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Abstract: Currently, a problem exists with folding clothes — it takes too long, is tiring, and is 
inefficient. An automated, portable laundry folding machine that folds shirts, pants, and towels 
was built to resolve this. The device has a center platform with four flaps. After a shirt, pair of 
pants, or towel is placed in the designated position, the device will sense which flaps are covered 
with photoresistors, determine the type of garment, and fold accordingly. The iFold requires the 
user to place garments, while the actual folding will be automated. The project was overall 
successful as the iFold correctly folds tops. The iFold folds shirts in 17.8 seconds on average 
with better precision on average compared to human folders.  
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I. Introduction 
A. Motivation 

We plan to build an automated, portable laundry folding machine that folds shirts, pants, 
and towels. The device that will fold shirts and pants will have a center platform with four flaps. 
There will be two longer side flaps and two shorter top and bottom flaps. After a shirt, pair of 
pants, or a towel is placed in the designated position, the device will sense which flaps are 
covered, determine the type of garment, and fold accordingly. The design idea is based on a clip 
from the show “The Big Bang Theory,” in which one of the main characters, Sheldon, uses a mat 
to fold his shirts [1]. The iFold follows the same general design, but it only requires the user to 
place of garments, as the actual folding will be automated.  

Dealing with clothes is a chore. Between washing, drying, and folding clothes, the 
average person will spend about 3 years in their lifetime dealing with laundry [2]. And those 3 
years are with the washing and drying having become fully automated. So why hasn’t anyone 
mechanized the last step in this time consuming process? With the iFold, we want to save time so 
that all of the scientists, engineers, writers, philosophers, and more can get back to work. 
Essentially, we want to be able to take credit for every event from here on out because we gave 
people the extra time to do it. 

The most valuable part of this adventure is learning how to design, prototype, and 
ultimately construct a final product, all from scratch. Being able to carry out a project in an 
organized, efficient manner where problems can be discovered quickly, and dealt with 
individually is an essential skill in any scientific or engineering career. 
 

B. History 
Laundry has a long history of innovation, and before the invention of laundry machines, 

entire days were devoted simply to wash clothing. Washing clothes in the river still occurred 
even in prosperous areas of the world into the 19th century and continues to this day in some 
lesser developed regions. The most innovative tool at the time were bats, not so different from 
simple sticks, that were used to beat the dirt out of clothes. Clothes would often be soaked in a 
lye made from urine and/or ash to clean it, and clothes would be put out to dry on bushes [3]. 

 
Figure 1: Dolly tub with two dolly sticks [4] 
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Changes began to happen in the 18th century, as factory-made washboards and soap 
became widely distributed and relatively cheap. These soaps began to be made out of different 
fats and oils such as coconut oil, palm oil, tallow (rendered beef fat), and lard (rendered pig fat). 
People would also use dolly tubs filled with water heated on the stove and stir the clothes with a 
dolly stick or wooden plunger [4]. These dolly tubs are closely related to what is claimed to be 
the first laundry machine. The machine consisted of a tub filled with water and lye or soap and a 
hand crank that would spin a dolly on the inside of the tub to clean the clothes [5]. The first 
electric washing machine entered the scene in the early 1900’s. Beebe Sales Company’s 1914 
model is an early example; the mechanism included two aluminum plungers that agitated the 
clothing by going up and down via an electric motor. An electric clothes wringer was also 
attached to the machine. The Thor Electric Washing Machine was the first modern, drum-based 
laundry machine to hit the market in 1907. It was operated by a single electric motor and only 
required the user to press a single button to start and stop the machine. The machine consisted of 
a perforated metal drum mounted horizontally in a tub of water, with 4 blades on the side to lift 
the garments as the cylinder rotates, causing the same disturbance in the clothes as the dolly and 
stick beating methods. The drum was rotated by an electric motor that is attached to three wheels 
of different sizes by drive belts. After 8 complete rotations, the washer would reverse the 
direction of rotation through the use of a clutch in order to prevent the clothes from clumping 
together. Today, nearly all washing machines use the drum-based method displayed in the Thor 
[6]. 

 
Figure 2 (left): Beebes Sales Company Electric Washing Machine [4] 

Figure 3 (right): Thor Electric Washing Machine [4] 
 

Laundry drying also advanced greatly in the 1900’s, as wringers were slowly being 
phased out. Wringers consisted of two metal rods through which clothes would be threaded with 
the use of a hand crank so that the water would be squeezed out. However, this did not fully dry 
the clothes and mostly took it from soaking wet to damp. As industrialization moved forward, 
these became powered by electric motors, but the true innovation came with the modern dryer. 
With electrical power becoming more accessible, the idea of using centripetal force to dry 
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clothes became feasible, and the first modern dryer consisting of a spinning, perforated metal 
container for clothes was introduced in 1938 [7]. 

All of these inventions have been improved on to create the modern versions, but the 
ideas have remained essentially the same. 

The iFold is the next step. 
 
