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Abstract
Honduran Neonatal Intensive Care Units (NICU) are overcrowded due to a lack
of medical equipment, especially incubators. This is felt especially in rural communities,
where medical equipment is extremely limited. Traditional incubators on the market are
too expensive and are not mobile enough to service rural communities, which can exist
far from paved roads. This results in many newly born infants never making it to a NICU
and those that do often die while waiting for an incubator to become available.
The Collaborative Rescue Incubator for Babies (CRIB) is a versatile, portable
option for manual and vehicle transport, as well as a compact stationary device to assist
with the issues of overcrowding seen in Honduran NICUs. As a backpack and
front-enclosed system, the incubator provides heat- and humidity-control and is capable
of supplying oxygen while providing the infant with a safe and clean environment. It is
light and mobile enough to be manually transported for extreme rural home births. Once
the infant is delivered to a nearby hospital, CRIB has the ability to be plugged into a wall
outlet and remain at tier one and two hospitals, alleviating the strain on Honduras’s
NICU wards.
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Background
Honduras has the highest infant mortality rate in the Americas. This is largely due
to a lack of space in medical facilities as well as a shortage of both equipment and
supplies. Facilities with equipment and staff capable of treating premature and at risk
infants are categorized as ‘tier three’ hospitals. Honduras’s Hospital Escuela and Mario
Catarino Rivas Hospital are the only tier three hospitals in the country and report for
60% of all neonatal deaths. Of these, Hospital Escuela is the largest, accounting for the
largest number of live births annually. It accepts infants from urban and rural
communities.
However, due to a lack of space to care for the high traffic of newborns in the
NICU, the hospital reports 34 deaths per 1000 live births. The 2014 Hospital Escuela
Universitario Memoria Annual reporting on infant mortality rates indicated that 52% of
the newborn deaths were due to infants dying while waiting for an incubator to become
available in the NICU. The remaining 48% occurred in the NICU intensive and
immediate care units. Incubators are typically housed within a hospital and allows
newborns to have a safe, warm, infection-free area to adjust to life outside of their
mothers’ womb.
The Problem
NICU Chief Neonatologist Dr. Alejandro Young has requested an emergency
transportable infant incubator in order to decrease the infant mortality rate in the country
of Honduras. The objective of this incubator is to be as cost efficient as possible while
still providing basic care equipment for newborns as they travel from outside clinics and
hospitals to these larger tier three hospitals in Honduras.
The emergency incubator systems will be kept in maternal clinics throughout the
rural communities of Honduras. These maternal clinics serve pregnant mothers
approximately two weeks before delivery and assist in childbirth. The incubator will be
crucial when an infant needs more assistance than the basic care provided by these
clinics. In this user scenario, the stakeholders include; the infant, medical staff at the
maternal clinics and hospitals, as well as the handler of the incubator system during
transport.
The Solution
The incubator is designed to be a versatile, portable option for human and
vehicle travel, as well as a compact stationary device to assist with the issues of
overcrowding seen at Honduran NICUs. As a front-pack and backpack system, the
incubator has a single human transport capability for extreme rural home births. If roads
are present, the incubator easily fits into a vehicle for transport, providing faster transfer
from homes to nearby hospitals. Once arriving at the hospital or clinic, the incubator can
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then be plugged into an outlet in order to provide a low-cost, compact incubator
alternative for when overcrowding occurs.
The Doctors of Hospital Escuela identified the critical components of an incubator
to be heat, humidity, oxygen, and maintenance of vitals. This incubator only directly
provides heat and humidity control but has the capacity within the design to include
oxygen and maintenance of vitals. This is because of the cost contestants for portable
pulse oximeters, a device that monitors the oxygen saturation of a patient's blood. Pulse
oximeters are required to safely distribute oxygen to a patient. However if desired, the
design allows the client to easily install its own pulse oximeter and oxygen tanks.
The incubators transportation requirements required the incubator possess
transitional power supply capability. Thus the design includes battery, car, and wall
outlet capabilities. The battery was chosen in order to meet the maximum 2 hour hike
potentially needed for newborns who do not make it to the maternal clinics and are in
the outskirts of the maternal clinic. Other customer and engineering requirements
include an enclosed structure that allows the infant to lay at both 15 and 30 degrees in
order to allow for semi fowler and fowler medical positioning.
Overall, the proposed design is a low cost alternative to typically seen, expensive
incubators in hospitals. It may not be as technically savvy as others, but allows the
opportunity for more infants in developing countries to extend their life by having less
exposure to disease and infection.

