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Abstract

As the acceleration of urban construction, the dump heavies (building soil-transporting
vehicle) shuttle back and forth in urban road. For the sake of profits, the crazy OW
transportation makes the vehicles lose braking control and steering ability in e cy

state. The common occurrence of traffic disasters brings huge hidden tr urban
traffic safety. Its harm is self-evident, causing serious damage to jnf ture, to
threaten the safety of life and property of the people, to d he marker'economic order,
but also cause environmental pollution. In recen 5,7 th management

departments and urban management department @ monitqr theNdischarging heavy
trucks in the forms of surveillance and reportingNay the mas?&%gtalling camera and

monitor, self-discipline and self-supervision of# vestors eq TheSe forms are limited to

the forms and surface, so they cannot eff stop rload of self-discharging
trucks. How to better and accurately m6 nd stop=the Over-load? The paper intends
to achieve intelligent monitoring an mg erload of dump heavy through
internet + public transportation mg e controller is selected and the
weighting sensing system is thr gh ‘selecting the weighting sensor and
determining the mstallatlo ion of g sensor. Then the construction of APP
overload monitoring is finished by the ps including constructing dual-core system,

of intelligent overle ection em the paper conducts experiments to validate its

generating database ang gning A play module. Finally after finishing the design
effectiveness. The hen considering no electromagnetic, the overload

equipment oftware m-could receive the overload information timely and
reliably.

Keywords Road ortation; APP Software; Overload Monitoring; Dump heavy
1. Introduc

In receﬁ%ars, as the acceleration of urban construction in China and the promotion of
urban-l tegration process, dump heavy (generally called “building soil-transporting
vehi Q becomes an essential forces in urban construction. The busy dump heavies
Shiktle=in the city carrying muck or building materials. However, the transportation safety

hicles makes the people anxious and uneasy. The malignant traffic accidents

occur sometimes, such as people is rolled by soil-transporting vehicles. According to the
incomplete statistics of Legal Daily, the media reported over 40 soil-transporting vehicle
accidents in half a month in October 2014 [1]. The reason is that nearly 70% accidents are
caused by vehicle overload, brake failure or decrease of brake efficiency. One more ton
vehicles are overloaded, the brake distance will extend one more meter. Overload makes
the tire pressure greater than the rated load and easy to cause a blowout.

“Overload” has become the defaulted “guild regulations”. The drivers of dump heavy
have objective and subjective causes for overload. Driven by huge economic benefits,
some drivers of dump heavy ignore the bearing limit of vehicle with fluke mind, so that
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the overload phenomena increasingly intensify and exist. Harm of the problem is
self-evident, causing serious damage to infrastructure, to threaten the safety of life and
property of the people, to disrupt the market economic order, but also cause
environmental pollution.

How to effectively stop the overload phenomenon of dump heavy? In most cities, the
traffic management department and urban management department jointly monitor by
setting up the organization of overload detection and management or the masses monitor
the phenomena. The management people detect whether the dump heavy is overloaded by
first stopping the vehicle. And this will lead to traffic jams and very low efficiency. After
knowing the detection positions and other relevant detection information, drivers would
drive around to avoid detection. On the other hand, results of artificial monitoring are
subjective and the accuracy is low, bribery phenomenon is also easy to happen. So these
forms just stay in surface and fail to effectively stop the overload of self- discharging
trucks.

Some innovative practices are taken in some cities, such as installing camer
heavy in Fuzhou; taking GPS to position and monitor the illegal behawors heavy
But these methods are hard to monitor the overload of heavy ruck. In Xi’ t ¢ investors
bear the joint liability, while the mode of self- dISCI ntd sel Ing mode
achieves unobvious effect.