II. Theory 

 
A. Photoresistor 

Photoresistors are made up of high resistance semiconductors, which essentially just 
exhibit photoconductivity. Photoconductivity is an optical and electrical phenomenon in which a 
material becomes more electrically conductive when exposed to electromagnetic radiation or 
light. When semiconductors are exposed to illumination, the number of free electrons and 
electron holes increases, thus raising its conductivity. The light that strikes the semiconductor 
must be of high enough energy to promote a valence electron into a conduction electron which 
can move around freely in the crystal lattice.  There are two types of photo-resistors, intrinsic or 
extrinsic.  Intrinsic photo-resistors have their own charge carriers, so the only available electrons 
are in the valence shell.  This means that the photons must have enough energy to completely 
raise the electrons over the band gap to decrease the resistance.  Extrinsic photoresistors have 
"impurities" added to them, such that the ground state energy of their electrons is closer to the 
conduction band. Consequently, the electrons don't have to jump as far, and lower energy 
photons are sufficient to trigger the device.  If the energy of the photons is still below this energy 
level, the photoresistor will not decrease in resistance.  Photo-resistors as opposed to other 
sensors were chosen as they are simple to use and set up and work well with the Arduino. 
Originally, RGB sensors were used; however, multiple of these sensors can not be used at once 
because each sensor must be plugged into the communications pins of the Arduino and require 
more programming and wiring to operate [8]. 

 
B. Stepper Motor/Driver 

Stepper motors are brushless electric motors that move at specific angle intervals. These 
motors are able to move in this fashion because of their unique design. Instead of a normal 
electric motor, which has a stator consisting of permanent motors on the outside and rotors 
comprised of an inner coil/coils of wire, stepper motors use the opposite orientation; their rotor 
consists of permanent magnets, and their stator is comprised of coils along the outside. The rotor 
is fastened in a gear-like orientation, with alternating north and south pole teeth. This means that 
when power is alternated between the two coils in the bipolar motor, the rotor will rotate the 
exact angle between two teeth. A basic diagram of this process can be seen below [9]. 
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Figure 4: Bipolar stepper motor rotation [10] 

 
The driver for the stepper motor controls the rotation and direction of rotation for the 

stepper motor. The driver consists of transistors that regulate the current and direction of current 
flowing through the coils in the stepper motor, which is what allows it to control rotation. It takes 
an input of up to 30V and gives the stepper motor between 1.4A-2A of current based on a 
potentiometer on the driver. The current flow is done in a pulse method, in which the current will 
be brought high at a specific frequency and for a specific pulse time in order to cause rotation. 
The speed of rotation and angle of rotation per step can be changed by increasing or decreasing 
the frequency and pulse time respectively. The diagram below shows that by decreasing the 
pulse width but increasing the frequency of the pulses, example B rotates at the same rate as 
example A but at smaller step intervals. Since the pulse width is cut in half, the step angle per 
cycle is halved as well, while the rate of stepping is increased with the frequency. 
 

 
Figure 5: Diagram of Stepper Motor Pulsing [11] 

 
C. Arduino Mega 

The Arduino is a microcontroller that can be coded externally using the Arduino 
software. A microcontroller is a device that can take in input from its surroundings via sensors or 
can emit an output, such as a value or a command to control a motor or a servo. A 
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microcontroller is usually paired with other components on a development board to work. This is 
the case with the Arduino. One of these components is a 16 MHz crystal oscillator, which 
provides the Mega with a clock speed of 16 MHz. A clock speed of 16 MHz allows the Mega to 
execute 16 commands per second because each command takes 1/16,000,000 of a second to 
complete. A fast clock speed is essential because it allows the device to complete programs in 
less time. The Arduino provides 10 bits of resolution, so  which is why the device 024,2 10 = 1  
gives a 0-1023 range.  The Arduino is powered by 5-15V using either the USB port (which also 
writes code in) or the barrel jack; two voltage regulators control the voltage of the electricity and 
maintain it at a safe level. There are numerous pins that line the Arduino’s edges, including the 
ground, 5V, and 3.3V pins. An 8-bit microcontroller called the ATMEGA328P acts as the brain 
of the Arduino and executes the commands. The chip collects and sends data to the pins because 
it is connected to the input and output pins, and it takes in commands from the TX and RX pins 
from the USB port. A bootloader is installed on the serial controller chip which writes the code 
from the computer into the Arduino’s memory. The bootloader allows the Arduino to be 
programmed directly through the USB port. There are also analog and digital pins as well as 
PWM pins (pulse-width modulation). 

Digital input pins are wired so the current has two paths: through the resistor or directly 
to the Arduino. [12] When the switch is closed, the current will go directly to the Arduino 
because current goes the path of least resistance; the pin will receive a high voltage reading. 
When the switch is open, the pin is connected to ground via a resistor, so the Arduino receives a 
low voltage reading.  

 
Figure 6: Above is the circuit diagram for a digital input pin. The pin is in the low voltage mode 

as shown above. [12] 
 

The Arduino also has analog output pins, which are usually used to control devices with a 
change of voltage. Because the Arduino can only produce high or low voltages as it is a digital 
device, it utilizes a method called pulse width modulation (PWM) to imitate varying voltage 
outputs. PWM pins output high and low voltages at varying intervals in a pulse-like fashion. The 
ratio of time between the pulse width, or the amount of time the voltage output is high, and the 
period, or the total time it takes for the pin to output a high and low voltage, is called the duty 
cycle. The lower the duty cycle, the lower the effective voltage (also called the pseudo-analog 
voltage), and vice versa. The PWM pin gradually changes voltage through this method.  
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Figure 7: Above are two graphs illustrating the electrical pulses from a PWM pin. The graph 

compares a duty cycle of 50% with one of 33%, which has a lower effective voltage. [13] 
 

The Arduino was chosen over other micro-controllers because it is easy to use and 
compatible with most sensors. It is also readily available in the Whitaker Lab. The Arduino 
Mega is like any other Arduino except it has 54 pins; because the iFold uses around 20 pins for 
the various components it requires. That is why the Arduino Mega was chosen to control the 
device.  