Description of Design
The System Level Design Phases showed that difficult decisions needed to be
made by the client. Accordingly, the Honduras Research Team visited Hospital Escuela
in Honduras to clarify the user case, constraints, and customer/engineering
requirements. The complete list of customer requirements and engineering
requirements can been found in the Appendix Section 1. The trip was immensely
successful and allowed for our project manager to come back with more medical
knowledge and requests from the doctors and nurses on site. Although the project
changed, the team was able to make the necessary adjustments in order to
accommodate the client.
The narrowed and realistic customer requirements allowed a functional
decomposition (Appendix Section 1, Figure 3) in order to identify and exhaust all
possible options for each component needed in the final design. Using the concept
criteria and the functional decomposition, eleven unique designs were identified. These
designs were then rated in order to determine the best concept. Three of the subunits
being rated directly determined the CRIBs design; mobility, infant security, and
sanitation.
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Mobility
The CRIB is an emergency transport infant incubator that offers basic care
equipment for newborns as they travel in Honduras from remote clinics to larger tier
three hospitals. The resulting design and prototype needs to be affordable and
transportable by human and vehicle, while allowing the infant to survive any rough
terrain during travel. Should the system fail to be comfortable or become unwieldy with
increased weight, the likelihood of the product being used or sought after in our targeted
scenario decreases. Furthermore, failure to maximize mobility and load distribution
could result in accidental harm coming to the newborn passenger or the carrier moving
slower due to pain/discomfort. Therefore, it was crucial that the design’s carrying ability
and capacity be a factor in order to maximize speed of movement over a variety of
terrain.
This resulted in the divided front-pack and backpack design of the CRIB. The
backpack contains the heavier, harder to carry components, while the front-pack, the
incubator itself along with the sensors attached to the infant, are located in the front of
the carrier. In doing this, the user can disperse the weight of the infant and heavier
medical equipment while maintaining visual of the infant and sensor readings. The
division of weight and equipment also allows the incubator to be smaller, with the larger
medical equipment existing outside of its hardshell. The final compact design makes it
easy for the CRIB to be transferred from the carrier into any vehicle.
Security
A client requirement was a hardshell design. Hardshells are used by incubators
in order to improve infant security by creating a definitive barrier between the infant and
the environment. Infant security during transport was a priority, so a harness was
designed specifically for the needs of Hospital Escuela, which frequently treats
premature infants with gastroschisis. The harness has a diaper like strap that sits just
above the pelvis and two straps that holds the infant's shoulders down, allowing the
infant’s stomach and chest to be exposed. The harness exists within the hardshell ‘box’,
creating an additional security element for the infant.
A base handle was added after ergonomics testing in order to ease the use of
handling by the user and add an element of security between the user and the
incubator. The handle can be used to help keep the incubatory stable during the hike as
well as help users lift the incubator for any handling needs.
Sanitation
Under FDA guidelines, the CRIB is considered to be a reusable medical device.
Reusable medical devices pose a greater likelihood of microbial transmission and high
risk of infection if not adequately reprocessed. The FDA does not set acceptance
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specifications or methods for determining whether a cleaning process is sufficient. It is
the responsibility of the manufacturers to consider device designs that facilitate easy
and effective cleaning, as well as any necessary disinfection or sterilization by the
users.
Accordingly, the CRIB’s incubator was built to maximize sanitation. All corners of
the CRIB are rounded, preventing the accumulation of residual soil. The ‘critical area’ of
sanitation focus, within the incubator, was the infant bed and plexiglass shield. Both of
these components have the most contact with the infant, giving it the greatest likelihood
of microbial transmission and high risk of infection transfer if not adequately
reprocessed. Therefore, in order to minimize contamination the top and bottom sections
of the incubator were made separable. This allows the bed and plexiglass shield to be
soaked in a bleach solution, without jeopardizing the electrical components located in
the base of the incubator.

