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ABSTRACT

Widespread, fast, and accurate viral screenings are a necessity to track the spread of
disease, inform local policy decisions, and mitigate the future spread. Real time reverse-
transcriptase polymerase chain reaction (QRT-PCR) is an effective method of diagnosing viral
infections yet suffers from excessive complexity in its assay design and implementation, as well
as a steep per-unit cost of benchtop devices. Comparable results can be realized using real-time
reverse-transcriptase loop-mediated-isothermal amplification (QRT-LAMP), built from
components available for a fraction of the total cost of a benchtop PCR machine. This paper
outlines the design of the INAAT, a system that performs a multiplexed eight-channel severe
acute respiratory syndrome coronavirus-2 (SARS CoV-2) screening using gRT-LAMP, with the
assistance of a smartphone that controls the initiation of the test and displays the measured

fluorescent signal.
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INAAT Assay Design

Basics of RT-PCR and RT-LAMP

As of November 2020, the COVID-19 pandemic cost an estimated $16 trillion in reduced
commerce and diminished work time productivity [1]. As of March 2022, the pandemic also
resulted in an estimated 6.1 million deaths worldwide [2]. The CDC has reiterated the
importance of fast and accurate tests to slow the spread of COVID-19 by identifying infected
individuals and employing contact tracing to socially isolate other at-risk individuals [3].
Throughout the pandemic many Americans had difficulty finding testing sites [4].

Real time reverse-transcriptase polymerase chain reaction (QRT-PCR) is a tool used to
quantify the concentration of a specific mMRNA sequence in a biological sample. It is often
referred to as the “gold standard” for viral screenings, because of its high selectivity, sensitivity,
versatility across a diverse range of genome sequences, and efficacy when performed on
different types of biological samples [5].

gRT-PCR involves three distinct processes, themselves composed of constituent steps:
the production of complementary DNA strands (cDNA) from an RNA sample using reverse
transcriptase, the exponential amplification of the cDNA sample using classic PCR, and the
quantification of amplification using a fluorescent signal. PCR is composed of three major steps:
denaturation, the splitting of the double strand DNA; annealing, the binding of the primers to the
single strand DNA,; and extension, when the transcriptase catalyzes the binding of the single

nucleotides to the genetic sequence of interest [6].
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As an alternative to gRT-PCR, real-time reverse-transcriptase loop-mediated-isothermal

amplification (QRT-LAMP) is used. While PCR uses a thermo-cycler to change the temperature
at which each reaction takes place, LAMP takes place at a constant temperature. This reduces the
dimensionality of the optimization. While the design of both LAMP and PCR assays must select
the most selective and sensitive genome sequence, PCR must optimize the three temperatures
and three reaction times, while LAMP must only optimize one [7].

All nucleic acid amplification must trigger additional cycles of itself. PCR uses
thermocycling to denature, anneal and extend DNA. LAMP uses six priming sites, split into a
forward group and a backward group each composed of three primers. The middle primer within
each group is chained to the complementary sequence of the first (innermost) primer. It anneals
to the middle sequence of interest. Then, the annealing of the outermost primer causes strand
displacement of the initial primer. Since this freed structure contains both the innermost primer
and its complement, it forms a loop structure. A loop introduces instability to subsequent
annealing and elongation sequences. From here, a chain reaction begins, where a loop structure

keeps getting extended, while ‘shedding’ another loop structure that itself gets extended. A
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Figure 1- Visual representation of LAMP, adapted from [8]



Selection of RT-LAMP Assay Genetic Sequence of Interest

Broughton et.al. created primers targeting the nucleocapsid (N) gene and the envelop (E)
gene of SARS CoV-2 for use in RT-LAMP tests [8]. The complete genetic sequences of interest
and corresponding primer sequences are shown in figure 2. Tang et. al. compared the
performance of the aforementioned primer sets [9]. The tests were performed on heat-inactivated
SARS-CoV-2 RNA samples at varying concentrations from 2 copies/uL to 2x10s copies/uL. The
tests took place at a constant temperature of 65°C. Tests using the N gene primers detected two
out of three positively spiked saliva samples with 20 copies/uL, while a test using the E gene
primers detected 0 out of 3 identical samples. Additionally, the time to positive, the point at
which the fluorescence signal crosses the positive threshold, did not exceed 10 minutes for the N
gene primer tests at all concentrations, while time to positive for the E gene primer tests did not
fall below 13 minutes for all concentrations. The results are shown in figure 3. As a result, the

INAAT amplifies the N gene sequence.

N region Sequence UIN region RT-LAMP primers

ANCACAAGETTTCGGIAG

s GAAATTIGGATCTTTGTCATCC
TGOGGCCAATGTTTGTAATCAGCCAAGGAAATTTTGGGGAC
CGCATTGGH GTCACTTTGATGGCACCTGTGTAG
TICCTTGTETGATTAGTTC

ACCTICGGGAACGTGGTT

LF 2019-nCoV N-gene

LB 2019-nCoV N-gene

Ot region RT-LAMP primers

F32019-nCoV [-gene  COGACGACGACTACTAGE
AGAGTAAACGTAAAAAGAAGGTT

ACCTGTCTCTTOCGAAACGAATTTGTAAGCACAAGCTGATG
CTAGCCATCCTTACTGCGCTACTCACGTTAACARTATTGCA

TCGATTGTGTGCGTACTG
TGAGTACATAAGTTCGTAC

Broughton, James P, et al "CRISPR-Cas12-based detection of SARS-CoV-2 " Nature Biotechnoiogy (2020) 1-5

Figure 2- Genetic sequences of N and E regions, with corresponding primer sequences.
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Figure 3- Performance of N-gene (a) and E-gene (b) in RT-LAMP test at varying concentrations (copies/pL).



INAAT Hardware Design

Components of a Low-Cost RT-LAMP Test

A device conducting a multiplexed RT-LAMP test has several requirements. It must be able
to:

o House tubes containing saliva samples

o Block ambient light from penetrating the test chambers

o Regulate the temperature of the test chambers

o Emit light to excite the sample

e Quantify the fluorescent signal

o Switch between channels being observed

o Reliably store information for later use

o Wirelessly send data to a smartphone

o Accomplish all the above in a consistent, reliable, and user-friendly manner

Because assay validation was performed at 65°C, it is the target temperature of the

heating element. For rapid prototyping, a 3D-printed shell can enclose the device. With a
differential voltage applied, a resistive heating element can dissipate power to achieve a
temperature increase. A MOSFET and thermistor-based temperature sensor can provide the
negative feedback required to maintain a stable temperature. LEDs emit light to excite the
LAMP mix, and RGB color sensors convert a fluorescent signal into a digital one. An embedded

computing unit can coordinate the switching of the MOSFET and LEDs, read the information



from the color sensors, and store the data in memory. An external view of the INAAT prototype

can be seen in figure 4.

b)

Commercial
PCR tubes ‘\\

j
Switch

Figure 4- Outer view of INAAT 3D printed shell.
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Selection of Key Components

Vishay Semiconductor’s VEML3328 RGBCIR is a photodiode-based color sensor with
16-bit resolution and an inter-integrated circuit (I:C) communication interface [10]. It has a
suitably high spectral responsivity in its red channel, as shown in figure 5. It has configurable
gain and integration time via a control register. Despite the LAMP sample emitting green light,
the red color sensor is used to quantify the signal because the green sensor will also respond to

the blue LEDs.

1.0

Normalized Responsivity

380 480 580 680 780 880 980
Wavelength (nm)

Figure 5- Photoresponsivity characteristics of R, G, B, C, and IR sensors in VEML3328 [10].

Four 1QQ MP725 Surface Mount Power Film Resistors in series with a 9 V applied bias
produce the heat necessary to incubate the samples at 65°C. The resistors have a power rating of
25 W, allowing a comfortably large safety margin [11].

A Raspberry Pi Zero W was chosen as the embedded computing platform. It features 26
general purpose input/output (GP10) pins and one I-C data and clock bus. Compared to the
similarly sized bare-metal Arduino Uno, it has more RAM (512 MB vs 2 KB) and a higher clock
speed (1 GHz vs 16 MHz) [12] [13]. Additionally, the Raspberry Pi Zero W is run on a Debian-

based operating system. This comes with BlueZ, Linux’s implementation of the Bluetooth



protocol stack, which allows the device to form a connection with a smartphone and respond to

data read and write requests [14].

PCB Design

Two custom printed circuit boards were manufactured that house the electronic
components. The schematics and board are shown in Appendix A. Design considerations
included having nine mm equidistant spacing of the LEDs and color sensors to match the
measurements of the aluminum heating block and making sure the dimensions can fit within the

3D printed shell.

Estimated Hardware Cost

Off the shelf benchtop PCR machines vary in cost from under $1,000 to $10,000 [15]
[16]. An estimated bill of materials to produce a single unit is shown in table 1. This estimate
neglects the cost of several components:
e The 3D printed case; it was produced with an in-lab unit
e The aluminum case; its per unit cost is difficult to estimate since it was custom
manufactured
o All other circuit components (MOSFET and LEDs pull-up resistors), as each have
negligible cost
Of note is that the VEML3328 and TCA9548 are not available off the shelf, due to the ongoing

supply chain crisis. Instead, MikroElectronika’s Color 10 Click sensor and Adafruit’s TCA9548



were purchased, which contain the respective integrated circuits that could be desoldered and

10

reused.
Component Quantity Total Cost
Raspberry Pi Zero W 1 $10[12]
Color 10 Click 8 $56 [15]
MP725 Resistor 4 $35 [16]
Adafruit TCA9548 1 $7 [17]
LED PCB 1 $15
Color Sensor PCB 1 $15
Control PCB 1 $30
Total $168

Table 1- Estimated total cost of INAAT prototype
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Raspberry Pi Software Design

State Diagram of Software Architecture

A state diagram of the Raspberry Pi and iOS app are shown in figures 6 and 7.
respectively. The Raspberry Pi’s diagram contains the value of its Bluetooth generic attribute
(GATT) profile characteristics. Its default state is Idle. It registers an advertisement that can be
viewed by any Bluetooth compatible that is scanning. Upon a request to establish connection
from an iPhone, the Raspberry Pi will automatically accept. To prevent other devices from
pairing and disrupting the test flow, the device will stop advertising, and will only begin again
when the device disconnects. When the phone initiates a test, the resistive heating element will
be switched on. When it reaches 65°C, it will periodically turn the LEDs on, read the value of the
color sensor, then turn the LEDs off. It will repeat until 60 readings have taken place. Test data
will not be erased until the phone explicitly tells the Raspberry Pi to end a test. If the device loses

power during a test, it will resume the test upon receiving power again.
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| Phone initiates connection request>

< Phone disconnects from device |

>

S8} SejenIul auoyd |

Phone aborts test

G

|

< Device fully heated

Figure 6- State diagram of Raspberry Pi software. Each state displays actions taken and value of BLE
characteristics.

The iPhone has a simpler design. It will specify a device serial number and will scan only
for INAAT devices with the serial number. The phone will determine whether the device is
conducting a test. If a test is in progress, it reads the data from its color sensors, only if the

device is done heating up. Upon completion of a test, the iPhone stores the data, and tells the
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Raspberry Pi to erase its test data.

se)] ajeniu|

Abort or end test

<

Figure 7- State diagram of iOS app software.

Workflow of Raspberry Pi

The INAAT is designed to operate in a headless state. At boot time, systemd launches a
service which runs main.py. Screenshots of all Raspberry Pi files are included in Appendix B.
This script creates and registers the advertisement data, and the GATT profile services and
characteristics. It then spawns two threads. The first checks whether a test is in progress and the
device is heated up. If so, it takes a fluorescence reading. If not, it sleeps. The second checks

whether a test is in progress. If so, it begins regulating the temperature. It simply takes a
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temperature reading, switches the MOSFET on or off if the temperature is less than or greater

than 65°C respectively. Once the temperature initially crosses 65°C, the thread signals that the
device can begin taking fluorescence readings.

One shared instance BTCharManager, defined in value_manager_class.py, serves as an
API to multiple threads that can atomically change and monitor the state of the device. As shown
in the state diagram above, the state information consists of whether a test is in progress, whether

the device is heated up, and eight arrays of the color sensor readings.

Bluetooth Programming Using BlueZ

BlueZ is Linux’s implementation of the Bluetooth protocol stack. It uses Py-DBus, a
framework to facilitate inter-process communication with Python bindings. Bluetooth Low
Energy (BLE) GATT profiles, advertisements, advertisement managers etc. are modeled as
DBus objects. Each object has an interface which defines methods to which it will respond and
signals it will emit.

For example, the method call ReadValue sent to a GATT Characteristic will execute a
registered callback and transmit the returned value to the requesting device. The method call
WriteValue modifies a characteristic’s value. Each time it is called on a writeable characteristic,
the values are stored using the BTCharManager instance. DBus registers an event loop to process
all callbacks asynchronously. Raspberry Pi code can be seen in Appendix B. BlueZ’s repository
contains examples that strongly influenced many of the scripts on the Raspberry Pi. These are

not pictured in Appendix B. See [18] for all examples and source code.
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1I0S App Software Design

Necessity of an iOS App

As stated previously, the Raspberry Pi is intended to operate in a headless state, with no
external intervention. The user should, ideally, not be concerned about the Raspberry Pi’s inter-
workings. The user must be provided an user-friendly API to control the Raspberry Pi that

restricts the actions that the user can take.

Workflow of iOS App

Screenshots of the files involved to make the iOS app can be found in Appendix C.
Screenshots of the app itself can be found in Appendix D. When the iOS app is launched, it
immediately scans for the previously connected iNAAT device, if any. The user can select the
serial number of any iNAAT device that it wishes to scan for and initiate a connection if any
devices are found. A user can enter the names or ID of a test sample and specify which channels
of the INAAT will contain a test sample.

When a test is initiated, the device will write 0x01 to the iINAAT’s TestInProgress
characteristic. The iINAAT’s Raspberry Pi will recognize this and initiate a test. When the 10S
app reads that the Reading Out characteristic is equal to 0x01, then it begins reading the color
sensors. Color sensors are displayed in real time using SwiftUICharts, an external library. At any
time, a test can be aborted.

When a test is completed, as distinguished by a read request that returns more than 60

entries per channel, the results of each channel in use are displayed. A positive result is identified
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by the median of its last five entries being greater than the threshold fluorescence. The user can

choose to save the results. It is only at this point that the 10S app will tell the Raspberry Pi to

clear its test data.

Constructing i0S App Views

State information dictates the appearance and behavior of each view within an iOS app.
This is desirable since it allows the programmer to decide which Ul elements show themselves
and how each will react to a gesture. In the Swift programming language, structs are immutable
value types. In SwiftUI, Apple’s newest app development framework, views are structs. As the
simplest demonstration of managing state information, if one wishes to modify a view’s
appearance, it marks some properties as @State. If there is an attempt to set a @State property, a
new view will be re-rendered. Other techniques exist to pass consistent data between views and
for all views to access a common object [19]. State information is used extensively in the INAAT
iOS app. For example, whenever the app receives new fluorescence signal data, it re-renders the
real-time plot.

