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Abstract

This paper is presented to study the error minimization of angular velocity for AGV(autonomous ground vehicle). The
error minimization of angular velocity is related to localization technique which is the most important technique for
autonomous vehicle. Accelerometer, yaw gyro and electronic compass have been used to measure angular velocity.
And methods for error minimization of angular velocity have been actively studied through probabilistic methods and
sensor fusion for AGVs. However, those sensors still occure accumulated error by mathematical error, system
characters of each sensor, and computational cost are increased greatly when several sensor are used to correct
accumulated error. Therefore, this paper studies about error minimization of angular velocity that just uses encoder
and gyro. To experiment, we use autonomous vehicle which is made by ourselves. In experimental result, we verified
that the localization error of proposed method has even less than the localization errors which we just used encoder
and gyro respectively.
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Fig. 1. Kinematics of autonomous vehicle
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Table 1. Major specification

Item (model) Specification
Encoder Voltage :5
(LIB-49B) Resolution 480 pulse
ynamic range - °/s
(myGyro300) Filter bandwidth : 0.87I1z
Laser range finder Voltage. -2
Resolution © 10mm/+15mm
(LMS200) - ; o
Scanning angle @ 180
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7o) 2% AA W7dE 12bit ADC (analog to digital con-
verter) S ©]-&3te] UXE &3} &% g8 SPI(serial-pe-
ripheral interface) &A1& &3l A& Wtk 17 32 AlA
59 A5 Aol2 FAHE

ALt Garg]Es BojEth
e Industrial PC ---------- ' AVR
L Ciiaraton. Ly o Encoder
: (cnt=0) sum0) : Measurement
1 ¥ [ ¢
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| Wm“—fD-Ogym ! Data tran.
H cni++ I (per 100ms)
' l
I 1
! state=stop? >— | t-------- === =osmn
! ¥
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ag 3. ADCe] TA % At daeE
Fig. 3. Algorithm to calculate center of ADC
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5000m V
Res =
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Sensitivity = Res ., X Res 1po
_ 60deg o D000m V' _ 60 [ deg ]
100ms X 5000m V= 4096bit 4096 | 100ms X bit
A0 =(ADC,,,..—D_o,,.,) * Sensitivity (4)

Resgyro$t ResADCE Z2t7; Afol=2¢} ADCE] 35S
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Table 2. Error analysis according to gyro measurement

\E;l;c;éy Error [deg] Vreéglc/ist]y Error [deg]
left | right || gyro | gyro' | left | right | gyro | gyro’
250 -31.10| 12.40 | 150 3453 |-17.88
300 150 -31.60| 11.45 | 300 950 2550 |-22.59
350 -19.17| 9.37 350 23.39 | -8.49
400 -10.88| 3.89 400 16.18 |-10.91
350 ~20.29 23.20 | 210 2295 | -5.22
400 -6.25 | 4.64 400 1156 | -0.17
50 | 210 s 814 [ 450 | ™ Fi11.63 1619
500 2.04 | 572 | 500 -16.04|-11.78
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Fig. 4. Result of measured gyro
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Table 3. Error analysis of angle and dist.

No. angle Error [deg] Dist. Error [mm]
w AO w AO

1 -19.85 -2.31 1542.6 403.9

2 -3.32 -1.421 122.2 70.6

3 267 -0.29 68.9 726

4 -3.89 .77 184.4 676.8

5 4.01 8.19 508.2 839.9
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if Avenc<Tmin

Rate=0;
else if Tmin<Avenc<Tmax

Rate=Avenc/( Tmax—Tmin)
else

Rate = 1;
A Ot=(1-Rate)*xw+Ratex A Ot—1
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Fig. 8. Proposed algorithm to minimize error
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Table 4. Error analysis of angle and distance

;%Zga Error unit | Encoder | Gyro Pé%ptﬁf)%d
le [d 37.77 -28.54 -6.35
10cm/s a.lnge [deg]
distance. [m] 2.80 7.68 152
angle [deg] 4558 -854 -961
20
em/s distance. [m] 3.59 3.14 1.23
angle [d 85.87 -12.42 -17.14
oemy/s .imge [deg]
distance. [m] 6.12 2.52 1.40
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