Electrical Subsystem Design
The electrical subsystems of the incubator were implemented through the use of
a microcontroller and transistors to turn the systems on and off based on temperature
and humidity in the form of two finite state machines that operate based on temperature
and humidity (Figure 1).

Figure 1. Electrical System Schematic
Fans
Two passive fans (push and pull) were implemented in order to provide constant
airflow in and out of the case, and one active fan which turns on based on temperature
constitute the cooling system within the incubator. A higher temperature directly relates
to the active fan’s speed, meaning higher temperatures causes higher airflow within the
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incubator. By utilizing pulse width modulation (henceforth PWM) to a transistor’s base,
current is allowed to flow from supply to ground, through the active and passive fans.
The width of the modulation is determined by the temperature, higher temperatures
cause higher PWM values, which in turn causes more current to flow through the fans.
For binary systems, such as the heating element and humidifier systems, active
heating/humidifying is enabled after a lower threshold temperature/humidity is achieved
and the base of a transistor is pulsed with a width 255 PWM in order to maximize
heating/humidifying activity. The same scheme is taken for dehumidification, in which
solenoids are pulsed and turned on to cause an opening to the dehumidifying unit and
thus lower the humidity within the incubator.
Notification System
The incubator provides notifications in the form of an audible tone to alert the
user to which conditions, humidity or temperature, are past the safety limits for the
infant. After beeping for a set amount of time, the conditions are assumed to be known
and the beeping is disabled in order to not continually cause an annoyance to the user.
Power
Power is provided to the electrical system via a 12-volt battery, which is stepped
down to various stable voltages (12, 5, and 6) through the use of regulators in order to
provide a stable source of current to the system as it runs. By the use of a simple
human-toggled switch, choosing between battery and an outlet powered source are
chosen to power the incubator’s electrical subsystems.

Feasibility Evidence
In order to provide a proof of concept for all aspects of our chosen design
feasibility analysis was conducted for each individual concept. Concepts requiring
feasibility for proof of concept include battery selection, temperature and heating
elements, and humidity control.
Battery
In order to choose a proper battery that is also lightweight enough to fit the
specifications of the engineering requirements. In order to calculate the power needs of
the battery we first needed to establish the hours the battery needed to run and the total
watts of the load. The battery needs to run for two hours and the total electrical load of
the system is 62.4 Watts. Using these specifications the calculations for battery choice
can be seen in Figure 2. Taking these calculations into account and looking for the most
lightweight and cost effective option, the 12V 15Ah NiMH battery pack was chosen for
the final electrical design.
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Figure 2. Battery Feasibility Calculations
Humidity

