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Abstract:  This paper establishes a multi-motor control system based on the local area network. It 

introduces the control strategy and the master-slave network structure. It analyzes both the advantage 

and disadvantage of the traditional communication modes RS-422 and CAN. And based on the 

analysis, the paper puts forward a full-duplex communication method which combines the advantages 

of both RS-422 and CAN to achieve the network control for the multi-motor system. 
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I. INTRODUCTION 

 

n recent years, robot industry has rapidly developed. 

The development of the robot cannot be separated 

from the movement mechanism. Reliable motion 

control mechanism is the premise of the robot for 

human normal service, especially for the motion of 

multi DOF (degrees of freedom), multi-joint robots. 

Therefore, the advantages and disadvantages of the 

multi motor control is an important part of the 

development of the robot industry [1]. 

Multi motor control methods are generally divided 

into non coupling mode and coupling mode [2-4] . And 

in the control structure, the main system is distributed 

control system and field bus distributed control system 

[5]. In the distributed control system, system based on 

master-slave control structure [6-7is widely used in the 

distributed control system. And system based on the 

control structure of CAN [8] is used in the distributed 

control system, but both are insufficient in some degree. 

This paper, combine the full duplex communication 

mechanism based on RS-422, its construction of 

master-slave network structure, and the advantages of 

the CAN bus in the multi master communication and 

priority arbitration mechanism, provide a way to control 

the multi motor control. 

 

II. System Framework 

 
According to the characteristics of multi DOF and 

multi joint robot, the master-slave network structure is 

adopted in the system. The upper computer is 

composed of a PC, and made up a typical master slave 

bus structure with multi DSP. PC host computer is 

mainly responsible for human-computer interaction, 

information acquisition and display and send control 

commands. The lower computer DSP receives the 

control instruction of the upper computer, and 

completes the instruction according to the control 

algorithm quickly and accurately. This kind of 

framework, control task division, is conducive to 

reduce the workload of the host computer. The host 

computer is only responsible for the given of control. 

The whole control process of each moving units is 

completed by the corresponding DSP real-time control. 

The overall framework of the system is shown in Fig. 1. 
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Fig.1. System Configuration schematic 

 
In Fig. 1, each unit with same label #n (n=1, 3, 2... N) 

makes up a complete local control subsystem. And each 
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subsystem is independent of each other, only 

responsible to the host computer, that is, only the host 

computer send control commands to each subsystem, 

and it is independently between various subsystems in 

the control process. 

 
III. MRTOR CONTROL METHODS 

 
The control algorithm of each subsystem was loaded 

into the DSP. According to the characteristics of the 

subsystems, it is available to design independent control 

algorithm. In this system, because of the high similarity 

of sub- -system, and to reduce the system complexity, 

each subsystem uses the same control structure, as 

shown in fig. 2. 
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Fig.2 Motor control block 

 
Where, given is the control after the decoding of the 

host computer K is conversion coefficient. Kp is the 

positional loop gain. Ks is the gain of the velocity loop. 

Kc is the current loop gain. Kf is the feedforward 

coefficient. 

This control method combines current feedback, 

velocity feedback, positional feedback and feedforward 

three close-loop control method. Better meet the control 

requirements of the system, therefore, be a satisfactory 

selection of control method. 

 
IV. SYSTEM COMMUNICATION 

 

A. RS-422/485 Serial Interface Standard 

RS-232, RS-485, RS-422 are serial data 

communication interface standards, are formulated and 

released by the Electronic Industry Association (EIA). 

RS232 is developed in 1962. RS422,developed base on 

RS232, which is to make up the short, low rate of 

RS232 communication, RS-422 data signal using 

differential transmission mode, also known as balanced 

transmission, transmission rate is extended to 4000 feet 

(speed is lower than 100kb/s), and allows the 

connection of a balanced bus up to 10 receivers. RS422 

is a single machine to send, multi-receiver, one-way, 

balanced transmission specification, and is named 

TIA/EIA-422-A standard [9]. 

