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ABSTRACT 
 
Deaths due to unnoticed fall of heavyweights lifted by cranes 
is an industrial problem. During the lift of heavy objects, there 
are cases where the hanging weight gets cut off and falls on 
the faraway workers. Many such incidents have been reported 
in the past and have claimed a lot of valuable lives. Some of 
such incidents have resulted in the death of many and some 
have given deep and strong injuries to the industry workers. 
To prevent such deaths or accidents, we developed a system 
using sensors & IoT which can predict and indicate the 
danger zone inside which there is a probable chance of fall of 
the hanging weight. With this intimation, workers do not 
enter the danger zone while heavyweight is being lifted by the 
cranes thereby avoiding the injuries or damages. 
 
Key words : Heavy weights, Cranes, Industries, IoT, danger 
area prediction, laser Indication. 
 
1. INTRODUCTION 

Cranes are the heavy machines equipped with pulleys and 
cables mostly used for moving, lifting and transportation of 
heavy objects. These are used in the construction industry, 
manufacturing industry, automobile industry and in many 
industries. Even though cranes are used in many places, 
necessary precautions are not taken in most of the situations 
while lifting heavy objects. According to the analysis done by 
National Institute for Occupational Safety and Health 
(NIOSH) on the fatal deaths of workers due to crane-related 
accidents, the deaths due to fall of heavyweights from cranes 
constitute to more than 40%. 
 
 
 
 

Table 1: Events resulting in mobile crane-related 
occupational injury deaths: United States [1] 

 
Issue Deaths Percentag

e 
Struck by falling or swinging object 
(e.g., crane part or hoisted 290 40.3 
load) 

290 40.3 

Contact with electrical current (e.g., 
overhead power lines) 

173 24.1 

Fall from crane structure or cab 88 12.2 
Transportation (e.g., moving crane 
from site to site) 

76 10.6 

Caught in crane moving parts 73 10.2 
Other 19 2.6 
 

On referring the Table. 1, one can understand the impact even 
in the developed nations like the United States of America. 
Even in 2008 in the United States alone, there were 323 
deaths due to fall of heavyweights from cranes out of 632 total 
crane-related deaths [2]. These types of deaths can be 
prevented by altering the workers to not to enter a particular 
region while the heavyweights are being lifted. So, we have 
developed a system which predicts the probable region of fall 
of heavyweights and indicates the region appropriately 
through a laser beam. 
 
2. PROBLEM STATEMENT 
To develop a system which can reduce the number of injuries 
and deaths due to unnoticed falls of heavyweights lifted by 
cranes.  The device also shall intimate through laser light 
indication the safe zone near such heavyweight equipment.  
The workers or employees are expected to use that indication 
as the reference mark and to stay on or after that light 
indication to avoid the injuries and accidents.  
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3. EXISTING SOLUTIONS 
As one could easily understand the importance of such 
systems, scientists have started working on the solutions and 
they made reasonable progress too. But all the solutions 
available are not complete in many aspects. These are some of 
the existing solutions for the prevention and reduction of 
deaths due to crane accidents in industries. 
Chae, S. solution uses RFID (Radio Frequency Identification) 
technology for prevention of collision accidents due to heavy 
equipment such as cranes and hydraulic excavators. They 
have designed a system which gets the proposed working area 
& its data using RFID technology. This data is used for the 
estimation of working areas which will be used for prevention 
of collision accidents. The main drawback of this solution is 
obtaining working area data through RFID technology 
involves huge cost factor & processing power. [3] 
Fang, Y. solution focuses mainly on the improvement of 
communication between the crane operators and ground 
personnel at the blind spots to decrease the accidents. In 
general, the collaboration between ground personnel and the 
crane operators is restricted and requires advanced 
communication techniques, like radios, to resolve the limited 
visibility issue. So, they have developed a solution which uses 
a virtual training environment with multiple participants in 
lifting operations. They used a 3D real-time immersive 
visualization interface where users can perform hands-on 
tasks such as directing blind lifts and operating cranes with 
safety hazards and geometry constraints. This solution only 
increases the ease of communicating between the ground 
personnel & crane operator but there are many cases of crane 
accidents even when there is good communication between 
them. [4] 
Bernold, L.E. solution is a crane monitoring system which is 
capable of warning an operator who enters into a danger zone 
and stores critical events information on an electronic device. 
It acts like a black box on an aeroplane, the storage device 
allows this information to be downloaded by a supervisor to 
assess how a particular crew “worked” the crane. This 
solution only provides information about the incidents and the 
data for analysis but doesn’t prevent or reduce the deaths due 
to crane accidents. [5] 
Unlike the above-mentioned solutions, the proposed system 
can predict the danger area inside which the lifted weight 
might fall without the use of any 3D visualization 
environment or RFID technology. This helps the ground 
personnel to understand the area outside which they have to 
stand and operate. 
One can understand the existing solutions clearly from the 
below Table  2 and the features to be present in the proposed 
system as well be referred. 
 