Overload detection is on the premise of vehi i ing. Tra al weighing is
conducted mainly through weighbridge and dyna eighin Wis while these two
weighting tools could not cover the entire road so th xp ication is limited. At
present, the method widely used in vehicle guoad re @lon is weighing platform
measurement. Weighing platform meas t meth %s divided into the static
measurement method and the dyn eas method. The static weight
measurement has been basically el d at although it could achieve great
measurement accuracy, becau i@&hlcles hav stop and wait in line for detection
and this would easily make @a jam; Tihesdynamic weighting measurement method
could be divided into cul typ c weighting system, bridge dynamic
measurement system an e test d elghlng system according to the detection
principle. While the weighting measurement system has greatly improvement in
the measurement ncy, t%neasurement accuracy needs to be improved. But
both static Wel measu@w ystem and the dynamic weighting measurement
system req |c es to o specific weighing platform, and the weighting could be
only finish partic es unable to monitor whether the vehicle is overloaded

to all walks o and caused so many industry changes. Relying on the Internet
information techgology, "Internet +" could achieve the combination of the Internet and
traditiona\haustries and reconstruct business model to complete the economic
transfor@ and upgrade by optimizing the factors of production and updating the
busi stem. "Internet +" program aims to give full play to the advantages of the
; to realize the in-depth integration of Internet and traditional industries, to
ote economic productivity through industrial upgrading, and finally to realize the
increase of social wealth. In the field of public transportation, "Internet +" has made a lot
of progress including Intelligent transportation scheduling system, car networking system
and autopilot system and so on.

The paper intends to achieve intelligent monitoring and alarm on the overload of dump
heavy through internet + public transportation monitoring, in order to facilitate the urban
traffic safety management. First the controller is selected and the weighting sensing
system is designed. Then the construction of APP overload monitoring is finished. Finally
after finishing the design of intelligent overload detection system, the paper conducts
experiments to validate its effectiveness.

anytime and anywh igently
In recent years, fi@ncept of "Internet +" is put forward and have been widely applied
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2. Overload Monitoring of Dump Heavy

2.1. Selection of Controller

The intelligent control of overload of dump heavy shall give priority to hardware firstly
in order to make proactive effect in the actual work. According to the existing intelligent
control standards and the actual allowable standards in the world, the design ideology of
controller shall consider from three aspects: firstly, model MSP430F149 SCM is selected
to guarantee minimum energy consumption and maintain the good effect in the actual
operation process. The model may execute one command within 1 clock cycle. Upon the
corresponding test, the command speed may reach 8MIPS and completely meet the
intelligent control requirements for overload of dump heavy. Secondly, considering a
large amount of information will be changed into digital information from A/D,
analog-digital conversion module and the layout of overall CAN line, we will gg@ﬁ
A/D converter, and the model is AD7705B [2]. It is a signal converter deyel

he sen e controller

onvexted L0 digital signal

ent a e sefit to the collection

device. In case of overload, LCD screen will dis the re&‘ information and the
workers will mandatorily implement overl@qtrol megagarges. If not, LCD screen will

Thirdly, in the operation of controller, during the Ioading?gmess of avy, the

display the existing information to prevent ad in the quent transportation, thus

the intelligent control is achieved in a re?l\ . @
A
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Figure 1. MSP430F149 Monolithic Block Diagram

2.2. Design of Weighing Sensing System

2.2.1. Selection of Weighing Sensor

In order to realize the intelligent monitoring and alarming, selection of weighting
sensor, as the basic component, is the first key issue to be solved. And the selection
should meet the following requirement. The intelligent control of overload of dump heavy
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shall guarantee that it may not be changed by the drivers and be effective for long term, so
resistance strain weighing sensor is used. In the aspect of monitoring quality principle, the
detected quality may be converted to the power signal used by the system and the signal
may be pasted on the elastic and sensitive element, and then form bridge in a proper
mode. The real-time monitoring may be achieved when meeting bridge balance
conditions:

(R+AR)' =(R-ARY’

Vout

Figure 2. Bridge @mt Dlag

From the internal composition, resist ain we \ensor mainly consists of two
parts and each part finishes different . \@ is elastic sensitive element, and
its main function is to finish the ement 0& antity to the strain of elastic body.
This step is of great importan riginal and basic input of the entire
module and its accuracy ines that entlre system; the second part is the
resistance strain piece ofsgnsor ele , Whose main work is converting the strain of
elastic body to resista then out| e electric data, thus the load information could
be displayed digita the collection of basic data could be completed. According to
the design requirg AD- dule products are suitable to be used here because

the product suffiGiently uses the Warking mode of resistance strain weighing sensor [3-4].