 

  
Figure 8: Various components of the Arduino are labelled above. [13]  

 
D. Resistors 

There are two types of resistors: wire-bound and carbon-film resistors. A wire-bound 
resistor is comprised of wire wrapped around an insulating ceramic rod. [14] The resistance of a 
resistor can be changed by altering the thickness and length of the wire wrapped around the 
ceramic rod. This can be explained by the equation , where R is the resistance, ρ is the R =  A

ρL  
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resistivity of the material, L is the length of the wire, and A is the area. Carbon-film resistors 
work in a similar fashion, except the wire is replaced with a special carbon pattern. [15] 

 
E. Bipolar Transistors 

Transistors are extremely common and important aspects of electrical engineering. 
Through the use of semi-conductors, transistors can amplify and control the flow of current 
based on an input voltage.  The pnp transistor, which is the type used in the iFold, is made by 
sandwiching a thin slice of n semiconductor, meaning they have a higher electron concentration 
than hole concentration, between two slices of p transistor, which have higher hole concentration 
than electron concentration.  In order for the electrons to pass through the pn junction, a biasing 
voltage is required.  When a negative voltage is applied to the base (less than 0.6 V), the pn 
junction between collector and base becomes forward biased, with negative charge being drawn 
to the more positive base.  However, since the n-type semiconductor in the center is so thin, the 
onslaught of electrons leaving the collector get close enough that they jump to the emitter end, 
allowing current to flow.  A faucet representation of this process can be seen below. 

 
Figure 9: Water analogy for a pnp transistor 

 
F. Capacitors 

A capacitor is an electronics component that is able to charge and discharge rapidly, with 
various uses.  A capacitor is made up of two conductive plates with a non-conductive area, often 
a dielectric, sandwiched in-between.  When hooked up to a voltage difference, this allows for 
opposite and equal charges to accumulate on the two plates, with an electric field being formed 
in-between.  When hooked up to something like an electric motor however, the capacitor quickly 
releases its charge to create a current flow through the motor.  Capacitors can also be used for 
delay circuits as they take a very specific time to charge according the RC time constant, where 
the time to charge is equal to the resistance of the resistor connected between the capacitor and 
the voltage difference times the capacitance of the capacitor.  A diagram of a capacitor is shown 
below. [17] 
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Figure 10: Diagram of a capacitor 

 
G. Required Torque 

Lever arm distance = 16 cm = 0.16 m 
Table I: Force to turn iFold shirt/pants long flap 

Trial Force (N) 

1 2.3 

2 2.27 

3 2.27 

Average 2.28 

 
In order to determine the maximum torque required to turn a flap in the iFold, each flap 

was tested with a garment or towel present on top of it. The garment chosen was relatively heavy 
to simulate the worst case scenario. The greatest torque required was found to be the shirt/pant 
iFold’s long flap, which is expected because that flap is the largest. The flap had a pair of XL 
men’s sweatpants on it made of a thick, heavy fabric. The force measured and lever arm distance 
for the measurement can be found in Table 1 above. The torque required was calculated to be 
0.365 Nm, and the stepper motors are rated for 125 oz.in of torque, which is equal to 0.883 Nm. 
Based on this, the stepper motors should be powerful enough to easily turn the flaps of both 
iFold prototypes. 

 
III. Design 
 

A. Mechanical  
The iFold towel device is composed of two moving flaps that are secured to a stationary 

flap with aluminum 1 foot long piano hinges. The two moving flaps are laser cut from 1/8 in. 
wood and have holes cut into them to reduce weight. The stationary flap is attached to a larger 
base, which is cut from 1/4 in. wood, to provide additional support to the device. Stepper motors, 
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which are fixed to the base with 3D printed brackets, rotate the moving flaps. The stepper 
brackets are glued into rectangles cut into the base to ensure the motor is in the correct position. 
An arm-like mechanism is attached to the stepper motor and the underside of the flap so that the 
flap rotates when the motor does. Figure 12 describes how the device folds a towel.  

The iFold shirt and pants device is composed of four moving flaps that are secured to a 
stationary flap with aluminum hinges. The flaps are similarly designed, are cut from 1/8 in. wood 
and have holes cut from them. Figure 13 describes how the device folds a shirt, and Figure 14 
describes how it folds pants. Like the towel mechanism, the shirts and pants mechanism is 
powered by stepper motors.  

Previously, servos had powered movement in both devices. However, because the servo 
struggled to flip the long flap on the towel iFold, a switch was made to stepper motors. This is 
because the flaps combined with the garment are too heavy for the servo to turn. The stepper 
motors have more than enough torque to turn the flaps while providing the same accuracy as 
servos.  

The stepper motors are held in place with stepper motor brackets, which are 3D-printed. 
Refer to Figures 31-33 for a summary of the stepper motor brackets. The brackets slide onto the 
front of the motor and screw into the face of the motor. Side panels hug the side of the motor for 
further stability. A tab sticks out of the bracket’s bottom face so that it can be glued to the base, 
and the base of the bracket has a nub sticking out so the motor can be supported by the ground as 
well. 

