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Abstract

Vehicle overloading is one of the major problems confronting many developing nations and Ghana is not an exception.
Two attendant problems are accidents, and damage to road infrastructure. Weighing stations may be the answer to these
conditions, but few are used for measuring the weight of some specific vehicles in Ghana. A vehicle loading monitoring
detection using a load sensor and GSM model with an automatic engine lock system is proposed in this study as a solution.
The proposed system will detect vehicle overloading and automatically call the owner of the vehicle or the road safety
officer in that event. Proteus software is used for designing and simulating the circuit while programming is done using
the Arduino software. Microcontroller ATMEGA 328 serves as the brain of the design and Global System for Mobile
Communications (GSM) module serves as the communication link. A Liquid Crystal Display (LCD) is used to display the
status of the vehicle. In addition, a buzzer is to sound an alarm when vehicle overloading is detected. The system has
facilities to lock a vehicle engine automatically.
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I. Introduction

The most commonly known causes of road traffic accidents in Ghana include overloading of vehicles, gross indiscipline
by drivers on the roads, drunk driving, over speeding, talking on a cell phone while driving, wrong parking, and the
breakdown of vehicles in the middle of roads (Dzokpo, 2014).The transportation of goods and passengers by road has
increased over the years due to rapid development. As the need for road transport grows, vehicle overloading has
increased. Overloaded vehicles reduce the lifespan of road infrastructure and pose a threat to road users (Zhong, Huo, &
Deng, 2013). According to statistics, 70% of traffic accidents are caused by vehicle overloading, making it one of the
key issues of traffic management (Huang, 2016). Overloading is only checked at static weighing stations, which are
sometimes situated far away from the loading points of vehicles (Huang, 2019). Due to this fact, truckers and trucking
companies (both commercial and private) must be held to the highest safety standards. It is common for those in the
trucking industry in Ghana to attempt to subvert safety standards (Annan, 2017). Any vehicle that is overloaded, for
example, an 18-wheeler vehicle which is too heavy, cannot stop easily when necessary, and is more likely to skid off the
road during a minor swerve to avoid potholes. Even though there are laws in place which dictate weight and height limits,
these laws may be circumvented in the interest of getting a load delivered quickly. This paper focuses on a vehicle loading
monitoring system for commercial and private vehicles in Ghana using a load sensor and GSM technology.

I1. Background of the Study

The current rate of growth in the logistics industry and the increment in the world’s population mean that a lot more
vehicles need to be used (Goh & Ling, 2003). Therefore, vehicle overloading is also becoming more serious.
Consequently, the rapid deterioration of roads in Ghana can be attributed to vehicle overloading (Zhong, Huo & Deng,
2013). The increment in traffic accidents which are caused by vehicle overloading has become one of the major issues
for traffic management in Ghana. According to Huang (2019), a traditional static weighing system is used in weighing
vehicle(s). Huang (2019) posits that there are many unsolved problems in existing weighing technologies where
measuring instruments have to be installed in the concrete of roads to measure the weight of vehicles. This makes them
inconvenient to maintenance. Weighing stations are not easily accessible in Ghana for heavy duty vehicles (Ghana
Highway Authority, 2018).

To compound this issue, these stations are also purposely designed for only long axle vehicles (Huang, 2019).
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As a result, this study proposes a vehicle loading monitoring system using a load sensor (Infrared IR sensor) with an
automatic engine lock system and GSM model for call alert to monitor their weight when being loaded. This system will
help vehicle owners and road safety personnel to detect a vehicle’s status when overloading detection occurs through a
call alert notification. Furthermore, an early warning of overloading will be issued to the vehicle’s driver or the person
loading the vehicle to avoid exceeding the vehicle’s gross weight.

I1l. Related Work

Siquan, Min and Chuundong (2017) discussed the geophone sensor which was a new type of vehicle overloading
detection system that had the ability to detect overloaded vehicles and spontaneously transfer the relevant data to a server
or screen. However, it does not alert the vehicle owner from a distance. Ramya, Palaniappan and Karthick (2012)
examined a system that provides vehicle cabin safety based on an embedded system that monitors the level of toxic gases
such as carbon monoxide (CO), liquefied petroleum gas (LPG) and alcohol within vehicles. Their system has the ability
to send alert information through an alarm system during dangerous situations, and also send an SMS to an authorized
person through the GSM technology. loan, Cioc and Visan (2006) examined a low-cost automotive localization system
using GPS and GSM-SMS services. Their system permits localization of the automobile and transmits its position to the
owner on his or her mobile phone as a short message (SMS). Vikhankar and Chaudhari (2016) conducted research on
Advanced Vehicle Security System with Theft Control and Accident Notification. In their study, accident notification
was done through GPS and GSM technologies to prevent increasing theft of vehicles at public places.