Each Swift view follows a lifecycle, pictured in figure 8 [20]. Each view’s init() method
must not access the struct’s properties, or else it will give undefined results. When a view is first
in sight, its onAppear(perform:) method is triggered, and when a view is no longer in view, its
onDisappear(perform:) method is triggered. In between, all changes to @ State variables are

tracked.
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Appearing Updating Disappearing

Must be pure and

) New stale External event
intializer
“Layout phase” l l
1 ig
r
1

Figure 8- i0OS view lifecycle and updating of state information.

Bluetooth Programming Using Core Bluetooth

Core Bluetooth is Apple’s Bluetooth Low Energy framework [21]. The iOS app performs
the “central” role since it scans for devices and initiates connection. The Raspberry Pi is
designated a “peripheral” since it advertises data and waits for a connection attempt.

Upon a new connection, the iOS app will check that all services and characteristics of the
Raspberry Pi’s GATT server are properly accessible.

Read and write requests to a peripheral device’s GATT server are non-blocking. If data is
successfully returned from a read request, the peripheral(_:didUpdateValueFor:error:) callback

will run.

Data Persistence Using Core Data

Fundamental to any point-of-care biomedical device platform is persistent data storage. Core

Data is Apple’s API to an SQLite database that stores test data [22]. All state information
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mentioned above will be reset upon an exit and subsequent restarting of an app. Certain data

must be stored indefinitely. The iINAAT stores the following information:
o Alist of all previously conducted test results, including the recipient's name/ID, testing
data and time, and result status.
e Whether a test is in progress
o The data arrays from the last recorded read to the color sensors
e The names and results (if any) for the current test in progress
« Which test channels are in use for the current test
e The serial number of the connected INAAT
In the event of the user exiting the app, the storage of all vital information will allow the app to

restore itself to its previous state and resume execution where it discontinued.
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INAAT Testing and Validation

Experimental Procedure To Compare iNAAT and Benchtop PCR Machine

The FDA has approved saliva as a biomaterial for the detection of SARS-CoV-2 [23].
Due to the difficulty in transporting and preserving saliva samples, the positive saliva samples
were manufactured using the Saliva Direct Protocol. Three negative samples and three positive
samples spiked at 1024 copies/uL were inputted to the benchtop machine. The procedure
followed by GuanLab is diagrammed in figures 9 and 10.

The saliva samples are combined with a LAMP master mix shown in figure 11. Most
notably, this mix contains SYTO 9 Green Fluorescent Nucleic Acid Stain, which intercalates in
DNA, emitting green light when excited by blue light. As shown in figure 12, its absorption
spectra peaks at 485 nm, and its emission spectra peaks at 498 nm [26].

The tests performed used the TCS34725 color sensor. The original plan involved the use
of these sensors, but due to their limited availability, the VEML3328 were chosen as a suitable

alternative.

Standard Saliva Direct Protocol

. Add Proteinase K (see table for volume per sample) to PCR tubes (200 pL capacity).

. Vortex each saliva sample until homogeneous, and immediately transfer 50 pL saliva to PCR tube
containing proteinase K.

. Close lid

. Place the tubes in a rack and vortex for 1 minute at 3000-5000 RPM

. Briefly spin down the rack/tubes using a plate spinner or 8-strip tube microcentrifuge. ( If no plate

centrifuge or spinner is available, the plate can be gently tapped to get the samples at the bottom

of each well)

Inactivate the proteinase K by heating samples for 5 minutes at 95°C on a PCR instrument or

equivalent thermocycler.

. Briefly spin down the tubes.(Tubes should only be centrifuged for a few seconds, to spin down
condensation in the tubes.)

. Bring the processed samples and the PCR master mix plate to a biosafety cabinet.

~

w

IS

el

o

~

o

Figure 9- Standard Saliva Direct Protocol followed by GuanLabs pt. 1
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Standard Saliva Direct Protocol

1. Tube 1: add 6.25 ul NEB Proteinase K into a 200 ul PCR tube.

2. Tube 2: Collect Saliva sample, vortex saliva sample until homogeneous

3. Add 50 ul Saliva from tube 2 to Tube 1

4. vortex for 1 minute at 3000-5000 RPM

5. Inactivate the proteinase K by heating samples for 5 minutes at 95°C on a PCR
6. Briefly spin down the tubes

7. Add 10ul 2e5 copies/ul RNA into tube and mix well

8. Take 5ul sample for PCR reaction

Figure 10- Standard Saliva Direct Protocol followed by GuanLabs pt. 2

Material Concentration( 25ul)
FIP/BIP primers 1.6 uM
F3/B3 primers 0.2 uM
LF/LB primers 0.4 uMm
Isothermal Amplification 1x
Mgs04 6mM
Betaine 04 M
dNTP 1.4 mM
syto-9 green fluorescent 0.4 um
Bst 2.0 DNA polymerase 10U
WarmStart Reverse 75U
Transcriptase

UP Water

Figure 11- RT-LAMP master mix combined with saliva for use in RT-LAMP

Relative Intensky (%)
~ a

0

T

300 400 500 600 700 800 900
Wavelength (rm)

Figure 12- Absorption (left) and emission (right) spectrum of SYTO 9 Green Fluorescent Nucleic Acid Stain
[26].

Experimental Results

By using simple electronic components and a computing unit, it is possible to create a
significantly less expensive SARS-CoV-2 screening device with comparable performance to a
benchtop PCR machine. A comparison of the test performance metrics can be seen in table 2. A

plot of relative fluorescence versus time can be seen in figure 13 and 14.
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Benchtop PCR

INAAT

# of Negative Samples

# of Positive Samples

# of True Positives

# of False Positives

# of True Negative

# of False Negatives

Table 2- Comparison of INAAT and benchtop PCR machine performance

Fluoresence (RFU)
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1000
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iNAAT Test Performance

Channel 1, Control

Channel 2, Control

Channel 3, Control

Channel 4, Spiked 512 copies/ul

Channel 5, Spiked 512 copies/ul

Channel 6, Spiked 512 copies/ul
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Figure 13- Performance of INAAT
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Work To Be Done

Experiment on Real Saliva Samples

The tests described above were spiked with SARS-CoV-2 RNA samples. To validate the

performance of the INAAT, it must be tested using real saliva samples.

Optimize Testing Parameters

As seen in figure 12, if the INAAT test were cut at minute 25, there would be only one
measured false positive. If it were cut at minute 42, there would be three measured false
positives. The time that a test will run must be optimized to capture low concentration positive
samples, yet also prevent the amplification of negative samples. Additionally, the threshold RFU
level must be optimized for the same reasons. Lastly, since the VEML3328 color sensor gain and
integration time are configurable, further experiments must be performed to find the optimal

settings.



Appendix A

Eagle PCB Files
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Appendix B

INAAT Hardware Python Scripts

main.py

import os
import threading

from device loop import *

from register services import *

5 from advertise import *

6 from value_manager_class import BTCharManager
import dbus

import dbus.exceptions

import dbus.mainloep.glib

import dbus.service

import shared

try:
from gi.repository import GLib
except ImportError:

import gobject as GObject

BLUEZ_SERVICE_NAME = 'org.bluez’

LE_ADVERTISING MANAGER IFACE = 'org.bluez.LEAdvertisingManagerl’
DBUS OM IFACE ‘org.freedesktop.DBus.0bjectManager '

DBUS PROP IFACE ‘org.freedesktop.DBus.Properties’

DEVICE IFACE "org.bluez.Devicel”

LE_ADVERTISEMENT_IFACE = 'org.bluez.LEAdvertisementl’

global mainloop
shared. init()

dbus.mainloop.glib.DBusGMainLoop{set as_default=True)

bus = dbus.SystemBus()

adapter = find adapter(bus)

if not adapter
print('LEAdvertisingManagerl interface not found')

adapter props = dbus.Interface(bus.get object(BLUEZ SERVICE NAME, adapter),
"org. freedesktop.DBus.Properties”)

40 adapter_props.Set("org.bluez.Adapterl", "Powered", dbus.Boolean(1))

2 ad manager = dbus.Interface(bus.get object(BLUEZ SERVICE NAME, adapter)
43 LE ADVERTISING MANAGER IFACE)
15 if __name__ == "_ main__":
def property_changed(interface, changed, invalidated, path)
iface = interface[interface.rfind(".") + 1:]
for name, value in changed.items():
val = str{value)
print("{%s.PropertyChanged} [%s] %s = %s" % (iface, path, name, val})
if (name == "Connected") and (val == "0")
try:
ad manager.RegisterAdvertisement(rpi adverisement.get path(), {},
reply handler=register ad cb,
error_handler=register_ad_error_cb)
print("Starting advertisement")
except:
return
elif (name == "Connected") and (val == "1"):
try:
ad_manager.UnregisterAdvertisement (rpi_adverisement)
print(“Stopping advertisement”)
except:
return

return

def interfaces_added(path, interfaces):

6! devices = []
76 for iface, props in interfaces.items():
if not(iface in DEVICE_IFACE):

continue
print("{Added %s} [%s]" % (iface, path))
for name, value in props.items():

devices.append(name)
if(len(devices) » 0):

try:

ad manager.UnregisterAdvertisement (rpi adverisement)

26



device_loop.py

print("Stopping advertisement")
except:
return
return

def interfaces_removed(path, interfaces)

devices =[]

if mainloop.is_running() and hasattr(interfaces, 'items'):

for iface, props in interfaces.items()
if not(iface in DEVICE IFACE):

path))

ad manager.RegisterAdvertisement (rpi adverisement.ge

continue
print("{Removed %s} [%s]" % (iface
try:
reply handle
errar_handle
print("Starting advertisement")
except:

return
return

egister ad cb,
egister_ad_error_cb)

bus.add signal receiver(property changed, bus name="ecrg.bluez"

dbus_interfac
signal_name="PropertiesChanged",
path_keyword="path")

“org.freedesktop.DBus.Properties",

bus.add signal receiver(interfaces added, bus name="erg.bluez",

bus.add signal_receiver{interfaces removed, bus name=
org. freedesktop.DBus.ObjectManager”,

dbus_interfa
signal_nam

InterfacesAdded")

dbus_interfa
signal nam

InterfacesRemoved")

global rpi_adverisement
rpi_adverisement = RPIAdvertisement(bus, 0)

service manager = dbus.Interface(
bus.get object(BLUEZ SERVICE NAME, adapter),

GATT MANAGER IFACE)

app = Application(bus)

mainloop = GLib.MainLoop()

try:

e="org.freedesktop.DBus.ObjectManager",

org.bluez",

ad_manager.UnregisterAdvertisement(rpi_adverisement)

print("No longer advertising")

except dbus.exceptions.DBusException:

pass

ad manager.RegisterAdvertisement (rpi adverisement.get path{), {}
reply_handler=register_ad_cb
error_handler=register_ad_error_cb

print('Advertising %s' %rpi_adverisement.local name

service manager.RegisterApplication(app.get path(), {}.

reply handle
error_handle

egister app cb,
egister_app_error_cb)

threading. Thread (target=testLoop, args=()).start()

threading.Thread(target=heatLoop, args=()).start()

mainleop.run()

ad_manager.UnregisterAdvertisement (rpi_adverisement)

import
import
import
import
import

RPi.GPIO as GPIO

time

adafruit_tca9548a

adafruit tcs34725
adafruit_adslx15.adslll5 as ADS

from adafruit_adslx15.analog_in import AnalogIn

import
import
import
import
import
import
import
import
import
import
import
import
import

math

busie
adafruit_gps
digitalio
adafruit_rfmox
board

serial

dbus
dbus.exceptions
dbus.mainloop.glib
dbus.service
shared

random

thermistor nominal 10000
temperature_nominal = 25
B_coefficient = 3969

series_|
target

resistance = 10000
temp = 65

temp buffer = @

heating control = 21

GPI0. setmode (GPIO.BCM)

GPI0. setwarnings (False)
GPI10.setup(heating control,GPI0.0UT)

ledPin

=20

GPI0. setmode(GPIO0.BCM)
GPID. setwarnings(False)
GPI0. setup(ledPin,GPI0.0UT)

i2¢ = board.T2C()

t path(), {},

27



ads = ADS.ADS1115(i2c)

tca = adafruit_tca9548a.TCA9548A(i2c)

#Create VEML3328 sensor

for channel in range(8,8

efere

if tcalchannell.try lock():

tcalchannel ] .set

gain{d)

tcalchannel].set integrationTime(100)
tca[channel ] .unlock(})

sensorf =
sensorl =
sensor2 =
sensor3 =
sensord =
sensors =
sensorb =
sensor? =

Create
sensor@
senso
senso

sensc

senso
sensor5 =
sensoré =
ensor? = adafruit

# # Change sensor integra

# sensor@.integration ti
se ation tim
sensor2.integration ti
sensor3.integration_tim
sensord.integration_tim
sensor3.integration ti
sensor6.integration_ti
sensor7.integration ti

integre

tion ti

t
t
t
tc
t
t
t
t

values

ation_time
on_tim

tion_time

on ti

sensor5.gain = €
# sensor6.gain = 6
# sensor7.gain =

def temp_read_block():

chan® = AnalogIn(ads, ADS.P®)
print(chan@.value, chan@.voltage)

tempd = float(0)

temp@ = chan@.value

temp@ = (26546/temp@)-1

temp@ = series_resistance/temp®
temp® = temp®/thermistor_nominal
temp@ = math.log(tempo)

1.0/ {temperature nominal+273.15)

tempb /= B coefficient
temp®

temp® = 1.6/tempd
tempo -= 273.15

return temp®

BLUEZ SERVICE NAME = 'org.bluez'

LE ADVERTISING MANAGER IFACE =

DBUS OM IFACE

DEVICE IFACE =
LE_ADVERTISEMENT_IFACE =

def add_local_name(self, name):
if not self.local name

self.local_name =

self.local_name

= dbus.String(name)

def add_data(self, ad_type, data):

if not self.dat

s, configure gain and integ

ive

between 2

12¢C

4 and

self.data = dbus.Dictionary({}, signature="yv')

self.datalad_type] = dbus.Array(data, signature

@dbus.service.method(DBUS PROP_IFACE,

def GetAll{self,
print(‘GetAll"
if interface

in signature='s
oul signature='a{sv}')

interface):

LE_ADVERTISEMENT TFACE:

raise InvalidArgsException()
print('returning props’
return self.get properties()[LE ADVERTISEMENT IFACE]

@dbus . service.method(LE_ADVERTISEMENT IFACE,

def Release(self):
print(’%s:

Released!’

in_signatur
out_signature:

"

% self.path)

class RPIAdvertisement(Advertisement):

def init

(self, bus, index):

