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Analysis of Movement Accuracy and Precision Using IMU Data
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ABSTRACT

Accurate movement measurement is essential in precision manufacturing to
ensure high-quality production. This study presents an IMU-based system for
evaluating movement accuracy and precision in CNC-based electrochemical
machining. The system employs an IMU sensor attached to the moving electrode
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to measure displacement along the X and Y axes, verifying whether the

commanded travel distance (e.g., 1 mm) matches the actual movement. Unlike
traditional monitoring methods that rely on indirect sensor-based measurements

requiring mechanical error compensation,
movement accuracy using real-time IMU data.

this approach directly analyzes
To achieve this, displacement data

from the IMU is collected and processed in MATLAB, where filtering and noise
reduction techniques enhance measurement reliability. Experimental validation
demonstrates the system’s ability to detect small-scale motion deviations, offering
a quantitative assessment of movement errors. The proposed method provides a
practical solution for real-time displacement verification in high-precision
machining, contributing to improved process efficiency and quality control.
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Fig. 2 NGIMU (x-io Technologies, UK)

Table 1 UDP communication setup

% Create a UDP object
udpObj = udp(‘192.168.1.1°, 9000); % IP address and port
fopen(udpObj); % Start UDP communication

% Transmit and receive data

fwrite(udpObj, ‘Start’); % Send the ‘Start’ command
data = fread(udpObj); % Receive data
fclose(udpObj); % End UDP communication

Table 2 Data transmission speed comparison

Sampling rate | Data transmission speed (kbps) | Data loss

50 Hz 250 None

Table 3 Sampling rate setup

% Set the sampling rate
fs = 50; % Sampling frequency (Hz)

t = 0:1/fs:10; % Generate time vector for 10 seconds
2.1.1 o[ &8 £ M¥
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Fig. 3 Data collection process output
£3 NGIMU GUI v1.16 - Send: 192.168.1.1, 9000; Receive: 192.168.1.2, 8001; TP-Li u} e
Connection  Seftings  Send Command  Graphs  Tools  Help
Terminal Messages Settings
Device Information ~  Click on a setting to
v Wi-Fi view documentation.
Enabled True
Firm: \ ) 17
MAC B 4-85-CA-64
1
Mode AP
Antenna Internal
FRegion Japan
v AP
SSID NGIMU - 0038435D
Band 2.4 GHz
2.4 GHz Channel 1
5 GHz Channel 36
Client
upp
Synchronisation Master v
Total Received: 95895 Receive Rate: 0 Total Sent: 78 Send Rate: 0 Battery: 90%
(a) Value set
£3 NGIMU GUI v1.16 - COM13, 115200 [m) x

Connection | Settings | Send Command  Graphs Tools Help
Read From Device F5
Write To Device _F6 ||

Terminal Me|

v Device |
Device N:

| Device Name
Save To File Custom name of the
device. May be up 0 63
characters long.

Serial Nui

Firmware

Load From File P 01:19:43
15:56:10)
p020)

Restore Defaults

0SC message to get value:
/name

True
1.7.4 0SC message to set value:
“”‘ CA-64 /name, "NGIMU"
AP
Antenna Internal
Fegion Japan
v AP
S8ID NGIMU - 5D
Band 2.4 GHz v
Total Received: 22712 Receive Rate: 567 Total Sent: 79 Send Rate: 0 Battery: 77% (Charging)

(b) Upload set
Fig. 4 Wi-Fi AP mode and configuration

Table 4 Wi-Fi configuration

Setting Value
Band 2.4 GHz, 5 GHz

Channel Channels 1-11

Security WPA2 encryption

TechnologiesAto A Algdt= GUIE AR (Fig. 493t AP =
A Al 8 Ho 2= Band AEl(2.4 GHz9} 5 GHz 5 A1€),
Channel AZ3(7Hdg 2|a3s7] 9o F¥H Wi-Fi 874 1d),
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UDP Z2EZZ 53 Hlo[H 7142 MATLAB 74004 113

(Fig. 5, Table 53T UDPE Q17 A|gH4olA] g m2Esz,
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:0: NGIMU GUI v1.16 - Send: 192.168.1.1, 9000; Receive: 192.168.1.2, 8001; TP-Li. — [m) X
Connection | Settings  Send Command  Graphs Tools Help
2] uop wi-Fi) » |[¥] send: 192.168.1.1, 9000; Receive: 192.168.1.2, 8001; TP-Lin

Serial 4 Send: 255.255.255.255, 9000; Receive: 0.0.0.0, 8000; All Adi

Search For Connections  F3

Disconnect

< >

Total Received: 265911

Receive Rate: 563 Total Sent: 78 Send Rate: 0 Battery: 65%

Fig. 5 WiFi connection using UDP communication

Table 5 UDP data transmission error handling

% Error handling for UDP data transmission
try

data = fread(udpObj); % Receive data

if isempty(data)

disp('Data loss detected'); % Detect missing data

end
catch

disp('Transmission error occurred'); % Display transmission
error
end

Table 6 Filtering parameter

Value
2.4 GHz, 5 GHz
Channels 1-11

Setting

Band selection

Channel setting

Table 7 Butterworth filter implementation

% Design a Butterworth filter
[b, a] = butter(2, 0.1, 'low'); % 2nd-order low-pass filter
filtered data = filtfilt(b, a, raw_data); % Apply the filter
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Tilt-compensated accelerometer
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(b) Synchronization data
Fig. 6 Desynchronized and synchronization data
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Fig. 7 6DOF visualization
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Table 8 6DOF visualization function
% Call 6DOF visualization function
ji_SixDOF(linPos, R, 'Trail', 'DotsOnly’, ...
% Input data and options
'View!, [30, 45]); % Set visualization angle

Table 9 AHRS modification code for position data extraction

% Remove direction values to extract pure position data
linPos = data(:, 1:3); % Extract position data (x, y, z)

Unfiltered (Sample 7665 of 7677)

E o
IN -0.05 -
-0.1
-0.15
02
02 "o
-0.25 -~ /*/ ®
e 01
0.1 T 02
0 01 — 03 %
X(m) (m)
(a) With direction values
Unfiltered (Sample 7665 of 7677)
0.25 +
0.2
0.15 A
0.1
0.05
E .
N -0.05
-0.1
0.15 | =
< 02
02 o1
025 // . w
01 s 02
01, T 03
X(m) Y(m)
(b) Without direction values
Fig. 8 Data with and without direction values
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(a) Acceleration measured using tilt data
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(b) Position calculated using tilt data
Fig. 9 Tilt data
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0 1000 2000 3000 4000 5000 6000 7000 8000
sample

(a) Acceleration measured by an accelerometer

0 1000 2000 3000 4000 5000 6000 7000 8000
sample

(b) Position calculated from acceleration data
Fig. 10 Acceleration

Table 10 Classification of static and dynamic intervals

Interval type Sample range Description
Static Negligible or minimal
. 1-1000
(noise) movement observed
Dy.namlc 4000-6000 Distinct a.nd notl.ce.able
(signal) mechanical activity
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