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Summary

| . Title of the Research Project

* Development of weight measurement non-compliance enforcement

system using abnormal driving speed profile estimation technology

[I. Purposes of the Research

* In order to avoid enforcement for overweight vehicles, we developed a model
to determine the speed profile of abnormally driving freight vehicles, such as
accelerating and decelerating through sections where enforcement equipment
is installed, and secured the consistency of the development model and

enforcement system through validity and reliability analysis.

lll. Needs for the Research

* As part of the plan to strengthen the safe operation of freight vehicles, the
Ministry of Land, Infrastructure and Transport conducted a specific audit of
the crackdown on overweight vehicles in 2021, and as a result of the audit,
thorough crackdowns are ordered in cases where road laws are violated by
passing the enforcement zone by more than 10km/h. Technology to calculate
and estimate the speed profile of freight vehicles is needed to make
judgments, and it is necessary to introduce a reliable speed measurement and

enforcement system to punish failure to comply with the measurement.

* Overweight is a major cause of safety destruction. However, while avoiding
methods to enforcement for overweight vehicles are becoming more intelligent,
the HW and SW functions to determine this are insufficient, so there is an
urgent need for active development of technology to determine illegal

activities such as abnormal driving in enforcement zones.

* Domestic research on overweight trucks is focused only on the development of



weight measurement systems during vehicle axle manipulation and
high-speed driving, so it is very important to develop technology that can
determine whether driving is abnormal in order to respond to various

enforcement avoidance actions.

IV. Contents of the Research

* Analysis of abnormal driving pattern characteristics of freight vehicles

* Development of driving speed profile estimation model, including acceleration

and deceleration of freight vehicles

* Design and production of speed measurement standard device (prototype)

V. Achievements of the Research

* Enforcement for overweight vehicles in response to the driver’s artificial
manipulation and intentional actions has so far mainly used technology to
detect axle manipulation, but in order to avoid axle load and total weight
enforcement, technology is developed to detect and judge acceleration and

deceleration in front of the axle weigher.

* [t can be applied to on-board weighing sensor that measures the weight of not
only low-speed vehicles but also high-speed vehicles, providing management
for overweight vehicles that is safer and more reliable than the current one.
* On-site performance evaluation at weigh station
* Suggestions for entering and expanding the domestic market of

enforcement equipment for overweight vehicles
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France 2010 - 2020
» Since 2010: WIM network, 29
systems in operation provided by
Sterela
+ 30 millions of trucks weighted/yr L
» 5to 8% are overloaded mostly by
5 to 10% (GVW or single axle)
. " + 500 static scales and 3LS-WIMin —
Hungarians launch automatic fines for overloaded operation for enforcement, but it
trucks thanks to a new feature of the TSM system requires staff and time = less
than 0.1% of the traffic flow is
201843 USE| BOTH- 10771 X|E0| F21 npEcts checked (50,000 trucks/yr)
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; et ) 8 = 'Eloo @ + 2015-2019: on-road tests on motorway
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T3 =234 phase 17 phase 29 F /2% &3l (4] 12)& B3l &=
v(t)g AMHEE S o ndES 53 Fake ZAozZA o] tigk A
o A AEk)