To establish both the needs for a humidifying and dehumidifying element the
average and extreme humidity conditions of the Honduran climate needed to be
established. Research showed that the range of humidity in the Honduran target region
is between 61 and 93 percent. The average annual percentage of humidity is 74
percent. Since humidity is also affected by the ambient temperature the range of
temperature for the Honduran region also needed to be established. Research showed
that the range of temperature in the Honduran target region is between twelve and thirty
two degrees celcius. Based on these conditions extreme cases for both humidification
and dehumidification were calculated using the target incubator humidity range of 40 to
77 percent established by customer and engineering requirements. The required
change in water vapor to reach target humidity ranges in each of these cases was
calculated in Figure 3. This revealed that the dehumidification system needed to
remove, at most, 425.45g of water.
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Figure 3. Humidity Feasibility Calculations
Research into dehumidifying elements established that silica gel dry packs can
absorb up to 40% of its own weight in water vapor. To reach the minimum incubator
humidity range a 450g silica dry pack was selected. Operating at a capacity of 40% of
its own weight the 450g silica dry pack can absorb up to 180g of water vapor. This
satisfies the majority of the required cases and was a low cost and low weight element.
It is also able to be reactivated after use by placing it in a conventional over at a low
temperature for a defined period of time. The humidifier element chosen was a personal
table-top humidifier. This was chosen as it allows any water reservoir to be used which
would allow all humidity cases to be achieved.

Testing
Test plans were developed for specific engineering and customer requirements
to ensure that the product meets these requirements. These test plans were then
performed on their respective elements and the results recorded.
Battery testing
Testing of the battery was executed to ensure the battery reached full charge
within the specified two hours. This was accomplished by measuring both the charging
time of the battery attached to the charger and monitoring with a multimeter. A
discharging time was calculated using a load resistance of seven ohms to be four hours.
The battery was then disconnected from the charging source at full charge and the
discharge time was measured and monitored with a multimeter. Results of all three
trials can be seen in Figure 4, showing the battery chosen meets specifications.
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Figure 4. Battery Testing Results
Ambient Temperature and Humidity sensor testing
The sensor used in the microcontroller is required to accurately monitor ambient
temperature and humidity within a 1% margin of error. An external temperature sensor
was used for comparison. The temperature and humidity sensor were connected to the
microcontroller using jumper cables and the microcontroller was connected to the LCD
screen through jumper cables. Code was written to collect the temperature of the
sensor and ran on the microcontroller to display the temperature recorded by the
sensor. This measurement was recorded and compared to the external temperature
sensor. After two minutes this measurement was repeated until the data table was
completed. This data table is shown Figure 5, displaying that the temperature sensor
takes accurate measurements within a 1% error margin.

Figure 5. Sensor Testing Results
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Sanitation Testing
To ensure the materials used by in the incubator were easily cleaned the
incubator was contaminated with E.Coli inoculated with pGLO protein. Once
contaminated the incubator was cleaned using the CRIBs sterilization guide in order to
assure that materials do not deteriorate or interfere with the sterilization and that the
cleaning plan is sufficient.

Figure 6. Bed Tray Before and After Cleaning
The CRIB’s cleaning protocol was successful at removing all inoculated E.Coli
cells from the surface of the bed tray (Figure 6) and the lid of the incubator. This
confirms that the materials used in the incubator is easily and quickly sanitized using
simple cleaning materials, that rural clinics in Honduras will have at hand. This assures
that the CRIB can safely be re-used without increasing patients’ risk of infection.
Humidity Component Testing
The humidity component of testing for the incubator was executed to ensure the
specifications for humidity were met. In order to do this the humidifier and dehumidifier
components were tested separately. To test the humidifier the ambient temperature and
humidity in the incubator were first recorded. The incubator was sealed and turned on,
while a stopwatch was simultaneously started. The humidity and temperature was
observed until the humidity setpoint was reached when the stopwatch was
simultaneously stopped and the time recorded. This setpoint was chosen at 70%
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relative humidity which is the upper range of the engineering requirements. In order to
meet the specified requirements the humidity in the incubator needs to be able to reach
this setpoint in under 1 hour. This specification was chosen because for an incubator
trip at two hours and up to six hours the incubator would be able to reach target
humidity. Once the setpoint was reached the incubator was unsealed and allowed to
return to ambient temperature and humidity. These steps were repeated for three trials
total. The results for this humidity testing can be seen below.

