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Read Guide

@ Welcome to use the GIM Joint Actuator Database! To help you quickly obtain
the information you need, please refer to the following reading guide:

1. Product Selection Manual

For detailed parameters of GIM products, please refer to GIM CATLOG Lite.pdf.

2. Motor Model File

Please contact us.

3. Motor Usage

3.1 Motor Test

Thank you for purchasing GIM motors. Please refer to the GIM GUI Software User
Manual to connect and test the motors .

3.2 Secondary Development

. Memory Table Definition

Before integrating motor control into your own project, please first understand the
definition of the internal memory table of the motor.[MD Series] Memory Table.xIsx or
[QD&DD Series] Memory Table & ModBus Address.xIsx. Controlling the motor
essentially involves modifying the register values of the motor's memory table.
Modification of the memory table register values can be achieved by sending data via
the 485 or CAN interface.

o Communication Protocol

GIM motors have two communication interfaces, 485 and CAN. Please follow
the format of the 485 Communication Protocol according to the specific motor model.
“485 Communication Protocol V2.0”, the CAN Communication Protocol “CAN

Communication Control Protocol V2.0" to define the format for sending and parsing
interactive data.

- SDK

We provide 485 SDK interfaces “485/TTL Communicate SDK”, helping you quickly

implement motor control. Currently, for CAN communication, there is a test Demo
with the MIT Communication Protocol“MIT Protocol Test Demo”.


GIM CATLOG Lite.pdf
[MD Series] Memory Table.xlsx
[QD&DD Series] Memory Table & ModBus Address.xlsx
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GIM GUI Software User Manual

1. Software Overview

This software is a debugging and parameter setting software for GIM series
motors, striving to provide users with a user-friendly and visual operating interface.
The software mainly implements functions such as online search for motors, motor
control, parameter setting, real-time data monitoring and curve plotting, firmware
upgrade, etc. The software supports both RS485 and CAN communication methods,
and also supports online control of multiple motors.

2. Device Wiring
Note: Before powering the device, please confirm the power supply voltage
range.

GIM series motors provide two communication methods, RS485 and CAN, and
RS485 or CAN communication can be set via a DIP switch.
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Figure 1 Motor Communication Port Settings

The motor needs to be connected to the computer using a USB to RS485
module or a USB to CAN module. The following two types of modules are
recommended.



Figure 2 USB to RS485 Module Figure 3 USB to CAN Module

The communication functions of 485 and CAN are basically the same. Below,
the software functions will be introduced using 485 communication as an example.
The wiring of the 485 module and multiple motors is shown in the figure below.

Figure 4 Motor Wiring Diagram

After the USB to 485 module is connected to the computer, check the
corresponding COM port in Device Manager.

3. Software Startup and Interface Introduction

This software is installation-free. Double-click the GIM_GUI_xxx.exe file to start the
control software. The software connects to the GIM motor via a USB cable. After the
software starts, the interface is shown in the figure below.
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Figure 5 Main Interface Diagram
(DCommunication Settings Area
(2 Online Device List Area
(3 Real-time Data Display Area
@ Servo Control Mode Area
BMotion Mode (MIT) Area
(6)Register Real-time Data Table and Real-time Curve Drawing Area

(@ Menu Bar Area

4. Motor Commissioning Steps

4.1 Connect Device

First, switch the DIP switch of the motor communication interface to the 485(AB)
side, use a USB to 485 module to connect the communication and power ports of the
motor, and insert the 485 module into the computer's USB port at the same time.
Open the GIM_GUI software on the computer, select the correct COM port, and
choose the 485 mode to open serial communication.
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Figure 6 Communication Settings

Successfully opened serial communication as follows
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Figure 7 successfully opens serial communication

Power on the motors, click the "Search" button to start searching for all online
devices and display them in the device list area. After clicking the "Search" button,
the software attempts to connect to motors with IDs from 1 to 252. If the connected
devices are already displayed in the device list area, you can click the "Stop" button
to end the online search process. The first-level directory of the device list tree is the
device model, and the second-level directory is the device ID. Motors of the same
model are under the same first-level directory.



Note: The device ID number must be unique; otherwise, it will affect device

communication.
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Figure 8 Device Search Results
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Left-click on the device ID row in the device list to select the currently controlled
motor. At this time, the parameter setting area on the right side of the software and
the status monitoring area at the bottom will display the real-time data of the selected
motor, and the communication indicator light in the status bar at the bottom right will
turn green to indicate normal communication. You can click on another device ID row
again to switch the currently controlled motor.
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4.2 Calibration Motor

Note: The motor has been calibrated before shipment, so this step can be
skipped. If you need to calibrate the motor, please follow the steps below.

Calibration work mainly corrects the installation error of the sensor. During the
process, the motor will rotate forward and backward. Please ensure that the motor
can rotate freely, and it is best for the motor to run under no load; otherwise,
calibration may fail.

Inside the GIM motor, registers are used to store motor operating parameters,
and the motor operation can be controlled by modifying register values. The address
of the motor calibration register is 403.

. Enter 403 in the "keyword" input box in the "Parameter Settings" area and press
Enter. The parameter table only filters out row 403 of the motor calibration register,
and the current value of the register is 48. The meaning of the value of register 403
will be introduced later;

. Click the mouse to select the 403 register row, and the background color of the
selected row turns blue;

. Write a new value in the parameter setting input box, here write 51 (start
internal and external encoder calibration).

4. Click the "Settings" button to start calibration.
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Figure 10 Setting Motor Calibration Register

At this time, the motor can be seen starting to rotate slowly, indicating that
encoder calibration has begun. Please wait patiently. When the motor stops rotating
and the value of register 403 changes to 60, it indicates that internal and external
encoder calibration has been successful.



If the motor has dual encoders, the function of breakpoint position memory can
be implemented. The position range for breakpoint memory is (-Pl, PI) .

Calibration register 403, 1 ByteDance. Currently, 6 bit positions have been used.
The meanings of each bit position are as follows:

Meaning of Table 1 Calibration Register (403)

Bit Bit Bits Bit4 Bit3 Bit2 Bit1 Bit0
7 6
Re Ret Isthe Is the Is the Is the Whethe Whethe
tai ain external internal external internal rtostart rto start
n encoder encoder encoder encoder external internal
connecte  connecte calibrated? calibrated encoder encoder
d(1: d? (1: (1: (1: calibrati  calibrati
connecte  Connecte Calibrated; calibrated on (1: on (1:
d; 0: not d; 0: Not 0: Not : 0: start start
connecte  connecte  Calibrated) uncalibrat calibrati calibrati
d)? d) ed)? on; O: on; 0:
no no
calibrati  calibrati
on) on)

After the motor is powered on, Bit4 and Bit5 for internal encoder connection
status are automatically set based on the acquired encoder data; Bit3 and Bit2 are
set by the calibration program results; Bit1 and BitO are set by the user to determine
whether to start calibration, and will be restored to 0 after calibration is completed.

The meanings of common register 403 values are as follows. For other values,
please analyze them according to the above definitions.

Table 2 Common Calibration Register 403 Values

48 (00110000) Internal and external encoders are connected but not
calibrated

60 (00111100) Internal and external encoders are connected and calibrated

54 (00110110) The internal and external encoders are connected, the

internal encoder is calibrated, the external encoder is not
calibrated, and the calibration of the external encoder is
initiated

52 (00110100) The internal and external encoders are connected, the
internal encoder is calibrated, and the external encoder is
uncalibrated



4.3 Servo Mode Debugging
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Figure 11 Servo Control Debugging 1
The above area is the servo control mode area.

1.  "Broadcast" button: When selected, it indicates that subsequent operations are
effective for all online motors; otherwise, they are only effective for the currently
selected motor;

2. "Torque" button: Select to turn on the motor torque switch; deselect to turn off
the motor torque switch;

3.  "Save Zero Position" button: Sets the current position as the zero position. This
function takes effect only when the torque switch is off. After successful setting, the
real-time position of the motor can be observed to display O;

4. Control Modes: Currently supports four control modes: position, velocity, current,
and MIT. Modes can be switched via the dropdown box.
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Figure 12 Servo Control Debugging 2

1. Absolute Position: Enter the target position value and press Enter. The motor
will run to the set position;

2. Relative Position: Enter the relative position value and press Enter. The motor
will run to the entered relative position based on the current position;

3.  Speed: Enter the target speed and press Enter. The motor will move at the set
target speed;

4. "Stop" button: Sets the target speed to 0, and the motor stops moving;

5. Current: Enter the target current and press Enter. The motor will drive the motor
to move with the torque corresponding to the set current;



6. "Reset" button: Sets the target current to 0, and the motor stops moving;
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Figure 13 Servo Control Debugging 3

In the "Position" control mode, after turning on the torque switch, you can also
control the motor movement by dragging the dashboard pointer with the mouse. The
dashboard can control the motor to move within the range of (0, 2*PI), with the zero
position at the top and increasing clockwise.

The red pointer indicates the target position, and the green pointer indicates the
current position. The value in the input box is synchronized with the red pointer on
the dashboard, representing the target position of the motor. Therefore, you can also
manually enter the target position value in the input box to control the motor to move
to the specified position.
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Figure 14 Servo Control Debugging 4
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Figure 15 Servo Control Debugging 5

This area is the simulated curve control area. Target position commands can be
continuously sent according to the set curve type and parameters. Currently, four
types of simulated curves are supported: linear, sine, square wave, and triangular



wave. The "linear" curve requires setting 4 parameters, while the other three curves
require setting 2 parameters.

1.  "Linear"

Within the interval between the start position and the end position, the motor
target position = start position + position step. The software sends the target position
command at the set time interval.

2. "Sine"

Amplitude: amplitude of the sine wave; Period: period of the sine wave. The
software calculates the sine wave values at a fixed sampling frequency of 50 Hz and
sets them as the position target values for transmission. The target position
transmission time interval is: 1/Period.

The total number of samples in a cycle, sample = cycle * 0.05;

Current simulation sampling index samplelndex;

Position target value = amplitude * sin(2 * Pl * samplelndex / sample);
3. "FangBo"

Amplitude: Square wave amplitude; Period: Square wave period. The software
takes the set amplitude as the target value and sends it, sending the position target
value twice within one period (once for the positive amplitude and once for the
negative amplitude). The sending time interval is: Period/2.

4. "Triangle Wave":

Amplitude: Square wave amplitude; Period: Square wave period.