='y')

bus

614.4 mil

‘org.bluez.LEAdvertisingManagerl’
 OM "org. freedesktop.DBus.ObjectManager "
DBUS_PROP_IFACE = 'org.freedesktop.DBus.Properties’
“org.bluez.Devicel"
‘org.bluez.LEAdvertisementl’

Advertisement. init_ (self, bus, index, 'peripheral’)
self.add service uuid('BOC4594E-8C8B-4D85-BAEB-627B0O3763FC2")
self.add_local_name( ' iNAATOOEOO')

def register_ad_ch():

print{'Advertisement registered')

iseconds



def register_ad_error_cb(error):
print('Failed to register advertisement: ' + str(error)
mainloop.quit()

def find_adapter (bus):
remote_om = dbus.Interface(bus.get_object (BLUEZ SERVICE_NAME, '/'),
DBUS_OM_IFACE)

objects = remote_om.GetManagedObjects()

for o, props in objects.items():
if LE ADVERTISING MANAGER IFACE in props:
return o

return None

shutdown (timeout) :

print('Advertising for {} seconds...'.format(timeout))
time.sleep{timeout)

mainloop.quit()

testLoop():
while(1):
try
rgb_test = shared.bluetoothCharManager. read_value("C57")
num_iterations = len(rgb_test.split{";"))
print(num_iterations)
print("LED = {}".format{int(shared.bluetoothCharManager.LED}))
print("TIP = {}".format{int(shared.bluetoothCharManager.TIP}))
shared.bluetoothCharManager.write value("LED",61,False)
if(int(shared.bluetoothCharManager.LED) 1 and int(shared.bluetoothCharManager. read_value
tic = time.time()
GPIO0.output(ledPin,GPIO.HIGH)
print(“Reading out")
1

# gb7 = se 7.co I
tca[0].try_lock():
cs_rgh® = sensor®.read_color_raw(}[0
tca(0].unlock()
tca[1].try lock():
cs_rgbl = sensorl.read_color_raw()[0
tca[1].unlock()
if tea(2].try_lock():
cs_rgb? = sensor2.read_color_raw()[0
tca(2].unlock()
tca[3].try lock():
cs rgh3 = sensor3.read color raw()[0
tca[3].unlock()
teal4].try_lock():
cs_rgb4 = sensord.read_color_raw()[0
tcal4].unlock()

.
=

"
s

"
e

.
I~

"
b

sha
sha
sha
sha
sha

tea[5].try lock():

cs rgh5 = sensor5.

tca(5].unlock()
tcal6].try_lock():

€5_rgh6 = sensort.

tca[6].unlock()
teal7].try lock():

cs rgh7 = sensor7.

red.bluetoothCharManager.write_value{"(S3"
red.bluetoothCharManager.write value("CS54"
red.bluetoothCharManager.write value("(S5"

read_color_raw()[0]

read_color_raw(}[6]

read color raw()[0]

cs_rgb3,

cs rgba,
cs_rgbs,

red.bluetoothCharManager .write value("CS6", cs rgbf
red.bluetoothCharManager.write_value("CS7", ¢s_rgb7,

True)
True)
True)
True)
True)

num_iterations += 1
toc = time.time()
if (toc-tic < 60):
time.sleep(60-(toc-tic))
elif int(shared.bluetoothCharManager.read value{"TIP"))
print("No test in progress, clearing LED pin"
time.sleep(10)
GPI0.output(ledPin, GPI0.LOW)
shared.bluetoothCharManager.write value{"R0",0,False)
else:
time.sleep(10)
except TypeError:
print("TypeError")

def heatLoop():
whi

ile(l):
test in progress = shared.bluetoothCharManager.read value("TIP")
if(int(test in progress) == 1):
block_temp = temp_read_block()
print('heating block temperature is: ', block_temp

if block temp < target temp:
print('MOSFET on')
GPI0.output (heating control,GPI0.HIGH)
if bleck temp > target temp:
print('MOSFET off'}
GPI0.output (heating_control,GPI0.LOW)
shared.bluetoothCharManager.write value("R0",1,False)
temp line = "Data----> Time {} Block {}".format(time.time(), block temp
print{temp_line)
else:
print(‘MOSFET off')
GPI0.output (heating_control,GPT0.LOW)
shared.bluetoothCharManager.write_value("R0"
time.sleep(10)

,False)




register_services.py

252 class ColorSensorsServ(Service):

253 COLOR_SENSORS_UUID = "COC4594E-8C8B-4D85-B4EE-627BO3763FC2"
254

255 def __init__(self, bus, index):

256 Service. init_ (self, bus, index, self.COLOR_SENSORS UUID, True)
257 self.add characteristic(ColorSensor8Char{bus, 0, self))
258 self.add characteristic(ColerSensorlChar(bus, 1, self))
259 self.add characteristic(ColorSensor2Char(bus, 2, self})
260 self.add characteristic(ColorSensor3Char(bus, 3, self))
261 self.add_characteristic(ColorSensordChar(bus, 4, self})
262 self.add characteristic{ColorSensor5Char{bus, 5, self})
263 self.add characteristic(ColerSensoréChar(bus, 6, self))
264 self.add characteristic(ColorSensor7Char{bus, 7, self))
265

266 class ColorSensorBChar(Characteristic):

267 COLOR_SENSOR_B_UUID = 'C1C4594E-8C8B-4D85-B4ES-627B03763FC2"
268

269 def __init__(self, bus, index, service):

270 Characteristic. init (

271 self, bus, index,

272 self.COLOR_SENSOR_©_UUID,

273 [‘read'],

274 service)

275

276 def ReadValue(self, options):

277 €SO = shared.bluetoothCharManager.read value("CS8")

278 CSO_array = CS@.split("

279 CS0_int_array = [int(elem) for elem in CS@_array]

280 €S0 bytes array = []

281 for elem in CS@_int_array:

282 two bytes = elem.to bytes(2, big')

283 (S0 _bytes array.append(two bytes[1]

284 CS0_bytes_array.append(two_bytes(0]

285 return [dbus.Byte(elem) for elem in C50_bytes array]
286

287 «class ColorSensorlChar(Characteristic):

288 COLOR SENSOR 1 UUID = 'C2C4594E-8CBB-4D85-B4ES-627B03763FC2"

def __init__(self, bus, index, service):
Characteristic. init
self, bus, index,
self.COLOR SENSOR 1 UUID,
[‘read'],
service)

def ReadValue(self, options):
CS1 = shared.bluetoothCharManager.read value("CS1")
CS1 array = CS1.split(";")
CS1_int_array = [int(elem) for elem in CS1_array]
CS1 bytes_array = []
for elem in CS1 int array:
two bytes = elem.to bytes(2,'big')
CS1 bytes array.append(two bytes[1])
CS1 bytes array.append(two bytes[6])
return [dbus.Byte(elem) for elem in CS1_bytes_array]

class ColorSensor2Char(Characteristic):
COLOR SENSOR 2 UUID = 'C3C4594E-8C8B-4D85-B4ES-627B0O3763FC2"

def __init__(self, bus, index, service):
Characteristic.__init__(
self, bus, index,
self.COLOR SENSOR 2 UUID,
['read'],
service)

def ReadValue(self, options):
(€S2 = shared.bluetoothCharManager.read_value("(S2")
€S2 array = CS2.split(";")
€S2 int array = [int(elem) for elem in CS2 array]
€S2 bytes array = []
for elem in CS2_int_array:
two_bytes = elem.to_bytes(2, 'big')
€S2 bytes_array.append(two_bytes(1])
€S2 bytes_array.append(two bytes[6])
return [dbus.Byte(elem) for elem in CS2 bytes array]

class ColorSensor3Char(Characteristic):
COLOR SENSOR 3 UUID = 'C4C4594E-8C8B-4D85-B4E8-627B0O3763FC2"

def __init_ (self, bus, index, service):
Characteristic._ init_ (
self, bus, index,
self.COLOR SENSOR 3 UUID,
['read'],
service)

def ReadValue(self, options):

CS3 = shared.bluetoothCharManager.read value("CS3")
€S3 array = CS3.split(";")
CS3 int array = [int(elem) for elem in CS3 array]
CS3 bytes array = []
for elem in CS3_int_array:

two_bytes = elem.to_bytes(2, 'big')

(S3 bytes_array.append(two_bytes(1])

(S3 bytes array.append(two bytes[0])
return [dbus.Byte(elem) for elem in CS3 bytes array]

class ColorSensord4Char(Characteristic):
COLOR_SENSOR_4_UUID = 'C5C4594E-8C8B-4D85-B4E8-627B03763FC2"

def __init__(self, bus, index, service):
Characteristic. init
self, bus, index,
self.COLOR_SENSOR 4_UUID,
['read'],
service)

def ReadValue(self, options):
CS4 = shared.bluetoothCharManager.read value("CS4")
CS4_array = CS4.split(";")
CS4_int_array = [int(elem) for elem in CS4_array]
CS4 bytes array = []
for elem in CS4 int array:
two bytes = elem.to bytes(2,'big')
CS4 bytes array.append(two bytes[1])




(54 byles array.append(two bytes|0]}
return [dbus.Byte({elem) for elem in C54 bytes array]

class ColorSensorSChar(Characteristic)
COLOR_SENSOR 5 UUID = 'CHC4594E-BC8B-4D85-B4ES-627BO3763FC2"

def _init_ (self, bus, index, service):
Characteristic. uut _{
self, bus, index,
self.COLOR_SENSOR_5_UUID,
['read'],
service)

def ReadValue(self, options):
CS5 = shared.bluetoothCharManager.read_value("(S5")
€55_array = C55.5plit(";")
CS5_int_array = [int(elem) for elem in CS5 array]
€S5 bytes array = []
for elem in CS5_int array:
two_bytes = elem.to bytes(2, 'big')
CS5_bytes_array.append (two_bytes[1]}
€55 bytes_array.append (two_bytes[0]}
return [dbus.Byte(elem) for elem in CS5_bytes_array]

class ColorSensor6Char(Characteristic):
COLOR SENSOR 6 UUID = 'C7CA4594E-8C8B-4D85-BAE8-627BO3763FC2"

def __init__(self, bus, index, service):
Characteristic.__init_ (
self, bus, index,
self.COLOR SENSOR 6 UUID,
['read'],
service)

def ReadValue(self, options):
CS6 = shared.bluetoothCharManager. read value("CS6")
CS6 array = CS6.split(";")
CS6_int array = [int(elem) for elem in CS6 array]
CS6_bytes_array = []

for elem in CS6_int_array:
two_bytes = elem.to_bytes(2, 'big')
€56 bytes array.append(two bytes[1])
(S6_bytes array.append(two bytes[6])
return [dbus.Byte(elem) for elem in CS6 bytes array]

class ColorSensor7Char(Characteristic):
COLOR_SENSOR_7_UUID = 'C8C4594E-8C8E-4D85-B4ES-627B03763FC2"

def __init_ (self, bus, index, service):
Characleristic. init
self, bus, index,
self.COLOR SENSOR 7 UUTD,
['read'],
service)

def ReadValuztseU options):
7 = shared.bluetoothCharanager. read value(*CS7")

csi_array Cs7.split(";")

€57 int array = [int(elem) for elem in €57 array]

€57 bytes array = []

for elem in CS7_int array:
two_bytes = elem.to bytes(2, 'big')
C57_bytes_array.append (two_bytes[1])
57 bytes_array.append(two_bytes(0])

return [dbus.Byte(elem) for elem in CS7 _bytes array]

class TestStatusServ(Service)
TEST_STATUS_UUID = 'DEC4594E-8C8B-4D85-BAES-627B03763FC2"

def __init_ (self, bus, index):
Service. init_ (self, bus, index, self.TEST_STATUS_UUID, True)
self.add characteristic(TestInProgress(bus, B, self])

class TestInProgress(Characteristic):
TEST_IN_PROGRESS_UUID = 'EECA594E-8C8B-4D85-BAES-627BO3763FC2"

def __init__(self, bus, index, service):

133 Lnaractensn: _amit (

446 elf, bus, ind

447 self TEST_IN PROGRESS wID,

448 ['read’, Twrite']

449 serv.\.cE)

450

451 def WriteValue(self, value, options):

452 processed_input = [int(elem) for elem in value

453 shared. bluetunthcharManager write value("TIP", processed_input[0], False)
454 if int(processed input[0

455 shared. bluEluuthharManaEer clear data()

456

457 def ReadValue(self, options):

458 bytes_array =

459 TIP int = int(shared.bluetoothCharManager.read value("TIP"))
460 two bytes = TIP int.to bytes(2, 'big')

461 bytes array.append{two bytes[1])

462 bytes array.append(two bytes[8])

463 return [dbus.Byte(elem) for elem in bytes array]

464

465

466 class ReadOutStatus(Service):

467

468 RO_STATUS UUID = 'DACAS594E-8C8B-4D85-B4EB-627BO3763FC2"

169

470 def __init__(self, bus, index):

471 Service. init (self, bus, index, self.RO STATUS UUID, True)
472 self.add characteristic(ReadingOut(bus, 8, self))

473



class ReadingOut(Characteristic):
RO_READY_UUID = 'EAC4594E-8c8b-4D85-B4ES-627B03763FC2"

def __init_ (self, bus, index, service):
Characteristic.__init__
self, bus, index,
self.RO_READY_UUID,
['read'],
service)

def ReadValue(sc‘.f optiens):
bytes array =
RO_int = Jr\t(shared.bluetunlhtharManﬂger.readivalue("RD"))
two_bytes = RO_int.to bytes{2, 'big"}
bytes array.append(two bytes[1])
bytes array.append(two bytes[0])
492 return [dbus.Byte(elem) for elem in bytes array]
102

value_manager_class.py

import threading

def _init_ (self)
T = open("/home/pi/Documents/device-state.txt", "r*)
values = f.read().split(",")

2
 class BTCharManager:
E

8 self.TIP int(values([values.index("TIP")+11)

9 self.RO = int(values[values.index("R0O")+1])

10 self. lock = threading.Lock()

1 try:

12 self.C50 = [int(elem) for elem in values[values.index("CS8"}+1].