In order to flip the flaps, an arm like device attached to the stepper motors and a box 
glued into the flaps were used. The arms were 3D printed from acrylic and screw onto a stepper 
motor axle hub. Refer to Figures 38-39 for a diagram of the arm-box system. Originally, the 
flaps had rectangles cut into them precisely so that the center of the arm attachment would line 
up with the center of the flap. The arm attachment provided torque because it added distance 
between the center of the stepper motor and the turning point. With this setup, the flap would 
have enough torque to flip and be able to turn smoothly because the both stepper motor and the 
flap were concentric. However, the rest of the iFold was not assembled exactly according to the 
CAD, so the arm attachments did not fit into the holes cut out for them. For example, small 
discrepancies like the base not perfectly lining up with the edge of the flaps caused the stepper 
motors to not be concentric with the hinges. In order to resolve this unexpected problem, small 
five sided rectangular containers were 3D printed. These containers fit around the arm 
attachment vertically but give the attachment wiggle room horizontally. The horizontal extra 
space is to allow for the arm to slide side to side when the flaps are turning. The container 
provides a range of positions the attachment could be in while folding and is the better solution 
because it was not possible to cut a precise hole for the arm attachment into the flap. 

For both versions of the iFold, the folding process is triggered by a combination of 
photoresistors and a potentiometer. A central photoresistor is placed under the center of the 
iFold, and an analog value is read into the Arduino based on the voltage difference across the 
photoresistor. If this analog value is lower than the threshold value that is determined by the 
setting of the potentiometer, the folding process begins. There is another photoresistor 
underneath each flap of the iFold, and the same process occurs with these. If the value is below 
the threshold, the corresponding flap performs its fold. 
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Figure 11: The above flow chart illustrates how the iFold determines whether a garment 

is a shirt or a pair of pants.  
 

In order to minimize the power required of the stepper motors, the flaps are composed of 
.125 in. wood, a relatively light material, and have holes cut into them. The base is cut from .25 
in. wood because the extra weight adds stability and support to the rest of the device. The towel 
mechanism has two moving flaps because any more than that is unnecessary and would fold the 
garment too many times. The shirt mechanism has four moving flaps, two long ones and two 
smaller ones. The two side flaps and the top flap provide a “standard” fold for shirts, and the side 
and two top folds provide a “standard” tri-fold for pants.  

The base of the iFold towel device extends 5.1 inches beyond the top of the stationary 
flap and 2.75 inches left of the stationary flap’s side. The base is slightly bigger than the 
stationary flap in order to provide additional support for the moving flaps.  

Figures 27 describes the shape of the base of the shirt/pants iFold device. The base is 
shaped so as to allow the stepper motors to be mounted in the correct positions. There is a gap 
between the two bases to allow photoresistors to poke through the stationary and moving flaps. 
The base extends to the edge of the mechanism to provide support for the flaps. The base also 
has a bottom panel with protruding rectangle platforms. The protruding rectangle platforms are 
intended to support the stepper motors, as the bottom tab of the stepper motor mounts sit directly 
on top of the protruding rectangles. The bottom panel also contains all the electronics, located 
inside the base, in one place. 

The entire iFold device was spray painted white, and a black shirt outline was painted on 
the surface to guide the user. This outline provides a visual guide which increases the success of 
the folding process since the initial placement position is key. An outline for pants was not 
included because the positioning process is simpler for pants. 

There are a few main issues with the current design. During the Menlo Maker Faire, all of 
the stepper motor arm attachments snapped while the iFold was being demo-ed. The attachments 
broke because of the extreme usage of the machine; the arm attachments were printed from 
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acrylic, making them brittle and susceptible to snapping. In order to resolve this, the acrylic arms 
were replaced with arms made out of resin, a stronger material. 

Currently, a small sized t-shirt fits on the iFold. However, if a larger sized shirt were to 
be placed on the device, the iFold may not be able to fold it. To resolve this issue, the flaps 
would be enlarged to be able to handle larger garments.  

Although the iFold was not tested with heavier garments like sweatshirts or jeans, a 
projected problem is that the device will not be able to fold such items. To resolve this, the 
torque would need to be increased. This can be done by lengthening the motor arms in order to 
increase lever arm distance, thus providing more torque. This can also be accomplished by 
adding a second motor to the flaps. Each method would need to be tested and optimized to see 
which one works best.  

Problems discussed in the March paper have been resolved. Previously, the stepper motor 
mounts had not been strong enough as they were susceptible to snapping. This has been resolved 
by adding reinforcements to the corners of the mount and by increasing the thickness of the 
mount. Additionally, it no longer takes 26 hours to print a motor mount, as the mounts are now 
printed on the FormLabs printer as opposed to the PROJET. Another problem was that the 
stepper motors were not in line with the flaps. The current stepper motor arm mount design, 
explained already, resolves this problem. Another issue is that  

Problems from the January paper have since been resolved. Previously, the flaps on the 
towel prototype sagged downwards because there was a lack of support. This has been resolved 
in the shirt and pants mechanism by enlarging the size of the base. With the servos, the flaps 
would often rotate too far and slam against the base. This could occur with the stepper motors as 
well. This can be avoided by using the minimum angle of rotation required to fold the garment 
instead of a full 180˚. 