A? J 1, A?
v(t) = e sin(=t——)+— (2] 12)
(t) 7 (A ¢) 2] A

o /Y 2ol FHHUY HHHATE SRS S5k v
- %3.12 & H(2.28)d A3 dF 1 AZ (28 A=) HA F=(m/s)
# vluE QF AET Y m3 o FHpoR FAAS(0.95, 05), VEE
(0.5~1.2) 2 AA(1.0~1.5) Al we}t <k 80~90% o =S UER
3.1 =% Sample A= B WS 25t ST FHZL oAl
L il AA J(m/s®), BAASF = 0.95 AA J(m/s®), AASF = 0.5
=9}(3.56m) A A
% (m/s) 1.0 1.1 1.2 1.35 1.5 1.0 1.1 1.2 1.35 1.5
0.5 1.2 1.2 1.2 1.2 1.3 1.2 1.2 1.2 1.2 1.3
JeEx | 0.8 1.4 1.4 1.4 1.4 1.5 1.3 1.4 1.4 1.4 1.4
(m/s®) | 10 | 1.4 1.4 1.5 1.5 1.5 1.4 1.4 1.5 1.5 1.5
1.2 1.4 1.5 1.5 1.5 1.6 1.4 1.4 1.5 1.5 1.6
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I HHK[HH] | {” i;']] 0] r.—] C@ —;-Xg O Jos ez vane Yaa 89 e a5 ommein
§ i K o3 2009z a2 |7 66 ller se fammerma
- 1' it | 0033 20230926 141137 955 45 "].l 38 g 0230926141
I | Al 0032 20230926 135703 261 259 Z7 M5 20130926135
B0 |
| 3400.4 o amsosas waas Do 31 Tos 21 aonowaers
o030 20230026 000000 |40 31 |20 27 | mmans
1 sallo I
| 002 20230926 1M (53 L1 0 L7 20D
1%] A] 7]- iﬂ] 0] E] }] ﬂ | iug: 0018 |20230926 1334012 Iv.s 76 "i.s 74 Immzsm
. | (| '4 | o7 22092 131 f39 39 s 35 | ameen
| 3410' | 08 1 1L BAiL6 130 0096
3 G.EI 0025 20230936 TIAE 80 69 62 68 MBI
i | 3los e asosms v Das 71 Iss 67 avssesterm
/%] },] 7\]— Eﬂ 0] f;] -:1-}_ | 32 023 209E 1219 129 89 ||o2 b4 | eI
33 o's I 0022 20230926 13103 73 62 58 52 20230026132
133M1.2 0021 20230926 131255 Iles m"u& 141 ez
UDU | | 32lj0.8 | o0 20230926 18 |76 32 ||es 30 |2
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10 Bus

Ethernet(TCP/IP) AIXHE &

Ethernet(TCP/IP) M & WIM &

(@ 'HUB |
f o J :
e P VR ®_ |6
g 5 5 X =
s % = & =
b 2z = =
= Es 3 =
FY4z 2O 2 = 7]
E8H 07| g ﬁ ;’..f
= A
& s
=
[ Power Supply
J8326 TS Z2utd SEH{7| Hlolg g
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32 e & HE Hx MMt 2f ZEMM HoZ7[zt S

—

4 IO BUS Communication

T2 TEAA IY/A= EEAA A o]7]

g Sensor Analog to Digital

=9 NPN O-C Analog Scanning to Digital
=T ( Max. 1ms ( Max. 1ms

NPN or PNP open collector output

! - Load voltage: Max. 30VDC

- Load current: Max. 200mA

- Residual voltage: NPN Max. 1V, PNP: Max. 2.5V

vk 2 UDP Communication

2B FEAA Aol 29 FFA 7]
T Sever/Client Server/Client
XE 35555 35175

Hlo]l E Litt B di

_9_]:—] 1tten endlan

Py =R DLE Stuffing

- ZEAA A9 2 AF SE 2RZAGDDAA ASE AQ/AF opdEa

HM3g oAF FT US43



#34 7l F FE S AR L SEH 7|2 4 7
T Start | Command Data End Check-Sum

& (2%) (STX: 0x02) (0x67) 29 IN Tick (8Byte) (ETX: 0x03) (BCC)
W& (AF) (STX: 0x02) (0x68) 714 OUT Tick [8Byte) (ETX: 0x03) (BCC)
W& (AF) (STX: 0x02) (0x44) 2% IN Tick (8Byte) (ETX: 0x03) (BCC)
& (2%) (STX: 0x02) (0x26) A% OUT Tick (8Byte) (ETX: 0x03) (BCC)
& (2%) (STX: 0x02) (0x46) 219 Speed [8Byte) (ETX: 0x03) (BCC)
W& (AF) (STX: 0x02) (0x56) 7% Speed [8Byte) (ETX: 0x03) (BCC)
Az (FA) (STX: 0x02) (0x53) YYYYMMDD : (8Byte) (ETX: 0x03) (BCC)
A1ZH(FA) (STX: 0x02) (0x73) HHMMSS : (8Byte) (ETX: 0x03) (BCC)