4.4 MIT Motion Control Mode Debugging
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Figure 16 Motion Control Mode Debugging

The motion control mode, i.e., the MIT mode, requires setting five target values:
position, target speed, Kp, Kd, and torque. After connecting the motor, the maximum
and minimum values of the five MIT parameters can be obtained from the motor
register and updated on the interface.
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The registers corresponding to MIT-related parameters are as follows, with a unit
of 0.01. The range can be modified by changing the values of these registers.
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Figure 17 MIT Control-related Registers

First, the motor needs to be set to MIT mode, and then the torque switch should
be turned on.
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Figure 18 Set MIT Mode and Turn On Torque Switch

Drag the slider or modify the MIT target parameter value in the input box. After
setting the target value, click the "Send" button to update the content of the
hexadecimal display box and send the MIT command; click the "Update" button to
only update the content of the hexadecimal display box without sending the
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command.

The following details the three control methods under the MIT mode: speed,
position, and torque. Why can the MIT mode implement these three control methods?
This can be analyzed from the control block diagram of the MIT mode shown below.

torque_des
1/k_tff

t ff
il 3 iqref

O—— O —

TD_CU rrent idref

Kl
Y

I v_current

Figure 19 MIT Control Block Diagram

From the MIT operation block diagram, it can be seen that the calculation
formula for the g-axis current igref of the motor is as follows:

igref=((p_des-p_current)*Kp+(v_des-v_current)*Kd+(torque_des)*(1/k_tff) )*(1/k_out);

Among them, k_tff is the torque coefficient, and k_out is the current conversion
coefficient, usually the motor constant, which does not need to be modified.

1.  Position Mode
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Figure 20 MIT - Position Mode

When the target position and KP are given and other values are 0, Igref can be
simplified to the following formula. This is a position control with only a proportional
loop, so there may be a certain steady-state error.
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igref = (p_des-p_current)*Kp ;

Note: At this time, attention should be paid to the initial position of the motor to avoid
a large difference between the target position and the initial position, which may
cause motor shock. You can set the current position of the motor as the zero point by
clicking "Save Zero Point" to facilitate the setting of the "Position" parameter.

2.  Speed Mode
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Figure 21 MIT-Speed Mode

When the given target speed and Kd are provided, and other values are 0, Igref
can be simplified to the following formula. This is a speed control with only a
proportional loop, so there may be a certain steady-state error.

igref =(v_des-v_current)*Kd ;

3.  Torque Mode

Rad St 12.50
Rad/s . 30.00

N/r 10.00
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Figure 22 MIT-Torque Mode
When the given target torque is set and other values are O.
igref = (torque_des)*(1/k_tff);

Note:Under no-load conditions, even when a very small torque is applied, the motor
will accelerate to its maximum speed and rotate.
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5. Other Functions

5.1 Set to Zero
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Figure 23 Save Zero Position

Click the "Save Zero Position" button to set the current position as the zero
position. After successful setting, you can observe that the position information in the
bottom status bar changes to 0.

5.2 View real-time curve

Click the "Debug" tab to view real-time curves. Currently, only real-time position,
speed, and current curve graphs are supported for viewing. Click the switch in the
upper right corner to turn on the data you need to view, then click the » button to
start curve drawing. The display range of the vertical axis of the curve can be set by
entering the maximum value in the input box on the right. If you need to view positive
and negative values, you can click the "Negative" switch.

The curve drawing area supports zooming in and out using the mouse wheel;
you can also select an area with the mouse to zoom in. The right-click menu option
"Reset plot" can restore the original display scale of the curve. It is recommended to
click the button to pause the curve playback before performing a selection to zoom in
for viewing; otherwise, the curve will continuously refresh, making it impossible to
view the data.
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Figure 24 View Real-time Curve

5.3 Modify register value

1. Enter the search keyword in the "keyword" input field, press Enter, and the
software will match the contents of the Adress and Item columns in the table, filtering
out the table row data that matches the keyword;

2. Select the row corresponding to the register that needs to be modified. The
background of the selected row is blue;

3.  Set anew value in the register value input box;
4. Click the "Settings" button. Send the settings command.

During the use of the motor, users can adjust the motor parameters to optimize
its performance according to the specific usage scenario. For details on the definition
of motor registers, please refer to the document "GIM Memory Table Analysis". The
PID parameters of the motor's three-loop control have a significant impact on the
motor's operating effect. It is recommended to have a basic understanding of motion
control principles before modifying these parameters, and adjust the parameters in
combination with the real-time curve.
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Figure 25 Modify Register

5.4 Register parameter saving, loading, and
downloading
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Figure 26 Register Parameter Saving, Loading, and Downloading

1. "Save" button: Saves the entire parameter table content as a local file with the
file format.vdat;
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2. "Load" button: can load the selected local parameter file (.vdat) into the
parameter table area;

3.  "Download" button: It can download the content of the entire parameter table to
the motor. This operation is only supported in 485 communication mode and involves
certain risks. Please operate with caution.

5.5 Firmware Upgrade

Click the firmware upgrade menu to pop up the firmware upgrade window. Select the
firmware bin file, and finally click the "Upgrade" button to start the firmware upgrade.

SHEE
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Figure 27 Initiate Firmware Upgrade

The firmware upgrade success prompt is shown in the figure below.

AR - 2 Users/PC/Desktop/ControlFirmware bin
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Figure 28 Firmware Upgrade Successful

5.6 Location Unit and Language Settings

Click the settings menu, pop up the settings window, set the position unit and
software language,

B
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and finally click the "OK" button.
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@ Broadcast () Torque ) sweZero  Control Mode

ABS Poj(deg) 0
Inc Pos(deg)

Start Pos

Tnterval Time(ms)

Step Pos

Linear @ Sinus @® Square @ Trigle

0.00RPM Operator Mode: Position(3)  Error Code:
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485 Communication Protocol V2.0

The Communication Protocol requires specifying the starting address of
the register. For the definition of register addresses, please refer to Memory
Table and Modbus Address Definition Description

1 Introduction

This document defines the GIM series servo motor 485 communication control
protocol format, with the protocol version being V2.0. Please strictly follow this
protocol format specification to interact with GIM servo motors.

2 Data Frame Format

The communication of GIM series servo motors is asynchronous and in units of
ByteDance. The communication data frame is an indeterminate serial data stream.
The total length of the data frame is: (N + 10) Bytes.

2.1 Basic Format

2.1.1 Instruction Package

Message Rese Pa Lengt Lengt Inst Pa Pa Pa CR CR

Headers rved cke h h ruct ra ra ra C1 C2
H1-H3 (RSR tID (Low (High ion me me me
(3 Bytes) v) Byte) Byte) ter | ter | tor
Ox Ox O Oxo0 ID LenL LenH Inst Pa .. Pa CR CR
F F x ructi  ra ra CL C_
F F F on me me H
D ter ter
1 N

The meanings of each ByteDance are as follows:
o Message Header: 3 Bytes, with fixed values of OxFF, OxFF, OxFD;
. Reserved: Use 0X00 (Note that Reserved does not use 0XFD);

o Packet ID : This field indicates the ID of the device that should receive and
process the instruction packet.
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5. ID Range: 0 ~ 252 (0x00 ~ OxFC), with a total of 253 numbers available for
use

2. Broadcast ID: 254 (OxFE), all connected devices execute the instruction
data packet

3. Data Length: A field indicating the length of the data packet, which is divided
into a low byte and a high byte in the instruction packet. The data packet length is 2
ByteDances, equal to the parameter N to be sent plus 3, i.e., "N+3".

4.  Instruction: Packet operation function code, see 2.2 Instruction Types for
details;

5.  Parameter: As an auxiliary data field for instructions, each instruction has a
different purpose;

2.  CRC: 16-bit CRC field, used to check whether the data packet is corrupted
during the communication process. In the command packet, it is divided into low
ByteDance and high ByteDance. CRC calculation range: all parameters from the
message header (FF FF FD) to the position before the CRC field in the command
packet.

2.1.2 Response Packet

Message Res Pa Len Len Instr E P P Pa CRC CRC

Headers erv ck gth gth ucti R ar ar ra 1 2
H1-H3 ed et (Lo (Hig on R a a m
(3 Bytes) (RS 1ID w h m m et
RV) Byte Byte et et er
er er
) )

0 0 O Ox0 ID Len Len_ Instr Er P ... Pa CRC CRC
X X X 0 L H uctio ro ar ra L H
F F F n r a me
F F D ter

et N

er

The meanings of each ByteDance are as follows:
3. Message Header: 3 ByteDance, with fixed values of OxFF, OxFF, OxFD;
4.  Reserved: Use 0X00 (note that Reserved does not use 0XFD);

5. Packet ID: This field indicates the device ID of the device returning the
response packet.

6. ID Range: 0 ~ 252 (0x00 ~ OxFC), with a total of 253 numbers available for
use
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7. Broadcast ID: 254 (OxFE), meaning all connected devices receive the
command data packet;

2. Data Length: A field that indicates the length of the data packet, which is
divided into a low byte and a high byte in the instruction packet. The data length is 2
ByteDance, equal to the parameter N to be sent plus 3, i.e., "N+3".

3. Instruction: Packet operation function code, see the following instruction types

for details;

4.  Parameter: As an auxiliary data field for Instruction, each Instruction has a

different purpose;

5.  CRC: 16-bit CRC field, used to check whether the data packet is corrupted
during the communication process. In the command packet, it is divided into low
ByteDance and high ByteDance. CRC calculation range: from the message header
(FF FF FD) to the parameters before the CRC field in the command packet.

2.2 Instruction Type

Different instructions represent different operations, and the instructions supported by

the GIM series motors are shown in the following table:

Instruction Function Value Parameter
Length
PING (Query) Query device status 0x01 0
READ (Read) Read data from the 0x02 4
device control table
WRITE (Write) Write data to the 0x03 Greater than
device control table or equal to 2
FACTORY RESET Reset the device 0x06 Greater than
(Restore Factory control table to its or equal to 3
Settings) initial factory default
settings
REBOOT (Restart) Restart the device 0x08 0
SYNC READ For multiple devices, 0x82 Not less than
(Synchronous Read) read data of the same 4
length from the same
address at once
SYNC WRITE For multiple devices, 0x83 Greater than 4
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(Synchronous Write)  write data of the same or greater than
length from the same 5
address at once

FAST SYNC READ Similar to the SYNC 0x8A Greater than 4
(Fast Synchronous READ instruction in
Read) function, but enables

faster communication

BULK READ (Batch For multiple devices, 0x92 Greater than 5
Read) read data of different
lengths from different
addresses at once

BULK WRITE (Batch For multiple devices, 0x93 Not less than
Write) write data of different 5
lengths from different
addresses at once

FAST BULK READ Similar to the Bulk 0x9A Not less than
(Fast Bulk Read) Read instruction in 5
function, but enables
faster communication

2.2.1 Query Status PING

Function Query device status
Length 0X03

Instruction 0X01

Parameter None

When the PING command uses the broadcast address OXFE, all online devices
return response information.

