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Abstract— Conventional method of using a ladder requires the technician to carry the ladder, climb it to do the work or task and get 

down from the ladder. If there are many tasks to be performed for example repairing or installation of multiple tube lights over a 

large area the technician has to carry the ladder again and again from one place to another which is a very tiring and tedious job. The 

aim of this project is to create  a smart ladder which is a motorized ladder in which a ladder of any size can be kept on the trolley 

having four wheels fitted under it to which motor has been mounted on. As per the commands or instructions the motor will rotate 

the wheels which will further drive the trolley in the desired way. This way the technician doesn’t have to get down and manually 

carry the ladder instead he can continue his operations while being on the ladder thereby reducing the efforts, manpower, labor cost 

and time consumption. 
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I. INTRODUCTION 

In tall buildings such as corporate offices, institutes, industries and hospitals that have enormously large ceilings in terms of 

area and height when compared to normal household ceilings. Proportionally they need a large number of devices or 

equipments to be installed or fixed, as well as other jobs such as repairing or painting the surface so on and so forth. When it 

comes to repairing or maintenance of such devices it is somewhat difficult and requires a lot of manpower and effort since the 

technician has to carry the ladder to desired place, climb the ladder, do the ceiling work and get down from the ladder and again 

carry the ladder to another place which is a very tiring and tedious job hence increasing the cost of labor as well as time to 

complete the job. As there are so many advancements in electronics we can try to solve this problem by automating the process 

of ladder mobilization.  It can take weight of up to 200 kg (proposed system) and is easy to use making the overall work of the 

technician faster and more efficient.  

 

II. PROPOSED SYSTEM 

In this concept we will be using multiple technologies to control the trolley. The wired and wireless technologies co-exist to 

give the user convenience and easy accessibility.  This is done to ensure the safety of the person using the ladder.The wired and 

wireless system provides the user with an easy and navigable control structure that is also very easy to troubleshoot. The 

construction of the trolley enables it to not only carry the ladder and the technician but also other tools that the technician might 

use. The dimensions of the trolley are ideal to fit in compact spaces such as a lift in order to make its services available 

everywhere. We will be using a manual mode that will have first priority of all the instructions 

 

III. WIRED SYSTEM 

We’re The main reason for having the wired system is so that the user has complete control when he is on the ladder. Wired 

instructions will always have highest priority as compared to the other controls. This is done to ensure safety of user. Also when 

someone is working alone, it is more convenient for the user to have a handy control rather than having to take out the remote. 
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Fig. 2 Connections for wired implementation 

 

In wired connection as shown in the diagram, it consists of two main part namely- joystick and power module. Joystick has a 

gimbal switch which sends the signal to the power module as per its position. The power module then reads the signal and 

delivers the voltage and current accordingly to the two dc motor. If we push the gimbal joystick forward, then both the motor 

will rotate in same direction and the trolley will move forward and vice versa. If we push the gimbal joystick to the right, then 

one motor will rotate forward and other motor will rotate in reverse direction and vice versa. The above circuit diagram 

represents connections for one of the two motors. Same connections will be used for the second motor. 

 

A. COMPONENTS 

 

 Ladder & Trolley 

The ladder has a height of 6 feet and is of aluminium material that is lightweight. The trolley has a width of 26 inches and 

length of 35 inches. The wheel diameter is 12 inches and weighing capacity is 180 Kgs 

 

Fig.3. Ladder and Trolley 

 Motor: 

Motor is a machine, powered by electricity that supplies motive power for a vehicle or devices with moving parts. 

Specifications: Motor Type: Gear Motor; Voltage: 24v dc; Current: No load/Starting Current: greater than 3 ampere. On load 

current: 10 – 20 ampere; Torque: 19 Nm; Power: 250 Watts; Weight: 7Kg; Inbuilt Brake Working Voltage: 24v dc. 
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Fig. 4 Motor 

 Power Supply/Battery 

The power supply is an electrical device used to supply electric power to a load.  The primary function of a power supply is to 

convert electric current from a source to the correct voltage, current, and frequency to power the load. Specifications: Voltage:  

12v 18ah; Current:  18 Ampere; Battery Type:  SLA (Sealed Lead Acid); Weight:  5Kg. 