IV. Block Diagram

Figurel below shows the block diagram of the blue print of the proposed vehicle overloading monitoring system with an
automatic engine lock and a call alert. It consists of a microcontroller, GSM module, power supply, keypad, LCD display,
DC motor (car engine), load sensor, buzzer and an engine control block.
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Figure 1: The Block Diagram of the Vehicle Load Monitoring System with an automatic Engine Lock System
based on GSM

V. Description of Block Diagram

The power supply consists of a 12volt D.C battery which supplies the entire circuit, and the engine starter. The ignition
key is used to open and close the circuit for current to flow from the battery. The supply is fed into a voltage regulator
(7805) through pin VI. The voltage is regulated from 12VDC to 5VDC and then sent to the microcontroller ATMEGA
328, which is programmed to receive an input from the load sensor. Again, this supply voltage is connected to the car
engine and the buzzer through the engine control relay. The load sensor is used to detect or sense the change in the weight
of the vehicle. If the voltage signal from the sensor is more than the reference voltage, the sensor sends a signal to the
microcontroller. The microcontroller receives a signal from the sensor and then provides an output with respect to the
input signal given by the sensor. The microcontroller then sends this signal to display the status of the vehicle on the
liquid crystal display (LCD). When overloading is detected, the microcontroller sends a signal to the engine control block
which consists of engine start relay which provides latching for the engine when started.

The engine switch relay turns on the vehicle engine (motor) under normal conditions. When overloading is detected, the
engine is turned off, and the buzzer turned on respectively. The engine recovery relay is used to unlock the vehicle engine
when overloading is detected. The reset code is set to recover the system to its normal operation state using keypad
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characters. The engine lock relay is energized to break the engine circuit from receiving power supply when the ignition
key is turned on under overloading conditions. The GSM module SIM 900D receives the signal from the microcontroller
to launch a call to the vehicle owner’s mobile phone. The authorized person (owner of the vehicle) then uses the keypad
to reset the engine recovery password to the microcontroller to send a signal to deactivate the engine recovery relay to
bring the vehicle engine to normal operation mode and deactivate the buzzer as well.

V1. Circuit Design

Figure 2 shows the circuit diagram of the Vehicle Loading Monitoring with an automatic engine lock system based on
GSM.
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Figure 2: Circuit diagram of Vehicle Loading Monitoring with an automatic engine lock system based on GSM

The power supply is taken from the 12VVDC battery that supplies the engine start relay. This relay provides a seal-in for
current to flow through the normally closed (NC) contact of the engine lock relay (RL4) to the car engine. On ignition,
supply voltage from the battery goes to terminal (1) of the voltage regulator (7805) while terminal 3 is connected to the
AVCC terminal of the ATMEGA?328 microcontroller and terminal 2 connected to ground. The 7805 reduces the input
voltage of 12VDC to 5VDC to supply the microcontroller ATMEGA328. At normal condition when overloading is not
detected, the signals (voltage) from the load sensor to the ATMEGAS328 sensor input pin INT13 will be within the set
point so the output signals from the microcontroller to the Liquid Crystal Display (LCD) shows the normal condition of
the vehicle. When overloading is detected, a signal (voltage) which is above the set point will be sent to the
microcontroller from the overloading sensor. The output signal from pin INT18 of the microcontroller is sent to the
engine lock switch relay (RL1) through the base resistor to the NPN transistor Q1 to switch it on to energize the relay
coil. When the coil of the relay is energized, its normally opened contact closes and power at the normally opened contact
of the RL1 is transferred to the buzzer to sound an alarm. At this point, the coil of the engine lock is energized and that
opens the engine circuitry to prevent power from reaching the engine, as a result establishing the engine lock condition.
When this happens, the Liquid Crystal Display (LCD) indicates overloading detected. The microcontroller sends a signal
to the GSM module SIM900D connected to the transmitter terminal INT16 and the receiver terminal INT17 to
automatically call the owner of the vehicle (an authorized person). To bring the engine back to its normal operating mode,
the authorized person must enter the recovery code using the keypad. When overloading is detected, before the recovery
code is entered, the load in the vehicle must be reduced (or removed) so that the code will be able to activate the system.
When the correct code is dialed, it sends a signal from INT19 terminal of the ATMEGA328 microcontroller to the base
of the transistor Q2 through the 1kQ resistor to switch it on. When the transistor Q2 is switched on, current flows through
the collector of Q2 to the engine recovery relay coil to energize it. The normally closed (NC) contact of Q2 opens to
prevent current from flowing through the engine lock relay which de-energizes the engine lock relay. This closes the
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vehicle engine circuitry to allow the engine to turn on when the ignition key is activated. The reset button is used to reset
the ATMEGA328 microcontroller when an error occurs. Variable resistor (RV2) is used to increase and decrease the
resolution (brightness) of the LCD screen. The DC motor and the buzzer are supplied with 12VDC from the battery
anytime the ignition key is activated. A voltmeter is connected to measure the voltage signal of the load sensor anytime
a load is placed in the vehicle.

VII. Results

Table 1 below shows the experimental results of the overloading sensor. The load sensor reading is presented in
percentage (%) against the rising level of the sensor.

Table 1: Load sensor readings are in percentages (%) against the rising level of the sensor (weight of load).

