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Abstract This paper proposes a smart safety system that combines low-cost CW(Continuous
Wave) radar and IMU sensors to enhance blind spots that pose safety risks to workers in
industrial manufacturing environments. The system employs a 24 GHz radar and a 6-axis IMU
sensor to detect worker movements and utilizes a machine learning model to recognize worker
situations in vibrating manufacturing sites. The ensemble boosting tree-based model achieved over
92.8% worker detection accuracy, demonstrating its effectiveness in improving safety in industrial
settings.

Keywords: Smart Safety System, Radar, IMU, Industrial Environment, Worker Detection,
Ensemble Boosting Model, Worker Situation Recognition, Machine Learning
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Fig. 1 Smart Safety System for Industrial

Manufacturing Factory (a) Radar Antenna &
TRx Module, (b) Radar Processing Module &
Housing, (C) Main Control & Interface Unit
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Fig. 3 Radar based Target Detection Algorithm for Smart Safety System
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# Setting thresholds

P_threshold =... #Received power threshold

P_threshold low=... # Low received power threshold (for non-metal objects)
P_threshold_high=... # High received power threshold (for metal objects)
phi_threshold_low= .. # Low phase change threshold (for stationary objects)
phi_threshold_high = ... # High phase change threshold (for slow-moving objects)
sigma_phi_threshold = ... # Phase change standard deviation threshold
velocity_threshold = ... # Velocity threshold

velocity_threshold_low = ... # Low velocity threshold (for slow objects)
velocity_threshold_high = ... # High velocity threshold (for fast objects)

# Measurement calculations

P_received = I(t)**2 + Q(t)**2

delta_phi = calculate_phase_difference(t)
sigma_phi = calculate_phase_variance(t)
velocity = calculate_velocity(t)

# Object determination
if P_received > P_threshold:
if abs(delta_phi) <=phi_threshold_low:
print(“Stationary object detected")
elif abs(delta_phi) > phi_threshold high:
if sigma_phi > sigma_phi_threshold:
print(“Human detected")
elif velocity < velocity_threshold:
print("Slow moving object detected")
else:
print("Unknown moving object")
else:
print("Unknown object")
else:
print("No object detected")

Fig. 4 Flowchart of Target Decision
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