Example: Query the status of device ID1

Command Frame:FF FF FD 00 01 03 00 01 19 4E(Sent in Hexadecimal)

H1 H2 H3 RSRV ID LEN1 LEN2 |INST CRC CRC
1 2

OxFF OxFF OxF 0x00 Ox01 0x03 0x00 0x01 0x19 Ox4E
D

Returned data frame: FF FF FD 00 01 07 00 55 00 06 04 26 65 5D (hexadecimal
display)
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H1 H2 H RS LE LE INS ER P1 P2 P3 CR CR
3 RV ID N1 N2 T R C1 C2

OxF OxF Ox OxO Ox OxO OxO Ox5 OxO Ox0O Ox Ox Ox6 O0x5
F F F 0 01 7 0 5 0 6 04 26 5 D
D

2.2.2 Read Instruction READ

Function Read data from the device control table

Length 0X07

Instruction 0X02

Parameter 1 Low-order ByteDance of the starting address
Parameter 2 High-order Byte of the starting address
Parameter 3 Low-order ByteDance of Data Length (X)
Parameter 4 High-order ByteDance in Data Length (X)

Example: Read the current position of Motor ID1 (132, 0x0084, 4[ByteDance]), and
the current position value is 166 (0x000000A6)

Command Frame:FF FF FD 00 01 07 00 02 84 00 04 00 1D 15(Sent in Hexadecimal)

H1 H2 H3 RS ID LE LE INS P1 P2 P3 P4 CR CR
RV N1 N2 T C1 C2

Ox Ox Ox Ox0O Ox Ox0O OxO OxO Ox8 O0Ox0O OxO Ox0O Ox Ox1
FF FF FD 0 01 7 0 2 4 0 4 0 1D 5

Returned Data Frame:FF FF FD 00 01 08 00 55 00 A6 00 00 00 8C CO
(Hexadecimal Display)

H H H RS ID LE LE IN ER P1 P2 P3 P4 CR CR
1 2 3 RV N1 N2 ST R C C
1 2

Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox ©O0x ox
FF FF F 00 O 08 00 55 00 A6 OO OO OO 8C CcCoO

2.2.3 Write Instruction WRITE

Function Write data to the device control table

Length 0X09
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Instruction 0X03

Parameter 1 Low-order ByteDance of the starting address
Parameter 2 High-order Byte of the Starting Address
Parameter 3 First ByteDance

Parameter N+1 The Nth data

Example: Set the target position of Motor ID1 (116, 0x0074, 4[ByteDance]) to 512
(0x00000200)

Command Frame: FF FF FD 00 01 09 00 03 74 00 00 02 00 00 CA 89 (Sent in
Hexadecimal)

H H H RS ID LE LE IN P1 P2 P3 P4 P5 P6 CR CR
1 2 3 RV N N S C1 C2
1 2 T

Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox O0Ox Ox o0x8
FF FF F 00 O 09 00 03 74 00 OO0 02 00 OO0 CA 9
D 1

Returned Data Frame: FF FF FD 00 01 04 00 55 00 A1 0C (Hexadecimal Display)

H1 H2 H3 RSR ID LEN LEN INS ERR CRC CRC
\Y 1 2 T 1 2

OxF OxF OxF Ox00 OxO O0x04 O0Ox00 O0x55 O0x00 OxA1 0x0C
F F D 1

2.2.4 Factory Reset RESET
Function Reset the Control Table to its initial factory default settings
Length 0X04
Instruction 0X06
Parameter 1
OxFF: Full Reset
0x01: Reset all content except for ID
0x02: Reset everything except ID and baud rate
Example: ID1 uses parameter 0x01 to reset all parameters except ID

Command Frame:FF FF FD 00 01 04 00 06 01 A1 E6 (Sent in Hexadecimal)

H1 H2 H3 RSR ID LEN LEN INS P1 CRC CRC
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Vv 1 2 T 1 2

OXF  OxF OxF 0x00 Ox01 O0x04 O0x00 0x06 O0x01 OxA1 OxE6
F F D

Returned data frame:FF FF FD 00 01 04 00 55 00 A1 0C(hexadecimal display)

H1 H2 H3 RSR ID LEN LEN INS ER CRC CRC
\Y, 1 2 T R 1 2

OxF OxF OxF O0x00 Ox01 O0x04 Ox0O Ox5 O0x0 OxA1 0x0C
F F D 0 5 0

2.2.5 Reboot Device REBOOT
Function Restart device

Length 0X03

Instruction 0X08

Parameter None

Example: ID1 restarts the device

Command Frame:FF FF FD 00 01 03 00 08 2F 4E (Sent in Hexadecimal)

H1 H2 H3 RSR ID LEN1 LEN INST CRC CRC
\Y 2 1 2

OxFF OxFF OxFD 0x00 O0x01 0Ox03 O0x00 O0x08 Ox2F  Ox4E

Returned Data Frame: FF FF FD 00 01 04 00 55 00 A1 0C (Hexadecimal Display)

H1 H2 H3 RSR ID LEN LEN INST ERR CRC CRC
Vv 1 2 1 2

OXF  OxF OxF 0x00 O0x01 O0x04 0x00 O0x55 O0x00 OxA1 O0xOC
F F D

2.2.6 SYNC READ

Function For multiple devices, read data of the same length from the same address
at once

ID OXFE
Length 0X09
Instruction 0X82
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Parameter 1 Low-order ByteDance of the starting address
Parameter 2 High-order Byte of the starting address
Parameter 3 Low-order ByteDance of Data Length (X)

Parameter 4 High Byte of Data Length (X)

Parameter N+2 ID number of the Nth servo

A SYNC READ command can query the control table contents of multiple motors at
once. The SYNC READ command specifies the IDs of the motors to be queried, and
the motors return response packets in the order of the IDs in the command packet.
When using the SYNC READ command, the length of all queried data and the
starting address of the data must be the same.

Example: Simultaneously read the current positions of ID1 - ID2 (132, 0x0084,
4[byte])

ID1's current position is 166 (0x000000A6)
ID2's current position is 2079 (0x0000081F)

Synchronous Read Instruction Packet: FF FF FD 00 FE 09 00 82 84 00 04 00 01 02
CE FA (Sentin Hexadecimal)

H H H RS
1 2 3 RV ID

IN P P P P P P CR CR
s 1.2 3 4 5 6 C1 C2

= Zmr
N Zmrr
—

Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox OxF
F F F 00 F 09 00 82 8 00 04 00 01 02 CE A
F F D E

Return Packet:
FF FF FD 00 01 08 00 55 00 A6 00 00 00 8C CO
FF FF FD 00 02 08 00 55 00 1F 08 00 00 8A BE

Return packet disassembly: ID1 return packet:FF FF FD 00 01 08 00 55 00 A6 00 00
00 8C CO (sent in hexadecimal)

H1 H2 H3 RS ID LE LE IN E P1 P2 P3 P4 CR CR
RV N1 N2 ST R C1 C2

Ox Ox Ox Ox0O Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox8 O0x
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FF FF FD 0 01 08 00 55 00 A6 00 OO0 OO C CO

ID2 Return Packet:FF FF FD 00 02 08 00 55 00 1F 08 00 00 8A BE (Sentin
Hexadecimal)

H1 H2 H3 RS ID LE LE IN E P1 P2 P3 P4 CR CR
RV N1 N2 ST R C1 C2

Ox Ox Ox Ox0O Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox 0x
FF FF FD 0 02 08 00 55 00 1F 08 00 OO0 BA BE

2.2.7 SYNC WRITE

Function For multiple devices, write data of the same length from the same address
at once

ID OXFE

Length 0X17

Instruction 0X83

Parameter 1 Low-order ByteDance of the starting address
Parameter 2 High-order Byte of the starting address
Parameter 3 Low-order ByteDance of Data Length (X)
Parameter 4 High Byte of Data Length (X)

Parameter 5[Device 1] ID

Parameter 5+1[Device 1] 1st ByteDance

Parameter 5+X [Device 1] Byte X
Parameter 6[Device 2] ID

Parameter 6+1[Device 2] Byte 1

Parameter 6+X [Device 2] Byte X

Example: Simultaneously set the target position of ID1 (116, 0x0074, 4[ByteDance])
to 150 (0x00000096)

Target position setting for ID2 (116, 0x0074, 4[ByteDance]) is 170 (0Ox000000AA)

Command Frame: FF FF FD 00 FE 11 00 83 74 00 04 00 01 96 00 00 00 02 AA 00
00 00 82 87(Sent in Hexadecimal)

HHHR I LLIPPPPPPPPPPPPPPCC
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123 SDEEN1T23 4567891111 1RR

R N N S 0123 4CC

\Y, 1.2 T 1 2
0000 OOOOOOOUOOOOOOOOOOOTOOTUO
X X X X X X X X X X X X X X X X X X X X X X X X
FFFOF1087 0O0 O0O090O0O0O0AO0OSOSB8 8
FFDOE1O03404 016 0002AO0O0O02 7

Since commands are sent using broadcast IDs, no data will be returned.

2.2.8 Fast Sync Read

This instruction enables faster communication than synchronous reading. Regardless
of the number of series-connected servo motors, when using the fast synchronous
reading instruction, all servo motors will only generate and return one status data
packet, and its effect is equivalent to a single servo motor returning one status data
packet. The data packet format of this instruction is exactly the same as that of the
synchronous reading instruction.

Function Similar to the SYNC READ instruction function, but enables faster
communication

Length 0X10

Instruction Ox8A

Parameter 1 Low-order ByteDance of the starting address
Parameter 2 High-order Byte of the starting address
Parameter 3 Low-order ByteDance of Data Length (X)
Parameter 4 High Byte of Data Length (X)

Parameter 4+1 1st Device ID

Parameter 4+N The Nth device ID

Explanation of Return Packet Parameters

Parameter 1[Device 1] ID

Parameter 2[Device 1] First Returned ByteDance Data

Parameter 3[Device 1] The 2nd returned ByteDance data

Parameter x+1[Device 1] The Xth returned ByteDance data

Parameter X+2 [Device 1] CRC Low ByteDance
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Parameter X+3 [Device 1] CRC High ByteDance
Parameter X+4[Device 2] Error Code

Parameter X+5[Device 2] ID

Parameter X+5+1[Device 2] 1st Return ByteDance Data

Parameter X+5+2[Device 2] The 2nd returned ByteDance data

Parameter 2X+5[Device 2] The Xth returned ByteDance data
Parameter 2X+5+1 [Device 2] CRC Low ByteDance
Parameter 2X+5+ 2 [Device 2] CRC High ByteDance

Parameter nX+5[The Xth ByteDance return data of the nth device]

Note:

2. The CRC value of the intermediate device is used for internal motor operations
to confirm the integrity of data packets between motor devices. During the data
parsing process, it is only necessary to verify the CRC value at the end of the status
data packet.