 
 
 

Table 2: Events resulting in mobile crane-related 
occupational injury deaths: United States [1] 

 
 Danger 

Area 
Indicat
ion 

RFID 
Techno
logy 

3D 
Visuali
sation 

Reduci
ng 
deaths 

Alerts 

Chae, S. ✔ ✔ ✖ ✔ ✔ 
Fang, Y. ✖ ✖ ✔ ✔ ✖ 
Bernold, 
L.E. 

✔ ✖ ✖ ✖ ✔ 

Proposed 
system 

✔ ✖ ✖ ✔ ✔ 

 
4. ARCHITECTURE 
 For the prototype purpose, we have simulated the crane heavy 
weight lifting action with the help of an iron stand. Our 
prototype consists of two parts i.e., transmitter and receiver 
which are placed on the same crane. The transmitter is to be 
placed near the weight lifting hook of the crane while the 
receiver part is to be placed near the laser rotation part of the 
crane. The transmitter part consists of gyro and ultrasonic 
sensors using which we get the oscillatory movement of the 
hanging weight and sends it to the receiver part. The receiver 
part consists of servo motors attached with laser modules, 
depending on the angle of tilt and oscillatory motion of the 
hanging weight, the servo motors are rotated accordingly to 
indicate the danger zone. One could understand the workflow 
of the proposed system by referring Figure. 1. 
 

 
 

Figure 1: Work flow of the proposed System 
 

The architecture of the proposed system is presented as 
Figure. 2. One can understand that the components used in 
this system are inexpensive and affordable as well.  
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Figure 2: Architecture of the proposed system 

 
 
4.1 Design 
 
Initially, determine the maximum angle of tilt of the hanging 
weight in the x-direction and then determine the maximum 
angle of tilt in the y-direction. If there is any rotation in the 
heavyweight while oscillating, then we observe variation in 
z-direction values.  (Refer. Fig. 3)  
 

 
Figure 3: Architecture of the proposed system 
 

Next step is to determine the height at which the hanging 
weight is oscillating. With the help of kinematic equations 
and vertical height at which the weight is oscillating, we get 
the horizontal projectile distance [6]. Combination of 
horizontal projectile distance and maximum angle of tilt gives 
us the radius of danger area in which the object might fall. 
(Refer Fig. 4) 

 
Figure 4: Maximum angle of tilt of hanging weight 

 
When the rope or wire is cut from the crane, at the leaving 
instance following parameters are defined: 
Initial velocity in x-direction, Vx0 

Final velocity in x-direction, Vx 

Acceleration in x-direction, ax = 0 
Horizontal projectile distance, X 
Initial velocity in y-direction, Vy0 
Final velocity in y-direction, Vy 
Acceleration in y-direction, ay = g 
Horizontal projectile distance, Y = H 
Time of projectile, t 
In the x-direction,  
Vx = Vx0 + (0)*t = Vx0  and 
Vx

2 = Vx0 + 2*(0)*(X) = Vx0
2 

 
Vx = Vx0, the initial velocity is the same as the final velocity in 
x-direction i.e, there is no change in x-direction velocity 
throughout the projectile.  