13 except ValueError

14 self.Cs0 = []

15 try:

16 self.CS1 = [int(elem) for elem in values[values.index("CS1"}+1].split(";"}]
17 except ValueError:

18 self.C51 = []

19 try:

0 self.CS2 = [int(elem) for elem in values[values.index("CS2"}+1].split(";")]

except ValueError:

self.CS2 = []
try:
self.CS3 = [int(elem) for elem in values[values.index{"CS3")+1].split(";"}]
except ValueError:

self.Cs3 = []
try:

self.CS4 = [int(elem) for elem in values[values.index("CS4"}+1].split(";")
except ValueErrer:

self.CS4 = []

try:
self.CS5 = [int(elem) for elem in values[values.index("CS5"}+1].split(";")
except ValueError:
self.css = []
try:
self.CS6 = [int(elem) for elem in values(values.index("CS6"}+1].split(";")
except ValueError:
self.Cs6 = []

try:
40 self.C57 = [int(elem) for elem in values[values.index{"CS7")+1].split(";"}]
41 except ValueError:
42 self.C87 = []
43
14 def write_value(self, value name, value, append):
45 with open("/home/pi/Decuments/device-state.txt", "r") as f:

46 with self. lock:
7 print(*Writing {} to 4}“ format (str(value),value name))
values = f.read(}.split(

"if(not append):
new_value = str(value)
values|values.index(value_name)+1] = new_value

else:
new value = values[values.index(value name)+1] + ";" + str(value)
values[values.index(value name)+1] = new_value

except ValucError:
return
values = ",".join(values})
with open("/home/pi/Documents/device-state.txt", "w") as f:
with self. lock:
f.write(values)

try
int_value = int(value)
except ValueError:
int_value = value
if(value name=="TIP"}
self.TIP = int_value
="R0") :

71 self.CSe. append(ln( value)
72 elif(value name=="CS1"):

73 self.CS1.append(int va'LuE)
74 elif(value name=="CS2

self.Cs2. aDDennun( value)
elif(value_nam

self.CS3. append(ln( “value)
elif(value name=="CS54"




79 self.CS4.append(int value)

80 elif(value name=="CS5"):

81 self.CS5.append(int value)

2 elif(value name=="CS6"

83 self.CS6.append(int_value)

84 elif(value_name=="C57")"

85 self.CS7.append(int_value)

86 return

87

88 def read_value(self, value name)

89 with open("/home/pi/Documents/device-state.txt", "r') as f:
90 with self._ lock:

91 try:

92 values = f.read().split(",")

93 value = values[values.index(value name}+1]
94 except ValueError:

95 return 0"

96 return value

def clear_data(self):
print("clearing data")
self.TIP o
self.RO
self.Cs0
self.CS1
self.Cs2
self.CS3
self.Cs4
self.CS5
self.CS6
self.CS7
default_device state = "(se,®,Csl1,e,Cs2,0,Cs3,0,Cs4,0,Cs5,0,(s6,0,C57,0,TIP,0,R0,0"
with open("/home/pi/Documents/device-state. txt”, "w") :
with self. lock:
. truncate(8)
f.write(default _device state)

return

shared.py

from value_manager_class import BTCharManager

2
3 def init():

4 global bluetoothCharManager

5 bluetoothCharManager = BTCharManager ()

tca9458a.py

from micropython import const
2

3 DEFAULT ADDRESS = const(0x76)
5 class TCA9548A_Channel:

def __init_ (self, tca, channel):
self.tca
self.channel switch = bytearray([1 << channel])
self.BUFFER = bytearray(3)
self.DEVICE_ADDRESS = 0x18
self.COMMAND BIT = 0x80
self.REGISTER MODE 0x00
self.REGISTER _CLEAR = 0x04
self.REGISTER RED = 0x85
self.REGISTER_GREEN = ©x06
self.REGISTER_BLUE 0x07
self.REGISTER_IR = 0x08
self.REGISTER ID = 0x0C
self.upperGain
self.lowerGain 5}
self.integrationTime H 2:200, 3:400}




&9 def read_color_raw(self):

90 if self.valid():

91 data = tuple(

92 self.read ul6(reg)

93 for reg in (

94 self.REGISTER RED,

95 self.REGISTER_GREEN,

96 self.REGISTER_BLUE,

97 self.REGISTER _CLEAR,

98 )

99 )

100 return data

101

102 def enable_sensor(self):

103 if not self.valid():

1le4 mode = self.read ul6(self.REGISTER MODE)

105 self.write ul6(self.REGISTER MODE, mode & Ox7FFE)

106

167 def disable_sensor(self):

108 if self.valid():

109 mode = self.read ul6(self.REGISTER MODE)

110 self.write ul6(self.REGISTER MODE, mode | 0x8001)

111

112 def set_gain(self, gain):

113 current_gain = self.get_gain

114 urrent_gain

115

116 self.read ul6(self.REGISTER MODE)

117 i i - H

118 = (8x00 << 12) | (0xB3 << 16) | (mode & OXC3FF)
119

120 = (0x00 << 12) | (0x00 << 10) | (mode & OxC3FF)
121 2

122 new gain = (0x01 << 12) | (0x00 << 16) | (mode & OxC3FF)
123 elif gain==

124 new. galn = (0x02 << 12) | (0x60 << 10) | (mode & OxC3FF)
125 i =8

126 (0x02 << 12) | (0x01 << 18) | (mode & OxC3FF)
127

128 (0x02 << 12} | (6x02 << 10) | (mode & OxC3FF)
129

130

131 self. wr‘lte . ul6(self.REGISTER MODE, new gain)

132

133 def get_gain(self):

134 upper gain self.upperGain[(self.read ul6(self.REGISTER MODE) & 0x3000) >> 12]
135 lower_gain = self.lowerGain[{self.read ul6(self.REGISTER MODE) & 0x6C80) >> 10]
136 return upper_gain*lower_gain

137

138 def set_integrationTime(self, IT):

139 currentIT = self. get _integrationTime()

140 if IT==currentIT:

141 return

142 mede = sclf read_ul6(self.REGISTER_MODE)

143

144 = (0x00 << 4) | (mode & OXFFCF)

145

146 newIT = (0x01 << 4) | (mode & OxFFCF)

147 0

148 (0x02 << 4) | (mode & OxFFCF)

149 0:

150 = (0x03 << 4) | (mode & OXFFCF)

151 :

152 return

153 self.write ul6(self.REGISTER MODE, newIT)

154

155 def get_integrationTime(self):

156 return self.integrationTime[(self.read ul6(self.REGISTER MODE) & 0x0038) >> 4]



Appendix C

INAAT i0S App Swift Files

AboutView.swift

import Swiftur

struct AboutView: View {
var body: some View {
Vstack {
Text ("About")
.headerTextStyle()
Text("Device Description”, tableName: "iNAAT App Description”, bundle: Bundle.main)
.bodyTextStyle()
Text("LAMP Description®, tableName: "iNAAT App Description", bundle: Bundle.main)
.bodyTextstyle()
Spacer()
Spacer()

PreviousView.swift

import Swiftur
import CoreData

struct PreviousView: View {
@Environment(\.managedObjectContext) var viewContext
@Environment(\.defaultMinListRowHeight) var minRowHeight

@StateObject var rawResults : ResultStrings = ResultStrings()
@FetchRequest(entity: Result.entity(), sortDescriptors: [NSSortDescriptor(keyPath: \Result.date, ascending: false)]) var results : FetchedResults<Result>

@State var singleSelection: UUID?
@State var deleteResultAttemptAlertEnable : Bool = false
@State var deletelndex : Int = @

let deleteResultAttemptErrStr : String = String(localized: "Delete Result Attempt", table: "User Error Codes®, bundle: Bundle.main, comment: nil)

var body: some View {
vstack {
Text("Previous Test Results")
.headerTextStyle()
Text(" \(rawResults.resultStrings.count) Results

.bodyTextStyle()
Vstack(spacing: 18) {
HStack {

Text("Recipient Name")
.listTitleTextStyle()
~offset(x: -25)
-frame(maxWidth: 75)

Text("Date")
.listTitleTextStyle()
~offset(x: -5)
.frame(maxWidth: 18@)

Text("Result")
.listTitleTextStyle()
.offset(x: 15)
.frame(maxWidth: 75)

List(selection: $singleSelection) {
ForEach(rawResults.resultStrings) { result in
HStack {

Text(result.name)
.listTextStyle()

.offset(x: @)
.frame(maxwidth:

Text(result.date)
.listTextStyle()

.offset(x: 28)

~

5)
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57 .frame(maxwidth: 100)

58 Text(result.result)

59 .listTextStyle()

] .offset(x: 48)

& . frame (maxwidth: 75)
62

63 ¥

[

65 .onDelete (perform: findResult)
66 .padding(.all, @)

67 .headerProminence(.standard)

68 b

&9 ¥

70 .overlay(

n Rectangle()

72 .stroke(.cyan, lineWidth: 2))

73 .frame(maxHeight: min(325, 9@ + minRowHeight * CGFloat(rawResults.resultStrings.count) * 20))
74 Spacer()

75 }

76 .alert(deleteResultAttemptErrStr, isPresented: $deleteResultAttemptAlertEnable, actions: {
77 VStack {

78 Button(*Yes, delete result") {

79 deleteResult()

a0 }

L1l Button("No, do NOT delete result") {
8z Hh

83 sonAppear {

84 rawResults.clearResults()

85 for result in results {

86 rawResults.addResult(resultString : ResultString(resultRaw: result))
a7 }

88 }

89 i

90

L func findResult(at offsets: IndexSet) {

92 for index in offsets {

93 deleteIndex = index

% }

9 deleteResultAttemptAlertEnable = true

9% ¥

97

98 func deleteResult() {

99 while(deleteResultAttemptAlertEnable == true) {
100 sleep(1)

10 }

102 let result = results[deleteIndex]

103 viewContext.delete(result)

104 do {

98 func deleteResult() {

9 while(deleteResultAttemptAlertEnable == true) {
100 sleep(1)

m

102 let result = results(deletelndex]

103 viewContext.delete(result)

104 do {

105 try viewContext.save()

106 } catch {

107 [§]

108 }

109 rawResults.removeResult(at: deletelndex)
1o r

m )

m2



OpeningView.swift

import Swiftul
import CoreData
import CoreBluetooth

struct OpeningView: View {
@Environment(\.managedObjectContext) private var viewContext

@EnvironmentObject var centralControl : CentralViewController

@StateObject var testState : TestState = TestState()

@state
@state
@state
@State
@state
@State
@state

@State
@state

var connectedDevice : CBPeripheral?

var searchedPreviousConnections : Bool = false

var showedTIPalert : Bool = false

var saveToCoreDataFailedAlertEnable : Bool = false

var foundPreviouslyConnectedPeripheralAlertEnable : Bool = false
var failedConnectionAlertEnable : Bool = false

var testInProgressAlertEnable : Bool = false

var selectionIdx : Int =1
var iters : Int = @

@FetchRequest(entity: TestStatus.entity(), sortDescriptors: [NSSortDescriptor(keyPath: \TestStatus.testInProgress, ascending: true)]) var testStatus :
FetchedResults<TestStatus>

var timerManager : TimerManager = TimerManager()

let previousDeviceFoundErrStr : String = String(localized: *Previous Device Found", table: "User Error Codes”, bundle: Bundle.main, commen
let failedConnectionAttemptErrStr : String = String(localized: “"Failed Connection", table:

nil)
nil)

"User Error Codes", bundle: Bundle.main, comment:

let testAlreadyInProgressErrStr : String = String(localized: "Test Already In Progress®, table: "User Error Codes", bundle: Bundle.main, comment: nil)

var body: some View {
TabView(selection: $selectionIdx){

AboutView()
.tabItem {
Text("About")

.tag(l)
PreviousView()
~tabItem {
Text(“See Results*)
}
.tag(2)
NamesView(testState: ObservedObject(wrappedvalue: testState))
.tabItem {
Text("Test Info")
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103

104

14

122
123
124
125

151

«tag(3)
BluetoothView(device: SconnectedDevice, testState: ObservedObject(wrappedValue: testState))
.tabItem {
Text("Device")
}
.tag(4)
PlotView(testState: ObservedObject(wrappedvalue: testState))
JtabItem {
Text("Test")
+
.tag(5)
}
.onAppear(perform: loadTestStatus)
«onReceive(NotificationCenter.default.publisher(for: Notification.CharDataReady, object: nil)) { notification in
if let testInProgress = centralControl.charCachedvalue[DeviceServices.TestInProgressCharacteristicUuID] {
if showedTIPalert false & testInProgress(8] == 1 {
showedTIPalert = true
selectionldx = §
testStatus[@].testInProgress = true
testInProgressAlertEnable = true

}
r
.alert("Core Data Error", isPresented: SsaveToCoreDataFailedAlertEnable, actions: { Button("0k") {
)
.alert(failedConnectionAttemptErrStr, isPresented: $failedConnectionAlertEnable, actions: { Button("0Ok") {
M)

.alert(testAlreadyInProgressErrStr, isPresented: StestInProgressAlertEnable, actions: { Button("Ok") {
showedTIPalert = true
13
.alert(previousDeviceFoundErrStr, isPresented: $foundPreviouslyConnectedPeripheralAlertEnable, actions: {
Button("Connect to Device®) {
connectToPreviousiNAAT()
¥
Button("Do NOT connect") {
(¢]
}
1]
.onReceive(NotificationCenter.default.publisher(for: Notification.CBPoweredOn, object: nil)) { notification in
if(tsearchedPreviousConnections) {
let previousConnectedPeripherals = centralControl.centralManager.retrieveConnectedPeripherals(withServices: [DeviceServices.ColorSensorServicelUID])
if (previousConnectedPeripherals.count > 1) {
for i in 1..<previousConnectedPeripherals.count {
centralControl.centralManager.cancelPeripheralConnection(previousConnectedPeripherals[il)
centralControl.connectedPeripheral = previousConnectedPeripherals(@]
centralControl.discoveredPeripherals = [centralControl.connectedPeripherall]
connectToPreviousiNAAT()
searchedPreviousConnections = true

return

}

else if previousConnectedPeripherals.count 14
centralControl.connectedPeripheral = previousConnectedPeripherals(@]
centralControl.discoveredPeripherals = [centralControl.connectedPeripherall]
centralControl.centralManager.stopScan()
connectToPreviousiNAAT()
searchedPreviousConnections = true
return

}
timerManager.searchPrevious()
centralControl.discoveredPeripherals = nil
centralControl.scanning = true
centralControl.retrievePeripheral()
}
}
.onReceive(NotificationCenter.default.publisher(for: Notification.PreviousTestFired, object: nil)) { notification in
if(IsearchedPreviousConnections && iters < 4) {
iters += 1
if(centralControl.discoveredPeripherals != nil && centralControl.discoveredPeripherals!.count > @) {
centralControl.centralManager.stopScan()
timerManager.invalidate()
searchedPreviousConnections = true
foundPreviouslyConnectedPeripheralAlertEnable = true
}
} else {
centralControl.centralManager.stopScan()
searchedPreviousConnections = true

}

func loadTestStatus() -> Void {
if testStatus.count == @ {

let newTestStatus = NSEntityDescription.insertNewObject(forEntityName: "TestStatus", into: viewContext) as! TestStatus
newTestStatus.testInProgress = false
newTestStatus.iteration = Int64(@)
newTestStatus.test@Name oo
newTestStatus. test1Name
newTestStatus. test2Name
newTestStatus.test3Name
newTestStatus.test4Name = "
newTestStatus.testSName = "
newTestStatus.testéName = "
newTestStatus.test7Name = ""
newTestStatus.testChannelsUsed = TestState.boolArrayToRawData(bool: Array(repeating: false, count: 8))
newTestStatus.deviceName = "00000"
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152 newTestStatus.test@Data = Data()

