Torques generated in link 2 of the RV-M1 b. Torques generated in link 3 of the RV-M1
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Prior to the functional verification of the built hardware, the simulation of two 

strategies of positioning control was performed: PD control and gravity-

compensation PD. In this stage the blocks of each controller were integrated with 

the plant block in the Simmechanics tool, this allowed to determine the tentative 

values of proportional and derivative gains. At this stage we selected the tentative 

values of the proportional and derivative gains of the controller with better 

performance while implementation. 

 

 
 

Figure 12. Error graph on the Z-axis. 

 

The built hardware was used for the implementation of simulated control 

strategies in the Mitsubishi RV-M1 robot. The use of the DS1103 card made it 

possible to create a program in C code from the models in Simulink. This code 

allowed the creation of a project in ControlDesk graphical interface environment, 

in which the robot was modeled as a DAC (Digital Analog Channel) that 

interacted with the control strategy through the hardware. 

 

Table 1.Summary of values in the implementation 

 

Variables Ctrl. PD Ctrl. PD-Comp 

Torque Joint 2 [Nm], 𝜏𝑚𝑎𝑥 6,27 7,797 

Torque Joint 3 [Nm], 𝜏𝑚𝑎𝑥 2,50 2,00 

Torque Joint 4 [Nm], 𝜏𝑚𝑎𝑥 3,05 3,05 

Error Trajectory X [mm], |𝑒𝑚á𝑥| 0,24 0,28 

Error Trajectory Y [mm], |𝑒𝑚á𝑥| 0,486 0,494 

Error Trajectory Z [mm], |𝑒𝑚á𝑥| 1,447 1,541 

Total Error [mm], 𝑒𝑡 = √𝑒𝑥
2 + 𝑒𝑦

2 + 𝑒𝑧
2 1,461 1,678 

 

The experimental tests of each control strategy allowed to validate the 

functionality of the open architecture performed, while the robot's response to 

different control modes was known to the limited point-to-point mono-articular 

control provided by the manufacturer. The results obtained in the implementation 

showed that PD showed a slightly better behavior with respect gravity-compensa- 

a. PD Control Error Display b. Gravity-compensation PD Control Display
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tion PD, basically due to the effect of the system nonlinearities in the dynamic 

model and the general aging of the manipulator. The results obtained suggest that 

the hardware provided for the robot Mitsubishi RV-M1 will be of great utility in 

the implementation of various control strategies of serial manipulators, both basic 

and advanced. 
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