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Abstract: In this study, we present a multi-sensor module for snake robot searching survivors in a
narrow space. To this end, we integrated five sensor systems by considering the opinions of the first
responders: a gas sensor to detect CO, gases from the exhalation of survivors, a CMOS camera to
provide the image of survivors, an IR camera to see in the dark & smoky environment, two
microphones to detect the voice of survivors, and an IMU to recognize the approximate location and
direction of the robot and survivors. Furthermore, we integrated a speaker into the sensor module
system to provide a communication channel between the first responders and survivors. To integrated
all these mechatronics systems in a small, compact snake head, we optimized the positions of the
sensors and designed a stacked structure for the whole system. We also developed a user-friendly GUI
to show the information from the proposed sensor systems visually. Experimental results verified the

searching function of the proposed sensor module system.
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Multi-Sensor Module

[Fig. 6] The concept of snake-like robot head to search survivors
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[Table 1] The specification of selected sensors

Type Name Power Interface
Gas 1AQ-core 33V 12C
KLT-J4K-OV2732

CMOS camera V1.0 NIR 33V | MIPI/DMP
IR Lepton3.5 33V SPI/I2C
Microphone DFR0034 335V Analog
IMU ICM20948 335V SPI/I2C
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[Fig. 9] Multi sensor module camera layout
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[Fig. 10] Multi sensor module prototype

[Fig. 11] Multi sensor module size

[Fig. 12] Integration of multi-sensor module and snake robot
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Header0 | Headerl | Length |Commend
1byte 1byte 1byte 1byte

data's ETX
Max 255byte 1byte

- Header0 : 0XAB (start byte 0)

- Headerl1 : 0XAB (start byte 1)

- Length : 0x01~ Oxff(data’s length)

- CMD : 0x01(send to gripper), 0x02(read from gripper), 0x03(Light control_0~100%),
0x04(pattern generator ON/OFF), 0x05(Gas & IMU raw data read)

- Data’s : 1~255 byte data

- ETX : 0xBB (end byte)

[Fig. 14] Multi sensor module communication protocol
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[Fig. 18] Gas sensor data result
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