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ABSTRACT

As intelligent autonomous driving vehicle development has become a big topic around the world, accurate reference dynamics
estimation has been more important than before. Current systems generally use speed and heading information sensed from
a distant point as a vehicle reference dynamic, however, the dynamics between different points are not same especially during
rotating motions. In order to estimate properly estimate the reference dynamics from the information such as velocity and
heading sensed at a point distant from the reference point such as center of gravity, this study proposes estimating reference
dynamics from any location in the vehicle by combining the Bicycle and Ackermann models. A test system was constructed by
implementing multiple GNSS/INS equipment on an Robot Operating System (ROS) and an actual car. Angle and speed errors
of 10° and 0.2 m/s have been reduced to 0.2° and 0.06 m/s after applying the suggested method.
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2. KINEMATIC VEHICLE MODEL
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Ackermann Model

Bicycle Model

Fig. 1. Bicycle and Ackermann model.
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2.2 Ackermann Model
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2.3 Combined Kinematic Vehicle Model
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Fig. 3. Dynamic test environment of ROS and actual car.
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3. TEST AND RESULTS

3.1 Test Configuration
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Fig. 4. ROS car test configurations.
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Fig.6. ROS car test results (2021-10-28).
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Fig.7. Actual car test results (2022-01-13).

Table 1. ROS car test results — SPAN measured.

SPANmeasured  Angle[deg] Speed [m/s]
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PONT®2 o’ gt 010
POINTAS oo’ oot oan

Table 3. Actual car test results — SPAN measured.

SPANestimated  Angle [deg] Speed [m/s]

Test #1 RMS 47131 0.0813
95% 10.7464 0.2220
RMS 43174 0.0739

Test®2  g5m 9.8715 0.1980

3.3 Actual Car Test Results

AR 2 AP JA] 3.2¢F FUT 237 S04 AA]
Atk AR 2022/01/13 'FHte]] F FAH JAYEG o, AF

AZFe UTC 7]12 Z+zF test #1 (06:30:00 ~ 06:40:00), test #2
(06:40:00 ~ 06:50:00)¢]] A A|=|2IT}.

Fig. 72 test #20] Tk AA| Xj&ke] EAZA Fol X
Ellipse-D&} R4 o] Ax|% SPANOA] &A= angle ¥
speedE H| St 12z olct Figs. 7a,collA] Anglel] 73-& X444
FH2ol X SPANS] S} (blue line)o] FAIFAlol AX|H
Ellipse-D2] &3 7F (red line) BT} 2}12F 3] Hof w2 HSEA] 9]
H5l7} ] 3219, 4.32 deg (RMS), 9.87 deg (95%) 2] 22} 4=
£& UERdT E3F, Figs. 7b,dol| 4] Speed9] 739l & & 1t
ol 71t F5/d0] i = o] AA| FAISA S 2kt Xfol 7}k
A5, 0.07 m/s (RMS), 0.20 m/s (95%) AEo] o2} =& L}
Epdict.

i

Jeonghyeon Yun et al, Estimation of Actual Vehicle Reference Speed 213

6 T T T
——SPAN Measured
_ ——Ellipse-D Measured
o al SPAN Estimated
o A ] ] 3
w O M M M JW
S T LT fl e
(Y] | | | [
Z 27 J |
<
S S . 5 R S P

06:43 06:44 06:45 06:46 06:47
(b) SPEED - C.G. POINT

=y

—Ellipse-D Measured-SPAN Measured
——Ellipse-D Measured-SPAN Estimated

=
2]

0
Bl

06:43 06:44 06:45 06:46 06:47
(d) SPEED ERROR - C.G. POINT

Table 2. ROS car test results — SPAN estimated.

SPANestimated  Angle [deg] Speed [m/s]
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Table4. Actual car test results — SPAN estimated.

SPANestimated  Angle [deg] Speed [m/s]
RMS 0.0945 0.0314
Test#l g5, 0.1867 0.0666
RMS 0.1001 0.0272
Test#2  goo 0.1698 0.0574
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4. CONCLUSIONS
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