 
Figure 12: Above is a diagram that describes how the towel folder works. 
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Figure 13: Diagram describing how the iFold works for shirts 

 
Figure 14: Diagram describing how the iFold works for pants. 
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Figure 15: Top view of the CAD for the iFold towel prototype

 
Figure 16: Side view of the CAD for the iFold towel prototype 

  
Figure 17: Drawing of the assembled iFold towel prototype with dimensions 
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Figure 18-19: Drawings of the left flap (left) and the top flap (right) for the iFold towel 

prototype with dimensions 
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Figure 20-24: Diagrams of various components of the towel base with dimensions 
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Figure 25: Diagram of servo attachment component with dimensions 

 

 
Figure 26-27: The left picture is the top view of the shirt and pants folding mechanism. The 
stepper motor mounts are in blue and the stepper motors are in gray. The right picture is the 
bottom view of the same mechanism. The base configuration can be seen in the picture on the 

right.  
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Figure 28-29: Above are various side views of the shirt/pants mechanism. The picture on the top 

is from the left side and the one on the bottom is from the top side.  
  

 
Figure 30: Various angles and dimensions of the iFold are displayed above  
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Figure 31-33: Various dimensions and angles of the stepper motor mount are shown above  
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Figure 34: Various dimensions and angles of the shirt mechanism side fold are shown above.  

 
Figure 35: Various dimensions and angles of the stepper motor mount are shown above.  
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Figure 36: Various dimensions and angles of the stepper motor axle are shown above.  

 
Figure 37: Various dimensions and angles of the shirt mechanism base are shown above.  
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Figure 38: This is the top view of the motor arm and container. The motor arm fits into the 

container, which is glued to the flap. The container gives the arm “wiggle room” to move so the 
arm won’t snap when flipping the flap.  

 

 
Figure 39: This is the side view of the motor arm and container setup. Notice how the container 

fits the arm vertically but leaves it space to move around horizontally.  
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B. Electrical 
1. General Circuitry 

The circuit for the iFold mainly consists of connecting the stepper motors to their drivers 
which are in turn connected to the Arduino. Each stepper motor has two coils which turn the 
motor, and the power and ground for each coil is connected to the drivers which manage the 
current flowing through the stepper motors. The drivers are powered by a 12V Li Ion battery. 
The secondary GND pin of each driver is connected to the ground of the Arduino, and the stp, 
dir, and EN pins are each connected to a digital pin on the Arduino. When the stp pin is brought 
high, the stepper motor will turn one step, and the dir pin determines the direction that the 
stepper motor turns based on whether it is set high or low. The EN pin must be brought high in 
order for the driver to accept commands from the Arduino. The photoresistors are connected to 
the 5V pin and GND pin of the Arduino for power along with an analog pin on the Arduino. This 
allows the Arduino to read the voltage drop across the photoresistor as an analog value between 
0 and 1023. A second 7k ohm resistor is placed in series with each of the photoresistors so that 
the Arduino inputs are a varying voltage dependent on the photoresistors resistance, which 
depends on the amount of light. The value of 7k ohms for the resistor was determined through 
trial and error, testing for the widest range of analog values read by the Arduino. The same 
connections are used for the potentiometer.  The central switch for the Fold is connected to the 
grounds of both power sources, so if the switch is in the open position, no current flows at all, 
and if closed, both the arduino and stepper motors receive power. 

A few problems arose with this circuit, mainly involving the photoresistors and stepper 
motor drivers. The chip in the drivers heats up very quickly, and the drivers themselves are quite 
fragile. To resolve the heat issue, heat sinks and heat sink tape were bought to be placed on the 
driver chips in order to keep them from overheating. There was an incident in which multiple 
drivers were broken due to the connection of a pin to the 12V power source instead of the 5V pin 
on the Arduino. This issue can be resolved simply by being more careful in the future, and 
perhaps by connecting the ground on the Arduino to the ground of the power source. It was 
determined that the analog values being read by the Arduino from the photoresistors only goes as 
low as 512 instead of 0, meaning that the values don’t line up with those of the potentiometer. In 
order to fix this, the threshold for the analog value from the photoresistor is equal to 512 + 
(potentiometer value)/2, instead of simply the potentiometer value. 

 
2. Delay Circuit 

The other, important aspect of the circuit is the capacitor and transistor circuit shown in 
the upper left hand corner of the circuit diagram.  As you can see, the base of the pnp bipolar 
transistor is connected to power through a capacitor and a 10k ohm resistor.  The capacitor is 
also connected to ground through a 10k ohm resistor and the central switch for the circuit.  The 
collector of the transistor is directly connected to power, and the emitter pin of the transistor is 
connected to the power pins of the stepper motors.  Since a pnp resistor requires a negative 
voltage at its base, or less than 0.7 V, the time for the capacitor to charge determines the time 
delay for power to flow through the circuit.  The capacitor causes a delay since while the 
capacitor is charging, the voltage seen at the base of the transistor is above 0.7 V.  However, 
once the capacitor is fully charged, it is only dissipated a small number of electrons, so the 
voltage seen at this base is lower than 0.7 V. The current seen at the base is then determined by 
R6 in the circuit diagram below, as if R6 is too low, the capacitor won’t be able to charge as the 
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current will just flow right through it, and if R6 is too high, the transistor won’t see enough 
current at its base for current to flow through the transistor.  The time delay that this circuit 
creates is determined by the RC time constant, where t = RC.  While in theory, this means that 
the time delay should be 10 seconds as 10k ohms times 1 mF equals 10, in practice the delay is 
closer to 6 seconds as the capacitor does not need to be fully charged for the voltage to drop 
below 0.7 V. 