 
X = Vx0*t + 0.5*(0)*t2 = Vx0*t 
X =  Vx0*t, Horizontal projectile distance is the velocity in 
x-direction times total travel time of projectile.  
 
We get the time of projectile (t) from the y-direction 
equations, 
Vy = Vy0 + g*t   1 
Vy

2 = Vy0 + 2*g*H  2 
H = Vy0*t + 0.5*g*t2  3 
   
By solving equations 1 & 2 or equation 3 alone, we get the 
time of projectile, 
  

t = ,  
By substituting time of projectile, t in X = Vx0*t, we get the 
horizontal projectile distance.  

Horizontal projectile distance, X = Vx0*  
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4.2 Transmitter 
In the transmitter part, we have an Ultrasonic sensor, Gyro 
(MPU-6050), Bluetooth (HC-05) modules. The Gyro sensor 
gives the angular velocity of the hanging object thereby we 
can detect the position, maximum angle of oscillation of the 
hanging weight [7]. After getting cut, the object flies off in 
projectile motion. For determining the distance of horizontal 
projectile, we need the height at which the object is hanging. 
We use the Ultrasonic sensor for determining the height at 
which the heavyweight is hanging from the ground. Entire 
sensor data is processed and sent via Bluetooth module by a 
small microcontroller called At-tiny 85.   
At-tiny 85: It’s a small size Arduino bootloader compatible 
microcontroller with only 5 Input/output (I/O) pins. It is used 
as a microcontroller in the transmitter part which makes the 
circuit small. 
Gyro (MPU-6050): It is used for determining the angular 
velocity of the object in all the 3 directions on which it is 
placed. 
Ultrasonic Sensor (HC-SR04):  Ultrasonic sensor is 
primarily used for determining the distance of an object from 
the sensor based on the principle of sonar. 
Bluetooth Module (HC-05): Bluetooth module is used for 
wireless communication between devices. Here we have used 
two Bluetooth modules one for the transmitter and another for 
the receiver. These Bluetooth modules are configured in a 
master-slave configuration, which pairs to each other for 
transmitting the data. [8]. 
One could have a look at the transmitter circuit in Fig. 5 
followed by implementation in Fig. 6 in the form of prototype. 
 

 
 

Figure 5: Transmitter Circuit of Prototype 
 

 
We have used LM7805, 10uF capacitor and 1uF ceramic 
capacitor for reducing the 9V battery voltage to 5V in the 
transmitter circuit of our prototype. 
 

 
Figure 6: Transmitter Circuit of Prototype 

 
The below Arduino code is burnt in Attiny85 microcontroller 
for transmitting the gyro and ultrasonic sensor data to the 
receiver. 
TinyWireM.requestFrom(0b1101000, 6); 
while (TinyWireM.available() < 6); 
gyroX = TinyWireM.read() << 8 | 
TinyWireM.read();  
gyroY = TinyWireM.read() << 8 | 
TinyWireM.read();  
gyroZ = TinyWireM.read() << 8 | 
TinyWireM.read(); 
 
gyroX = gyroX / 131.0; 
gyroY = gyroY / 131.0; 
gyroZ = gyroZ / 131.0; 
 
distance = ultrasonic.read(); 

 
4.3 Receiver 
In the receiver part, we have a Bluetooth module for receiving 
the gyro and ultrasonic data from the transmitter part. This 
data is sent into the microcontroller (Arduino Uno) for 
controlling the servo motor on which a laser module is 
attached. Three kinds of LED’s are used (Green, White and 
Red) for indicating the intensity of oscillation. Red indicates, 
the oscillation of hanging weight is very big whereas white 
indicates the oscillations are in mid-range and green indicates 
the oscillations are in the permissible range. According to the 
range of oscillation appropriate danger location is indicated 
with the help of a laser. 
Servo Motors: Servo motors are controlled by PWM pins. 
Servo motors can rotate to a particular angle depending on the 
input signal from the PWM pins. We can control the angle of 
rotation of servo motors depending on the range of oscillation 
and horizontal projectile distance. [9] 
Laser Module: Similar to LED, laser modules project laser 
light on powering up the module. These are used for 
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indicating the location pin-pointedly with the help of a single 
light beam. 
Arduino Uno: Similar to Attiny85, Arduino Uno is also a 
microcontroller with many Input/output pins which can be 
used to control many sensors at a time. Here, it is used to 
control the servo motor with the help of its PWM pins and 
indicate the range of oscillation through an LED.  
Iron Stand: For the prototype purpose, as we cannot test our 
system on a crane, we have created a simple oscillating system 
with the help of an Iron stand on which our prototype is 
demonstrated. 
One could have a look at the receiver circuit in Fig. 7 followed 
by implementation in Fig. 8 in the form of prototype. 