H| 1

BCC : (Command) + [Data)

DLE Stuffing ¢l : (Data)

o #lolt &= 4 71E8A B4
- B AL delt 4w 27 1A 9 FYP&E
Asge 3 AES zeze

Ethernet 2 RS-485

35 2ol &=

=z
CANS 7]utd FHow

FHA 7] E

H2] UDP Communication

it dolyg AFE= FF 7ITHFX Z29Y F3A 7]
o3 Sever/Client Server/Client
YE 45175 45555

LR

S A= AL Message Identifierel wat A3 €},

44 H 3 F AT FE HE

Message TZE 8Byte® Hojglom,

2E Message T4




#36 ol &= &£ J|EEA StI+4

Standard Message and UDT Message

Byte B10 | BO9 | BO8 | BO7 | BO6 | BO5 | BO4 | BO3 | BOZ | BO1 | BOO

Message Data

Identifier Length Payload

Function

o #oly &&= 4 7IEHA Sl d

o)

CA CB CC CD 07 00 08 11 3C 86 EF 08 40 0A 21 07 00 06
13 FB 52 82 2A 4F 05 00 08 01 03 4C BE FA 00 20 00 05
01 08 00 00 00 E2 00 34 01 01 05 01 08 9C 46 00 37 68 27
6C Fo6dlelH %= AD EA EB EC ED

A

Start Sequence Ident Length Data Ident
Length. ~~  Data_
Ident Length. ~~~~ Data  Ident
Length. ~~~ Data_~_ Ident Length
~Data Ident AD End Sequence

#37 8ol &= &£ J|EEA S MFLY

HM3g oAF FT U 45



Checksum
ByteO
AD

38 UG CCTV o FAEKE =2 uled S8 07| S

= =} —

W2 RTSP(TCP) Communication
T& F4AE =€ (CCTV) Z29d A 7]
g% Sever/Client Server/Client
XE 554 554
URI ‘/profile2/media.smp’

UserName ‘admin’

Password kick_2023

- B AL A%E37 9% FYEE T2 FEAClY] T A4S A BA 7

Aot} ZREZL Ethernet(TCP/IP)E 7|93t Aoz A gH

39 M&EEZ7| o sx: =20 S8HH 07| 2+ E4
ul2) TCP/IP Communication
T8 A &WIM Z2ad FFA 7
9 Client Server
XE 40001 40001
ol E Q1 Litten - endian
2H 3 DLE Stuffing




- FHSAH (HERA)
« A& ¥ 5z 194 SYN 8%
 SH 603 B S gloed YEHNA HE T8
CoF AR A 52 1WA W
* bce #3F : (command) + [(data)
« DLE Stuffing ¥ : [(data)
E3.10 M&EE57| o s =20 SEHO7| 2 S41 0 AEleF
T& Al 2+ COMMAND DATA 5 check-sum
Y& (83) (dle) (stx] (syn) = (dle) (etx]) (bee)
Y& (s=) (dle) (stx] (ack]) Bre=s (dle) (etx]) (bee)
37] (byte) 2 1 = 2 1
HEX (0x101(0x02) [0x16) e (0x10)(0x03) (XOR)
(0x06)
E311 MEFF7| 2 sdE: =201 SeMo{7] 2 41 0 SAlsiH
T Al &+ COMMAND DATA T35 check-sum
U & (dle][stx] (E) (data) (dle] (etx] (bec)
A7) (byte) 2 1 N 2 1
HEX (0x10)[0x02) (0x45) (...] (0x10)(0x03) (XORJ
E312 NE=Z7| o Felar Z2alel E3H 07| Z2F EAl : ASXHE
a5 7] W& H] 31
A AzE 0 A AR 7] on AlZE
S yyyyMMddhh 12 SR :
mmss yyyy(2b) + MM (2b) +dd(2b) + hh (2b) + mm (2b)
+55(2b)
& A - JAE AEEA]7] off AIZE
2l 2k o ok o 1] %) }
E yyyyMMddhh & Z_;LOJ rear overhang ©] "lA| 2o 2 ZFx|E A Z_' img-
3= . 1)
fmnss yyyy (2b) + MM (2b) +dd (2b) + hh(2b) + mm (2b) | K
+5s5s(2b)
serial 2 A& ddAWHE : 0~ 65,535 i{m{’r
ey
M3 oAF FF U 47



