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A Study on the Development of Two-Wheeled Vehicle Event
Data Recorder
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import smbus

import time

# MPU-6050 2| X|AE] 4 51 27] B 3
PWR_MGMT 1 = 0x6B

SMPLRT_DIV = 0x19

CONFIG = 0x1A

GYRO_CONFIG = 0x1B

INT_ENABLE = 0x38

ACCEL_XOUT_H = 0x3B

GY
GYRO_YOUTH = Ox45
GYRO_ZOUT_H = 0x47

#12C HA =7|3¢
bus = smbus.SMBus(1)
Device_Address = 0x68

#MPU-6050 =7|5} &4

def MPU_Init(): )
bus.write_byte_data(Device_Address, SMPLRT DIV, 7)
bus.write_byte_data(Device_Address, PWR_MGMT_1, 1)
bus.write_byte_data(Device_Address, C .
bus.write_byte_data(Device_Address, GYRO_CONFIG, 24)
bus.write_byte_data(Device_Address, INT_ENABLE, 1)

# X AEOf|A 16H|E HIO|HE Q= &t
def read_raw_data(addr): .
high = bus.read_byte_data(Device_Address, addr)
low = bus.read_byte data(Device_Address, addr + 1)
value = ((hl%w {8) | low)
if value ) 32768:
value = value - 65536
return value

# 20y YA HO|
class KalmanfFilter:
def __init__(self, process_variance, measurement_variance, initial_

estimate=0): )

self.process_variance = process_variance .

self.measurement_variance = measurement_variance

self.estimate = initial_estimate

self.error_covariance = 1.0

def update(self, measurement):
self.error_covariance += self.process_variance
kalman_gain = self.error_covariance / (self.error_covariance + self.
measurement_variance)
self.estimate += kalman g[;ain * (measurement - self.estimate)
self.error_covariance *= (T - kalman_gain)
return self.estimate

#E5E Ao )
def calculate_velocity(dt, accel, velocity_prev):

velocity =

velocity_prev[0] + accellQ] * dt,

velocity_prev|1] + accel 1]] *dt,
velocity_prev[2] + accel[2] * dt

return velocity

# MM =7 Bif
MPU_Init(

Z0F L 2713 (ZFEE X, Y, Z 50 242 TH H8)

kf_x = KalmanFilter(process_variance=1e-4, measurement_
variance=1e-1 . .

kf_y = KalmanFilter(process_variance=1e-4, measurement_
variance=1e— ) .

kf_z = KalmanFilter(process_variance=1e-4, measurement_
variance=1e-1

velocity = (0, 0, 0) # 7| &%
previous_time = time.time()

HH*

try:
while True: . .
current_time = time.time()
dt = current_time - previous_time # A|Zt 7t
previous_time = current_time

# 7HSE HI0IH 817

acc_x = read_raw_data(ACCEL_XOUT_H) / 16384.0
acc_y = read_raw_data(ACCEL_YOUT H) / 16384.0
acc_z = read_raw_data(ACCEL_ZOUT_H) / 16384.0

# 40U Mg

filtered_acc_x = kf_x.update(acc_x)
filtered_acc_y = kf_y.updategacc_y;
filtered_acc_z = kf_z.update(acc_z

# AT AL
) velocity = calculate_velocity(dt, (filtered_acc_x, filtered_acc_y,
filtered_acc_z), velocity)

# LEHIE IIEE ot £ £8
AAx, AAy, AAz = round(filtered_acc_x, 3), round(filtered_acc_y, 3),
round(filtered_acc_z, 3) . .
X, 5 Vz = round(velocity[0], 3), round(velocity[1], 3),
round(velocity[2], 3)

rint(fLEZIE 7HEE (g): X={AAx} Y={AAYV), Z={AAZ)")
grimgf"gg Tm/s): X=F gf, Y:{l\/\/}, yALS
# IOl M&
with open(ckdata.txt, &) as f:
fwrite(xAccel= {AAX}, yAccel= {AAy}, zZAccel= {AAZ}, xVel= {Vx},
yVel= {Vy}, zVel= {VzA\n")

time.sleep(0.2)

except KeyboardInterrupt:
prlFr)n("FInish")

@ GI0IIMAEH + M= 214 Z2112E

import smbus
import time

e
MPU-6050 7|3} 34

ef R
bus.write_byte_data(Device_Address, SM
bus.write_byte_data(Device_Address, PWR_MG
bus.write_byte_data(Device_Address, CONFI
bus.write_byte”_data(Device_Address, GY|
bus.write_byte_data(Device_Address, INT_ENABLE, 1)

# Y RIAEO|A 16H|E H|0|E2 QU= st
d glrelad 1ra‘vv‘I datal ad(llr):l 1= 9 N

Q3

high =busTead_byte_ dat: &Device Address, addr)
Iovlv = de(ereﬁd T%\ﬁerdasta? evice_Address, addr + 1)
value = ((hi oW,