153 newTestStatus.testlData = Data()

154 newTestStatus.test2Data = Data()

155 newTestStatus.test3Data = Data()

156 newTestStatus.test4Data = Data()

157 newTestStatus.testSData = Data()

158 newTestStatus.testéData = Data()

159 newTestStatus.test7Data = Data()

160 newTestStatus.test@Result = false

161 newTestStatus.test1Result = false

162 newTestStatus.test2Result = false

163 newTestStatus.test3Result = false

164 newTestStatus.test4Result = false

165 newTestStatus.test5Result = false

166 newTestStatus.testéResult = false

167 newTestStatus.test7Result = false

168 newTestStatus.doneEntering = false

169 } else if testStatus.count > 1 {

170 for i in 1..<testStatus.count {

m viewContext.delete(testStatus[i])

172 }

173 DeviceServices.DeviceID = "iNAAT" + testStatus[@].deviceName
174 }

175 do {

176 try viewContext.save()

n } catch {

178 saveToCoreDataFailedAlertEnable = true

179

180 if centralControl.connectedPeripheral == nil {

181 selectionldx = 4

182 return

183 }

184 else if testStatus[@].testInProgress == true {

188 selectionldx = §

186

187 else {

188 selectionIdx = 3

189 }

190 r

m

192 func connectToPreviousiNAAT() -> Void {

193 centralControl.connectionError = nil

19% centralControl.discoveryError = nil

195 guard centralControl.discoveredPeripherals != nil, let peripheral = centralControl.discoveredPeripherals!.first(where: {$@.name! == DeviceServices.DeviceID})
19 else {

197 centralControl.connectionError = .peripheralFailedConnect
198 failedConnectionAlertEnable = true

199 return

200

200 }

am centralControl.centralManager.connect(peripheral, options: nil)
202 if centralControl.connectionError == .peripheralFailedConnect {
203 failedConnectionAlertEnable = true

204 return

205 }

206

207 connectedDevice = peripheral

208 if centralControl.centralManager.isScanning {

209 centralControl.centralManager.stopScan()

210 }

211 if let name = peripheral.name {

72 testState.peripherallD = String((name.split(separator: "T*))[1])
273 testStatus[@].deviceName = String((name.split(separator: “T*))[1])
24 }

215 else {

216 testState.peripheralID = "0@08@"

07 testStatus[@].deviceName = "@@@@@"

218 }

29 if let name = peripheral.name {

220 DeviceServices.DeviceID = “iNAAT" + name

pzal

22 DispatchQueue.main.asyncAfter(deadline: .now() + 1) {

223 if let device = centralControl.connectedPeripheral {

2 guard let testServ = device.services?.first(where: {$8.uuid == DeviceServices.TestStatusServiceUUID}) else {
25 return

226 }

227 centralControl.doesPossessChar(characteristic: DeviceServices.TestInProgressCharacteristicuUID)
228 if centralControl.discoveryError == ,failedCharactersticDiscovery {
229 return

230 }

231 centralControl.readData(for: testServ.characteristics![@])
232 }

233 }

234 H

235}



40

BluetoothView.swift

import Swiftul
import CoreBluetooth

struct BluetoothView: View {
@Envirenment (\.managedObjectContext) private var viewContext

@EnvironmentObject var centralControl: CentralViewController

@0bservedObject var testState : TestState = TestState()

@State var peripherals: [CBPeripherall = []
@State var currentlySelectedId: String = "*

@State var noiNAATdevicesFoundAlertEnable : Bool = false

@State var failedConnectionAlertEnable : Bool = false

@State var failedDisconnectAlertEnable : Bool = false

@State var testInProgressAlertEnable : Bool = false

@State var discoverDeviceServicesFailedAlertEnable : Bool = false
@State var discoverDeviceCharacteristicFailedAlertEnable : Bool = false

@State var checkedTIP : Bool = false

@State var scanning : Bool = true

@State var initiallyScanned : Bool = false
©@8inding var connectedPeripheral : CBPeripheral?

var

let
let
let
let
let
let

timerManager : TimerManager

noiNAATFoundErrStr : String = String(localized: "No iNAAT Devices Found", table: "User Error Codes", bundle: Bundle.main, comment: nil)

failedConnectionAttemptErrStr : String = String(localized: "Failed Connection", table: "User Error Codes", bundle: Bundle.main, comment: nil)
failedDisconnectAttemptErrStr : String = String(localized: "Failed Disconnect”, table: "User Error Codes”, bundle: Bundle.main, comment: nil)

testInProgressErrStr : String = String(localized: "Test In Progress", table: "User Error Codes®, bundle: Bundle.main, comment: nil)
discoverDeviceServicesFailedErrStr : String = String(localized: "Discover Services Failed", table: "User Error Codes", bundle: Bundle.main, comment: nil)
discoverDeviceCharacteristicFailedErrStr : String = String(localized: "Discover Characteristics Failed", table: "User Error Codes", bundle: Bundle.main, comment: nil)

@FetchRequest(entity: TestStatus.entity(), sortDescriptors: [NSSortDescriptor(keyPath: \TestStatus.testInProgress, ascending: true)]) var testStatus :

var

FetchedResults<TestStatus>

DevicesView : some View {
Vstack {
Text(scanning ? "Scanning for Peripherals® : "Bluetooth Peripherals Found")
.headerTextStyle()

Text(centralControl.connectedPeripheral == nil 7 “Not Connected to Device" : "Connected to Device")
.bodyTextStyle()
if(centralControl.connectedPeripheral != nil) {

Text(centralControl.connectedPeripheral?.name ?? “n/a")
.bodyTextStyle()
}
ForEach(centralControl.discoveredPeripherals ?? [], id: \.self.identifier) { peripheral in



103

104

"

151

41

if let name = peripheral.name {

Hstack {
RadioButtonList(id: name, currentlySelectedId: $currentlySelectedId)
Text(name)
.bodyTextStyle()
3
}
¥
.hidden(centralControl.connectedPeripheral != nil)

Button(action: {connectToiNAAT()}}, label: {
Text("Connect to Device")
.buttonTextStyle()
13
il && centralControl.discoveredPeripherals != [] && centralControl.connectedPeripheral == nil)
= nil)

.visible(centralControl.discoveredPeripherals
.disabled(centralControl.discoveredPeripherals nil || centralControl.discoveredPeripherals == [] && centralControl.connectedPeripheral
Button(action: {
if(!scanning) {
scanning = true
centralControl.scanning = true
newScan()

}
}, label: {
Text("Scan for Devices")
.buttonTextStyle()
B
«hidden(scanning || centralControl.connectedPeripheral != nil)
.disabled(scanning || centralControl.connectedPeripheral != nil)
Button(action: {endiNAATConnection()}, label: {
Text(*Terminate Device Connection®)
.buttonTextStyle()
13
.visible(centralControl.connectedPeripheral != nil)
.disabled(!(centralControl.connectedPeripheral != nil))

H

var body: some View {
Scrollview {
DevicesView

.onReceive(NotificationCenter.default.publisher(for: Notification.TimerDone, object: nil)) { notification in
scanning = false
centralControl.centralManager.stopScan()
if(centralControl.discoveredPeripherals == nil) {
noiNAATdevicesFoundAlertEnable = true
} else if(centralControl.discoveredPeripherals == []) {
noiNAATdevicesFoundAlertEnable = true

}

}
.onReceive(NotificationCenter.default.publisher(for: Notification.CharDataReady, object: nil)) { notification in
if(lcheckedTIP) {
if let testInProgress = centralControl.charCachedValue[DeviceServices.TestInProgressCharacteristicUUID] {
if testInProgress(@] == 1 {
testInProgressAlertEnable = true

}
checkedTIP = true
}
}
.onAppear {
if(initiallyScanned false 8& centralControl.scanning == false) {
initiallyScanned = true
scanning = true
centralControl.scanning = true
newScan()
22
}

.onDisappear {
scanning = false
timerManager.timerInvalidate()

}
.alert(noiNAATFoundErrStr, isPr : SnoiNAATdevi undAlertEnable, actions: { Button("Ok") {
scanning = false
m
.alert(failedConnectionAttemptErrStr, isPresented: $failedConnectionAlertEnable, actions: { Button("0k") {
scanning = false
m
.alert(failedDisconnectAttemptErrStr, isPresented: S$failedDisconnectAlertEnable, actions: { Button("Ok") {
scanning = false
132}
.alert(testInProgressErrStr, isPresented: StestInProgressAlertEnable, actions: {
Button("Yes, continue test in progress") {
scanning = false
testStatus[@].testInProgress = true
}
Button("No, abort test in progress") {
stopTestInProgress()
scanning = false

B
}

init(device : Binding<CBPeripheral?>, testState : ObservedObject<TestState>) {
self._connectedPeripheral = device
self._testState = testState
self.timerManager = TimerManager()
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154

19

235

239
24

21
242

244
u5
246

42

self.scanning = true

func newScan() -> Void {
centralControl.discoveredPeripherals = nil
centralControl.retrievePeripheral()
let previousConnectedPeripherals = centralControl.centra ger.retri edPeripherals(withServices: [DeviceServices.ColorSensorServiceUUID])
if (previousConnectedPeripherals.count > 1) {
for i in 1..<previousConnectedPeripherals.count {
centralControl.centralManager.cancelPeripherall ion(previ eri 1s[i])
centralControl.connectedPeripheral = previousConnectedPeripherals[@]
centralControl.discoveredPeripherals = [centralControl.connectedPeripheral!]
return

}

}

else if previousConnectedPeripherals.count == 1 {
centralControl.connectedPeripheral = previousConnectedPeripherals(e]
centralControl.discoveredPeripherals = [centralControl.connectedPeripheralll
return

time ger.scanForT ($]

func connectToiNAAT() -> Void {
centralControl.connectionError = nil
guard centralControl.discoveredPeripherals != nil, let peripheral = centralControl.discoveredPeripherals!.first(where: {$8.name! == currentlySelectedId})
else {
centralControl.connectionError = .peripheralFailedConnect
failedConnectionAlertEnable = true
return

centralControl.centralManager.connect(peripheral, options: nil)
if centralControl.connectionError == .peripheralFailedConnect {
centralControl.connectionError = .peripheralFailedConnect
failedConnectionAlertEnable = true
return

connectedPeripheral = peripheral
centralControl.centralManager.stopScan()
if let name = peripheral.name {
testState.peripherallD = String((name.split(separator: “T"))[1])
testStatus[@].deviceName = String((name.split(separator: "T*))[1])

}
else {
testState.peripherallD = "00000"
testStatus[@].deviceName = "00000"
}

if let name = peripheral.name {

DeviceServices.DeviceID = "iNAAT" + name

if let device = centralControl.connectedPeripheral {

guard let service = device.services, let testServ = device.services!.first(where: {$@.uuid == DeviceServices.TestStatusServiceUUID}) else {
return

¥

centralControl.doesPossessChar (characteristic: DeviceServices.ROControlCharacteristicuuID)

if centralControl.discoveryError == .failedCharactersticDiscovery {
return

}

centralControl.readData(for: testServ.characteristics![8])

func endiNAATConnection() —> Void {
guard centralControl.connectedPeripheral != nil else {
testStatus[@].testInProgress = false
connectedPeripheral = nil
failedDisconnectAlertEnable = true
return

centralControl.connectionError = nil
centralControl.centralManager.cancelPeripheralConnection(centralControl.connectedPeripherall)

if centralControl.connectionError == .peripheralFailedDisconnect {
failedDisconnectAlertEnable = true
return

}

testStatus[@].testInProgress = false
connectedPeripheral = nil
centralControl.connectedPeripheral = nil
scanning = true

centralControl.scanning = true

newScan()
i
func stopTestInProgress() -> Void {
if centralControl.connectedPeripheral != nil {
if let testServIdx = (centralControl.connectedPeripheral?.services?.firstIndex(where: {$@.uuid == DeviceServices.TestStatusServiceUUID})) {

if let testInProgressCharldx = (centralControl.connectedPeripheral?.services?[testServldx].characteristics?.firstIndex(where: {$8.uuid ==
DeviceServices.TestInProgressCharacteristicUuIn})) {
if let char = centralControl.connectedPeripheral?.services?[testServIdx].characteristics?[testInProgressCharldx] {
var value = Data()
value = Data([@x88])
centralControl.connectedPeripheral?.writeValue(value, for: char, type: .withResponse)
RunLoop. current.add(timerManager.timer, forMode: .common)
testStatus[@].testInProgress = true
do {
try viewContext.save()
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265
266
2%7
268
269
270

} cateh {
(§]
}

} else {
discoverDeviceCharacteristicFailedAlertEnable = true
return

}

} else {
discoverDeviceServicesFailedAlertEnable = true
return
}
} else {
discoverDeviceServicesFailedAlertEnable = true
return

struct RadioButtonList: view {
let id: String
@Binding var currentlySelectedId: String
var body: some View {
Button(action: {
self.currentlySelectedId = self.id
}, label: {
Text(“Select Device")
.buttonTextStyle()
b3

CentralViewController.swift

import SwiftUl
import CoreBluetooth

class CentralViewController: NSObject, ObservableObject, CBCentralManagerDelegate {
var centralManager : CBCentralManager!