img-

lane 1 HS A=Hs (1~8) key
EN 2= —
EN 2= —
speedl ()| 2| TRGMEIET)  E g 1 e/
axleCnt 1 HEAE 54 02 ~ 8
pad_#N 4 | =l S5 2A
pad2 R wN(H) | 2x 8 | Pad4 9 &5 (&9]:10ke)
pad2 L wN(X9) | 2x 8 | Pad3 9] &% & (&9]:10kg)
padl R wN(*%) | 2x 8 | Pad2 9 &%% (&% :10ke)
padl L wN(x%) | 2x8 | Padl ¢ &% (&49:10ke)
axle2W N(Z4) | 2x8 | &5 (&9:10kg)
axlelW N(A=%) | 2x8 | &% (49:10kg)

gross2(X )

—

gross1 (X %)

S photoEye in(#

o) 4 | A ZAFAA Y] 2R AF (FRAD0)
S photoEye out( 4 Y AFEA 719 A F5 tick?) TMEE

Z:l) 2 %F2] rear overhang ©] PRx|Ete 2 7hx] ®H A1H
padd R in(x1¢)) | 4 *8 | 2 Pad4elA vt 2A Al F tick 7HE
padd R out(AQ) | 4 * 8 | 1Y Pad4olA = ZA £8 tick 7} E
pad3 L in(A4) | 4 *8 | A<} Pad3elA v #A A%} tick 7HE
pad3 L out(X¢) | 4 * 8 | 1 Pad39lA ut7] #A 8 tick 7I*E
pad2 R in(x1%) | 4 *8 | A& Pad29A 7 ZA Al# tick 7+E
pad2 R out(A%) | 4 * 8 | 2= Pad2°lA] vl A £33 tick 71+ E
padl L in(1%) | 4 *8 | 1% PadlolAl v ZA Al# tick 7H+E
padl L out(A%) | 4 * 8 | A= PadlolA] 8 A £38 tick 7I$E

E photoEye in(#
=)

2R A 719 A A2} tick THEE

2) 1 tick(= 0.5 ms )

i

48 M 3 T AT

r
i
>

. tick 7FHElE S photoEye indlAd F3 & tick




E photoEye out

AZE AFEA71Y A F5 tick 7HE

(A=) 4 2F2E9] rear overhang ©] wpAH o2 71 H A]A
2T 20 | Exg
SHA| 428

A=
=2 Ethernet(FTP)S 7%t 4oz A &4

E313 M&EEF7| o a5z =241 SEHA07] 2 FTP 52

Hh2] FTP(TCP) Communication
T A& WIM Zzvd A 017
o 3t Client Server
XE 40002 -
7= Passive mode
FTP MW : #{ftp root]\IMAGE\#{dN\#{&\#{d}
g g -
d) root:\IMAGE\2023\05\11
UserName ‘KICT
Password ‘KICT
314 ME&=x7| o Felagr ==20le ESM 7] ZF FTP MEU =
FE 34 0§ CE
4 byte, leading-zero
d yYyy AlZF 1 202349
Z¢9 : "2023"
gdE 2 byte, leading-zero img key
2] 2 mm AlZE 2 05€ (Index) 9
Z99 05 HASAA|
2 byte, leading-zero
od dd AlZE D 11Y
94 11
14 byte, leading-zero
A&Y | yyyyMMddhh | A7t @ 20239 5¢€ 11¥ 144 18 53 img key
Al mmss = (Index)
&2 "20230511140153"
- 2 byte, leading-zero .
22 N ’ img key
Juix | & NN A=l 2 (Index)
g4 "01", ‘02
5 byte, leading-zero .
e 0
“L NNNNN M5 23, 9023 I(ngke)y
2 : 00023. 09023 naex
S B jpg (&2%AD)

M3 oAF FT US
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T FExF nAY FPEE 220 Ve FE (D9 I D
o 2003
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