 
Figure 40: iFold circuit diagram 

3. Arduino Code 
The Arduino code for the iFold performs two major functions. It reads in values from the 

photoresistors and potentiometer and operates the stepper motors. The fully commented code can 
be found in Appendix B. A flow chart for the code for the iFold towel can be found below. The 
same process is used in code for the iFold shirts and pants except with four flaps, folding in the 
order left, right, bottom, top. 
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Figure 41: Above is a flowchart illustrating the code’s logic process.  

 
IV. Next Steps 
 

Thus far, a working prototype of the full garment version of the iFold with stepper motors 
has been made and tested.  The next step taken would be to make the iFold compatible with a 
household wall outlet.  This would be a major improvement over batteries as the voltage 
dropping that occurs in a battery makes it very difficult to run the iFold off of it for any great 
length of time.  In order for this to work, the iFold would either have to become compatible with 
AC current, or the AC current would have to be converted into DC current.  Either way, the 
voltage would have to be regulated from the outlet. 

For testing, the next step is to determine how well the iFold can fold pants. A similar 
testing process that was used to test shirts would be used to test pants. The iFold design would be 
revised to optimize the pants folding process based on the results of testing.  

The iFold can be improved to stack clothing as well. A potential idea for achieving this is 
to have the stationary flap open downwards so the folded garment would fall to a lowered 
platform.  Another potential fix would be for the iFold to lift up to a certain angle to have the 
garment slip down, which could potentially require a material with less friction. 

Ultimately, the final goal of this project would be to patent and even potentially sell the 
iFold due to its highly practical uses. Therefore, ways to minimize costs and reduce assembly 
time are importantly and will be constantly strived for. 
 

V. Results 
 

A. iFold Efficacy 
In order to determine the efficacy of the iFold, it was determined that the two most 

important metrics would be time to fold, and precision of the fold.  Time was measured with the 
use of the stopwatch, starting the timer when a person picked up a shirt to the time at which the 
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folded shirt was placed down on a surface.  Precision was measured by the distance from the top 
of the folded shirt to the bottom of the folded shirt, as well as by the difference between distance 
from the side of each folded shirt to the edge of the arm.  The side measurements were done as 
the absolute value of right side minus left side.  These measurements are pictured below.  Since 
the values of the side measurements and top to bottom measurements were not on the same scale, 
the z-scores of these values, or number of standard deviations away from the mean, were taken, 
and then the z-score of top-bottom precision and side precision for each fold were added together 
to create a single precision metric. 

 
Figure 42-43:  

Since there is a waiting period between when the photoresistor in the center flap senses a 
garment and the beginning of folding to allow the user to adjust the garment, the optimal waiting 
period would be valuable. To do this, a number of folds were performed by the iFold both with a 
three second waiting time and a two second waiting time. In order to also compare the iFold to 
human folding, a random sample of people were asked to fold a shirt. The precision and timing 
for every fold by each folder was recorded and the results are displayed below. 

 
Figure 44: Probability density graph of precision of fold for different folders 



 
 
 

Geschke, Yang 27 

 
Figure 45: Probability density graph of time to fold for different folders. 

 
B. Power 

Another important measurement for the iFold is power, as if it draws too much power it 
might not be a feasible home appliance.  To test this, power to the iFold from a power source 
was connected through a 10 ohm resistor, and the voltage drop across this resistor was recorded 
with an oscilloscope with the voltage of the power source set to 10 V.  The results are shown 
below. 
 

 
 

Figure 46: Oscilloscope reading of voltage drop across 10 ohm resistor 
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VI. Conclusion 
 

Based on the probability density graph of precision for different folders, the iFold does 
show itself to be consistently faster than a human folder.  However, the iFold is also much 
slower than the average human folder, with an obvious difference between the distributions of 
human folding time and iFold folding time.  This largely affects the market for the iFold, as it 
should be targeted at people who are either abnormally slow folders, or imprecise folders.  One 
factor that was unaccounted for in the human testing was the fact that many people fold while 
they are distracted.  All of the subjects were sampled while completely focused on folding, so it 
is possible that the true folding time distribution is greater than was recorded.  Based on this 
data, and the fact that humans fold while distracted, the iFold appears to be a feasible home 
appliance. 

By comparing the precision and time of the iFold with a 2-second waiting period to the 
precision and time of the iFold with a 3-second waiting period, it becomes apparent that personal 
preference becomes important.  Although the iFold 2 shows itself to be consistently faster than 
the iFold 3, the iFold 3 is more likely to be precise.  It then comes down to whether the user 
prefers speed or precision.  Similarly, different people might require more or less time to adjust 
garments on the iFold, as there is a certain learning curve when it comes to placement on the 
iFold, and it is possible that someone could be unnaturally gifted at i-folding.  Therefore, 
although the iFold 2 setting might be recommended based on the small difference in precision, 
with the iFold 2 setting actually being more consistent overall, while having an edge when it 
comes to time, the waiting period setting should be personalized. 