Flufe S 3Shet:

value'= value - 65536
return value

# Z0h HE A HO|
class KalmanFilter: i i o .
mnﬁéself, process_variance, measurement_variance, initial_estimate=0):
seff.process_variance = process_variance A
self. measurément_variance = measurement_variance
self.estimate = initial_estimate
self.error_covariance = 1.0
def update(self, measurement):
self.error_covariance += self.process_variance, .
kalman_gain = self.error_covariance / (self.error_covariance + self.
measurement_variance, ) )
self.estimate += kalman ?am * (measurement - self.estimate)
self.error_covariance *= T - kalman_gamsn
return seff.estimate

# S AM ot
def calculate velocity(dt, accel, velocity_prev):
velocity =
velocity_prev[Q] + accellQ] * dt,
1] +accel[1] * dt,
2] +accel[Z] * dt

velocity_prev
velocity_prev

return velocity
#1403 Bt TE M
def highpass |ter(a§ha, prev_value, current_value):
return alpha * (prev_value + current _value - prev_value)
# MM =73
MPU |nn(5
# JE]| i7'L§} (75%5 X, Y, Z &0i| 212} LE| X )

u
=
H

almanfilter(process_variance=]e-4, measurement_variance=1e-]1
almanFilter(process variance=1e—4, measurement_variance=1e-1
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O
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[& Bt LE 4= (0(alpha (1)

try:
while True: . .
current_time = time.time()
dt = current_time — previous_time # A|Zt 2t
previous_time = current_time

#7145 Gl0jE 27|

acc_x = read_raw_data(ACCEL_XOUT H) / 16384.0
acc_y = read_raw_data(ACCEL -YOUT H) / 16384.0
acc_z = read_raw_data(ACCEL_ZOUT_H) / 16384.0

# 20 LE Mg
fi\tEere “acc_x= kf_x.update(acc_x)

filtered_acc_y = kiy. updateiaccfyg

filtered_acc_z = kf~_z.update(acc_z,

# &5 A : ) ) )

velocity = calculate_velocity(dt, (filtered_acc_x, filtered_acc_y, filtered_acc_z),

velocity)
#04 0|3 Wt LEIE Sofj S2|ZE A
velocity = (. ) ]
igh_pass_filter(alpha, velocity[Q], filtered_acc_x * dt),

high_pass_filter(alpha, velocity[1], filtered _acc_y * dt),
high_pass_filter(alpha, velocity[2], filtered_acc_z * dt

#H=2 EIIMI Lu2|E EF 7|E 0lore £== 022 24
threshol J\:EL').O? , ) .
velocity = tuple(0 if abs(v) { threshold else v for v in velocity)

# LEIZE It ot £ =2
X, AAy, AAz = r%und(ﬂlteredfaccfx, 3), round(filtered_acc_y, 3),

round(filtered_acc.z. ) ; .
x, Vy, Vz = round(velocity[0], 3), round(velocity[1], 3), round(velocity[2], 3)

AR R R Yo AT A

#']E[L%cl)%ﬂeﬁ(gkdatat t', 'a)as f:

wi n(ckdata.txt, : _ - - -
(Vi 2Vel ng}‘\eﬁ)x/\ccel— {AAx?, yAccel= {AAy}, zZAccel= {AAz}, xVel= {Vx}, yVel
time.sleep(0.2)

except Keyboard|nterrupt:
SopfRgeg e
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[E 3] OISXt EDR 1XI =3 & HIOIH

e X Y z X Y z
AlZt \ &k IEE I&E e & &
0 0.238 0.152 1.155 0.0 0.0 0.0
0.2 0.284 0.053 0.922 0.058 0.01 0.188
0.4 0.344 -0.05 0.99 0.128 0.001 0.389
17.8 0.293 -0.066 0.938 7.385 -0.956 16.063
0x 17.8%
Om/s 7.385m/s
2Kt A3 Alofl= X A0 AFRE L12|F0| SHO|HATEQL HZ2|Al Y 12|5S FIK6t U112|F0| AFZEA L,

H1
Bed]
=
gy
re

T HEARR2 16.227t 2250 xF £ AR Al Om/s, HEHO 2 STt 48510] 6X0 &
16.