3. Each device will separately return a specific part of the status data packet to
respond to the fast synchronization read command.

Example: Simultaneously read the current positions of ID3, ID4, and ID7 (132,
0x0084, 4[ByteDance])

ID3 current position is 166 (0x000000A6)
ID4's current position is 1023 (0x000003FF)
The current position of ID7 is 2,079 (0x0000081F).

Synchronous Read Command Frame: FF FF FD 00 FE OA 00 8A 84 00 04 00 03 07
04 20 F2 (Sent in Hexadecimal)

H H H RS ID
1 2 3 RV

C1 C2

=~ Zmr
N Z Mo

Ox Ox Ox Ox0O Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox ©o0x
F F F 0 F 0 O 8 8 0O O O O O O 20 F2
F F D E A 0O A 4 0 4 0 3 7 4

Return Frame:
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FF FF FD 00 FE 19 00 55 00 03 A6 00 00 00 84 08
00 07 1F 08 00 00 16 CA
00 04 FF 03 00 00 D1 9E

Return packet disassembly: ID3 return packet: FF FF FD 00 FE 19 00 55 00 03 A6
00 00 00 84 08 (sent in hexadecimal)

IN E ID D D D D CR CR
S R 1 1 2 3 4 C1 C2
T R

H H H RS ID
1 2 3 RV

=~ Zmr
N Z Mmoo

Ox Ox Ox OxO Ox Ox Ox Ox Ox Ox Ox Ox Ox O0Ox Ox (0)'
F F F 0 F 19 00 55 00 03 A 00 OO OO 84 08
F F D E 6

ID7 Return Packet:00 07 1F 08 00 00 16 CA (Sent in Hexadecimal)

ERR ID2 D1 D2 D3 D4 CRC CRC
1 2

0x00 0x07 Ox1F O0x08 O0x00 Ox00 O0x16 OxCA
ID4 Return Packet:00 04 FF 03 00 00 D1 9E (Sent in Hexadecimal)

ERR ID3 D1 D2 D3 D4 CRC CRC
1 2

0x00 0x04 OxFF 0x03 0x00 O0x00 O0xD1 Ox9E

2.2.9 Bulk Read BULK READ

Function For multiple devices, read data of different lengths from different addresses
at once

ID OXFE

Length0X16

Instruction 0x92

Parameter 1[Device 1] ID

Parameter 2 [Device 1] Low-order ByteDance of the starting address
Parameter 3 [Device 1] High-order ByteDance of the starting address
Parameter 4 [Device 1] Low-order ByteDance of data length

Parameter 5 [Device 1] High-order ByteDance of data length
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Parameter 6[Device 2] ID

Parameter 7 [Device 2] Low-order Byte of the starting address
Parameter 8 [Device 2] High-order Byte of the starting address
Parameter 9 [Device 2] Low-order ByteDance of data length
Parameter 10[Device 2] High-order ByteDance of data length

Example: Batch read the current voltage of ID1 (144, 0x0090, 2[ByteDance]), and
the current voltage value is 119 (0x0077)

ID2 current temperature (146, 0x0092, 1[byte]), current position value is 36 (0x24)

Batch Write Command Frame:FF FF FD 00 FE 0D 00 92 01 90 00 02 00 02 92 00 01
00 1A 05 (Sent in Hexadecimal)

H HHR L LI PP PPPPPPPUP C C

1 2 3 81 E EN1T 2 3 4 5 6 7 8 9 1 R R
R D N N S 0O C C
\% 1 2 7T 1 2

O 00O OOOO 0O O O O O O O O0O 0O O O0x o0x

X X X X X X X X X X X X X X X X x x 1 05

FFF O F OO 90 9 0 0 0 0 90 0 0 A

F F DO EDO=2 1 00 2 0 2 2 010

Return Frame:
FF FF FD 00 01 06 00 55 00 77 00 C3 69
FF FF FD 00 02 05 00 55 00 24 8B A9

Return packet disassembly: ID 1 status data packet:FF FF FD 00 01 06 00 55 00 77
00 C3 69 (sent in hexadecimal)

H1 H2 H3 RS ID LE LE INS ER P1 P2 CRC CRC
RV N1 N2 T R 1 2

0Ox 0Ox Ox Ox0O Ox0O Ox0O Ox0O Ox5 O0xO Ox7 O0x0O OxC 0x69
FF FF FD 0 1 6 0 5 0 7 0 3

Return packet disassembly: ID2 data packet:FF FF FD 00 02 05 00 55 00 24 8B A9
(sent in hexadecimal)

H1 H2 H3 RSR ID LEN LE INS ER P1 CRC CRC
\Y, 1 N2 T R 1 2

OxF OxF OxF Ox00 O0x02 O0x05 OxO0O Ox5 OxO0O O0Ox2 0x8B 0xA9
F F D 0 5 0 4
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2.2.10 Bulk Write BULK WRITE

Function For multiple devices, write data of different lengths from different
addresses at once

ID OXFE

Length 0X13

Instruction 0x93

Parameter 1[Device 1] ID

Parameter 2 [Device 1] Low-order ByteDance of the starting address
Parameter 3 [Device 1] High-order ByteDance of the starting address
Parameter 4 [Device 1] Low-order ByteDance of Data Length (X)
Parameter 5 [Device 1] High-order ByteDance of Data Length (X)

Parameter 5+1[Device 1] 1st ByteDance

Parameter 5+X[Device 1] Byte X

Parameter 6+X[Device 2] ID

Parameter 7+X [Device 2] Low-order ByteDance of the starting address
Parameter 8+X [Device 2] High-order ByteDance of the starting address
Parameter 9+X[Device 2] Low-order ByteDance of Data Length (X)
Parameter 10+X [Device 2] High Byte of Data Length (X)

Parameter 10+X+1[Device 2] 1st ByteDance

Parameter 10+X+2[Device 2] Byte 2

Parameter 10+X+Y[Device 2] Byte Y

Example: Batch write ID1 maximum voltage (32, 0x0020, 2[ByteDance]) to 160
(0x00AO0)

ID2 Temperature Limit (31, 0x001F, 1[ByteDance]) is 80 (0x50)

Batch Write Instruction Frame:FF FF FD 00 FE 10 00 93 01 20 00 02 00 A0 00 02 1F
00 01 00 50 B7 68 (Sent in Hexadecimal)

HHHR I LLI PPPPPPPPPPPPPIC CR
123 S DEEN1234567 891111 R C2
R N N S 01 2 2 C
V 12 T 1
0 0 0 0 0O 0 0 0 0OX O0Xe6

X X X X X X X X X X X x X X
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2.2.11 Fast Bulk Read

This instruction is an enhanced high-speed communication instruction compared to
batch reading. Regardless of the number of cascaded devices, when using the fast
batch reading instruction, all devices will aggregate, generate, and return a single
status data packet, which is equivalent to a single device returning a single status
data packet. The data packet format of this instruction is exactly the same as that of
the batch reading instruction.

Function Compared with Bulk Read, Enhanced Instruction enables faster
communication

ID OXFE

Length 0X18

Instruction Ox9A

Parameter 1 [Device 1] 1D

Parameter 2 [Device 1] Low-order ByteDance of the starting address
Parameter 3 [Device 1] High-order ByteDance of the starting address
Parameter 4 [Device 1] Low-order ByteDance (X1) from data
Parameter 5 [Device 1] Higher-order ByteDance (X1) from data
Parameter 6 [Device 2] ID

Parameter 7 [Device 2] Low-order Byte of the starting address
Parameter 8 [Device 2] High-order Byte of the starting address
Parameter 9 [Device 2] Low-order ByteDance (X2) from data

Parameter 10[Device 2] Higher-order ByteDance (X2) from data

Explanation of Return Packet Parameters
Parameter 1[Device 1] ID
Parameter 2 [Device 1] 1st ByteDance data

Parameter 3[Device 1] 2nd ByteDance Data

Parameter x1+1[Device 1] ByteDance X1 data
Parameter X1+2 [Device 1] CRC Low ByteDance
Parameter X1+3 [Device 1] CRC High ByteDance

Parameter X1+4 [Device 2] Error Code
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Parameter X1+5[Device 2] ID
Parameter X1+5+1[Device 2] 1st ByteDance data

Parameter X1+5+2[Device 2] 2nd ByteDance data

Parameter X1+5 +X2 [Device 2] ByteDance data of the X2-th byte
Parameter X1+5 +X2 +1 [Device 2] CRC Low ByteDance
Parameter X1 + 5 + X2 + 2[Device 2] CRC High ByteDance

Parameter X1+5+X2+- 5+Xn [Device n] Returned data of the Xn-th ByteDance

Example: Simultaneously set the current position of ID3 (132, 0x0084, 4[ByteDance])
to 166 (0x000000A6)

ID4 Current Temperature (146, 0x0092, 1[byte]) is 31 (0x1F)
ID7 Current PWM (124, 0x007C, 2[byte]) is 421 (0x01A5)

Fast Bulk Read Instruction Frame:FF FF FD 00 FE 12 00 9A 03 84 00 04 00 07 7C
00 02 00 04 92 00 01 00 20 F2 (Send in Hexadecimal)

HHHR LI PpPPPPPPPPPPPPPPPCLC
123 S |1 EEN1T23456789111111RR

R DNNS 0123 45¢CC

Vv 12 T 1 2
0000 OOOOOOOOOOOOOOOOOOOOOUWO
X X X X X X X X X X X X X X X X X X X X X X X X X
FFFOF1090800O007 0O0O0O09O0O0O02 F
FFDOIE2O0OA340407CO020420100 2

Return Frame:

FF FF FD 00 FE 14 00 55 00 03 A6 00 00 00 67 A4
0007 A5012474

00 04 1F D9 C1

Return packet disassembly: ID 3 status data packet return packet:FF FF FD 00 FE
14 00 55 00 03 A6 00 00 00 67 A4 (sent in hexadecimal)

H H H RS ID
1 2 3 RV

z

D D D D D R C
2 3 4 1 R
C2

C
1 1 C

=~ Zmr
N ZMmrre
— W
X0 m
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Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox
F F F 00 FE 14 00 55 00 03 A 00 00 OO0 67 A4
F F D 6

ID7 Return Packet:00 07 A5 01 24 74(Sent in Hexadecimal)

ERR ID2 D1 D2 CRCA1 CRC2

0x00 0x07 OxA5 0x01 0x24 0x74

ID4 Return Packet:00 04 1F D9 C1 00 04 1F (Sent in Hexadecimal)
ERR ID2 D1 CRC1 CRC2

0x00 0x04 Ox1F O0xD9 0OxC1
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CAN Communication Control
Protocol V2.0

CAN communication currently supports multiple protocols: proprietary protocol
and MIT protocol. The default communication protocol is the MIT protocol. The
communication protocol type can be switched by modifying the register value. After
switching the protocol type, the device needs to be restarted to take effect.