 

Fig.5 Power Supply 

 Relay 

The Relay is an electromagnetic device is used to separate two circuits electrically and connect them magnetically. The purpose 

of using relay is that it interfaces/separates the electronic circuit, which works at a low voltage to an electrical supply working at 

a high voltage so that there is no overload. Specifications: Type: double pole double throw relay(DPDT); Relay coil: 12V DC; 

Contact Capacity: 14V DC, 30 ampere; Handling Power Capacity: 350 watts 

 

 

 

Fig.6 Relay 

 Joystick 
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Fig.7 Joystick 

A joystick is an input device consisting of a stick that pivots on a base which is used to specify the angle or direction to the 

device it is controlling. Specifications: Type: Gimbal Joystick; Working Voltage: 24v dc; Function: Forward, Reverse, Left, 

Right; Other features: Speed Setting: Low, Medium, High; Horn; Battery Level Indicator 

IV. WIRELESS SYSTEM 

For the proposed system, a variety of control modes can be facilitated. One of these is the wireless mode of operation. It 

provides various advantages over wired system; in that, it can be used within a range and the operator doesn’t have to be on or 

near the trolley all the time. The basic principle in the wireless system is that it converts electrical to radio and radio back to 

electrical signals. This is done by the transmitter and receiver, respectively. The receiver changes the radio signal broadcast 

from the transmitter into suitable electrical control signals for the other components of the control system. Most radio systems 

utilize amplitude modulation for the radio signal and encode the control positions with pulse-width modulation. More robust 

FM and PCM can also be used to implement this system.  

 
Fig. 8 Circuit diagram for wireless implementation 

 

The wireless module consists of receiver, relay driver circuit and relay board. When we transmit signal from transmitter, the 

receiver receives the signal and passes it relay driver board. The relay driver board then amplifies the signal received from 

receiver and thus further drives the relay. When relay is activated, motor rotates. The relay used here are dpdt relay. For one 
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motor there are two dpdt relays. When forward signal from transmitter is transmitted, the relay connected for forward function 

gets activated and thus motor rotates in forward direction and vice versa for backward relay. 

 

A. Components 

 Transmitter 
It transmits radio waves to receiver which receives the signal, decodes it to fulfill a communication need. In order to do this, 

energy is taken by the transmitter and converted to radio frequency AC that changes direction millions to billions of times per 

second depending on the frequency band the transmitter needs to send the transmission in. If this energy, that changes rapidly is 

directed through a conductor, such as an antenna, electromagnetic or radio waves are radiated outwards to be received by 

another antenna that belongs to the receiver which will decode it .For proposed system, a 3 volt, 4- channel transmitter working 

at 27-35 MHz is proposed. 

 Radio Receivers 
The receiver lies at the other end of the communication channel and represents the intended receiving party.Its job is to receive 

encoded radio waves and decode them to be used by the system. The antenna accepts radio waves (electromagnetic waves) and 

converts them to tiny AC signals which are applied to the receiver, and the receiver extracts the desired information. The 

medium used is air so there are many interfering radio waves, so the receiver uses electronic filters that will only let the desired 

signal pass and filter out all the noise. This is passed to an electronic amplifier to increase the power of the signal for further 

processing, and finally recover the desired information by way of  demodulation. A 4-channel, 6-volt receiver is enough for the 

proposed mechanism. 

 Remote/Joystick 

The In a standard RC controller (non-digital), the positions of the controls on the joysticks are encoded using a  PPM signal . 

Each channel corresponds to one pulse, the length of which represents a decided position on the joystick. Moving the controls to 

the extremes will either shorten or lengthen the pulse. Each channel is broadcasted in sequentially, followed by a short break 

and then continuous signal. Proposed system has a 27 MHz receiver which uses AM at set frequency in order to avoid 

interference of any kind. 

 

Fig. 9 Wireless Joystick 

V. IMPLEMENTATION 

This project contains four major phases: construction, wiring, testing & deployment. In construction phase we will perform 

following tasks: cutting the aluminium sheets into bars. These bars would be placed and welded together in the workshop to 

form a trolley. Then we will place and fix a platform on the trolley to keep the ladder. Once that is done we will attach or mount 

the motorised wheels under the trolley. In wiring phase we will attach the power supply to the trolley i.e. to motorised wheels. 

Then we will fix the relay and motor unit simultaneously to it. For controlling the wheels we will connect the wires from the 

toggle switch to relay and then from relay to motors. Whenever toggle switch will be pressed, signal will be sent to relay, which 

will activate the relay and thus making motor to rotate. In testing phase we will perform four different types of testing. First is 

Control testing in which all switches and connections will be tested to check whether it functions as per the desired output. 

Second is handling testing which will check whether the ladder moves smoothly. Third is weight bearing test which will check 

how much weight the ladder can carry. Fourth and last would be speed testing to check whether the ladder isn’t too slow or too 

fast. In deployment phase we plan to deploy the smart ladder in the college itself. The size of the trolley has been modified so 
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that it can fit in the lift itself. The size of the ladder is adjustable so that technician can reach the ceiling of large hall or small 

classrooms. 

 

VI. WORKING PRINCIPLE 

Control of the trolley is based on the following instructions: 

A. To move forward 

 When the toggle switch is pressed towards right, the relay on the right side is activated. The polarity from battery to relay 

will be ( + - ). This will rotate the motor in one direction. 