Figure 6. Humidifier Testing
The dehumidifier testing was unable to be fully tested as the tester was unable to
simulate a high humidity environment in which to dehumidify without damaging the
electrical components of the incubator. Due to this the testing was unable to verify the
engineering requirements but the dehumidifier was still tested to confirm it decreased
humidity in the sealed incubator. To test the dehumidifier the ambient temperature and
humidity in the incubator was recorded. Since the relative humidity did not start high
enough to fully test the dehumidifier the tester set each trial at one hour and recorded
the change in humidity. The dry pack was placed in the incubator and sealed with a
stopwatch started. The humidity and temperature was monitored and after one hour the
final humidity was recorded. This test had no pass/fail criteria since the simulated
environment was not feasible. The test did confirm that the dehumidifier decreased
humidity in all three trials. Further testing would need to be done in the next iteration
that better simulate high humidity environments. The results for the dehumidifier testing
can be seen below.

Figure 7. Dehumidifier Testing
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Ergonomic Testing
The goal of the ergonomics test was to improve the portability and usability of the
CRIB design. Ergonomics and load distribution serve a key role in effectiveness,
user-approval and usage. Should the backpack fail to rest comfortably or become
unwieldy with increased weight, the likelihood of our product being used or sought after
in our targeted scenario decreases. Furthermore, failure to maximize ergonomics and
load distribution may result in accidental harm coming to the newborn passenger, as
either the carrier moves slower due to pain/discomfort or the baby gets knocked into
something unintentionally. Therefore, it was crucial that this test ensure that weight
stays evenly distributed and the backpack remains comfortable through increasing
weight levels up to maximum weight. The factors included in this study that may have
influence carrying ability and capacity include load weight, speed of movement, and
load distribution. The resulting data was used to improve user experience and decrease
user fatigue resulting from carrying the incubator system.
Putting the incubator on, volunteers struggled to connect straps in their clips and
noted that increasing the strap length may decrease the time it takes to take the
incubator on/off. After walking for a quarter of a mile with a series of different weights
loaded into the incubator, many volunteers reported minor discomfort in their shoulders
and neck region (Appendix Section 2).
This feedback allowed several changes to be made to the incubator’s design.
The length of the straps were increased in order to allow carriers greater adjustment
when putting on and wearing the incubator. The CRIB’s buckles were color coded in
order to increase initial usability when putting the incubator on/on. Finally, the
volunteers that experienced discomfort in their shoulders and neck were instructed to
loosen their shoulder straps so that the weight comfortably shifted from their shoulders
to their hips, which felt more natural and enduring. The proper adjustments for the
straps were then recorded for a user’s guide for the incubator to ensure that all users
wear the system correctly.

Budget
The allotted budget for the project was $1000. The final cost to build and test the
prototype is $811.25 before shipping, after shipping the cost was $953.25 (Appendix
Section 1, Figure 4). The largest percentage of cost was attributed to the 12V 15Ah
NiMH battery pack and the McMaster polycarbonate and polystyrene sheets used to
form the incubators hard shell.
The CRIBs hard shell, front-pack and backpack design, is an affordable and
novel concept. In the market it lies in a middle ground, between cheaper designs that
provided limited environmental controls and expensive designs that have all of the bells
and whistles and are not affordable for third-world countries like Honduras. In addition,
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expensive designs are bulky and cannot be transported over rough terrain by one
medical personnel.
If Hospital Escuela were to move forward with mass manufacturing, Dr. Young
has express that he would like manufacturing to be completed in Florida. With the help
of Little Angels of Honduras the overhead cost of production could be drastically
reduced and CRIBs could be distributed to rural communities. Once manufactured
technical colleges in Tegucigalpa, Honduras could perform maintenance and repairs on
the incubator. The Incubators simple designs makes its parts cheaper and easier to
replace, increasing the incubators expected use-life.
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Appendix
Section 1

Figure 1. Customer Requirements with Descriptions

Figure 2. Engineering Requirements with Descriptions
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Figure 3. Functional Decomposition - Considering Consumer and Engineering Requirements