The CAN identity of SIAR series motors is jointly defined by registers: ID(7) and
CAN_ID(14), where ID(7) is used for the motor to receive CAN data message ID, and
CAN_ID(14) is used for the motor to feedback CAN data message ID. During the
CAN communication process of the motor, using different values for the received and
sent data message |IDs reduces data transmission conflicts during the CAN
communication process and improves the reliability of network communication. It is
recommended to set different values for the received data ID(7) and the feedback
data CAN_ID(14), with ID(7) < CAN_ID(14), and the priority of received data is higher
than that of sent data, which can achieve better control effects.

Unless otherwise specified in this document, all multi-byte register content
transmissions use little-endian byte order , i.e., the low-order byte first and the
high-order byte last.

1. Private Protocol Data Frame Format

CAN Private Communication Protocol, with a default baud rate of 1Mbps, uses the
extended frame format. The definitions of each ByteDance segment are as follows.

Data 29-bit ID 8 Bytes Data

Domain

Size Bit28~Bit2  Bit23~Bit8 Bit7~Bit0 ByteO~Byte7
4

Descriptio  Message Data Area 2 Target Motor  Data Area 1
n Type ID

1.1 Device Search (0x00)

Data 29-bit ID 8 Bytes Data
Domain
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Size Bit28~Bit2  Bit23~Bit8 Bit7~Bit0
4
Description  0x00 0x00 Target Motor
ID
Response Frame:
Data 29-bit ID
Domain
Size Bit28~Bit  Bit23~Bit8 Bit7~Bit0
24
Descriptio  0x00 Bit16~23: Target Motor
n 0x00 CAN_ID
Bit15~8:
Target Motor
ID

1.2 Motor feedback data (0x01)

Data 29-bit ID

Domain

Size Bit28~
Bit24

Descriptio  0x01

n

Bit23~Bit8

Bite16~23: Motor
Fault Code (495)

Bit16: Power supply
voltage anomaly

Bit17: Reserved
Bit18: Reserved
Bit19: Reserved
Bit20: FOC timeout
Bit21: Overload

Bit22: Motor
temperature
overheat
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Bit7~Bit0

Target
Motor
CAN_ID

ByteO~Byte7

None

8 Bytes Data

ByteO~Byte7

ByteO~Byte1: Motor
Model

Byte2~Byte4: Motor
firmware version number

Byte5~Byte7: None

8 Bytes Data

ByteO~Byte7

ByteO ~ Byte1:
Current position
[0~65535]
corresponds to the
maximum and
minimum values of
the MIT position
(registers 330, 332)

Byte2~Byte3: Current
speed [0~65535]
corresponds to the
maximum and
minimum values of
MIT speed (registers



Bit23: Temperature 334, 336)

sensing anomaly Byte4~Byte5: Current
torque [0~65535]
corresponding to the
maximum and
minimum values of
MIT torque; Byte6:
MOS temperature
(570)

Byte7: Motor
Temperature (571)

Bit15~Bit8: Target
Motor ID

The above data has
the low byte first and
the high byte last

1.3 Set Motor Control Mode (0x02)

Data 29-bit ID 8 Bytes Data

Domain

Size Bit28~Bit24  Bit23~Bit8 Bit7~Bit0 ByteO~Byte7

Descript 0x02 0x00 Target Motor ByteO: 0: Current mode;

ion ID 1: Speed mode; 3:
Position mode; 6: MIT
mode.

Byte1~Byte7: None

Response Frame: Motor Feedback Data (0x01)

1.4 Motor Enable (0x03)

Data 29-bit ID 8 Bytes Data
Domain
Size Bit28~Bit24 Bit23~Bit8 Bit7~Bit0 ByteO~Byte7
Description  0x03 0x00 Target Motor  None

ID

Response Frame: Motor Feedback Data (0x01)
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1.5 Motor Disabled (0x04)

Data 29-bit ID 8 Bytes Data
Domain
Size Bit28~Bit24 Bit23~Bit8 Bit7~Bit0 ByteO~Byte7
Description  0x04 0x00 Target Motor None

ID

Response Frame: Motor Feedback Data (0x01)

1.6 Set the current position as the mechanical zero
position (0x05)

Data 29-bit ID 8 Bytes Data
Domain
Size Bit28~Bit24 Bit23~Bit8 Bit7~Bit0 ByteO~Byte7
Description  0x05 0x00 Target Motor None

ID

Response Frame: Motor Feedback Data (0x01)

1.7 Motion Control Mode (MIT) Motor Command (0x06)

This command takes effect when the control mode is MIT mode and the torque
switch is turned on.

Data 29-bit ID 8 Bytes Data

Domain

Size Bit28~Bi  Bit23~Bit8 Bit7~Bit0 ByteO~Byte7
t24

Descriptio  0x06 Bit23~Bit8: Target Motor ByteO~Byte1: Target

n Target ID position [0~65535]
torque corresponds to the
[0~65535] maximum and minimum
corresponds values of MIT position
to the (registers 330, 332)
maximum

Byte2~Byte3: Target speed
and
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minimum [0~65535] corresponds to

values of the maximum and

MIT torque minimum values of MIT
speed (registers 334, 336)

Byte4~Byte5: Kp [0~65535]
corresponds to the
maximum and minimum
values of the MIT position
proportional gain (registers
342, 344)

Byte6~Byte7: Kd [0~65535]
corresponds to the
maximum and minimum
values of the MIT position
differential gain (Registers
346, 348)

Response Frame: Motor Feedback Data (0x01)

Note: The maximum and minimum values of the proportional conversion of position,
velocity, torque, KP, KD, etc. in MIT control are stored in the MIT-related registers.
For details, please refer to the content in Section 3, "Conversion between Floating-
Point Numbers and Integers in CAN Communication MIT Commands".

1.8 Position Control Mode Motor Command (0x07)

This command takes effect when the control mode is: Position Mode and the torque
switch is turned on.

Data 29-bit ID 8 Bytes Data
Domain

Size Bit28~Bit24  Bit23~Bit8 Bit7~Bit0 ByteO~Byte7
Descriptio  0x07 0x00 Target Motor Byte0O~Byte3: Target
n ID position.

Low ByteDance first,
high ByteDance last

Response Frame: Motor Feedback Data (0x01)

1.9 Motor Command for Speed Control Mode (0x08)

This command takes effect when the control mode is: speed mode and the torque
switch is turned on.
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Data 29-bit ID 8 Bytes Data
Domain

Size Bit28~Bit24 Bit23~Bit8 Bit7~Bit0 ByteO~Byte7
Descriptio  0x08 0x00 Target Motor ByteO~Byte3: Target
n ID speed.

Low ByteDance first,
high ByteDance last

Response Frame: Motor Feedback Data (0x01)

1.10 Current Control Mode Motor Command (0x09)

This command takes effect when the control mode is: speed mode and the torque
switch is turned on.

Data 29-bit ID 8 Bytes Data
Domain

Size Bit28~Bit24 Bit23~Bit8 Bit7~Bit0 ByteO~Byte7
Descriptio  0x09 0x00 Target Motor  ByteO~Byte1: Target
n ID current.

Low ByteDance first,
high ByteDance last

Response Frame: Motor Feedback Data (0x01)

1.11 Write Register (0x0A)

This command is used to modify the register values starting from the specified
address, with a maximum of 8 ByteDance written at a time.

Data 29-bit ID 8 Bytes Data
Domain
Size Bit28~Bit24  Bit23~Bit8 Bit7~Bit0 ByteO~Byte7
Descriptio  0x0A Bit23~Bit8: Target Motor ByteO~Byte7: Data to
n Register ID be written to the

start register

address

Note: Fill in as many
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ByteDance data as
needed. Maximum 8
ByteDance.

Response Frame: Motor Feedback Data (0x01)

1.12 Read Register (0x0B)

This command reads the register values starting from the specified address, with a
maximum of 8 ByteDance read at a time.

Data 29-bit ID 8 Bytes Data

Domain

Size Bit28~Bit24  Bit23~Bit8 Bit7~Bit0 ByteO~Byte7

Descripti  0x0B 0x00 Target Motor ByteO~Byte1: Register
on ID start address

Byte2: Read Length

Response Frame:

Data 29-bit ID 8 Bytes Data
Domain

Size Bit28~Bit24  Bit23~Bit8 Bit7~Bit0 ByteO~Byte7
Descripti  0x0B 0x00 Target Motor Byte0O~Byte7: Data of
on CAN_ID the specified register

1.13 Read Motor Status 1 (0x0C)

Data 29-bit ID 8 Bytes Data
Domain
Size Bit28~Bit24 Bit23~Bit8 Bit7~Bit0 ByteO~Byte7
Description 0x0C 0x00 Target Motor None

ID

Response Frame: Motor Feedback Data (0x01)

1.14 Read Motor Status 2 (0x0D)
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Data 29-bit ID 8 Bytes Data
Domain

Size Bit28~Bit24 Bit23~Bit8 Bit7~Bit0 ByteO~Byte7
Description  0x0D 0x00 Target Motor None
ID

This command can read multiple status data at once: Operator_mode, ExencoderBits,
Torque, InputVoltage, ErrorCode.

Response Frame

Data 29-bit ID 8 Bytes Data
Domain
Size Bit28~Bit Bit23~Bit8  Bit7~Bit0 ByteO~Byte7
24
Descripti  0x0D 0x00 Target Motor ByteO: OperatorMode
on CAN_ID

Byte1: ExencoderBits

Byte2: Torque

Byte3: INPUT_VOLTAGE(L)
Byte4: INPUT_VOLTAGE(H)

Byte5: ErrorCode
Byte6: T_MOS
Byte7: T_Rotor
. OperatorMode: Control mode (speed mode, current mode, position mode, MIT
mode, etc.). See the memory table definition document for details
. ExencoderBits: External Encoder Bit Count
. Torque: Motor Torque Switch
6. INPUT_VOLTAGE: Current Input Voltage

3. ErrorCode: Error code. See the memory table definition document for
details

4, T_MOS: Represents the average temperature of the driving upper MOS,
with the unit of °C

5. T_Rotor: Represents the average temperature of the internal coils of the
motor, with the unit of °C
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2. MIT Protocol Data Frame Format

The default baud rate for CAN MIT protocol communication is 1Mbps, using the
standard frame format. The definitions of each ByteDance segment are as follows.

Data Domain 11-digit ID 8 Bytes Data
Size Bit10~Bit0 ByteO~Byte7
Description Target Motor ID Data Area

In the MIT protocol, message types are distinguished by CAN data length. The CAN
data message ID sent to the motor is filled with the value of motor register ID (7), and
the motor feedback data message ID is filled with the value of motor register CAN_ID
(14). The following explains the content of the CAN data area.