Based on the oscilloscope reading of the voltage drop across a 10 ohm resistor, the 
average voltage drop while stepper motors were turning was determined to be about 30 V.  The 
waves in voltage are explained by the pulsing performed by the stepper motor drivers, as the 
drivers pulse the stepper motors in order to make each rotation, increasing current with each 
pulse.  This average of 30 V was then divided by the resistance of 10 ohms to find the current of 
3 A.  3 A was then multiplied by the voltage of the power source of 10 V to get the total power 
of 30 W.  While resting, however, the power drawn by the iFold is much less as the stepper 
motors are not being pulsed.  The resting voltage was recorded as being 6 V, and the same 
calculation was done to result in 6 W.  Since there are small pauses in between each fold, the 
average power drawn by the iFold during a fold was determined by finding the total time for a 
single folding process.  There are exactly 0.3 seconds of waiting period within that folding time, 
so the power drawn was determined by weighting the 30 W and 6 W time periods according to 
their time.  This resulted in an average wattage of 29.4 W.  A typically light bulb uses around 60 
W, and the iFold will be used for shorter periods of time than the average light bulb.  Based on 
these results, the iFold appears to be very feasible as a home appliance in terms of power. 
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Figure 47: Power calculations 
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Part Description Quantity Need for... Cost Where to buy 

⅛ 18x24 in. 
wood 

7 iFold flaps Available in 
Whitaker lab 

 

¼ 18x24 in. 
wood 

5 iFold base Available in 
Whitaker lab 

 

Aluminum Piano 
Hinge 

6 For the flaps to rotate on $3.02/unit McMaster-Carr 

Stepper Motor 
Hub 

6 To attach arm to stepper 
motors 

$4.99/unit Sparkfun 
https://www.sparkfun.
com/products/12488 

Stepper Motor 6 To rotate flaps $23.95/unit Sparkfun 
https://www.sparkf
un.com/products/1
3656 
 

Big Easy Driver 6 To run stepper motors $19.95/unit Sparkfun 
https://www.sparkf
un.com/products/1
2859 
 

Arduino Mega 2 To read values from 
sensors and work stepper 
motors 

Available in 
Whitaker lab 

 

7kΩ 
Photoresistors 

8 Sense garments Available in 
Whitaker lab 

 

7kΩ Resistors 8 Work with 
photoresistors 

Available in 
Whitaker lab 

 

Potentiometer 2 Change threshold value 
for photoresistors 

Available in 
Whitaker lab 

 

 
B. Appendix B: Data from folders 

 
Fold Time (s) TB Precision (in) Side Precision (in) 

human 11.51 0.741 0.364 

human 7.54 0.666 3.11 

https://www.sparkfun.com/products/12488
https://www.sparkfun.com/products/13656
https://www.sparkfun.com/products/13656
https://www.sparkfun.com/products/12488
https://www.sparkfun.com/products/12859
https://www.sparkfun.com/products/12859
https://www.sparkfun.com/products/13656
https://www.sparkfun.com/products/12859
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human 6.77 1.077 0.536 

human 11.27 1.714 0.223 

human 9.21 0.747 0.431 

human 8.5 1.436 1.176 

human 5.83 1.569 0.96 

human 20.19 1.76 1.77 

human 7.91 0.573 3.166 

human 8.48 0.373 0.693 

human 9.68 2.502 0.448 

human 7.12 2.65 1.36 

human 11.47 0.754 0.51 

human 7.54 1.598 0.496 

human 7.03 2.876 1.12 

human 11.45 0 0.09 

human 21.67 1.469 1.013 

human 8.05 1.007 0.1 

human 7.9 2.382 1.33 

human 9.18 1.706 0.1 

human 11.5 1.128 0.7 

human 8.21 0.453 0 

human 6.41 0.995 0.36 

human 5.93 1.452 0.18 

human 4.84 1.572 1.83 

human 15.78 0 0.51 

human 8.33 0.682 0.294 

human 14.58 1.038 1.02 
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human 13.17 0.405 0.682 

human 6.63 3.503 0.337 

iFold 3 20.69 1.699 0.082 

iFold 3 17.31 1.655 0.56 

iFold 3 17.9 0.52 0.28 

iFold 3 16.38 0.78 0.73 

iFold 3 19.23 0.77 0.14 

iFold 3 17.1 1.9 0.5 

iFold 3 17.25 0.93 0.4 

iFold 3 18.07 1.6 0.5 

iFold 3 17.49 1.12 0.3 

iFold 3 19.65 2.78 0.4 

iFold 3 17.57 2.3 0.38 

iFold 3 17.62 3 0.05 

iFold 3 18.55 1.37 1.89 

iFold 3 16.48 0 0.6 

iFold 3 15.7 3.1 0.7 

iFold 3 16.17 0.1 -0.18 

iFold 3 16.4 1.3 -0.3 

iFold 3 16.54 2.7 -1.2 

iFold 3 16.35 0.5 -0.1 

iFold 3 14.69 0.33 -0.7 

iFold 3 17 1.8 -0.1 

iFold 3 14.95 0.93 -0.74 

iFold 3 16.71 0.1 -0.5 

iFold 3 16.07 0.3 0.2 
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iFold 3 16.53 0.98 0.06 