 
Figure 7: Receiver circuit of our Prototype 

 
 ANFIS 

Figure 8: Receiver Prototype 
 
The below Arduino code is burnt in Arduino Uno for 

controlling the angle of servo motor according to the 
oscillation and height at which the weight is hanging. 
if (x >= 0 and isN) { 
      minValue = xarrN[0]; 
      for (j = 0; j < len; j++) { 
        Serial.print(xarrN[j]); 
        if (xarrN[j] < minValue) { 
          minValue = xarrN[j]; 
        } 
        xarrN[j] = 0.0; 
      } 
      isP = true; 
      isN = false; 
      i = 0; 
    } 
    if (x < 0 and isP) { 

      maxValue = xarrP[0]; 
      for (j = 0; j < len; j++) { 
        Serial.print(xarrP[j]); 
        if (xarrP[j] > maxValue) { 
          maxValue = xarrP[j]; 
        } 
        xarrP[j] = 0.0; 
      } 
      isP = false; 
      isN = true; 
      i = 0; 
    } 
    proj = (sqrt(0.196*dist + sq(yvel)) - 
yvel)/9.8; 

 
5. COMPONENTS USED 
 

Component Name Quantity Cost 
(in $) 

At-tiny 85 1 3 
Gyro Sensor (MPU-6050) 1 4 
Ultrasonic Sensor (HC-SR04) 1 2 
Bluetooth Module (HC-05) 2 9 
Arduino Uno 1 7 
Servo Motor 1 4 
Laser Module 1 1 
LED’s 3 1 
Iron Stand 1 10 
  
6. RESULTS 

Figure 9 shows the maximum angle of oscillation of the 
hanging weight in all three directions. Red line indicates the 
oscillation in the x-direction. Initially, the angle of tilt is 
between -50 and 50 but it comes down to 0 with time. We can 
also observe, initially time taken for one oscillation is less but 
it increases with the number of oscillations. The green line 
indicates oscillation in the y-direction and the blue line 
indicates the oscillation in the z-direction. As the blue line is 
not straight, there is rotation in the hanging weight while 
oscillating. 

 
Figure 9: Hanging weight’s gyro data plotted with time 
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Implementation Video: 
https://www.youtube.com/watch?v=NFMDcKM9w6U 
 
The video shows the entire Implementation of our prototype 
in real-time. Here, we have used only one laser module which 
shows the radial end of the danger zone taking the hanging 
weight as the center. 
Figure 10 shows the entire prototype along with receiver and 
transmitter part attached on the iron stand. 
 

 
 

Figure 10: Complete Prototype 
 
  
7. CONCLUSION AND FUTURE ENHANCEMENTS 
 
 The way IoT and sensors have been growing is very 
appreciable and we have exploited the same to build a product 
to solve one of the very important, regularly faced problems 
with cranes [10, 11, 12, 13, 14]. The main reason for these 
kinds of incidents is the lack of knowledge about the danger 
area under which the object might fall. Our system can be 
implemented in almost all industrial units for preventing the 
deaths, injuries due to the unnoticed heavy weight falls. The 
system needs enhancements to be done in aspects of accuracy 
of the sensors, communication between transmitter and 
receiver using low-cost transmission technology for 
implementing in real-time scenarios.  
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