2.1 Device Search (PING)

(1) Send data

Data Length: 1 ByteDance
Data Content: 0x01

(2) Return Data

Data Length: 8 ByteDance

Data Content:

DATAO DATA1 DATA2 DATA3

485_1D CAN_ID MODEL_NUMBER MODEL_NUMB
(L) ER(H)

DATA4 DATAS5 DATA6 DATA7

MAJOR_FIRMWA  MINOR_FIRMWA  PATCH_FIRMWA  DRIVE_MODE
RE_VERSION RE_VERSION RE_VERSION

6. 485 _ID: 485 Communication ID

3.  CAN_ID: CAN Communication ID

4. MODEL_NUMBER: Motor Model (2 ByteDance)

5. MAJOR_FIRMWARE_VERSION: Major Firmware Version Number
6.  MINOR_FIRMWARE_VERSION: Minor Firmware Version Number
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7. PATCH_FIRMWARE_VERSION: Firmware Additional Version Number

8. DRIVE_MODE: Drive Mode. See the Memory Table Definition Document for
details

2.2 Read device status

This command can read multiple status data at once: Operator_mode, ExencoderBits,
Torque, InputVoltage, ErrorCode.

(1) Send data

Data Length: 1 ByteDance
Data Content: 0x02

(2) Return Data

Data Length: 8 ByteDance

Data Content:

DATAO DATA1 DATA2 DATA3

OperatorMode ExencoderBits Torque INPUT_VOLTAGE
(L)

DATA4 DATA5 DATAG6 DATA7

INPUT_VOLTAGE ErrorCode T_MOS T_Rotor

(H)

3. OperatorMode: Control mode (speed mode, current mode, position mode, MIT
mode, etc.). See the memory table definition document for details

4. ExencoderBits: External Encoder Bit Count

5.  Torque: Motor Torque Switch

6. INPUT_VOLTAGE: Current Input Voltage

3.  ErrorCode: Error code. See the memory table definition document for details

4. T_MOS: Represents the average temperature of the driving upper MOS, with
the unit of °C

4. T _Rotor: Represents the average temperature of the internal coils of the motor,
with the unit of °C

2.3 Read Register

This command reads the register values starting from the specified address, with a
maximum of 8 ByteDance read at a time.
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(1) Send data
Data Length: 3 ByteDance

Data Content:

DATAO DATA1 DATA2

Address (L) Address (H) Len

2. Address: Register start address (2 ByteDance). See the memory table definition
document for details

3. Len: Read ByteDance length (less than or equal to 8)

(2) Return Data

Read successful, return register content; read failed, no return.

Data Length: n ByteDance

Data Content: Specify the value of the register to be read

2.4 Write Register

This command is used to modify the register value starting from the specified
address, writing up to 4 ByteDance at a time.

(1) Send data
Data Length: 7 ByteDance

Data Content:

DATAO DATA1 DATA2 DATA3-DATAG6

Address (L) Address (L) Len Value

4.  Address: Register start address (2 ByteDance). See the memory table definition
document for details

5.  Len: Write register ByteDance length (less than or equal to 4)

2. Value: The value to be written to the register. (If it is less than 4 ByteDance, it
needs to be padded with FF.)

(2) Return Data
Data Length: 1 ByteDance

Data Content: 0x00: Failure; 0x01: Success

2.5 Turn on the torque switch
(1) Send data
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Data Length: 8 ByteDance

Data content: FF FF FF FF FF FF FF FC
(2) Return Data

Data Length: 8 ByteDance

DATA0 DATA1 DATA2 DATA3 DATA4 DATA5 DATA6 DATA7

IDIERR POS[15 POS[7: VEL[11: VEL[3:0 TI[7:0] T_MOS T_Rotor
<<4 :8] 0] 4] 1IT[11:8
]
3. ID: The ID of the controller, taking the lower 8 bits of CAN_ID
4. ERR: Indicates motor failure
. POS: Indicates the current position of the motor
. VEL: Represents the current speed of the motor
. T: Represents the torque status signal of the motor

. T_MOS: Represents the average temperature of the driving upper MOS, with
the unit of °C

. T_Rotor: Represents the average temperature of the internal coils of the motor,
with the unit of °C

Note: Position, velocity, and torque use a linear mapping relationship to convert
floating-point data into signed fixed-point data, where position uses 16-bit data, and
both velocity and torque use 12-bit data.

2.6 Turn off the torque switch

(1) Send data
Data Length: 8 ByteDance
Data Content: FF FF FF FF FF FF FF FD
No return data

Data Length: 0 ByteDance

2.7 Set the current position to the zero position

(1) Send data
Data Length: 8 ByteDance
Data Content: FF FF FF FF FF FF FF FE
No return data

Data Length: 0 ByteDance
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2.8 MIT Control Command
(1) Send data

Data Length: 8 ByteDance

Data Content:

DATA0 DATA1 DATA2 DATA3 DATA4 DATA5 DATA6 DATA7

p_des p_des v_des v_des[3 Kp Kd Kd[3:0]] t_ff[7:0]

[15:8]  [7:0]

[11:4] :0]] [7:0] [11:4] t_ff{11:
Kp[11:8 8]
]

P_des: Position Setpoint

V_des: Speed Setpoint

Kp: Position Proportional Coefficient

Kd: Position Differential Coefficient

T_ff: Torque Setpoint

Each parameter conforms to the previous mapping relationship, where the ranges of
p_des, v_des, t_ff, Kp, and Kd can be set through the host computer software. A
standard CAN data frame has only 8 ByteDance, and the MIT control command
format combines the five parameters of Position, Velocity, Kp, Kd, and Torque
bitwise into 8 ByteDance. Among them: Position occupies 2 ByteDance (16 bits),
Velocity occupies 12 bits, Kp occupies 12 bits, and Kd occupies 12 bits.

(2) Return Data

Data Length: 8 ByteDance

DATA0 DATA1 DATA2 DATA3 DATA4 DATA5 DATA6 DATA7

IDIERR POS[15 POS[7: VEL[11: VEL[3:0 T[7:0] T_MOS T_Rotor

<<4

:8] 0] 4] 1IT[11:8
]

ID: The ID of the controller, taking the lower 8 bits of CAN_ID
ERR: Motor failure
POS: Current position of the motor
VEL: Current speed of the motor
T: Torque status signal of the motor
T_MOS: Average temperature of the upper MOS driver, unit: °C

T_Rotor: Average temperature of the internal coils of the motor, unit: °C
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3. Conversion between Floating-Point Numbers
and Integers in CAN Communication MIT
Commands

The MIT command converts floating-point data proportionally into integers and sends
them to the drive, which then converts the received integers proportionally back into
floating-point data.

This part of the conversion uses two conversion functions, uint_to_float and
float_to_uint, for conversion. The specific implementation of this part is as follows:

SQL
float uint_to_float(int x_int, float x_min, float x_max, int bits)
{

/// converts unsigned int to float, given range and number of
bits ///

float span = x_max - x_min;

float offset = x _min;

return ((float)x_int)*span/((float)((1<<bits)-1)) + offset;

int float_to_uint(float x, float x_min, float x_max, int bits)
{

/// Converts a float to an unsigned int, given range and
number of bits ///

float span = x_max - x_min;

float offset = x _min;

return (int) ((x-offset)*((float)((1<<bits)-1))/span);

These two conversion functions need to first determine the maximum and minimum
values of the two equal-proportion conversions. The maximum and minimum
values of the equal-proportion conversions for position, velocity, torque, KP,
and KD in MIT control are stored in registers, and the maximum and minimum
ranges can be modified by changing the register values. These parameters can
be adjusted according to the actual parameters of the motor. However, when
sending control commands, they must be consistent with the set values;
otherwise, the control commands will be scaled proportionally.

The definitions of MIT-related registers are as follows.

49



Name

MIT Maximum
Position

MIT Minimum
Position

MIT Maximum
Speed

MIT Minimum
Speed

MIT Maximum
Torque

MIT Minimum
Torque

MIT's largest
KP

MIT Minimum
KP

MIT Maximum
KD

MIT Minimum
KD

MIT Control
KP

MIT Controls
KD

Register

Address

330

332

334

336

338

340

342

344

346

348

350

352

ByteDance

Unit

0.01 [rad]

0.01 [rad]

0.01 [rad/s]

0.01 [rad/s]

0.002 [N*M]

0.002 [N*M]

0.01

0.01

0.01

0.01

0.01

0.01

Default Value

1250

-1250

3000

-3000

5000

-5000

10000

500

7200

150

The encapsulation of the MIT control command sending function is as follows.

Markdown
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/*****************************************************************

3k 3k 3k >k >k >k sk ok k

* @brief: mit_ctrl: MIT B80T A EATLA% il R 2K
* @param[in]:  hcan: & 1H) CAN_HandleTypeDef Zi#yFa4t, FTiRE
CAN L2k

* @param[in]: motor_id: Hl ID, &5 HFsHEAML

* @param[in]: pos: (DA=RAENL )

* @param[in]: vel: WS EE

* @param[in]:  kp: (A= IEE

* @param[in]:  kd: WL B H

* @param[in]: torq: L eI

* @retval: void

* @details: IS CAN 2R ] FRATL R I MIT BT f 4 il i o

3k 3k 3k 3k 3k 5k 3k sk >k sk sk Sk 3k Skook >k ok >k 5k 3k Sk 3k Sk 3k sk ok sk sk 3k sk sk Sk ok Sk ok >k 5k >k 5k 3k Sk >k Sk 3k sk ok sk sk >k sk 3k Sk ok Skook >k ok >k ok >k sk >k sk sk kok
********/

void mit _ctrl(hcan_t* hcan, uintl6_t motor id, float pos, float
vel,float kp, float kd, float torq)

{
uint8 t data[8];
uintlé_t pos_tmp,vel tmp,kp_tmp,kd tmp,tor_ tmp;
uintl6_t id = motor_id + MIT_MODE;
pos tmp = float to uint(pos, P _MIN, P_MAX, 16);
vel tmp = float to uint(vel, V_MIN, V MAX, 12);
kp_tmp = float to uint(kp, KP_MIN, KP_MAX, 12);
kd tmp = float to uint(kd, KD _MIN, KD MAX, 12);
tor_tmp = float to uint(torq, T_MIN, T_MAX, 12);
data[@] = (pos_tmp >> 8);
data[1] = pos_tmp;
data[2] = (vel_tmp >> 4);
data[3] = ((vel _tmp&dxF)<<4)|(kp_tmp>>8);
data[4] = kp_tmp&OxFF;
data[5] = (kd_tmp >> 4);
data[6] = ((kd_tmp&®xF)<<4)|(tor_tmp>>8);
data[7] = tor_ tmp&OxFF;
canx_send_data(hcan, id, data, 8);