 
Fig. 10 Joystick command move forward 

 

 
Fig. 11 Smart ladder moving forward 

B. To move backward 

 When the toggle switch is pressed towards left, the relay on the left side is activated. The polarity from battery to relay will 

be (  -  + ). This will rotate the motor in other direction. 
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Fig.12 Joystick command move backward 

 

 
Fig. 13 Smart Ladder moving backwards 

C. To turn 

 To turn the trolley, simply cut off the connection to either one of the motors. If the left motor stops and the right motor keeps 

working then the trolley will turn left and vice versa. 

 
Fig. 14 Joystick command move right 
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Fig. 15 Smart ladder making a right turn 

 

 
Fig. 16 Smart ladder making a right turn 

 

 
Fig.17 Smart ladder making a left turn 

VII. PHYSICAL PARAMETERS 

A. Effect of Friction 

Friction plays a major role in industrial as well as everyday life .Even though friction increases the amount of force required 

to move the object we need friction in order to prevent slipping. We need to optimise the levels of friction that will be faced by 

the machine. Rolling friction or rolling resistance is the force acting against or resisting the motion of a wheel, ball or any 
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rolling object. When a force or torque is applied to such a stationary object there is a small force acting against the motion. This 

force is a result of the dissipation of energy that results in flattening of the curved surface at point of contact .It also depends on 

the material being used and the nature of the surface.  

This leads us to the coefficient of rolling friction (μr) that is different for each set of materials considered. The values are 
decided through a set of experiments. The values can differ for each distinct object of the same material/land thus standardised 

values are considered for calculations.  

 Calculation of rolling resistance  

The formula for calculating rolling resistance is given by  

F=f x W/R; where   

  F= the force required to overcome the rolling friction 

f = coefficient of rolling friction (μr) 

W= load on the wheel 

R= radius of the wheel 

We shall consider three types of rolling surfaces namely,  

concrete, ceramic tiles and  marble tiles. The tires are assumed to be made of rubber (pneumatic). 
 

Rolling surface/ Floor 

material 

Coefficient of rolling 

friction (μr) 

Concrete 0.2 

Ceramic 0.015 

Marble 0.06 

Table 1: Values of coefficient of rolling friction between rubber and   dry floor surfaces 
[3]

 

 
Assuming a wheel radius (R) = 5 inches and total load (W) = 180 kg the following results are obtained: The rolling friction 

can be reduced by selecting a material with a lower coefficient such as solid steel or by increasing the diameter of the wheel 
[4]

 .Rolling resistance plays a major role in material handling. Proper wheel selection will significantly impact the results. 

 

B. Testing for stability 

 

Stability testing is done to ensure the safety of the technician using the ladder. Safety is of an utmost importance and due to 

the nature of this mechanism; this can be compromised. The motors being used in the proposed methodology give an output 

resultant of a top speed of 10 kmph. Proposed methodology has an aluminium frame with width of 26 inches and length of 35 

inches with thickness 0.5 inches. Ladders of different heights are tested at these metrics to see the maximum height of the ladder 

that is safe for the technician. The ladders are attached to the trolley at the clamps and the trolley is run with an object placed on 

the flat top surface of the ladder and at maximum speed on a flat surface .Toppling of the object indicates failure. In lieu of this 

method, tests were carried out and it was found out that the maximum safe height for a ladder is 6ft. Above this height the 

trolley should not be used. Changes to the structure of the trolley can facilitate the use of larger ladders. For example; stability 

of  the  ladder can be increased by using a larger platform which will also facilitate use of a taller ladder. Also use of more 

robust, larger clamps will make the ladder steady. 

 

 

 

 

 

 

 

 

 
Table 2:  Amount of force required to move the trolley 

 

VIII. CONCLUSIONS 

Sr 

No. 

Floor 

Material 

Resistance 

per wheel 

Total force 

required to 

move the 

trolley 

1 Concrete 4.404 kgs 17.616 N 

2 Marble 3.959 kgs 15.836 N 

3 Ceramic 3.674 kgs 14.696 N 
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The Smart Ladder leverages the need for user to carry a heavy ladder all the way from one place to another. Users can use the 

ladder continually without having to get down. Users can control the ladder by wired connection using joystick/toggle switches 

or Wireless connection using remote control/ Bluetooth by just being present on the ladder or away from it. This enables 

mobility, ease of use and efficiency by overcoming the tiring and tedious job of carrying the ladder. Person can carry multiple 

things in the trolley. This comes very handy In tall buildings, institutes and industries which have large ceilings and multiple 

tube lights. It enables doing ceiling works like repairing and installation of tube lights, bulbs, smoke detectors, fans and air 

conditioners etc in a single go.  
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