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A Study on the Survivor Detection Module and
Least-Squares Sound Source Localization Algorithm for
Victim Search in Narrow Spaces
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Abstract: In this study, we designed a survivor detection module for victim search in narrow spaces
and proposed Least Squares-Time Delay of Arrival (LS-TDOA) based sound source localization and
visualization algorithms to be integrated into the module. The module was designed as a compact
structure capable of navigating through confined spaces, with an expandable umbrella-like mechanism
for size adjustment when needed. Additionally, the module is equipped with a gas sensor for
monitoring the surrounding environment and a thermal camera for detection in low-light conditions,
alongside a microphone for sound source detection. To improve the sound source localization algorithm,
we utilize voice activity detection (VAD) to distinguish human voices, thereby improving robustness
to environment noise. The least squares method was employed to calculate the coordinates of the
sound source, minimizing localization errors. Finally, the performance of the proposed algorithms
was verified through simulations across various environments, and field experiments confirmed the
effectiveness of the sound source visualization and localization.
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[Fig. 1] Umbrella mechanism in expanded (a) and folded
states (b)
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[Fig. 2] Front (a) and side (b) views of the compact survivor
detection module. The horizontal axis (blue) and vertical axis
(green) are centered on the thermal camera. A gas sensor is
mounted on top. Hardware dimensions: Maximum Length
(x X yxz): 100 mm x 100 mm x 178 mm, Minimum Length
(x X y>xz): 55 mm x 55 mm X 178 mm
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Algorithm 1 Display Scaled SSL Coordinates on GUI
Require: camera_size, ssl_coordinates
Ensure: Adjust and display SSL coordinates on GUI
1: Define GUI size and initialize:
2: gui_size < (width, height)
3. Scale camera size to match GUI:
4
5

. gui-size
: scale_vector <+ ‘

camera_size
5. scaled_camera < camera_size X scale_vector
6: Scale SSL coordinates to fit GUL:

: for each ssl_coordinate in ssl_coordinates do

8: scaled_ssl_v + ssl_coordinate.x X scale_vector.x
9: scaled_ssl_y < ssl_coordinate.y X scale_vector.y
10: Append (scaled_ssl_v, scaled_ssl_y) to scaled_ssl
11: end for

12: Determine FOV boundaries based on camera FOV:
13: low_value + FOV.min

14: high_value < FOV.max

15: Display SSL coordinates on GUI:

16: for each scaled_ssl in scaled_ssl do

17: if scaled_ssl.c = low_value then

18: Display at left edge of GUI

19: else if scaled_ssl.c = high_value then

20: Display at right edge of GUI

21: else

22: Display at corresponding («,y) position on GUI
23: end if

24: end for

25: Repeat step 5 for Y-axis for all SSL coordinates

26: Draw coordinates on GUI:

27: for each coordinate in scaled_ssl do

28: Set position of point: (coordinate.x, coordinate.y)
29: Draw point on GUI at (coordinate.x, coordinate.y)
30: end for

[Fig. 5] Pseudocode for the graphical user interface (GUI)
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L [m]
0.05 0.08 0.1
TDOA | n 15 23 29
LS-TDOA | n 24 34 42
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