iFold 3 16.5 0.23 -0.7 

iFold 3 15.85 0.6 -0.54 

iFold 3 15.6 0.4 -0.36 

iFold 3 16.07 0.66 -0.5 

iFold 3 16.87 0.73 -0.2 

iFold 2 16.64 0.93 0.5 

iFold 2  14.11 3.5 0.9 

iFold 2  13.71 0.76 -2.4 

iFold 2  14.08 0.63 -0.29 

iFold 2  13.93 0.1 -1 

iFold 2  13.95 1.5 -0.6 

iFold 2  16.15 0.44 0.2 

iFold 2  17.31 1.2 -0.03 

iFold 2  15.91 1.3 1.1 

iFold 2  18.23 0.5 0.2 

iFold 2  16.81 0.5 0.3 

iFold 2  15.38 0.7 -0.5 

iFold 2  14.25 0.9 0.1 

iFold 2  16.19 3.4 0.3 

iFold 2  16.13 1.9 0.1 

iFold 2  16.21 0.66 0.4 

iFold 2  14.54 1.9 -0.45 

iFold 2  13.88 2.3 -0.6 
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C. Appendix C: Arduino Code 
/*************************** 
 * Project: iFold Automatic Laundry Folder 
 * Creators: Miller Geschke and Lauren Yang 
 *  
 * Summary: This code operates the stepper motors which cause the iFold's 
 * flaps to rotate and signal the folding process to begin through the use 
 * of photoresistors.  The photoresistors determine the light level, and  
 * if the level is below the threshold value which is determined by the  
 * potentiometer, the fold function is called.  The fold function turns 
 * the first stepper motor using a for loop that performs the amount of steps 
 * necessary for 180 degrees of rotation.  It then turns the stepper motor 
 * back to the starting position before repeating this process with the other 
 * stepper motors. 
 **************************/ 
 
//Declare pin functions on Arduino 
#define stp1 4 
#define dir1 3 
#define EN1  2 
#define stp2 7 
#define dir2 6 
#define EN2  5 
#define stp3 9 
#define dir3 8 
#define EN3  10 
#define stp4 11 
#define dir4 12 
#define EN4  13 
int centerPin = A6; 
int centerValue; 
int leftPin = A4; 
int leftValue = 0; 
int rightPin = A3; 
int rightValue = 0; 
int potPin = A0; 
int potValue; 
 
void setup() { 
  //declare mode for each Arduino pin 
  pinMode(stp1, OUTPUT); 
  pinMode(dir1, OUTPUT); 
  pinMode(EN1, OUTPUT); 
  pinMode(stp2, OUTPUT); 
  pinMode(dir2, OUTPUT); 
  pinMode(EN2, OUTPUT); 
  pinMode(stp3, OUTPUT); 
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  pinMode(dir3, OUTPUT); 
  pinMode(EN3, OUTPUT); 
  pinMode(stp4, OUTPUT); 
  pinMode(dir4, OUTPUT); 
  pinMode(EN4, OUTPUT); 
  
  //set starting values for stepper motor pins 
  digitalWrite(stp1, LOW); 
  digitalWrite(stp2, LOW); 
  digitalWrite(stp3, LOW); 
  digitalWrite(stp4, LOW); 
  digitalWrite(EN1, HIGH); 
  digitalWrite(EN2, HIGH); 
  digitalWrite(EN3, HIGH); 
  digitalWrite(EN4, HIGH); 
 
  Serial.begin(9600); 
  delay(1000);//delay to allow sensors to boot 
} 
 
void loop() { 
  centerValue = analogRead(centerPin);//reads center photoresistor value 
  Serial.println(centerValue); 
 
  potValue = analogRead(potPin);//reads potentiometer value 
  Serial.println(potValue); 
 
  if(centerValue < potValue && potValue!= 1023) 
  { 
    delay(2000); 
    flip(); 
    Serial.println("flipped"); 
  } 
  delay(1000); 
} 
 
void flip () { 
  //flips left flap if garment present 
  if(leftValue < potValue/2 + 512 && potValue!= 1023) 
  { 
    Serial.println("flipped left"); 
    digitalWrite(dir1, LOW); 
    turn(stp1, EN1, 1600);//turns first stepper motor 
    digitalWrite(dir1,HIGH);//changes direction 
    turn(stp1, EN1, 1600); 
    delay(100); 
  } 
  //flips right flap if garment present 
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  if(rightValue < potValue/2 + 512 && potValue!= 1023) 
  { 
    Serial.println("flipped right"); 
    digitalWrite(dir4, LOW); 
    turn(stp4, EN4, 1600); 
    digitalWrite(dir4,HIGH); 
    turn(stp4, EN4, 1600); 
    delay(100); 
  } 
 
  digitalWrite(dir2, HIGH);//repeat with 2nd stepper motor 
  turn(stp2, EN2, 1400); 
  digitalWrite(dir2, LOW); 
  turn(stp2, EN2, 1400); 
  delay(100); 
  
  digitalWrite(dir3, HIGH); 
  turn(stp3, EN3, 1400); 
  digitalWrite(dir3, LOW); 
  turn(stp3, EN3, 1400); 
  delay(100); 
} 
 
void turn (int stPin, int enPin, int distance) { 
  digitalWrite(enPin,LOW); 
  for(int i = 0; i < distance; i++) 
  { 
    digitalWrite(stPin,HIGH); //Trigger one step 
    delay(1); 
    digitalWrite(stPin,LOW); //Pull step pin low so it can be triggered again 
  } 
  digitalWrite(enPin,HIGH); 
} 
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D. Appendix D: February Paper With Comments 