NUMBER OF SENSOR (IR) READINGS WEIGHT OF LOAD (g) OVERLOAD

EXPERIMENT IN PENCENTAGE (%) DETECTION
STATE

1 0 0 Not detected

2 10 103 Not detected

3 20 206 Not detected

4 30 309 Not detected

5 40 412 Not detected

6 50 515 Detected

7 60 618 Detected

The graphical representation of the experimental results shown in Table 1 is shown in Figure 3 below.
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Figure 3: Graph of load sensor reading in percentage (%) against rising level of sensor.

The values tabulated in Table 2 below are the results obtained from the experiment conducted on the sensitivity of the
load sensor readings in percentage against voltage when the vehicle (Prototype) is loaded with different sizes and weight
of loads in grams (g).
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Table 2: Experimental results of the sensitivity of the load sensor

NUMBER OF SENSOR (IR) READINGS SENSING SIGNAL IN OVERLOAD

EXPERIMENT IN PENCENTAGE (%) VOLTA (V) DETECTION
STATE

1 0 0.0 Not detected

2 10 0.5 Not detected

3 20 1.0 Not detected

4 30 15 Not detected

5 40 2.0 Not detected

6 50 25 Detected

7 60 3.0 Detected

The graphical representation of the experimental results of the sensitivity of the load sensor tabulated in Table 2 is as
shown in Figure 4 below.
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Figure 4: Graph of load sensor sensitivity

Figure 5 below shows the final packaging of the prototype of the vehicle loading monitoring system using load sensor
and GSM with an automatic engine lock.

Figure 5: Prototype of vehicle load monitoring with an automatic engine lock system based on GSM
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VIII. Discussion

Table 1 show the result for a prototype vehicle overloading prevention system that uses a load sensor with an automatic
engine lock and call alert system. In each of the tests, the load sensor was subjected to different weights until overloading
was detected. At each percentage, the status of the vehicle was sent from the virtual terminals of the microcontroller
ATMEGA 328 to the screen of the Liquid Crystal Display (LCD) to indicate the condition of the vehicle until overloading
was detected. In all, seven experiments were conducted at different ranges of the load sensor levels. The 0% gives a zero
gram (0 g) of weight indicating the normal load sensor condition of the vehicle when there is no load in the vehicle. The
LCD indicates that overloading is not detected. The percentage up to 49% which gives its equivalent weight of 498g
which shows the maximum weight of load the vehicle can carry for which overloading is not detected. The
microcontroller compares the set point value to the signal from the sensor. The microcontroller is programmed such that
if the difference in value exceeds the normal weight of the vehicle, it sends information about the excess weight to the
engine lock relay to activate it as it is programmed to lock the engine of the vehicle. Any percentage with its
corresponding weight above 50% and 515g will indicate the maximum level at which overloading is detected. The system
will then call the owner of the vehicle automatically. Again, Figure 3 shows the minimum and maximum levels within
which overloading can be detected. Table 2 shows the results for the sensitivity of the load sensor. The above sensor
readings in percentage against sensing signal readings in volts (V) shows that, when the sensor was varied from 0% to
50%, there was a constant increment of 0.5 volts. When the sensor percentage was 50% and above, a constant 0.5V was
again recorded. This indicates good sensitivity as the sensitivity of a system or circuit is the smallest unit of a given
parameter that can be meaningfully detected by an instrument when used. Hence, the load sensor used in this project
work can detect 0.5volt change in the input voltage. Figure 4 shows the variation of the sensitivity of the load sensor.
The time delay for the load sensor to respond to overloading was due to the integrated circuit (IC) of the microcontroller
used in this study. The above results are clear indications that the logical flow (flow chart) model of vehicle overloading
monitoring system with GSM and a call alert system using load sensor (IR sensor) with an automatic engine lock system
has been achieved. The experimental results were analyzed using Microsoft Excel.

Comparing the results obtained in Tables 1 and 2, it is obvious that when any vehicle used in Ghana has a load sensor
fixed in it, there will be no need for a vehicle driver to drive some distance before weighing the load carried by his or her
vehicle. This would help to ease the stress imposed on vehicles and road infrastructure. When all vehicles in Ghana are
fixed with load sensors the lifespan of both vehicles and roads will be increased.

IX. Conclusion

The testing and validation of the logical (flow chart) model was successfully achieved by using a simulation software
package (Proteus) and Arduino programming software. The experimental device after it was designed; it was simulated
before used in construction of the artifact. Design and construction of the vehicle loading monitoring system was
successfully accomplished. The prototype worked exactly as a real-time system during demonstration. GSM SIM900D
module was used as communication link for the system to call the vehicle owner automatically under overload condition.
The vehicle load monitoring system is proposed with the aim of solving the problem of the inability of some vehicle
drivers to access axle weighing stations to weigh the load their vehicles carry due to the limited number of weighing
stations available in Ghana. To help stop vehicle overloading in Ghana, it is recommended, the proposed vehicle loading
monitoring system is implemented. The engine lock system could prevent vehicle breakdown as well as accidents. This
could potentially replace existing technology where drivers have to wait for hours at weighing stations before their
vehicles’ gross weight is captured using weighing sensors installed in roadway concrete. Implementing this technology
in vehicles in Ghana or anywhere in the world will help to reduce overloading, which usually leads to road accidents and
infrastructure deterioration.
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