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Industrial Robot Multi—-EtherCAT Slave Automatic Configuration
System Based on IgH
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(Nanjing Panda Electronic Equipment Co. ,Ltd. ,Nanjing 210046, China)

Abstract: To enhance the configuration efficiency and flexibility of the EtherCAT bus in industrial robot systems, and to address the cumber-
some operations associated with changes in the number of devices and connection order in traditional methods, a dynamic configuration meth-
od based on the EtherCAT master stack IgH is proposed. Before system startup, the bus devices are automatically scanned, generating configu-
ration files and description files for the slave devices. By reading these files, the PDO index addresses, parameter addresses, and parameter at-
tributes of each slave device are dynamically configured , ultimately creating a mapping object table for all slave devices on the EtherCAT bus.
This method successfully achieves automated bus initialization, eliminating the complexity of manual configuration. Through dynamic configu-
ration, the system can flexibly adapt to changes in device quantity and connection order, significantly enhancing its adaptability. The proposed
dynamic configuration method effectively improves both the configuration efficiency and flexibility of EtherCAT bus systems in industrial ro-
bots, offering significant practical value.
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Fig.1 The dynamic configuration method process of EtherCAT
multi-slave stations
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Fig.2 EtherCAT automatic configuration UML class diagram
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typedef struct { ST1
uintl6 t index;
uint8 t subindex;
uint8 t bit length;

} ec pdo entry info t;

typedef struct { ST2
uintl6 t index;
unsigned int n entries;
ec_pdo entry info t *entries;

} ec_pdo_info t;

typedef struct { ST3
uint8 t index;
ec direction t dir;
unsigned int n pdos;
ec pdo info t *pdos;
ec_watchdog mode t watchdog mode;
} ec sync info t;

(a) PDO related structures

(a) PDOMAZESHK
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(b)  The relationship among PDO related structures

(b)  PDO ML P2 M 5

Fig. 3 PDO related structures and their corresponding relationships
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typedef struct { ST4
uintl6 t alias;
uintl6 t position;
uint32 t vendor id;
uint32_t product code;
uintl6 t index;
uint8 t subindex;
unsigned int *offset;
unsigned int *bit position;
} ec pdo entry reg t;

(a) Data entry structure

(a) Bl A D a5tk
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(b)  The relationship between local data and data entry structure
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Fig. 4 Data entry structure and its relationship with local data
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driver_num="/opt/etherlab/bin/ethercat slaves | grep -w "CoolDrive" |wc -1°
ecio_num="/opt/etherlab/bin/ethercat slaves | grep -w "PECATIO" |wc -1°
sed -i -e "${driver_line}a\NUMBER = ${driver_num}" ${INI_PATH}
sed -i -e "${ecio line}a\NUMBER = ${ecio num}" ${INI_ PATH}
/opt/etherlab/bin/ethercat cstruct > ${DES_PATH}

Fig. 5 The scanned script key code
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R A& 6 B s .

859 b X6 Fr A M 3l ec_pdo_info_t (ST2) 15 & #1741
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void DeviceConfigManager: :GetTxPDOMapping(std: :vector<std::vector<ec_pdo_info_t> >& _map)

// ALl sub GetTxPDORegistrations will push back ec pde info t to reg
for (aute itr = m_manipulatorDescription.begin(); itr != m_manipulatorDescription.end();
++itr) {
std::vector<ec pdo info t> deviceMap;
(*itr)->GetTxPDOMapping (deviceMap);
_map.push_back(deviceMap);

for (auto itr = m_IODescription.begin(); itr != m IODescription.end(); ++itr) {
std::vector<ec pdo info t> deviceMap;
(*itr)->GetTxPDOMapping (deviceMap) ;
_map.push_back(deviceMap);
i
¥

Fig. 6 API function that obtained TxPDO mapping
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M3 PDO YL
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for (int indexDev = 0; indexDev < m deviceMum; indexDev++) {
std::vector<ec pdo entry reg t> deviceOutReg = outputRegs[indexDev];
std::vector<ec pdo entry reg t> deviceInReg = inputRegs[indexDev];
// Assign array
for (size t 1 = 0; 1 < deviceOutReg.size(); i++) {
deviceQutReg[i].position = indexDev;
deviceOutReg[i].offset = &m outPDOOffsets[outArray0ffset];
outputRegsArray[outArrayOffset] = deviceOutReg[i];
outArray0Offset++;
for (size t 1 = @; 1 < deviceInReg.size(); i++) {
deviceInReg[i].position = indexDev;
deviceInReg[i].offset = &m inPDOOffsets[inArrayOffset];
inputRegsArray[inArray0ffset] = deviceInReg[i];
inArray0offset++;
5
}

ecrt_domain reg pdo entry list(m outDomain, outputRegsArray);
ecrt_domain reg pdo entry list(m_inDomain, inputRegsArray);

Fig.7 10 module data entry initialization key code
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Fig. 8 EtherCAT automatic configuration experimental platform
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4.1 INhEEEEIE
B shHLEs A, F-ahi2 17452 “bin/ethercat slaves” , &7~
SR BT NS 15 BN S5 SR E 9 FR .

[root@G4Robot:~]# /opt/etherlab/bin/ethercat slaves

® B8:8 0P + CoolDrive RC
1 8:1 OP + CoolDrive RC
2 08:2 0P + CoolDrive RC
3 08:3 0P + CoolDrive RC
4 B8:4 0P + CoolDrive RC
5 8:5 0P + CoolDrive RC
6 ©0:6 OP + PECATIO-1616 (Digital 16-Input/16-0Output)
7 ©:7 OP + PECATIO-1616 (Digital 16-Input/16-Output)
8 0:8 0P + PECATIO-1616 (Dioital 16-Inout/16-Output)

Fig. 9 Slave list example
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W LLE F, T EtherCAT SZR T ILA 94 IH 545
I 6 e 3R Bl , Jim 1 3 2 g A th IO i . 5 ghpl
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A H A B C 8 SO LS IE S O Bery I RE o SE RS Y
P B SN 10 B o

B e SR il et

; EtherCAT Device settings

B e S S L

[ManipulatorMotor] ; Manipulator Motor settings

NUMBER = 6

TYPE = Cooldrive

[I0Module] ; I0 Module settings

NUMBER = 3

NUM_1 TYPE = PECATIO_1616 ; PANDA EtherCAT I0 module 16 DI 16 DO
NUM_2 TYPE = PECATIO_1616 ; PANDA EtherCAT I0 module 16 DI 16 DO
NUM_3_TYPE = PECATIO_1616 ; PANDA EtherCAT I0 module 16 DI 16 DO

Fig. 10 Configuration files
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Fig. 11 EtherCAT communication established by 10 board
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