0.076m/s == = CtA| 2445101 OFX|E 16.2X0= Om/sZ MEEIU. xF L2 £k HOHE HX FHASL
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SUst A% A5, F0H, 2%, RO St FAS HOIED UXIR, £ HOIE] 20 ATh 0.076m/s2 AK| SE9

[# 4] OISXt EDR 2Xt =& &% HIOIE

S~ = X y z X y z
At Pl pJ 1 ISk =1 % &
0 0.398 0.01 0.754 0 0 0
0.2 0.371 -0.06 0.75 0.06 0.122
0.4 0.359 -0.078 0.903 0.058 0.147
5 0.46 -0.124 0.967 0.076 0 0.16
16.2 0.296 -0.084 0.912 0 0 0.148
0x 5% 16.2%
Om/s 0.076m/s Om/s
3Xt A Alofl= 2k} Adnt SYot Y2|Z0| ABEUL, T A2 16.6E7F ALK A 2K}
AT} QAP xE Al Om/s, BAIMOR 457} A55101 520| 4 2{cfglel 0.084m/s T2 &
24510} OHKIZ} 15,6200 Om/s2 MBEICE x& Waol 4 COJES 4K FHUHI SUSH 4T A, 5[0
44, X0 et FME 201 QX2 £ G|0[E 20| Z|TH 0.083m/s2 AA| £t UX 2EE 2%t
it SYotA Ho=1 QT
[H 5] 01Xt EDR 3X+ =& &1 HIOIE
~._ = X y z X y z
At Pl pJ 1 IEE =1 & &
0 0.287 -0.132 1.024 0 0
0.2 0.333 -0.072 0.925 0.054 0.151
0.4 0.335 -0.07 0.954 0.054 0.155
5 0.512 -0.061 0.851 0.083 0 0.138
15.6 0.305 -0.074 09 0 0 0.146
0x 5x 15.6%
Om/s 0.083m/s Om/s
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S USHE2 FME

[E 6] OISXt EDR 4X} =& &= HIOIE]

\ &2 X y z X y z
Azt & & & = & & =)
| \ sT ST T c T o S
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]
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KO
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==
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CIOJEIE &3 7l HluwEM oft.
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1) MEX LEVIEEE VC-40002 E24510] LA=Sst 2t 24
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0[0|RY RIZQ| HRIZIEEE AE A| 20m = 0.14g~0.17g, 40m = 0.13g~0.14g2 2 AEE|QUOM, WAk X}2F BiX
7H&EE AESH 2T 20m = 0.15g, 40m = 0.12g2| Z1} Z£0| A& E AEHO|CY,

[H 2] =X [ 2TITHSE LHE(VC-4000)

AFEAl A1y 1= 2RAI2t Hel =0 %*EJ}-’-;.‘-E el =~
S (m) (m/s) (m/s?) (@)
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EV6
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% otoiey fu
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[H 9] ME=XtH LTS (g) B= 2t

1! WMl A=K TS T

Hel = 40m
CES JHE=(g)
1 0.14
2 013
3 0.12
4 0.14
5 0.14
6 012
7 0.16
8 013
9 012
10 0.15
1 0.14
12 013

Hel =20m
2 Jt55E(g)
1 017
2 0.14
3 0.15
4 0.18
5 017
6 0.15
7 017
8 0.14
9 012
10 017
M 0.15
12 0.4
B ISk 2 01549

[E 10] M=K &TITH5E(g)

= ZAHI0ILZH])

HOICEHIZE ZEeE MR EEDIEE

Hel =20m
2l Jt5E(g) gl Jt5E(q)

1 0.10 8 0.09
2 012 9 0.10
3 0.09 10 0.15
4 0.10 1 0.10
5 0.10 12 0m
6 012 13 012
7 013

dOIHEH B=&E JHEE 2t 0.11g
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(& 11] X AZOHSE(g) B= 2t

Hel=20m
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1>

Jt5E(g)

013

0.14

0.13

0.14

0n

0.10

0n

0.10

O O oo &l WIN| -
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10t

Hel =40m

JH5E(g)

011
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0mn

0.12

0.10
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0.11

011

= Jt&kE 24:0.107g

FX|

—

Sk g 0Mg

[ 9] AN | ZXIE TIS T AHE(20HE XIEHIE M HEUHE)
S 2412 Hel Bmsh XIS YEDISE
S (m) (m/s) (m/s?) (9)
1 6.5 29.3 4.51 0.69 0.07
2 6.88 31.67 4.61 0.67 0.07
3 7.46 33.87 4.54 0.61 0.06
4 479 30.4 6.34 1.32 014
5 6 31 517 0.86 0.09
6 5.83 33.87 5.81 1 0.1
7 6.08 33.87 5.57 0.92 0.09
8 4.21 32.2 7.65 1.82 0.19
9 6 33 55 0.92 0.09
10 5.42 31.67 5.85 1.08 0.11
40 5.81 30 516 0.89 0.09
= 5.82 32.462 5.65 1 0.1
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[0 10] Z71-6t0I1E2IEXIE JHEE AE(20HT IFEHIE M 23IHE)

= 242t Hel HAsT Elpp e SIS E
< (S) (m) (m/s) (m/s?) (9)
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