@Published var discoveredPeripherals : [CBPeripherall? = []
@Published var connectedPeripheral : CBPeripheral? = nil
@Published var scanning : Bool = false

var charCachedValue : Dictionary = Dictionary<CBUUID, [UInt161>()
var deviceName : String? = nil

var powerOnError : BluetoothPowerOnError? = nil

var connectionError : BluetoothConnectionError? = nil

var communicationError : BluetoothCommunicationError? = nil

var discoveryError : BluetoothDiscoveryError? = nil

override init() {
super.init()
centralManager = CBCentralManager()
centralManager.delegate = self

public func retrievePeripheral() {
centralManager.scanForPeripherals(withServices: [DeviceServices.TestStatusServiceUUID], options: nil)

}

public func cleanup() {
guard let discoveredPeripherals = discoveredPeripherals,
let connectedPeripheral = connectedPeripheral,
case .connected = connectedPeripheral.state else { return }
for service in (connectedPeripheral.services ?? [] as [CBServicel) {
for characteristic in (service.characteristics ?? [] as [CBCharacteristic]) {
if characteristic.isNotifying {
self.connectedPeripheral!.setNotifyValue(false, for: characteristic)
}
}
}
centralManager.cancelPeripheralConnection(discoveredPeripherals[@])

public func writeData(_ data: Data, for characteristic: CBCharacteristic) throws -> Void {
if let connectedPeripheral = connectedPeripheral {
connectedPeripheral.writeValue(data, for: characteristic, type: .withoutResponse)
} else {
communicationError = .failedwrite(id: characteristic.uuid)
throw BluetoothCommunicationError.failedwrite(id: characteristic.uuid)
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}

public func readData(for characteristic: CBCharacteristic) -> Void {
if let connectedPeripheral = connectedPeripheral {
connectedPeripheral.readValue(for: characteristic)

}

public func setDeviceID(deviceName ; String) {
let deviceNamelList = deviceName.split(separator: "_")
guard deviceNameList.count == 2, Int(deviceNameList[1]) != nil else {
return
}
self.deviceName = deviceName

}

extension CentralviewController {
internal func centralManagerDidUpdateState(_ central: CBCentralManager) {

switch central.state {

case .poweredOn:
NotificationCenter.default.post(name: Notification.CBPoweredOn, object: nil)
powerOnError = nil
return

case .powered0off:
powerOnError = .powered0ff
return

case .resetting:
powerOnError = .resetting
return

case .unauthorized:
powerOnError = .generic
return

case .unknown:
powerOnError = .unknown
return

case .unsupported:
powerOnError = .unsupported
return

@unknown default:
powerOnError = .generic
return

func centralManager(_ central: CBCentralManager, didDiscover peripheral: CBPeripheral,
advertisementData: [String: Any], rssi RSSI: NSNumber) {
if peripheral.name != nil && peripheral.name == DeviceServices.DevicelID {

guard discoveredPeripherals != nil else {
discoveredPeripherals = []
discoveredPeripherals!.append(peripheral)
return

¥

discoveredPeripherals!.append(peripheral)

func centralManager(_ central: CBCentralManager) {
if let peripheral = discoveredPeripherals?.first(where: {$0.name == deviceName}) {
centralManager.connect(peripheral, options: nil)
} else {
connectionError = .peripheralFailedConnect

func centralManager(_ central: CBCentralManager, didFailToConnect peripheral: CBPeripheral, error: Error?) {
connectionError = .peripheralFailedConnect

func centralManager(_ central: CBCentralManager, didConnect peripheral: CBPeripheral) {
if (peripheral.name != nil) {
centralManager.stopScan()
peripheral.delegate = self
connectionError = nil
discoveredPeripherals = [peripheral]
connectedPeripheral = peripheral
connectedPeripheral?.discoverServices([DeviceServices.TestStatusServiceUUID, DeviceServices.LEDModeServiceUUID, DeviceServices.ColorSensorServiceUUID])
} else {
connectionError = .peripheralFailedConnect
centralManager.cancelPeripheralConnection(peripheral)

func centralManager(_ central: CBCentralManager, didDisconnectPeripheral peripheral: CBPeripheral, error: Error?) {
if(centralManager.retrieveConnectedPeripherals(withServices: [DeviceServices.ColorSensorServiceUUID]).count == @) {
discoveredPeripherals = []
connectedPeripheral = nil
connectionError = nil
} else {
connectionError = .peripheralFailedDisconnect
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extension CentralViewController: CBPeripheralDelegate {

func peripheral(_ peripheral: CBPeripheral, didDiscoverServices error: Error?) {

}

let testServIdx = (connectedPeripheral?.services?.firstIndex(where: {$@.uuid == DeviceServices.TestStatusServiceUUID})) ?? @
let color vIdx = ( eripheral?.services?.firstIndex(where: {$0.uuid == DeviceServices.ColorSensorServiceUUID})) ?? @
let LEDServIdx = (connectedPeripheral?.services?.firstIndex(where: {$8.uuid == DeviceServices.LEDModeServiceUUID})) 2?? @
connectedPeripheral?.discoverCharacteristics([DeviceServices.TestInProgressCharacteristicUUID], for: (connectedPeripheral?.services?[testServIdx]) as! CBService)
connectedPeripheral?.discoverCharacteristics([DeviceServices.ColorSensoriCharacteristicUUID, DeviceServices.ColorSensor2CharacteristicuUuID,
DeviceServices.ColorSensor3CharacteristicUUID, DeviceServices.ColorSensor4CharacteristicUUID, DeviceServices.ColorSensor5CharacteristicUuID,
DeviceServices.ColorSensoré6CharacteristicUUID, DeviceServices.ColorSensor7CharacteristicUUID, DeviceServices.ColorSensor8CharacteristicUUID], for:
(connectedPeripheral?.services?[colorSensorServIidx]) as! CBService)
connectedPeripheral?.discoverCharacteristics([DeviceServices.LEDControlCharacteristicUUID], for: (connectedPeripheral?.services?[LEDServIdx]) as! CBService)
if error != nil {
discoveryError = .failedServiceDiscovery

}

func peripheral(_ peripheral: CBPeripheral, didDiscoverCharacteristicsFor service: CBService, error: Error?) {

}

if error != nil {
discoveryError = .failedCharactersticDiscovery

func peripheral(_ peripheral: CBPeripheral, didUpdateValueFor characteristic: CBCharacteristic, error: Error?) {

}

if error != nil {
communicationError = .failedRead(id: characteristic.uuid)
return

var dataArray : [UInt16] = []
characteristic.value!.withUnsafeBytes{ dataBytes in
let buffer: UnsafePointer<UIntl6> = dataBytes.baseAddress!.assumingMemoryBound(to: UIntlé6.self)
dataArray = Array(UnsafeBufferPointer(start: buffer, count: characteristic.value!.count / MemorylLayout<UInt1é>.size))
+
charCachedValue[characteristic.uuid] = dataArray
NotificationCenter.default.post(name: Notification.CharDataReady, object: nil)

func doesPossessChar(characteristic: CBUUID) {

discoveryError = .failedCharactersticDiscovery
if let count = connectedPeripheral?.services?.count {
for i in @..<count {
if connectedPeripheral?.services?[il.characteristics?.first(where: {$8.uuid == characteristic}) != nil {
discoveryError = nil

}

func doesPossessServ(service: CBUUID) {

discoveryError = nil

guard connectedPeripheral?.services?.first(where: {$8.uuid == service}) != nil else {
discoveryError = .failedServiceDiscovery
return

1
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NamesView.swift

10 import Swiftul

11 import CoreBluetooth

12 import CoreData

14 struct NamesView: View {

15 @Environment(\.managedObjectContext) private var viewContext

16 @EnvironmentObject var centralControl: CentralViewController

18 @State var nameEnterFailedAlertEnable : Bool = false

19 @State var deviceEnterFailedAlertEnable : Bool = false

20 @State var noChannelsAlertEnable = false

21 @State var doneEntering : Bool = false

22 @State var loaded : Bool = false

23 @State var nameEnterErrStr : String = "*

%

25 @0bservedObject var testState : TestState

2

27 let nameEnterErrStrSuffix : String = String(localized: “Name Entered Incorrectly“, table: “User Error Codes", bundle: Bundle.main, comment: nil)

28 let deviceEnterErrStr : String = String(localized: "Device ID Entered Incorrectly®, table: "User Error Codes", bundle: Bundle.main, comment: nil)

29 let noChannelsErrStr : String = String(localized: "No Channels", table: "User Error Codes", bundle: Bundle.main, comment: nil)

30 @FetchRequest(entity: TestStatus.entity(), sortDescriptors: [NSSortDescriptor(keyPath: \TestStatus.testInProgress, ascending: true)]) var testStatus :
FetchedResults<TestStatus>

3

32 var body : some View {

33 Scrollview {

34 Group {

3 Vstack {

36 Text("Test Information")

k74 .headerTextStyle()

38 TextField(text: Binding(projectedvalue: StestState.peripherallD), prompt: Text(“Serial Number of Device")) {

39 Text("ID")

40 .bodyTextStyle()

w }

42 .textFieldStyle()

43 HStack {

b Toggle(isOn: StestState.testChannels[8]) {

45 Text("Select Channel 1")

vy .bodyTextStyle()

w ¥

8 TextField(text: Binding(projectedValue: $testState.test@Name), prompt: Text(“Name of Channel 1 Test Recipient")) {

W9 Text("Name")

50 .bodyTextStyle()

51 ¥

52 .textFieldStyle()

53 .disabled(!testState.testChannels(@])

54 }

55 Hstack {

56 Toggle(isOn: StestState.testChannels[1]) {
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57 Text("Select Channel 2")

58 .bodyTextStyle()

59 }

60 TextField(text: Binding(projectedvalue: StestState.testlName), prompt: Text(“"Name of Channel 2 Test Recipient")) {
61 Text("Name")

62 }

63 .textFieldStyle()

64 .disabled(!testState.testChannels[1])

65 }

66 HStack {

&7 Toggle(isOn: $testState.testChannels[2]) {

68 Text(“Select Channel 3")

69 .bodyTextStyle()

70 }

n TextField(text: Binding(projectedvalue: $testState.test2Name), prompt: Text(*Name of Channel 3 Test Recipient®)) {
b Text("Name")

73 }

74 .textFieldStyle()

75 .disabled(!testState.testChannels[2])

76 }

7 Hstack {

78 Toggle(isOn: $testState.testChannels[31) {

79 Text("Select Channel &")

80 .bodyTextStyle()

81 }

82 TextField(text: Binding(projectedvalue: $testState.test3Name), prompt: Text(“Name of Channel & Test Recipient”)) {
a3 Text("Name")

8 ¥

a5 .textFieldStyle()

86 .disabled(!testState.testChannels[3])

a7 }

88 HStack {

89 Toggle(isOn: S$testState.testChannels[4]) {

90 Text("Select Channel 5")

N +bodyTextStyle()

92 }

93 TextField(text: Binding(projectedvalue: StestState.test&Name), prompt: Text("Name of Channel 5 Test Recipient")) {
9% Text("Name")

95 }

9% .textFieldStyle()

97 .disabled(!testState.testChannels[4])

98 }

9 HStack {

100 Toggle(isOn: $testState.testChannels[5]) {

m Text("Select Channel &")

102 .bodyTextStyle()

103 b

104 TextField(text: Binding(projectedvalue: $testState.testSName), prompt: Text(“"Name of Channel 6 Test Recipient”)) {
108 Text("Name")

106

107 .textFieldStyle()

108 .disabled(!testState.testChannels(5])

109 }

10 Hstack {

m Toggle(isOn: StestState.testChannels[6]) {

12 Text("Select Channel 7")

13 .bodyTextStyle()

1% }

15 TextField(text: Binding(projectedvValue: $testState.testéName), prompt: Text(“Name of Channel 7 Test Recipient")) {
16 Text("Name")

17 }

118 ~textFieldStyle()

19 .disabled(!testState.testChannels(6])

120 }

121 Hstack {

122 Toggle(isOn: StestState.testChannels[7]) {

123 Text(“Select Channel 8")

124 .bodyTextStyle()

125 }

126 TextField(text: Binding(projectedvalue: $testState.test7Name), prompt: Text("Name of Channel 8 Test Recipient")) {
127 Text(“Name")

128 .bodyTextStyle()

129 }

130 JtextFieldStyle()

131 .disabled(!testState.testChannels(7])

132 }

133 }

134 Vstack {

135 Button(action : {

136 if (testStatus.count == 1) {

137 if testState.testChannels[0] {

138 guard testState.test@Name.count > @ else {
139 nameEnterErrStr = String(format: "%@%@", “Name 1 *, nameEnterErrStrSuffix)
140 nameEnterFailedAlertEnable = true

14 return

14 }

143 }

144 if testState.testChannels[1] {

145 guard testState.testiName.count > @ else {
1 nameEnterErrStr = String(format: "%@%Q", "Name 2 *, nameEnterErrStrSuffix)
17 nameEnterFailedAlertEnable = true

148 return

149 }

150 }

151 if testState.testChannels[2] {

152 guard testState,test2Name.count > @ else {



212

234

43

nameEnterErrStr =

String(format: "%@%e",

nameEnterFailedAlertEnable = true

return
}
}
if testState.testChannels[

guard testState.test3Name.count > @ else {
nameEnterErrStr = String(format: "%@%Q",

31 {

nameEnterfailedAlertEnable = true

return

}
if testState.testChannels[

guard testState.test4Name.count > @ else {
nameEnterErrStr = String(format: "%@%Q",

41 {

nameEnterFailedAlertEnable = true

return

}
if testState.testChannels[

guard testState.testSName.count > @ else {
nameEnterErrStr = String(format: “%@%Q",

5] {

nameEnterFailedAlertEnable = true

return

}
if testState.testChannels[

guard testState.testéName.count > @ else {
nameEnterErrStr = String(format: “%@%Q",

6] {

nameEnterFailedAlertEnable = true

return

}
if testState.testChannels[

guard testState.test7Name.count > @ else {
String(format: "%@%@",

nameEnterErrStr =

714

nameEnterFailedAlertEnable = true

return

}

“Name

“Name

"Name

“Name

nameEnterErrStrsuffix)

nameEnterErrStrsuffix)

nameEnterErrStrSuffix)

nameEnterErrStrSuffix)

nameEnterErrStrSuffix)

nameEnterErrStrSuffix)
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guard(testState.peripheralID.count == 5 && CharacterSet(charactersIn: testState.peripherallD).isSubset(of: CharacterSet.decimalDigits) == true) else {

deviceEnterFailedAlert
return
}

doneEntering = true

testStatus[@].testChannelsUsed = TestState.boolArrayToRawData(bool: testState.testChannels)

Enable = true

if testState.testChannels == Array<Bool>(repeating: false, count: 8) {

noChannelsAlertEnable
return

}

testStatus[@].test@Name
testStatus[@].testiName
testStatus[@].test2Name
testStatus[@].test3Name
testStatus[@].test4Name =
testStatus[@].test5Name
testStatus[@].testéName =
testStatus(@].test7Name =

testStatus[@].deviceName = testState.peripherallD
.peripherallD

DeviceServices.DeviceID =
do {

try viewContext.save()
} catch {

= true

testState.test@Name
testState.test1Name
testState.test2Name
testState.test3Name
testState.test4Name
testState.test5Name
testState. test6Name
testState.test7Name

"iNAAT" + testState

(8]
}
}, label: {Text("Set Configuration")
.bodyTextStyle()})
}
.disabled(testStatus.count == 8)
ik
}
.onAppear (perform: loadPreviousSession)
.alert( 1Str, isPr ailedAlertEnable, actions: { Button("Ok") {
23]
.alert(deviceEnterErrStr, isPresented: SdeviceEnterFailedAlertEnable, actions: { Button("0k") {
23]
.alert( 1sErrStr, isP: : SnoChannelsAlertEnable, actions: { Button("0Ok") {
m
}
func loadPreviousSession() -> Void {

if (testStatus.count
if(!loaded) {
testState. te:

{

stChannels = TestState.rawDataToBoolArray(rawData: testStatus[@].testChannelsUsed)
testState.peripherallD = testStatus[@].deviceName

testState.testOName = testStatus[@].testdName

testState.test1Name
testState.test2Name
testState.test3Name
testState. test4Name
testState.testSName
testState.testéName
testState.test7Name