 

a) Balanced Transmission 

RS-422 and RS-485 are different from RS-232 for 

their data signal using differential transmission mode, 

also known as the balance transfer, which uses a pair of 

twisted pair, one of which is defined as A, the other is 

defined as B. Normally, the positive level between the 

A, B, +2~+6V, is a logical state, the negative level is in 

-2V~-6V, and it is another logical state. Another signal 

ground C, there is an "Enable" in RS485, while in the 

RS-422, and it is available for use. "Enable" end is used 

to control the cut and the connection between 

transmitter and transmission lines. When the "enable" 

on effect, the transmitter is in the high impedance state, 

called the "third state", which is different from the logic 

"1" and "0" of the third state. 

 

b) RS-422 Electrical Requirements 

As the receiver uses high input impedance and the 

transmission drive is more powerful than RS232, it 

allows the same transmission line to connect multiple 

receivers, up to 10 nodes. That is, a master device 

(Master), and the remainder are sub devices (Salve), 

which are unable to communicate, so the RS-422 

support points to multipoint two-way communication. 

RS-422, because of its four wire interface, is not 

necessary to control the data direction due to the use of 

a separate transmission and receiving channels, and any 

necessary signal exchange between the various devices 

can be realized by software (XON/XOFF handshake) or 

hardware. The maximum transmission distance of RS-

422 is 4000 feet (about 1219 meters), the maximum 

transmission rate is 10Mbps. The length of the balanced 

twisted pair is inversely proportional to the 

transmission rate, and the maximum transmission 

distance can be reached at the 100Kbps rate. Only in a 

very short distance it can get the highest rate 

transmission. The maximum transmission rate can be 

obtained by the 100 meter long twisted pair is only 

1Mbps. RS-422 requires terminal resistance, the 

resistance is approximately equal to the characteristic 

impedance of the transmission cable，and located in 

most distal end of the transmission cable. 

 

c) RS-485 Electrical Requirements 

Since RS-485 is developed from the RS-422, the RS-

485 is similar to the RS-422. Such as the use of 
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balanced transmission mode, the need of terminal 

resistance, etc.. RS-485 can use the two lines and the 

four lines, the two lines system can realize the real 

multi - point communication. RS-485 uses half duplex 

operation mode, any time can only have one point in 

the sending state, therefore, the transmission circuit 

must be controlled by the enable signal. RS-485 can be 

used to form a distributed system, which allows up to 

32 sets of parallel drive and 32 receivers [10]. 

 

B. CAN Bus Features 

The main features of this system are [11]  

 

a) Multiple Hosts 

When the bus is idle, any unit can begin to transmit the 

message. A unit with a high priority packet can obtain a 

bus access right. 

 

b) Arbitration 

CAN bus is a kind of communication mode, which is 

called "carrier detection, multi master control, collision 

avoidance (CSMA/CA)". As long as the bus is idle, any 

unit can begin to send a message. If the 2 or more than 

2 units start to transmit packets, then there will be a bus 

access conflict. Through a form of arbitration using 

identifiers can solve this conflict. The mechanism of 

arbitration shall ensure that information and time are 

not lost. When the data frame has the same identifier 

with remote frame, data frame prior to the remote frame. 

During the arbitration, the level of each transmitter is 

compared with the level of the monitored bus. If the 

level is the same, the unit can continue to send. If the 

transmission is a "hidden" level and the monitor is 

regarded as a "dominant" level, the unit loses its 

arbitration and must be out of the sending state. 

 

c) Bit Timing Requirements 

The nominal time can be divided into several non-

overlapping fragments, they are: Synchronous segment 

(SYNC_SEG)，Propagation time period (PROP_SEG),  

Phase buffer segment 1 (PHASE_SEG1), Phase buffer 

segment 2 (PHASE_SEG2). Bit time shown in fig. 3   
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 Fig. 3   The nominal bit time segments 

d) The Configuration of the Baud Rate 

The baud rate refers to the count of bits transmitted per 

second. CAN protocol define TSEG1, the combination 

of POP_SEG and PHASE_SEG1, TSEG2 defines the 

length of time of PHASE_SEG2. Both TSEG1 and 

TSEG2 are based on time unit Tq. Tq is the time cost, is 

a time unit. It is determined by the value of BRP and 

SYSCLK, as the equality shows in (1) 

 

SYSCLKBRPT regq /)1( +=                          (1)  

 
As shown in Fig.3, time of one bit of the CAN bus is 

composed of Tq, TSEG1, and TSEG2: 

 

21 TSEGTSEGTBitTime q ++=                  (2) 

                    

Assuming that the 

TSEG1= (1+TSEG1reg) ×Tq, TSEG2= 

(1+TSEG2reg)×Tq, through configuring the CANBTC 

register, so that 
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At the same time it should meet the following rules: 

TSEG1 TSEG2 

IPT≦TSEG2 8Tq 

IPT is processing time of information, equivalent to 

the time required for the bits operation, IPT is about 

2Tq. 

