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LiDAR-Guided Spatial Attention Mechanism for Target
Ambiguity Mitigation in Indoor Dynamic Environments
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Abstract

Autonomous  following robots must continuously recognize and follow a specific user in indoor dynamic
environments, but camera-only recognition loses depth information, causing target ambiguity where a similar-looking
bystander is misidentified as the registered user. This paper mitigates this by integrating, on a real robot, a spatial
attention mechanism combining a LiDAR-based Gaussian mask with OSNet Re-ID similarity for candidate re-ranking.
Experiments cut the false-target rate from 26.7% to 8.9% (17.8 points), though only at borderline significance
(p=0.051); ID switches fell from 12 to 4 (-66.7%), and FPS dropped about 8.2%. This work confirms real-time,
low-power operation and reduced false-target selection on a low-power embedded robot.
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Fig. 1. Full pipeline of proposed system
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Table 1. Definition of key notations

F2 7% ¥

Symbol  |Meaning

r, & |LIDAR measured distance, scan angle
Cartesian coordinates in the robot coordinate
frame

XV

U, v |Pixel coordinates in the image coordinate frame

uu |Horizontal image coordinate of the target center

., |Horizontal center of the bounding box of
uby) . .
candidate |

o Standard deviation of the Gaussian mask

Ws(1) |Spatial attention mask weight

Ssiml) OSNgt—baged appearance similarity score of
candidate i

Shinal(j) |Final discrimination score of candidate i

Weighting hyperparameter between

a L . .
appearance similarity and distance signal

_|Similarity threshold for confirming a target
T.5im

candidate (t_sim = 0.72)
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(a) Conventional: Global Attention

All N2 token pair operations
Complexity: O(N2)

(b) Proposed: LiDAR-guided Sparse Attention

Only k tokens in mask region (k < N)
Complexity: O(k?)

Active 771 Suppressed .—-Target center

token T~ token token

% 3 M el MEf Kot 5|4 oM odA Bl H|W
Fig. 3. Comparison of global attention and proposed
sparse attention computational range
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Algorithm . Target confirmation algorithm based on
LIDAR-Re-ID fusion
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il

Input: 2D LIDAR scan S = {(7; 93}, Camera frame /
registered feature 7 user, similarity threshold 7 sim,
weight a

Qutput: Confirmed target ID and tracking command

[Step 1: Coordinate Transform and Image Mapping]
12 for each (# &) in Sdo

2: X< [ COSE;, Vi < fi SINGr
3 < Project(x;, y;, A cam)
4: end for

[Step 2: Candidate Detection and Re-ID Similarity]
5: {} < YOLO(}

6: for each candidate 4 do

7: f < OSNet(Crop(/ 4)

8 Sim() < cosl(f, £ user)

9: end for

[Step 3: Gaussian Spatial Mask Generation]
10: for each candidate 4 do

il i) < CenterX(§)

12: ) < NearestProjection(cb(j, {u)
13 oaf ComputeSigma A}, target_size)
14: WA — exp(—(doli— mild)?2af?)

15: end for

[Step 4: Fusion Re-ranking and Target Confirmation]
16: for each candidate / do

17 S} — a S+ —a)- W4

18: end for

19 f < argmax_/ Spal/

20: if &im(/;‘) > 7 gn and S//ﬁav) > 7T gm then

21: retun AssignTarget(/)

22: else

23 retum NotDetected
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Table 2. Experimental environment

[tem Description

Board NVIDIA Jetson Xavier NX

0S Ubuntu 20.04
Framework | Python 3.8.10
PyTorch 2.1.0a0 (NVIDIA build),
Library torchvision 0.16.1, Ultralytics YOLO11n
torchreid 1.4.0

B =2dMe AR 28 2HAZ FES Al
deest dzw 118 £33 3 1502 2¥
< AARY. AARES S5 ARAeE FY A4
A B FARE AR gAE, RS A%
2 ARy sYsiAlE &2 ods FE3 &
o2 FAsHH, iz Fd3 & A4 9
Fe AE3 BRICE A% ol 9Fo] ¥E
3 & A5 A2E MRS gRlste akekAd
ALE gty 4 dFolA 55 AHEAE 2R AT
I~1.5m Ao 1AsHa, Hlal i BRjlo] Rithd
AN HS 712HY AWESE 3o baseline Al
Qb A2El Aol A Y 20 HPET ZYgstm, §
B Slee Iz 299 1532 AAg

i 3 IFYE AY 243 B8 35E Yeh

@ Egold 35S onja,
e s

% 5o Besath

43 HEH Hot Xx & 21

LDAR | RPLIDAR (2D, model 24, firmware 1.29) B7t Ade SEHA L%TC-’-‘ ERlIS 55 A
Camera | USB wide-FOV camera 2 22043k HEQl Q92X E, EFfold = FE U
Calibration | HFOV = 60.0°, ANGLE_OFFSET = 0.0° Aol =2 AL&a}ol A E]_?_] oz A3Y 342 A

Re-ID . - s

= = Egflo|d Z 13} 9]z 3]~
resholdja | TS = 072, a = 07 A 453 Egto|de] AA T4k ID 29 3
2 LiDAR ml23 Ago w2 =Zg g A A%
o A1 5]
40 AlS AlLIEIS A7 (FPS)] Al 7HA 2 T4 steit.
T3 AY ALE[2 HA
Table 3. Experimental scenario design
[tem " " Trials Trials
Group Condtion Participants (baseline) (Proposed)
A. High-similarity Same quor family as registered user + | Registered user + 1 5 5
similar silhouette bystander
B. Medium-similarity | Similar color tone but not identical Registered user + 1 15 15
bystander
C. Control Clearly different color from registered Registered user + 1 5 5
user bystander
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Table 4. Quantitative evaluation results

Condition baseline Proposed
Metric (LiDAR fusion)
False-target
rate (%) 27 89
ID switch count 12 4
Average FPS 184 169
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Table 5. False—target rate by similarity group

Condition . Proposed (LIDAR
. baseline X
Metric fusion)
A. High
“similarity 53.3(8/15) 20.0(3/15)
B. Medium
_similarity 26.7(4/15) 6.7(1/15)
C. Control 0.0(0/15) 0.0(0/15)
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