Figure 4. Summary of Purchases - Tracked by Date

15

Section 2
Ergonomics Test
Introduction
The CRIB is an emergency transport infant incubator that offers basic care equipment for
newborns as they travel in Honduras, from remote clinics to larger tier two hospitals. The
resulting design and prototype need to be affordable and transportable by human and vehicle,
while allowing the infant to survive any rough terrain during travel. The goal of this feasibility
study is to test and improve the portability of the CRIB design. Resulting data will be used to
improve user experience and decrease user fatigue resulting from carrying a heavy load.
Ergonomics and load distribution serve a key role in effectiveness, user-approval and
usage. Should the backpack fail to rest comfortably or become unwieldy with increased weight,
the likelihood of our product being used or sought after in our targeted scenario decreases.
Furthermore, failure to maximize ergonomics and load distribution may result in accidental harm
coming to the newborn passenger, as either the carrier moves slower due to pain/discomfort or
the baby gets knocked into something unintentional. Therefore, it is crucial that this study takes
great pains to ensure that weight stays evenly distributed and the backpack remains
comfortable through increasing weight levels up to max weight. The factors that are included in
this study, that may influence carrying ability and capacity include load weight, speed of
movement, type of terrain, and load distribution.
Method
Two healthy female and two healthy male subjects will participate in this study . Subjects
were selected from among Rochester Institute of Technology students who have not
experienced or have fully recovered from discomfort, injuries, or disorders that could affect
normal gait or carrying capacity.
Age (yrs)
Height
Mass (kg)
% Body Mass
HR peak w/o CRIB

HR peak w/ CRIB

Pace w/o CRIB

HR peak w/o CRIB

Rating of perceived exertion (RPE) w/o

Rate of perceived exertion (RPE) w/

Figure 1. Plan for Data Collection
These participants will be carefully selected to be about the same average height of a
Honduran male and female citizen. Height and weight will be taken before the experiment to
calculate the backpack load in terms of % subject body mass.
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Weight Distribution
Subjects will be asked to put on the CRIB without weight and with instructions. If the
CRIB is unable to be put on without instruction they will be given instructions and a note will be
made on ease of use. After doing this weights will be loaded into the front and back components
of the crib in 4 increments. After each weight increment is loaded the subject will be asked to
move around and adjust the CRIB to their own comfort. Subjects will be asked to grade their
comfort with the weight from 1-10.
Front Weight (lb)

Back Weight (lb)

10

20

13

23

17

27

20

30

Figure 2. Weight Distribution Loads
Controlled Terrain
During the test subjects pulse and pace will be collect. Subjects will first walk ¼ mile at
a comfortable pace on the indoor track without the CRIB. This will be used as a personal
baseline for each subject, against which the study will be conducted. The Subjects will then walk
¼ mile at a comfortable pace while wearing the crib prototype. After walking with the prototype
subjects will complete a questionnaire as to their comfort levels while walking. They will then
complete the test two more times.
Survey
Participants will then be asked to complete the following Survey in order to give personal
feedback on the CRIB design to that it may be improved.
Was putting the CRIB system on instinctual? Was taking the CRIB system off in any way
fatiguing? Please list any suggestions you have to make the tasks you were asked to complete
today less physically stressful and easier to perform.
1.
.
2.
.
3.
.
4.
.
Of the tasks you performed today, list the times in which you felt there was a potential for
excessive strain or fatigue. Please use the following scale to rate the level of exertion you felt
while performing the task.
1.
.
2.
.
3.
.
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4.
.
Do you experience excessive fatigue or discomfort in any part of your body as a result of your
day-to-day work activities? For those body parts affected, please circle the score which you feel
best describes your level of comfort (1 is the most comfortable and 5 is the most uncomfortable)
while performing the tasks. If you never experienced discomfort while performing the tasks,
please check the not applicable (N/A) box

Figure 3. Map for Locating Discomfort
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