}

The encapsulation of the parsing function for the return data of MIT control
commands is as follows
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Markdown

/*****************************************************************
3k 3k 3k 3k >k >k sk ok k

* @brief: SIS A4 o 2

* @param[in]:  motor: fe ) motor_t ZMMIFeEr, S HEALHEIE BEA
SR

* @param[in]:  rx_data: 8BS BIEHE S FR A

* @param[in]: data_len: #HEKE

* @retval: void

* @details:  MIRULEI RS HHRBCENL R GHE R, WFEHBNL ID. IRE.
8. HE. HHEHCRESH. Faaidns

3k 3k ok 3k 3k 3k sk sk ok 3k 3k 3k 3k Sk ok ok 3k 3k Sk Sk ok ok 3k 3k sk sk sk ok 3k 3k 3k Sk sk ok 3k 3k 3k sk ok ok 5k 3k 3k Sk ok ok 3k 3k 3k sk Sk ok ok 3k 3k 3k sk ok ok >k >k sk sk sk ok k

*******/

void can_fbdata(Joint_Motor_t *motor, uint8_t *rx_data,uint32_t
data_len)
{
if(data_len==FDCAN_DLC_BYTES_8)
{/ /7R BIHEHEA 8 M7
motor->para.id = (rx_data[0])&0x0F;
motor->para.state = (rx_data[0])>>4;
motor->para.p_int=(rx_data[1]<<8)|rx_data[2];
motor->para.v_int=(rx_data[3]<<4)|(rx_data[4]>>4);
motor->para.t_int=((rx_data[4]&0OxF)<<8)|rx_data[5];
motor->para.pos = uint_to_float(motor->para.p_int, P_MIN,
P_MAX, 16); // (-12.5,12.5)
motor->para.vel = uint_to_float(motor->para.v_int, V_MIN,
V_MAX, 12); // (-30.0,30.0)
motor->para.tor = uint_to_ float(motor->para.t_int, T_MIN,
T MAX, 12); // (-10.0,10.0)
motor->para.Tmos = (float)(rx_data[6]);
motor->para.Tcoil = (float)(rx_data[7]);
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MIT Protocol Test Demo

To control the motor using this Demo program, it is necessary to use the
standard CAN communication module (SLCAN protocol) in conjunction, and at the
same time, a Python 3.0 or higher environment is required, with the can module
installed.

Plain Text
#IZAT AT A %% can Bk
pip install python-can

The Demo program implements the following functions: scanning and controlling
multiple motors. Variables such as COM port, baud rate, target position range, target
position change step, and control frequency can be modified according to actual
requirements.

< Modify COM Port

Plain Text
SLAN_PORT = 'COM29'

2. Modify the motor ID

Plain Text
MOTOR_CAN_IDS = [ ©0x01, 0x02,0x3, 0x04, 0x05,0x06]

3. Modify the control frequency

Plain Text
LOOP_FREQUENCY = 1000

4. Modify the target position range and step size

Plain Text

MAX_GOAL_POS RAD = 1.0 * math.pi # 180 JF, WMl T2 %
MIN_GOAL_POS RAD = -1.0 * math.pi # -180 /&

GOAL_POS _STEP_RAD = 0.001 * math.pi # FSHXEFHHIEK

The complete code is as follows:

Python
import can
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import time
import struct
import math

RAD_TO_SIGNAL = 2607.5946

# € X HENmA
CMD_PING = 0x01
CMD_READ_STATUS = 0x02 # “02 #rif]”

# AN E

PRESENT _POSITION = 0x228 # YE B A A7 Ay ik 552 = ox228
GOAL_POSITION = 0x214 # HirhLE A 7esihht 532 = ox214
TORQUE_ON_OFF_REGISTER = 0x200 # IR A4yl 512 = ox200
OPENTING_MODEL_REGISTER = 0x21 # Operating Mode ZFf7#stit: 33 =
ox21

SET_ZERO_POSITION REGISTER = 0x34 # B TN 17 52= 0x34
SET_ZERO_POSITION VALUE = 0x01 # WETMIHE

TORQUE_ON_VALUE = 0x01 # FIHFHE A

TORQUE_OFF_VALUE = 0x00 # R RE

# 1B OPENTING_MODEL M{A (@: Hijiiz; 1. MR 3:f7EBA; 6:

MIT =
OPENTING_MODEL_VALUE = 0x03

# MIT EHISERIBTEE OBl T RYE B SO D

P_DES_MIN = -12.5
P_DES_MAX = 12.5
V_DES_MIN = -65.0
V_DES_MAX = 65.0
T _FF_MIN = -18.0
T_FF_MAX = 18.0
KP_MIN = 0.0
KP_MAX = 500.0
KD_MIN = 0.0
KD_MAX = 5.0

#ﬁﬁﬁ@@ﬁﬁ%iﬁﬁﬁﬁﬁl(%?umpptﬂmt%ﬁ)
1X 6 T AR HL AL SEBR RIS R e L
POS_MIN_RANGE = -12.5 * math.pi # fECE/EINEE, HR4E R SCRY 15
POS_MAX_RANGE = 12.5 * math.pi
VEL_MIN_RANGE = -65.0 * math.pi # % INE/F
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VEL_MAX_RANGE = 65.0 * math.pi
TORQUE_MIN_RANGE = -18.0
TORQUE_MAX_RANGE = 18.0

# OBV S B B E B B
def float_to uint(value, min_val, max_val, num _bits):
if value < min_val:
value = min_val
if value > max_val:
value = max_val
scaled_value = (value - min_val) / (max_val - min_val)
return int(scaled value * ((1 << num_bits) - 1))

# K E S B [ B R A

def uint_to float(value, min_val, max_val, num bits):
scaled value = value / ((1 << num_bits) - 1)
return scaled value * (max_val - min_val) + min_val

# X TS RUBL R AT AL B
def signed uint to float(value, min_val, max_val, num bits):

if value & (1 << (num_bits - 1)):

value = value - (1 << num_bits)

range_span = max_val - min_val

integer_span = (1 << num_bits) - 1 # VEXE: M5, JGHEA
AEA 2 (1<<num_bits)-1, M (1<<(num_bits-1))-1 %] -(1<<(num_bits-
1))

return min_val + (value / integer_span) * range_span

class MotorSLCan:
def init (self, port, baudrate=1000000):
self.port = port
self.baudrate = baudrate
self.bus = None

def connect(self):
try:
self.bus = can.interface.Bus(interface="'slcan',
channel=self.port,
bitrate=self.baudrate)
print(f"Connected to SLCan on {self.port} with bitrate
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{self.baudrate}")
return True
except Exception as e:
print(f"Error connecting to SLCan: {e}")
return False

def disconnect(self):
if self.bus:
self.bus.shutdown()
print("Disconnected from SLCan.")

def send_command(self, arbitration_id, data,
is_extended_id=False):
try:
message = can.Message(
arbitration_id=arbitration_id,
is _extended id=is_extended id,
data=data
)
self.bus.send(message)
return True
except Exception as e:
print(f"Error sending CAN message: {e}")
return False

def receive response(self, timeout=1.0):
try:
message = self.bus.recv(timeout)
if message:
return message
else:
return None
except Exception as e:
print(f"Error receiving CAN message: {e}")
return None

def ping_device(self, can_id):
self.send _command(can_id, bytearray([CMD_PING]))
response = self.receive response(timeout=0.2) # PING WL
A e 7 EAH I — L

if response and len(response.data) == 8:
485 _id = response.data[9]
can_id response = response.data[1l]
model number = struct.unpack('<H',
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response.data[2:4])[0]
major_fw = response.data[4]
minor_fw = response.data[5]
patch_fw = response.data[6]
drive_mode = response.data[7]
print(f"--- PING Response (ID: {hex(can_id)}) ---")
print(
f" 485 ID: {hex( 485 id)}, CAN ID:
{hex(can_id _response)}, Model: {model number}, FW:
{major_fw}.{minor_fw}.{patch_fw}")
return {
"485 ID": 485 id, "CAN_ID": can_id response,
"MODEL_NUMBER": model number,
"MAJOR_FIRMWARE_VERSION": major fw,
"MINOR_FIRMWARE_VERSION": minor_fw,
"PATCH_FIRMWARE_VERSION": patch_fw, "DRIVE_MODE":
drive mode
}
else:
print(f"PING failed or invalid response for CAN ID
{hex(can_id)}.")
return None

def read_device status(self, can_id):
self.send_command(can_id, bytearray([CMD_READ_STATUS]))
response = self.receive response(timeout=0.05) # JIRZSEH
M) J82 1) 7] DA —
if response and len(response.data) ==
operator_mode = response.data[@]
exencoder_bits = response.data[1]
torque = response.data[2]
input_voltage = struct.unpack('<H',
response.data[3:5])[9]
error_code = response.data[5]
t_mos = response.data[6]
t_rotor = response.data[7]
# print(f"--- Device Status (ID: {hex(can_id)}) ---"
# print(f" Mode: {operator_mode}, Voltage:
{input_voltage / 100.0:.2f}V, Error: {hex(error_code)}, T_MOS:
{t_mos}, T Rotor: {t_rotor}")
return {
"OperatorMode": operator _mode, "ExencoderBits":
exencoder_bits, "Torque": torque,
"INPUT _VOLTAGE": input_voltage, "INPUT VOLTAGE V":
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input_voltage / 100.0,
"ErrorCode": error_code, "T_MOS": t_mos,

"T_Rotor": t_rotor

}

else:

# print(f"Read device status failed or invalid
response for CAN ID {hex(can_id)}.")

return None

def read_register(self, can_id, address, length):
if not (1 <= length <= 8):
print(f"Error: Register read length must be between 1
and 8. (CAN ID: {hex(can_id)})")
return None

data = bytearray([
(address & OxFF),
((address >> 8) & OxFF),
length
D
self.send _command(can_id, data)
response = self.receive response(timeout=0.05) # & ffesiL

S S ) LA

if response and len(response.data) == length:
# print(f"--- Read Register (ID: {hex(can_id)}, Addr:
{hex(address)}, Len: {length}) --- Data: {response.data.hex()}")

return response.data
else:
# print(f"Read register failed or invalid response for
CAN ID {hex(can_id)}, Address {hex(address)}.")
# if response:

# print(f" Received data length:
{len(response.data)}, Expected: {length}")
i print(f" Received data: {response.data.hex()}")

return None

def write_register(self, can_id, address, value_bytes):
if not (1 <= len(value_bytes) <= 4):
print(
f"Error: Register write value length must be
between 1 and 4 bytes. Got {len(value bytes)} bytes. (CAN ID:
{hex(can_id)})")
return False
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padded_value_bytes = bytearray(value_bytes)
while len(padded_value_bytes) < 4:
padded_value bytes.append(OxFF) # (A4 FF 3H7e, {H
Lhrd 00 FEHE M, THZE

data = bytearray([
(address & OxFF),
((address >> 8) & OxFF),
len(value_bytes)