In orde | requirements, referring to the national metering and
metrological™ ations, the force standard machine with 20% load ability is
used to conduct co nal test and take records and statistics in the test process, in
order to deter error scope of the module and the calibration of sensitivity,
furthermore to@de experimental support to illustrate that the module is able to
shown i 1.

completeghE welghing sensor work and achieve our targets. The experimental data are

Q)O
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Table 1. Calibration of Temperature Load Test Data Tables

Aver?ge Average High
Initial 20 Repeated Load Repeated
Load contrast/t error contrast/t temperature 40 error
0 0.000 0 0 0.000 0
1 0.998 2 1 0.999 2
25 2.498 4 25 2.499 2
5 4.997 3 5 4.999 2
\ L g
10 9.999 3 10 9.999 X/
15 15.002 5 15 15.000 f'}\; 2
20 20.003 4 20 R \ +20.00L ’\J 3
CF 7, Ay
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Load contrast/t] temp_elr(;a\ture error coftsadt/t teNe ture 20 error
+J&n
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1 1.000 g ‘&() 0.999
25 2.500 \ 12! } 2.499 1
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5 5002 N 2 RN 5.000 2
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10 10.0 s X\ 10 10.000 2
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Figure 3. Repeated Error Area Chart
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As it is shown in Figure 3, under the national standard conditions, the module is far
less than the maximum allowable repeated error. The calculation chart of weighing error
of the module is shown below.

1.2
Lo Error ( 20degree) T
——- Eror( 40degree) ya
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Figure 4. Weighting Eerwea Ch}}/

As shown in Figure 4, under the national Qd condl 7if the weighing data of the
selected module is lower than the maxi Wable , which may ensure the accuracy

of weighing date. It is shown that the res \r ain weighing sensor is less than
the maximum allowable error, na it 1s negli herefore, the module may achieve
d pgrf@ance.

ideal intelligent control effect
allation tion of Weighing Sensor

2.2.2. Determination of
To determine the |

ion position”of sensors is another key problem to achieve

intelligent overlo toring alarming. As an important device of overload signals,
it inappropriate.i ation posH of sensor could lead to error detection results, so the
correct ins {0 of sensgmyis the first step to insure the effect of test. The sensor shall
meet the d ¢ moni f dump heavy. The driving system of dump heavy mainly
is non-independent on system, so the installation position of weighing sensor is
determined after ement. In heavy truck series autos, in order to distribute the
quality on rack , a kind of elastic element used most is plate spring. The plate sprint

equal wi different length. [5]

Q)O

is an elastlj Wlth similar strength composed by several alloy spring pieces with
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ST I . S

Figure 5. Steel Plate Spring ?y

As shown in Figure 5, when the vehicle is driving unde Ioad the I@mg will

suffer from vertical load and the leaf spring will be d ‘Unde and tend to
concave upward. At the time, the bridge and rack will er, d thesehicle weight
will be distributed evenly. The load actmg on the ing |s
l
L1 + Lz . (1)

\

P = «L\@
x @
Where, ! and P is th% d bac ad of plate spring; G, is the load acting
on wheel; is the distance fr f|x f plate spring to pavement; L and L,
is the front and back f plate ¢’ "lis the coefficient of road adhesion; M is
load dlstrlbutlon ent of fr
To make the lance pdse the load point is respectively in “A” and “B” i
Figure the wei mg sensor is installed in “A” and “B”. The monltorlng
mformatlo*hlcle I e most accurate.
To verify ther allation position is in “A” and “B” in Figure 5, we divide the

e and rack to “1” (between ridge and plate spring), “2” (between
ridge near to the plate spring), “4” (below plate spring) and “5”
ring), and then conduct overload test. In this way, we may test which