 SJW=min[4Tq ， TSEG2] Tq, SJW means 

synchronous jump width 

The CAN module can be available to sample a bit 3 

times , and then take a multi - numerical method, which 

can also be selected as the single sampling value. If 

choosing the 3 times sampling mode, you must set 

BRPreg 4. 

 

C. Communication Mode Selection 

In the master-slave network, the traditional RS-422 

communication generally applies the polling response 

mode and works with the pattern of half duplex point to 

point. It is of poor real time especially when the number 

of the slave computers increases. So the system is not 

easy to extend.CAN is a kind of field buses with two 

communication lines the structure of which is simple. It 

is able to realize the communication of a distributed 

multi-master system. And it is of good scalability. But 

the CAN network still works in the half duplex mode 
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and only one node works in the host mode at the same 

time. Each node must compete for the bus. Bus 

competition is especially fierce with the number of the 

nodes increases so that its real time responding 

becomes worse, which ultimately affect the control 

performance [12, 13]. 

Considering the characteristics of the full duplex 

communication of RS-422 four line, and the "carrier 

detection, multi master control, collision avoidance 

(CSMA/CA)" of CAN bus distributed field bus, and the 

flexibility of the multi master communication mode, a 

master-slave structure of this system are proposed, 

combining the advantages above. The bus is still using 

RS-422 four lines, 2 groups of differential pairs, one 

group is downstream communication lines for the PC to 

the DSP controller to send instructions, and the same as 

the original RS-422 transmission line, another group as 

upstream communication lines for the upper computer 

receives data from various DSPs. Based on RS422, but 

combining CAN bus, multi master control, conflict 

avoidance (CSMA/CA) communication mode. When 

the upstream lines are in the idle state, it is a hidden 

level, at this time any lower node can transmit the 

dominant level to the bus as the beginning of the frame. 

If 2 or more than 2 nodes are transmitted, the 

competition will be produced. At this time, the position 

of the identifier is the arbitration. At the same time, the 

level of the bus is transmitted to the bus, and the level 

of the bus is also compared with the level of its own. If 

the level is the same, continue to send the next one; if 

different then stop sending and exit the bus competition. 

The rest of the nodes continue the process, until the bus 

is only 1 nodes to send, the bus competition ended, and 

the higher priority node obtain the bus control.The bus 

transmits the data transmission in packet as a unit, the 

priority of the packet is combined in the identifier, and 

the identifier with the lowest binary input has the 

highest priority. The advantage of this non-destructive 

position arbitration method is that: when the network 

eventually determined which node the packet is in sent, 

the starting part of the packet has been transmitted on 

the network. All nodes that have no access to the bus 

are temporarily the receiving station with the highest 

priority message and no longer send packets before the 

bus is idle again. 

 

III. SUMMARY 

 

In the master-slave network, the traditional RS-422 

communication generally applies the polling response 

mode and works with the pattern of half duplex point to 

point. It is of poor real time especially when the number 

of the slave computers increases. So the system is not 

easy to extend. CAN is a kind of field buses with two 

communication lines the structure of which is simple. It 

is able to realize the communication of a distributed 

multi-master system. And it is of good scalability. But 

the CAN network still works in the half duplex mode 

and only one node works in the host mode at the same 

time. Each node must compete for the bus. Bus 

competition is especially fierce with the number of the 

nodes increases so that its real time responding 

becomes worse. This paper proposes a new kind of 

communication mode which combing the advantages of 

both RS-422 and CAN. The system applies the full 

duplex communication mechanism of RS-422, and 

combines the advantage of CAN including both the 

multi-master communication and the priority arbitration 

mechanism. It can provide the barrier-free exclusive 

downstream communication channel for the upper 

computer which will not complicit with the other nodes. 

Both the downstream line and the upstream line can 

work simultaneously to achieve the full duplex 

communication. Based on the proposed communication 

mode, the better coordinated control of the multi-motor 

system based on LAN is achieved.   
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