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Feature-Level Sensor Fusion Algorithm Using Vision-Based Regions of
Interest and Radar Point Clouds
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Abstract

This paper proposes a radar - vision-based feature-level sensor fusion algorithm that operates robustly under varying illumination
conditions. In prior work using decision-level sensor fusion, the object state (position and velocity) was estimated separately by the
radar and vision sensors, and these estimates were then fused. In contrast, in feature-level sensor fusion, the three-dimensional point
cloud from the radar sensor and the region of interest from the vision sensor are first aligned to identify objects, after which a Kalman
filter is applied to estimate the object state (position and velocity). Experiments were conducted under vertical and inclined conditions,
as well as in bright and dark environments. Compared with the decision-level fusion algorithm, the proposed feature-level fusion
algorithm demonstrated improved position estimation accuracy, slightly reduced velocity estimation performance, and approximately three
times faster execution. These results validate that leveraging the complementary characteristics of sensors enables reliable object tracking
even in challenging environments.
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Fig. 1. Configuration of measurement system.
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Fig. 3. Image samples used for calibration.
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Fig. 4. Example of calibration results (red dots: Projected
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Fig. 5. Block diagrom of proposed fusion algorithm (green
arrow: RGB data (bright), red arrow: IR data

(dark)).

=
oL
|o
it
rE
_,>L
i
o
=
|o
fru
HE
lo
o
ifly
tjo
24
)

ot

20 A xgw bboxwl Qrhel 3% @loih
HES bbox T3] 249k AT bbox U)ol L
dolet BE) 914 HEES AN A A g2 oA
A30] £aial AA ) OE u v HEE AIAL, 8
o|rhg Eal AN W Y HlolE % o)E u HXE BE
sl 4 ()2 B3l AR X HEES FRAAT, ol c,,
.5 A7 A AN R 8 2R Aol

X= (u—cm)>< Y/fm (7

Ate A X, Y FEE SHUCE T1 69 LT
e tidate] a7t B8R dee] A A, &5
He FAPLR AMEAT

AlS
=

=

il
fol

14 Q0 ZHR| AN

— O X "1

& ArelME 29 7oA e o] A4 A AN Fd

997



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 10, October. 2025.

0. Initial Value Selection
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2. Kalman Gain Calculation
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]

3. Estimated Value Calculation o
z—> i g - ; - - &
S = & + Kp(z —HE )

4. Error Co-variance Calculation
Pk: Pk_ - KkHPk_
|

Variable Description Variable Description
Z Measurement value A System matrix
& State variable H Observation matrix
Py Error covariance Q Process noise matrix
Ky Kalman gain R Measurement noise matrix

28 6. 2% 2 2EE
Fig. 6. Block diagrom of Kalman filter.
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Fig. 9. Measurement error.
AR Autel] ZEA AEE F S A0E otH:
H 1. 94, £% RMSE(H9: m, mfs)
Table 1. RMSE of position (unit: m) velocity (unit: m/s). v.d =
RMSE | Radar Fusion Radar Fusion
Case position | position | velocity | velocity B =RoAE 2% Wl 7telst gojthku|A 7\
0 Bright | 0.0675 0.0577 0.0207 0.0169 B4 gul A FA G728 A okslg Tt v Zd, o]
Dark 0.0708 0.0394 0.0293 0.0236 l-jr }\‘_]_}‘1 o) ET}\E] T:]]O H% é?’j‘ﬂ'l, 7‘_:}?_ %H% %-H 7_}']
Bright | 0.0709 0.0533 0.0171 0.0161 y . - S =
s |00 Aol A7 ¥ £uE T B FHsAc Add
Dark | 0.0865 0.0843 0.0284 | 0.0298 A= Ea Folg ol AA tiu] sdE 9 2
#2 54 94 3 24 g8 AA F49 RMSE /IAE 3 A A7l
Table 2. Comparison of RMSE improvement and execution time in feature-level and decision-level sensor fusion.
Evaluation criteria Feature level sensor fusion Decision level sensor fusion [2]
Position RMSE | Velocity RMSE Execution Position RMSE | Velocity RMSE Execution
Case improvement (%) | improvement (%) | time (sec.) | improvement (%) | improvement (%) time (sec.)
o Bright 14.52 18.36 349 —26.01 43.17 11.04
Dark 4435 19.45 333 22.25 15.38 9.76
450 Bright 24.83 5.85 3.55 74 20.37 9.47
Dark 2.54 —4.93 340 41.45 28.81 10.54
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