plate springs”),
(rack near to p

raw the load comparison curve 6 of 5 areas. Upon analysis, we may see that
‘1 and “3” is smaller in neutral test. “1” fits well with the actual load quantity,
tallation position of sensor is in “A” and “B” in area “1”.
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3. Construction of APP Overload Monitorin§\
After determining the used hardware of detecti@t , tf@ék is to finish the

soft part of the system and construct APP overloa nitoring. work includes three
main tasks. That is construction of dual-core Q@ gener. of database and design of
APP display module, which are introducgd@ tely as fi :

t

3.1. Construction of Dual-Core Sys 0\
The construction of dual-cor ystem isss%/n in Figure 7. One core takes use of
APP platform to integrate fq@ 10NS:er:

ing, receiving reporting, monitoring and

punishing. It will save monitoring puRi time to the traffic regulators and make

effective punishment judghment to IK jective overload behavior of dump heavy
drivers. . Q

B AN S | :’%& W B
sk () B%,so R w i

Figure 7. Dl& Progressive Overload Law Enforcement Procedure

Mg

Chart

Anoth&ﬁe is the overload behavior monitoring of dump heavy drivers based on the
intellig@ MSP430F149 SCM [7]. It may achieve pre-warning of overload vehicle,
GP on monitoring and vehicle owner information monitoring through real-time

i ng, point penalty and other monitoring functions. Figure 8 is the block diagram
oflgverload real-time monitoring based on APP software. MSP430F149 SCM is installed
on the vehicle to dynamically analyze and judge the overload conditions and send the
monitoring data to mobile terminal APP software.
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Figure 8. Overload Real-Time Monitoring Frame\%l\ﬂ

3.2. Generation of Database O \\/

Database stores data in a certain way toge ith as,lit%edundancy as possible for
multiple users to share, and it is independ ith the ap ion of data collection and
provides powerful information support ap Iic@n software. So database is very
important and indispensable compon

Take Navicat for MySQL as t tform to N a database and make the database

structured. The data in the dataha all pe ated in real time. The database source is
shown in Figure 9. \

PP.

BRI | . o . —
= _*" ke H4 1 1'%1E
Q\:igure ﬁu e Database Data Sources

The data ting co,
monitoring data fro

m two aspects: one is the basic data composed by real-time
oad monitoring; the other is the revised data fed after APP
software operatio example, if the vehicle with plate of “WAN AXXXXX” has been
punished, the inal monitoring data “vehicle overload 3X%” will be changed to
“vehicle gverloa® has been processed”, in order to update and correct the database. In
order to he traffic regulators make statistics effectively, the database background
treatme ts will be delivered to the traffic law department.

@ Display Module Design

pp display module is mainly responsible to present the results of system processing
for the users, and its function is a bridge connecting the App and user. The performance of
it will directly affect the user’s experience of the App. Here three main aspects of the
display are designed and introduced separately, namely distance display, vehicle owner
information display and position display.

3.3.1. Distance Display

The traditional computer intervention or information warning mode goes against the
practical operation with high cost. the design creates a kind of mobile user platform
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specified used in traffic regulation department integrating warning information report,
overload automatic alarming, overload information automatic renewal on Navicat for
MySQL software platform. Based on the big data conditions of database, monitor and
punish the drivers of dump heavy suffering from subjective overload or artificial damages
of overload equipment. The integrated application of the internet and GPS is the important
support of the APP. High-speed mobile internet and accurate GPS positioning may
achieve accurate real-time monitoring and alarming functions. The equipment number of
truck installing monitoring equipment will be set as the plate of the vehicle. The load of
the vehicle may be monitored online. Within the scope of 30km, if the mobile user logs in
the monitoring APP software, he/she may receive the load vehicle information.

