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Abstract With the advancement of intelligent driving technology, high-precision vehicle status informa-
tion has become important urgent. Road gradient is a crucial parameter for vehicle operation, having a
significant impact on the vehicle’s dynamics control. High-precision and low-latency road gradient esti-
mation is a prerequisite for precise control, which can effectively enhance the intelligence level of the ve-
hicle. Adaptive Extended Kalman Filter (AEKF) is widely used for road gradient estimation, but exhib-
its limitations in complex operating conditions with different noise levels. This paper proposes an im-
proved adaptive Kalman filter algorithm that enhances the estimation accuracy by introducing dynamic
noise scaling factors. The effectiveness of the proposed method is validated through simulation tests un-
der double lane change conditions and steady-state circular motion conditions. The results show that the
proposed method achieving a road gradient estimation accuracy with a Root Mean Square Error (RMSE)

of less than 2°.
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Fig. 8 The slope estimation results for double lane change

ondition (pz=0.5) with a fixed slope (20%) :
(a)RMSE=0. 4435°; (b)RMSE=0. 7043°



84 g % 5 & O# ¥ i 2025 R4 23 &
H%,’?‘?gﬁbﬁgﬂ‘j 120 km/h %H 60 km/h E‘JWJ/I\IR @ llf‘stimatedI slope IV:60kl/1
T B R Al ST 45 R R 2 O AR R 22 0 i ol > === True slope i ]

0.6920°F1 0. 4228°. M &l 8 W I, % 1 i & R 5K
0.5 I AT 3 BE 4y 120 km/h #1 60 km/h B P4~
B I 3 A A A SR 38 T MR R 2 A S Ry
0. 7043°F1 0. 4435°. P It 7E A & A [R]38 #% 3% BE 19
[ 5 B T rp AR SR SRR LA R A Y 3 DV R
VA %) Ak G

ARSI By 7 AR R I B T /NI B A AR R T
(R o DR I AR R T & T R A B 22, 31X
5 SEBR TS AR, i 5~8 B, R,
20 %% [ 22 B BE L 10 96 [ 2 3 2 17 A 30K 2 BE AR
3.2.2 AR YL

Fedg IR A SO Ak R R X % R S I
AR AL T Al B AR AR B T R TR (R
A gk 5 RS ) (8 T PR S R 8O0 A1t B 45 R 1) S
Ry 7 A R UL 5 LAY I K B 1R B Carsim H 4 Y
“Handing course” J§1fi.

9 FIE 10 50 B T AR BE B 50 T L B Tl
W& RECH 0.9 F1 0.5 BIPAS T AL A B 45 L. >
PRI R A0, OF L AT 3 B A S 120km /hi)

(@ 6

T T T

T T
Estimated slope V=60 km/h

St = B
11=0.9

----- True slope

Road slope /(°)

Estimated slope
----- True slope

Road slope /(°)

V=120 km/h

1=0.9

0 5 10 15 20 25 30
tls
B9 AL T B (= 0. 9) HAS Y B Ah 5 25 3 .
(a)RMSE = 0.6724°; (b)RMSE = 1. 3334°
Fig. 9 The slope estimation results for the double lane change
condition (z= 0.9) with a variable slope:
(a)RMSE=0. 6724°; (b)RMSE=1. 3334°
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Fig. 10 The slope estimation results for the double lane change
condition (z= 0.5) with a variable slope:
(a)RMSE = 0.6736°; (b)RMSE = 1.4121°
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Fig. 11 The road slope estimation results for the steady-state
circle condition (= 0.9), RMSE=0. 0750
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