DeviceServices.DeviceID = "iNAAT" + testStatus[@].deviceName

loaded = true

testStatus[@].testiName
testStatus[@].test2Name
testStatus[@].test3Name
testStatus[@].test4Name
testStatus[@].test5Name
testStatus[@].testéName
testStatus[@].test7Name
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init(testState : ObservedObject<TestState>) {
self._testState = testState

PlotView.swift

import Swiftul

import CoreData
import CoreBluetooth
import SwiftUICharts
import Foundation

struct PlotView: View {
@Environment(\.managedObjectContext) private var viewContext
@Environment(\.defaultMinListRowHeight) var minRowHeight

@EnvironmentObject var centralControl: CentralViewContraller

@State var readPlotDataFailedAlertEnable : Bool = false

@State var readPlotDataEmptyAlertEnable : Bool false

@State var writeStartTestFailedAlertEnable : Bool = false

@State var saveToCoreDataFailedAlertEnable : Bool = false

@State var discoverDeviceServicesFailedAlertEnable : Bool = false
@State var discoverDeviceCharacteristicFailedAlertEnable : Bool =
@State var deviceDisconnectedAlertEnable : Bool = false

@State var abortTestAttemptAlertEnable : Bool = false

@State var noChannelsEnabledAlertEnable : Bool = false

@ObservedObject var testState : TestState
@StateObject var data : TestPlotChartData

@State var dataloaded : Bool = false

@State var numEmptyReads : Int = @

@State var testChannelsUsed : [Bool] = Array(repeating: false, count: 8)

@State var numChannelsUsed : Int = @

@State var resultsReady : Bool = false

@State var rawData : [[UInt16]) = Array(repeating: [], count: 8)

@State var previousRawData : [[UInt16]] = Array(repeating: [1, count: 8)

@State var rawResults : Array<ResultString> = []

@State var deviceHeatingUp : Bool = false

@FetchRequest(entity: Result.entity(), sortDescriptors: [NSSortDescriptor(keyPath: \Result.date, ascending: true)]) var results : FetchedResults<Result>

@FetchRequest(entity: TestStatus.entity(), sortDescriptors: [NSSortDescriptor(keyPath: \TestStatus.testInProgress, ascending: true)]) var testStatus :
FetchedResults<TestStatus>

let readPlotDataFailedErrStr : String = String(localized: "Color Sensor Read Failed", table: "User Error Codes®, bundle: Bundle.main, comment: nil)

let readPlotDataEmptyErrStr : String = String(localized: "Color Sensor Read Empty", table: "User Error Codes", bundle: Bundle.main, comment: nil)

let writeStartTestFailedErrStr : String = String(localized: “Write Start Test Failed table: "User Error Codes", bundle: Bundle.main, comment: nil)

let saveToCoreDataFailedErrStr : String = String(localized: "Core Data Error", table: "User Error Coedes", bundle: Bundle.main, comment: nil)

let discoverDeviceServicesFailedErrStr : String = String(localized: "Discover Services Failed", table: "User Error Codes", bundle: Bundle.main, comment: nil)

let discoverDeviceCharacteristicFailedErrStr : String = String(localized: “Discover Characteristics Failed", table: “User Error Codes", bundle: Bundle.main, comment: nil)
let deviceDisconnectedErrStr : String = String(localized: "No Device Connected”, table: "User Errer Codes", bundle: Bundle.main, comment: nil)

let sbortTestAttemptErrStr : String = String(localized: “Device Abort Attempt”, table: “User Error Codes“, bundle: Bundle.main, comment: nil)
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noChannelsEnabledErrStr : String = String(localized: "No Channels Enabled", table: “User Error Codes", bundle: Bundle.main, comment: nil)

timerManager : TimerManager
numChannels : Int = 8
thresholdRFU : Int = 1000
numIterations : Int = 31
timeBetweenReads : Int = 15
deviceServices : DeviceServices

charList = [DeviceServices.ColorSensoriCharacteristicUUID, DeviceServices.ColorSensor2CharacteristicUUID, DeviceServices.ColorSensor3CharacteristicUUID,
DeviceServices.ColorSensor4CharacteristicUUID, DeviceServices.ColorSensorS5CharacteristicUUID, DeviceServices.ColorSensoréCharacteristicUUID,
DeviceServices.ColorSensor7CharacteristicUUID, DeviceServices.ColorSensorB8CharacteristicUUID]

multilineChart : some View {

MultiLineChart(chartData: data.mData)

.touchOverlay(chartbat

+yAxisPOI(chartData: data.mData,
markerName: "Positive\nThreshold\nFluorescence",

markerValue: Double(thresholdRFU),

data.mData, specifier: "%.81f", unit: .suffix(of: "RFU"))
.pointMarkers(chartData: data.mData)

labelPosition: .center(specifier: "X.0f", formatter: nil),

labelColour: Coloer.white,
labelBackground: Color.blue,

lineColour: Color.blue,
strokeStyle: StrokeStyle(linewidth: 3, dash: [5,10]))
+xAxisGrid(chartData: data.mData)
.yAxisGrid(chartData: data.mData)

.xAxislLabels(chartData: data.mData)
.yAxislLabels(chartData: data.mData)

.legends(chartData: data.mData, columns: [GridItem(.flexible(minimum: 150, maximum: 150)), GridItem(.flexible(minimum: 158, maximum: 15@))}])

.floatingInfoBox(chartData: data.mData)

.headerBox(chartData: data.mData)

.id(data.mData.id)
.animation(nil, value: @)

Jframe(minWidth: (testStatus[@].testInProgress && datalLoaded) ? 350 : 315, idealwidth: (testStatus[@].testInProgress 8& datalLoaded) ? 35@ : 315, maxwidth:
(testStatus[@].testInProgress && dataloaded) ? 350 : 315, minHeight: 6@@+CGFloat(@+Double{numChannelsUsed)), idealHeight: 68@+CGFloat(@+*Double(numChannelsUsed)),
maxHeight: 66@+CGFloat(@+Double(numChannelsUsed)), alignment: .center)

ResultsDisplayView : some View {
VStack(spacing: 10) {
HStack {
Text("Recipient Name")
.listTitleTextStyle()
.offset(x: -25)
. frame(maxwidth: 75)
Text("Date")
.listTitleTextStyle()
.offset(x: -5)

.frame(maxwWidth: 1@@)
Text(“Result")
.listTitleTextStyle()
.offset(x: 15)
«frame(maxwidth: 75)
¥
List(rawResults) { result in
HStack {
Text(result.name)
.listTextStyle()
.offset(x: @)

.frame(maxWidth: 75)

Text(result.date)
JlistTextStyle()
.offset(x: 20)

.frame(maxWidth: 1ee)

Text(result.result)
.listTextStyle(}
.offset(x: 4@)

.frame(maxWidth: 75)

}
¥

.frame(minHeight: 158, maxHeight: min(325, 158 + minRowHeight * CGFloat(rawResults.count) x 28))

.padding(.all, @)
.headerProminence(.standard}
}
.overlay(
Rectangle()
.stroke(.cyan, lineWidth:
.padding(.bottom, 10)

var body: some View {

ScrollView {
vstack {
Text("Real Time Results")
.headerTextStyle()
Button(action: beginTest)

Text("Start New Test")

.bodyTextStyle(}
}

-~

+hidden(testStatus[@].testInProgress && centralControl.connectedPeripheral != nil)
.disabled(testStatus[@].testInProgress && centralControl.connectedPeripheral != nil)

Button(action : {abortTestAttemptAlertEnable

Text("Abort Test")
.bodyTextStyle()

truel) {
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¥

.disabled(!testStatus[@].testInProgress || centralControl.connectedPeripheral == nil)
.visible(testStatus[@].testInProgress && centralControl.connectedPeripheral != nil)
if(testStatus[@].testInProgress & centralControl.connectedPeripheral != nil) {
Text(deviceHeatingUp ? "Device Heating Up" : "Device Reading Out")
.bodyTextStyle(}
}
multilineChart
«disabled(!testStatus[@].testInProgress & !resultsReady)
ResultsDisplayView
.visible(resultsReady)
Button(action: {
endTest()
cleanupTest()
}, label: {
Text("Save Results and Clear Chart")
.bodyTextStyle()}
.visible(resultsReady)
3]
¥
.onReceive(NotificationCenter.default.publisher(for: Notification.TimerTestFired, object: nil)) { notification in
guard testStatus[@).testInProgress == true && centralControl.connectedPeripheral != nil else {
return

}
checkData()
}
.onReceive(NotificationCenter.default.publisher(for: Notification.CharDataReady, object: nil)) { notification in
guard testStatus[8].testInProgress == true 8& centralControl.connectedPeripheral != nil else {
return

}
updateData()

}
.onAppear {
rawData = [TestState.rawDataToIntArray(rawData: testStatus[®@].test@Data), TestState.rawDataToIntArray(rawData: testStatus[@].testlData),
TestState.rawDataToIntArray(rawData: testStatus[@].test2Data), TestState.rawDataTolntArray(rawData: testStatus[0].test3Data),
TestState.rawDataToIntArray(rawData: testStatus[®].test4Data),TestState.rawDataToIntArray(rawData: testStatus[@].testSData),
TestState.rawDataToIntArray(rawData: testStatus[@].testéData), TestState.rawDataTolntArray(rawData: testStatus[@].test7Data)]
if(testStatus[@].testInProgress == true && centralControl.connectedPeripheral nil) {
continueTestInProgress()
}
loadData()
showResults()
}

.alert(readPlotDataFailedErrStr, isPresented: $readPlotDataFailedAlertEnable, actions: { Button("0k") {
centralControl.communicationError = nil

)

.alert(readPlotDataEmptyErrStr, isPresented: SreadPlotDataEmptyAlertEnable, actions: { Button("Ok") {
centralControl.communicationError = nil

)

.alert(writeStartTestFailedErrStr, isPresented: SwriteStartTestFailedAlertEnable, actions: { Button("Ok") {
centralControl.communicationError = nil
h
.alert(saveToCoreDataFailedErrStr, isPresented: $saveToCoreDataFailedAlertEnable, actions: { Button("Ok") {
m
.alert(discoverDeviceCharacteristicFailedErrStr, isPresented: SdiscoverDeviceServicesFailedAlertEnable, actions: { Button(“Ok") {
centralControl.discoveryError = nil
h
+alert(discoverDeviceServicesFailedErrStr, isPresented: $discoverDeviceCharacteristicFailedAlertEnable, actions: { Button("Ok") {
centralControl.discoveryError = nil
b3
.alert(deviceDisconnectedErrStr, isPresented: $deviceDisconnectedAlertEnable, actions: { Button("Ok") {
133
.alert(abortTestAttemptErrStr, isPresented: SabortTestAttemptAlertEnable, actiens: {
vstack {
Button("Yes, abort test") {
endTest()
cleanupTest()
}
Button("No, do NOT abort test") {
12001
.alert(noChannelsEnabledErrStr , isPresented: $noChannelsEnabledAlertEnable, actions: { Button("0k") {
133

init (testState : ObservedObject<TestState>) {

b

self._testState = testState

self._data = StateObject(wrappedvalue: TestPlotChartData())
self.deviceServices = DeviceServices()

self.timerManager = TimerManager()

func loadData() -> Veid {

if rawData[@].count < 3 {

data.reinitialize()
return

testChannelsUsed = TestState.rawDataToBoolArray(rawData: testStatus[@].testChannelsUsed)
numChannelsUsed = testChannelsUsed.filter{$@
var maskedRawData : [[UInt16]?] = Array(repeating: [], count: 8)

true}.count

for i in @..<numChannels {

if testChannelsUsed[i] {
maskedRawDatal[i] = rawDatalil
H

if testChannelsUsed == Array<Bool>(repeating: false, count: 8) {

return

51



241 1

12 data.insertValuesOf(chartData: maskedRawData)

243 dataloaded = true

2k

245

26 func withResults(do action: String) {

27 rawResults = []

248 guard rawData[@].count == numlterations & rawDatal[ll.count == numIterations && rawDatal2].count numlterations && rawData[3].count numIterations &&

rawDatal4].count == numlterations & rawData[5).count
%9 return
}
resultsReady = true
if testChannelsUsed(0] {
let lastValues = rawDatal@][numIterations-5...numIterations-1]
let avglastvalues = lastValues.reduce(®,{$0+Int($1)})/lastvalues.count
testState.test@Result = (avgLastValues > thresholdRFU) ? true : false

= numlterations & rawDatalé].count == numlterations & rawDatal[7].count == numlterations else {

if actien "store” {
createNewResult(name: testState.test@Name, result: testState.test@Result)
¥
else if action == "show" {
rawResults.append(ResultString(name: testState.test@Name, dateRaw: Date(), resultBool: testState.test®Result))
i

}

if testChannelsUsed[1] {
let lastValues = rawDatalll[numIterations-5...numIterations-1]
let avglLastvalues = lastValues.reduce(@,{$0+Int($1)})/lastvalues.count
testState.testlResult = (avglLastValues > thresholdRFU) ? true : false

267 if action == "store" {

268 createNewResult(name: testState.testlMName, result: testState.testlResult)
269 i

270 else if action == "show" {

m rawResults.append(ResultString(name: testState.testlName, dateRaw: Date(), resultBool: testState.testlResult))
m +

73 }

274 if testChannelsUsed(2] {

275 let lastValues = rawData[2][numIterations=5...numlterations-1]

276 let avglLastValues = lastValues.reduce(@,{$8+Int($1)})/lastValues.count

277 testState.test2Result = (avglLastValues > thresholdRFU) ? true : false

278 if action == “store* {

279 createNewResult(name: testState.test2Mame, result: testState.test2Result)
280 +

281 else if action == "show" {

282 rawResults.append(ResultString(name: testState.test2Name, dateRaw: Date(), resultBool: testState.test2Result))
283 ¥

284 }

285 if testChannelsUsed[3] {

286 let lastValues = rawDatal3]1[numIterations-5...numIterations-1]

287 let avglastValues = lastValues.reduce(@, {$8+Int($1)})/lastValues.count

288 testState.test3Result = (avglLastValues > thresholdRFU) ? true : false

289 if action == "store" {

2%0 createNewResult(name: testState.test3Name, result: testState.test3Result)
291 ¥

292 else if action == "show" {

293 rawResults.append(ResultString(name: testState.test3Name, dateRaw: Date(), resultBool: testState.test3Result))
294 H

29 }

29 if testChannelsUsed[4] {

297 let lastValues = rawData[4][numIterations=5...numIterations-1]

298 let avglLastValues = lastValues.reduce(@,{$0+Int(81)})/lastValues.count

299 testState.test4Result = (avglLastValues > thresholdRFU) ? true : false

300 if action == “store" {

30 createNewResult(name: testState.test4Mame, result: testState.test4Result)
302 +

303 else if action == "show" {

304 rawResults.append(ResultString(name: testState.test4Name, dateRaw: Date(), resultBool: testState.test4Result))
308 ¥

306 1

307 if testChannelsUsed[5] {

308 let lastValues = rawData[5][numIterations-5...numIterations-1]