! Number Distance
*

WanAXXXXX XX km VV
WanAVVVVV w k? . @0

Figure 10. Schematic Diagram of Ré' Dlsdeule

3.3.2. Vehicle Owner Information Display Q

L 2
In order to display the overload Vehicmation ndx%cle owner’s information in
details, the traffic regulators may use pecial «c t number to log in APP. After
logging in, “logging” will be displayed 4 the t Q\ as shown in Figure 10. When the

vehicle with plate “WAN AX;)@’ overloads, the notice bar in the left will display
1 29

“yellow and downward tri tterne e distance bar will display “XXKm”.
When the vehicle with plate N does not overload, it will display “green

and upward triangle”. Click’the “num of overload vehicle to the secondary interface
displaying the vehigl informatiorto display the overload information and vehicle

owner’s informatiﬁ\\ Q
OQ &eg Distance owner: XX GU
phone: 15656521731

identity card: 34250199409012343
@\Yam\\f\’\’\f\] W okm the mileage of overload : 3X kilometers

@m - licence plate : Wand XXXXX
overloading rate: 67%
O location 9

@ Figure 11. Overload Information Automatic Generation Module

3.3.3. Position display

After determining the overload information and vehicle owner information, we may
further track the position information of the overload vehicle. As shown in Figure 11, the
red circle in the bottom right displays the three-level menu of “position information”,
which may be linked to the mobile phone map and display the vehicle’s position
information. The overload vehicle is set as the end point and the top right will display
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“WAN AXXXXX” and real-time speed “3XKm”. In such way, the traffic managers are
convenient to regulate the overload vehicle.

4. APP Software Acceptance Test

4.1. Preconditions and Target of Test

After the design of intelligent overload detection system, the paper conducts
experiments to validate its effectiveness. Experimental conditions mainly consider the
weather factors and different network environment factor. The weather mainly divides
into sunny days and rainy days, and the network conditions mainly divide into WIFI, 4G,
3G and 2G. The overload amount is set as 10%, and the overload vehicle distance is

within 30Km. Specific test conditions are shown as follows:

Table 2. Specific Test Conditions

Driving conditions Normal
Of vehicle driv Q/
Network conditions WIFI 4G C) 3(,\\/ 2G
Q5
Overload . ON 109{0
Overload %\\J ‘&Ein
vehicle distance @( s(\ m
Weather ‘ \%' est in sunny and rainy days

Test target could, b&bed astfolloWs: under the mobile network conditions of 2G
and above, the ve verlo each 10%. If the overload vehicle is within 30Km,

the overload m tected in“60s in normal driving conditions, sunny and rainy
days and r monitorjrig may be conducted through mobile APP.

4.2. Test Results

After conduc e experiments under different conditions, the test results are
obtained and be described as follows: in sunny days, the real-time data may be

monltore hin"60s in the network environment except that 5 minutes are needed in 2G
networ ny days, the data cannot be detected in 2G network and may be detected
withi utes in 3G network, and within 60s in other network environment.

%
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""" Rainy Day| 6.1 6.2 120 610

Figure 12. APP Software Receiver Test ?\/

When considering no electromagnetic, the overload equipment a software
system may receive the overload information timely an&%b y. It commended to
monitor in WIFI and 4G mobile internet environme |de effect. So the
designed intelligent overload monitoring and alar tem PP could meet
our requirement greatly.

5. Summary and Outlook

In order to realize the overload mor@%nd @g intelligently, the paper makes
full use of the concept and theory rnet akes dump heavy vehicle as the
research sample, analyzes the eI of overl onitoring system controller, design
of weighing sensor systern.lA0 Iopm f software, achieves overload real-time
monitoring of mobile internet™eombigi mternet APP functions, and conducts

feasibility analysis and ign of dl\' odule and information processing module.
Upon test, the real-ti itoringffett to the overload dump heavy is good if there is
mobile internet. T 6& arch n deters the overload executers, but also facilitates

the traffic safety"management puhishment of urban traffic management department
and law enfércement department.” The overload transportation of passenger car is also the
potential tré ountry, which is especially serious in festivals and holidays,
while different fro heavy, the passenger transportation is characterized by
randomness and distance. It is anticipated to obtain the further research
achievements ing@asSenger transport overload on the basis of the research.
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