D
data.extend(padded value bytes)

self.send _command(can_id, data)
response = self.receive response(timeout=0.05) # 5a{7os
M) J82 1) AT DA — 6
if response and len(response.data) >= 1:
status = response.data[@]
if status == 0x01:
# print(f"Write register (ID: {hex(can_id)}, Addr:
{hex(address)}, Val: {value_bytes.hex()}) successful (Status:
{hex(status)}).")
return True
else:
print(
f"Write register (ID: {hex(can_id)}, Addr:
{hex(address)}, Val: {value bytes.hex()}) failed (Status:
{hex(status)}).")
return False
else:
print(f"Write register failed or invalid response for
CAN ID {hex(can_id)}, Address {hex(address)}.")
if response:
print(f" Received response data:
{response.data.hex()}")
return False

def open_torque(self, can_id):
return self.write_register(can_id, TORQUE_ON_OFF_REGISTER,
bytearray ([ TORQUE_ON VALUE]))

def close torque(self, can_id):

return self.write register(can_id, TORQUE_ON_OFF REGISTER,
bytearray ([ TORQUE_OFF_VALUE]))
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def set_zero position(self, can_id):
return self.write_register(can_id,
SET_ZERO_POSITION_REGISTER, bytearray([SET_ZERO POSITION_VALUE]))

def set _openting model(self, can_id):
return self.write register(can_id,
OPENTING_MODEL_REGISTER, bytearray([OPENTING MODEL VALUE]))

def send_mit_control(self, can_id, p _des, v _des, kp, kd,
t_ff):

# HNAMERIZER S, FOVEAE TIREATH B2 F R, HIRE
p_des int = float to uint(p _des, P_DES MIN, P_DES MAX, 16)
v_des_int = float to uint(v_des, V_DES _MIN, V_DES MAX, 12)
kp_int = float_to_uint(kp, KP_MIN, KP_MAX, 12)
kd_int = float_to_uint(kd, KD_MIN, KD_MAX, 12)
t_ff_int = float _to_uint(t_ff, T_FF_MIN, T_FF_MAX, 12)

data = bytearray(8)

data[@] = (p_des _int >> 8) & OxFF

data[l] = p_des_int & OxFF

data[2] = (v_des_int >> 4) & OxFF

data[3] = ((v_des_int & @x0F) << 4) | ((kp_int >> 8) &
OXOF )

data[4] = kp_int & OxFF

data[5] = (kd_int >> 4) & OxFF

data[6] = ((kd_int & @xOF) << 4) | ((t_ff_int >> 8) &
Ox0F)

data[7] = t_ff_int & OxFF

self.send command(can_id, data)
response = self.receive response(timeout=0.05)
if response and len(response.data) ==
return self. parse mit_response(response.data)
else:
print(f"MIT control failed or invalid response for CAN
ID {hex(can_id)}.")
return None

def _parse_mit_response(self, data):
# HINAMERIXE Sy, FOAEAB TR ST EEFH K, (HIRE
motor_id = data[@] & OxOF
err_code = (data[@] >> 4) & OxOF
pos_raw = (data[1] << 8) | data[2]
vel raw = ((data[3] << 4) | ((data[4] >> 4) & Ox0OF))
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torque_raw = (((data[4] & Ox0OF) << 8) | data[5])
t _mos = data[6]
t_rotor = data[7]
# print(f"--- MIT/Torque Response (ID: {hex(motor_id)}) --
- Err: {err_code}, Pos: {pos_raw}, Vel: {vel raw}, T:
{torque_raw}")
return {
"ID": motor_id, "ERR": err_code, "POS_RAW": pos_raw,
"VEL_RAW": vel raw, "T _RAW": torque raw, "T_MOS":
t_mos, "T_Rotor": t_rotor

}

if _name__ == "_main__":
SLAN_PORT = 'COM29'
# VUNIRBh4R CAN ID
MOTOR_CAN IDS = [ ©x01, 0x02,0x3, 0x04, 0x05,0x06 ]

motor_comm = MotorSLCan(SLAN_PORT)

if motor_comm.connect():
try:

# A ALK RS R TR, TR

last_status_query_time = {can_id: @ for can_id in
MOTOR_CAN_IDS}

last _pos_query_time = {can_id: @ for can_id in
MOTOR_CAN_IDS}

last goal update_time = {can_id: @ for can_id in
MOTOR_CAN_IDS}

# HAE A A RS

current_goal position_rad = {can_id: 0.0 for can_id in
MOTOR_CAN_IDS}

goal position_direction = {can_id: 1 for can_id in
MOTOR_CAN_IDS} # 1 for increasing, -1 for decreasing

MAX_GOAL_POS RAD = 1.0 * math.pi # 180 J&¥, W4T
kS

MIN GOAL POS RAD = -1.0 * math.pi # -180 ¥

GOAL_POS_STEP_RAD = 0.001 * math.pi # #REHKIEK

print("\n--- INITIALIZING MOTORS ---")

for motor_id in MOTOR_CAN_IDS:
print(f"\nInitializing Motor {hex(motor_id)}:")
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# 1. PING
print(f" Pinging...")
motor_info = motor_comm.ping device(motor_id)
if not motor_info:
print(f" Failed to PING motor
{hex(motor_id)}. Skipping initialization.")

continue # IR PING M, BhidixANsHHLAIRILEL

# 2. % H OPENTING_MODEL
print(f" Setting OPENTING MODEL...")
if not motor_comm.set_openting_model(motor_id):
print(f" Failed to set OPENTING_MODEL for
motor {hex(motor _id)}.")
continue
#time.sleep(0.1)
# 3. FIJHHRITR
print(f" Opening torque...")
if not motor_comm.open_torque(motor_id):
print(f" Failed to open torque for motor
{hex(motor_id)}.")
continue

print("\n--- STARTING CONTROL LOOP ---")

# EEIAIR ]
LOOP_FREQUENCY = 1000 # Hz
LOOP_PERIOD = 1.0 / LOOP_FREQUENCY # seconds

# fRLRIEIE

STATUS_QUERY_PERIOD = ©.100 # 100 ms
POS_QUERY_PERIOD = ©.010 # 10 ms
GOAL_UPDATE_PERIOD = 0.010 # 10 ms

start_time
loop_count

time.monotonic()
(%]

while True:
loop_start_time = time.monotonic()

for motor_id in MOTOR_CAN_IDS:
current_time = time.monotonic()
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# © 0x02 Trifj (100ms)
if current_time -
last_status_query_time[motor_id] >= STATUS_QUERY_PERIOD:
status =
motor_ comm.read device status(motor id)
#if status:
# print(
# f"Loop {loop count}: Motor
{hex(motor_id)} Status: Mode={status[ 'OperatorMode’']},
Volt={status['INPUT_VOLTAGE V']:.2f}V,
Temp={status['T_MOS']}C/{status['T_Rotor']}C")
last_status_query_time[motor_id] =
current_time

# o fEAM (16ms)
if current_time -
last_pos_query_time[motor_id] >= POS_QUERY_PERIOD:
# 1% PRESENT_POSITION #F{F#siRk[E] 4 F4i
(32 fir) TR E
pos_raw_bytes =
motor_comm.read_register(motor_id, PRESENT_POSITION, 4)
if pos_raw_bytes and len(pos_raw_bytes) ==
4:
pos_raw = struct.unpack('<i',
pos_raw_bytes)[0] # {REELHFS 16 B/l
# KRR B HONTE S (7 ERYER
P AL SCRSH fAE T P AR 0 R 67 250 )
# X H I PRESENT_POSITION tH7E 16
fr, JuE5 MIT & P_DES 5
#actual pos rad =
uint_to_float(pos_raw, POS_MIN_RANGE, POS_MAX_RANGE, 16)
#print(
# f"Loop {loop count}: Motor
{hex(motor_id)} Pos: {pos_raw} ")
last _pos_query_ time[motor_id] =
current_time

# o HHHIIE (16ms)
if current_time -
last _goal update_time[motor_id] >= GOAL_UPDATE_PERIOD:
# T AR EAEK: £ MIN_GOAL_POS_RAD i
MAX_GOAL_POS_RAD Z [ijf: iz
if goal position_direction[motor _id] ==
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current_goal position_rad[motor_id] +=
GOAL_POS_STEP_RAD

if
current_goal position_rad[motor_id] >= MAX_GOAL_POS_RAD:

current_goal position_rad[motor_id] = MAX_GOAL_POS_ RAD
goal position_direction[motor_id]
= -1
else:

current_goal position_rad[motor_id] -=
GOAL_POS_STEP_RAD

if current_goal_position_rad[motor_id]
<= MIN_GOAL_POS_RAD:

current_goal position _rad[motor_id] = MIN_GOAL_POS_ RAD
goal position_direction[motor_id]

# B H AR B oy U B i B g 2 (ke
#& 16 7, 5 P_DES_MIN/MAX L)

#goal pos _int =
float_to_uint(current_goal position_rad[motor_id], POS_MIN_RANGE,
POS_MAX_RANGE, 16)

goal pos_int = int(RAD_TO_SIGNAL *
current_goal position_rad[motor_id])

goal bytes = struct.pack('<i’,
goal_pos_int) # AT 4 F 1/

# S5\ GOAL_POSITION ZFf77%

motor_comm.write_register(motor_id,
GOAL_POSITION, goal bytes)

#tprint (f"Loop {loop_count}: Motor
{hex(motor_id)} Set Goal:
{current_goal position_rad[motor_id]:.4f} rad (raw:
{goal_pos_int})")

last goal update_time[motor_id] =
current_time

loop_count += 1

# IR EJEIALL 3000Hz IE1T

loop_end_time = time.monotonic()

time elapsed = loop _end time - loop start time
time_to_sleep = LOOP_PERIOD - time_elapsed
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if time _to sleep > ©:
time.sleep(time to sleep)
else:

# WORTEIAPATI )RS 1 3, TRV
#print(f"Warning: Loop {loop_count} took

{time_elapsed*1000:.2f} ms, exceeding {LOOP_PERIOD*1000:.2f} ms.")
pass

except KeyboardInterrupt:
print("\nExiting program, closing torque for all

motors.™")
for motor_id in MOTOR_CAN_IDS:
motor_comm.close torque(motor_id)
time.sleep(0.1) # [HE—T, MHfRmSKH
finally:
motor_comm.disconnect()
else:

print("Failed to connect to SLCan, please check port and
device.")
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485/TTL Communicate SDK

We provide cross-platform, multi-language C, C++, Python, and ROS interface
SDKs to help you quickly use GIM products.
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