309 let avglastValues = lastValues.reduce(®,{$8+Int($1)})/lastValues.count

30 testState.testSResult = (avglLastValues > thresholdRFU) ? true : false

31 if action == “"store" {

312 createNewResult(name: testState.testSName, result: testState.testS5Result)
313 ¥

314 else if action == "show" {

35 rawResults.append(ResultString(name: testState.test5Name, dateRaw: Date(), resultBocl: testState.testSResult))
316 ¥

317 }

318 if testChannelsUsed[6] {

319 let lastValues = rawData[6](numlterations-5...numlterations-1]

320 let avglastValues = lastValues.reduce(@,{$0+Int($1)})/lastvalues.count

n testState.test6Result = (avglLastValues > thresholdRFU) ? true : false

322 if action “store” {

3z createNewResult{name: testState.test@Mame, result: testState.testéResult)
324 ¥

325 else if action == "show" {

32 rawResults.append(ResultString(name: testState.testéName, dateRaw: Date(), resultBool: testState.testéResult))
327 }

328 }

329 if testChannelsUsed(7] {

330 let lastValues = rawDatal7][numIterations-5...numIterations-1]

331 let avglastValues = lastValues.reduce(®,{$8+Int($1)})/lastvalues.count

332 testState.test7Result = (avgLastValues > thresholdRFU) ? true : false

333 if action == "store" {

334 createNewResult(name: testState.test7Name, result: testState.test7Result)



336 else if action == “show" {

337 rawResults.append(ResultString(name: testState.test7Name, dateRaw: Date(), resultBool: testState.test7Result))
8 }

339 }

340 }

341

342 func createNewResult(name: String, result: Bool) -> () {

33 let newResult = NSEntityDescription.insertNewObject(forEntityName: "Result”, into: viewContext) as! Result
£ newResult.date = Date()

35 newResult.name = name

346 newResult.result = result

37 do {

348 try viewContext.save()

349 } cateh {

350 saveToCoreDataFailedAlertEnable = true

351 }

352 }

353

354 func saveDataToCD() throws -> () {

355 do {

356 testStatus[@].test@Data = TestState.intArrayToRawData(intArray: rawData[e])
357 testStatus[@].testlData = TestState.intArrayToRawData(intArray: rawData[1])
358 testStatus[@].test2Data = TestState.intArrayToRawData(intArray: rawDatal2])
359 testStatus[@].test3Data = TestState.intArrayToRawData(intArray: rawData[3])
360 testStatus[@].test4Data = TestState.intArrayToRawData(intArray: rawDatal4])
381 testStatus[@).test5Data = TestState.intArrayToRawData(intArray: rawData[5])
362 testStatus[@].testéData = TestState.intArrayToRawData(intArray: rawDatal6])
383 testStatus[@].test7Data = TestState.intArrayToRawData(intArray: rawData[7])
364 try viewContext.save()

365 } catech {

366 0]

387 }

368 }

389

an func processData(channels: [Booll) {

37 centralControl.discoveryError = nil

a2 if let device = centralControl.connectedPeripheral {

373 centralControl.doesPossessServ(service: DeviceServices.ColorSensorServiceUUID)
374 if centralControl.discoveryError == .failedServiceDiscovery {

375 discoverDeviceServicesFailedAlertEnable = true

376 return

377 }

a7 guard let colorSensorServ = device.services!.first(where: {$0.uuid == DeviceServices.ColorSensorServiceUUID}) else {
379 discoverDeviceCharacteristicFailedAlertEnable = true

380 return

381 ¥

382 guard let ROServ = device.services!.first(where: {$@.uuid == DeviceServices.ROServiceuuID}) else {
383 discoverDeviceCharacteristicFailedAlertEnable = true

384 return

385 b

386 centralControl.doesPossessChar(characteristic: charlist[@])

387 if centralControl.discoveryError .failedCharactersticDiscovery {

388 discoverDeviceCharacteristicFailedAlertEnable = true

389 return

390 ¥

m centralControl.doesPossessChar(characteristic: DeviceServices.ROCharacteristicUUID)
392 if centralControl.discoveryError == .failedCharactersticDiscovery {

393 discoverDeviceCharacteristicFailedAlertEnable = true

3% return

39 ¥

39 centralControl.readData(for: ROServ.characteristics![e])

397 if let readingOut = centralControl.charCachedValue[DeviceServices.ROCharacteristicUUID] {
398 if readingOut[@] == 1 {

399 colorSensorServ.characteristics!.forfach {characteristic in

400 let charChannel : Int = charlList.firstIndex(where: {$@==characteristic.uuid})!
401 centralControl.readData(for: characteristic)

402 }

403 }

404 }

405 } else {

406 deviceDisconnectedAlertEnable = true

407 return

408 }

409 }

w0

w func beginTest() -> Void {

“2 rawData = Array(repeating: [], count: 8)

$3 testChannelsUsed = TestState.rawDataToBoolArray(rawData: testStatus[@].testChannelsUsed)
“a numChannelsUsed = testChannelsUsed.filter{$@ == true}.count

w5 if testChannelsUsed == Array<Bool>(repeating: false, count: 8) {

wWe noChannelsEnabledAlertEnable = true

w7 return

w“e

w9 if checkServicesAndCharacteristics() {

w0 writeTestInProgress(“start")

@ deviceHeatingUp = true

422 testStatus[@].testInProgress = true

w3 testStatus[@].test@Data = Data()

2 testStatus[@).test1Data = Data()

@5 testStatus[@].test2Data = Data()

426 testStatus[@].test3Data = Data()

w7 testStatus[@].test4Data = Data()

428 testStatus[@].test5Data = Data()

w29 testStatus[@].testéData = Data()

430 testStatus[@].test7Data = Data()

431 }



432 else {

433 testStatus[@].testInProgress = false

W34 return

435 }

436 if(resultsReady) {

437 resultsReady = false

438

439 do {

4o try viewContext.save()

W } catech {

w2 O

W3 }

4ble )

s

46 func checkServicesAndCharacteristics() -> Bool {

47 guard let _ = centralControl.connectedPeripheral else {

w8 deviceDisconnectedAlertEnable = true

4wy return false

450

w51 guard let _ = centralControl.connectedPeripheral?.services else {

452 discoverDeviceServicesFailedAlertEnable = true

453 return false

454

455 guard(centralControl.connectedPeripheral?.services?.count == 3) else {

456 discoverDeviceServicesFailedAlertEnable = true

us7 return false

458

459 let testServIdx = (centralControl.connectedPeripheral?.services?.firstIndex(where: {$8.uuid == DeviceServices.TestStatusServiceUUID}))!
40 let colorSensorServIdx = (centralControl.connectedPeripheral?.services?.firstIndex(where: {$0.uuid == DeviceServices.ColorSensorServiceUUID}))!
a1 let ROServIdx = (centralControl.connectedPeripheral?.services?.firstIndex(where: {$0.uuid DeviceServices.ROServiceUUID}))!
462 guard(centralControl.connectedPeripheral?.services?[testServIdx].characteristics?.count == 1 &&

centralControl.connectedPeripheral?.services?[colorSensorServIdx].characteristics?.count == 8 &&
centralControl.connectedPeripheral?.services?[ROServIdx].characteristics?.count == 1) else {

463 discoverDeviceCharacteristicFailedAlertEnable = true

bl return false

5

46 return true

467 }

468

469 func writeTestInProgress(_ state : String) -> Void {

470 if centralControl.connectedPeripheral != nil {

an if let testServIdx = (centralControl.connectedPeripheral?.services?.firstIndex(where: {$0.uuid == DeviceServices.TestStatusServiceUUID})) {

a2 if let testInProgressCharldx = (centralControl.connectedPeripheral?.services?[testServIdx].characteristics?.firstIndex(where: {$0.uuid ==
DeviceServices.TestInProgressCharacteristicUUID})) {

473 if let char = centralControl.connectedPeripheral?.services?[testServIdx].characteristics?[testInProgressCharIdx] {

a7 var value = Data()

475 if(state == "start") {

476 timerManager.initTestTimer()

477 value = Data([exe1])

78 }

479 else if (state == “stop") {

480 value = Data([Bx8@8])

481 }

482 centralCentrol.connectedPeripheral?.writeValue(value, for: char, type: .withResponse)

483 testStatus[@].testInProgress = true

484 testChannelsUsed = TestState.rawDataToBoolArray(rawData: testStatus[®].testChannelsUsed)

485 numChannelsUsed = testChannelsUsed.filter{$é == true}.count

486 do {

487 try saveDataToCD()

88 } cateh {

489 §)

“0 }

w0 } else {

492 discoverDeviceCharacteristicFailedAlertEnable = true

493 return

94

495 } else {

w6 discoverDeviceServicesFailedAlertEnable = true

497 return

498 }

49 } else {

500 discoverDeviceServicesFailedAlertEnable = true

501 return

502 ¥

503 } else {

504 deviceDisconnectedAlertEnable = true

505 return

506 }

507 }

508

509 func continueTestInProgress() {

510 timerManager.initTestTimer()

511 }

512

513 func endTest() -> Void {

51 timerManager.invalidate()

515 writeTestInProgress(“stop")

516 testStatus[@).testInProgress = false

517 do {

518 try saveDataToCD()

519 } catch {

520 (0]

521 1

522 }

523

524 func cleanupTest() —> Void {



573
574

576
577

579

607

610
6n

613
614
615
616
617
618
619
620

func checkData() -> Void {

DispatchQueue.main.asyncAfter(deadline: .now() + DispatchTimeInterval.seconds(timeBetweenReads - 5)) {
testChannelsUsed = TestState.rawDataToBoolArray(rawData: testStatus[@].testChannelsUsed)
numChannelsUsed = testChannelsUsed.filter{$e == true}.count
processData(channels: testChannelsUsed)

}

func updateData() -> Void {
DispatchQueue.main.asyncAfter(deadline: .now() + DispatchTimeInterval.seconds(timeBetweenReads - 5)) {
var maskedRawData : [[UInt16]1?] = Array(repeating: [], count: 8)
previousRawData = rawData
if let readingOut = centralControl.charCachedValue[DeviceServices.ROCharacteristicUUID] {
deviceHeatingUp = readingOut[@] == 1 ? false : true
H
if let lastUsedChannel = testChannelsUsed.lastIndex(where: {$@
charList.forEach { characteristic in
let str = characteristic.uuidString
let charChannel : Int = strlstr.index(str.startIndex, offsetBy: 1)].wholeNumberValue! - 1
rawData[charChannel] = centralControl.charCachedvalue[characteristic] 2? [@]
if(rawDatalcharChannell.count == @) {
numEmptyReads += 1
if numEmptyReads >= 48 {
numEmptyReads = @
readPlotDataEmptyAlertEnable = true
return

true}) {

}
return

}

numEmptyReads = @

if testChannelsUsed[charChannel] {
maskedRawDatalcharChannel] = rawData[charChannel]

if(testChannelsUsed != Array<Bool>(repeating: false, count: 8) && last 1 == 1 && previ

data.insertValuesOf(chartData: maskedRawData)

if let firstUsedChannel = testChannelsUsed.firstIndex(where: {$@ == true}) {
testStatus[@].iteration = Inté4(rawData(firstUsedChannel].count)
do {
try saveDataToCD()
try viewContext.save()

} catch {
saveToCoreDataFailedAlertEnable = true
return

}

}

if(testStatus[@].iteration >= numlterations) {

if(testStatus[®].iteration >= numIterations) {
withResults(do: "show")
endTest()
resultsReady = true

a != rawData && rawData[@].count > 1) {

55



TestState.swift

o ®

import Foundation
import Swiftul
import Combine
import CoreData

class TestState : NSObject, ObservableObject {

@Published var testChannels : [Booll = []
@Published var test@Name : String = "*

@Published var testlName : String Lo
@Published var test2Name : String = "*
@Published var test3Name : String = "*
@Published var test4Name : String = "*
@Published var testSName : String = "*
@Published var testé6Name : String = "*
@Published var test7Name : String = "

@Published var peripherallD : String = "@@eee"

static func rawDataToBoolArray(rawData : Data) -> [Booll {
rawData.withUnsafeBytes{ dataBytes in
let buffer: UnsafePointer<Bool> = dataBytes.baseAddress!.assumingMemoryBound(to: Bool.self)
let dataArray = Array(UnsafeBufferPointer(start: buffer, count: rawData.count / MemorylLayout<Bool>.size))
return dataArray

}

static func boolArrayToRawData(bool : [Booll) —> Data {
return Data(bytes: bool, count: MemorylLayout.size(ofValue: bool))

static func rawDataToIntArray(rawData : Data) -> [UInt16] {
rawData.withUnsafeBytes{ dataBytes in
let buffer: UnsafePointer<UIntl16> = dataBytes.baseAddress!.assumingMemoryBound(to: UInt1é6.self)
let dataArray = Array(UnsafeBufferPointer(start: buffer, count: rawData.count / MemorylLayout<UInt1é>.size))
return dataArray

}
static func intArrayToRawData(intArray : [UInt16]) -> Data {

if intArray.count > @ {
return Data(bytes: intArray, count: 2 * intArray.count)

}
else {

return Data()
}

}

override init() {
super.init()

self.test@Name
self.testiName
self.test2Name = "*
self.test3Name = ""
self.test4Name
self.testSName
self.testéName
self.test7Name = ""

self.testChannels = Array(repeating: false, count: 8)
self.peripheralID = “iNAAT@@@0Q"

56



TestStatus+CoreDataProperties.swift

9 import Foundation
) import CoreData

extension TestStatus {

@nonobjc public class func fet st() —> NSFet t<TestStatus> {
6 return NSFetchRequest<TestStatus>(entityName: "TestStatus")
7 }

19 @NSManaged public var testInProgress: Bool

20 @NSManaged public var iteration: Inté4
@NSManaged public var testChannelsUsed : Data

22 @NSManaged public var deviceName : String

23 @NSManaged public var doneEntering : Bool

@NSManaged public var test@Name : String
@NSManaged public var testiName : String
@NSManaged public var test2Name : String
@NSManaged public var test3Name : String
@NSManaged public var test4Name : String
2 @NSManaged public var test5Name : String
30 @NSManaged public var testéName : String
3N @NSManaged public var test7Name : String
@NSManaged public var test@Data : Data
@NSManaged public var testlData : Data
@NSManaged public var test2Data : Data
@NSManaged public var test3Data : Data
@NSManaged public var test4Data : Data
@NSManaged public var test5Data : Data
38 @NSManaged public var testéData : Data
39 @NSManaged public var test7Data : Data
40 @NSManaged public var test@Result : Bool

41 @NSManaged public var testlResult : Bool
@NSManaged public var test2Result : Bool
4 @NSManaged public var test3Result : Bool
@NSManaged public var test4Result : Bool
@NSManaged public var test5Result :
@NSManaged public var testéResult :
L7 @NSManaged public var test7Result :

Result+CoreDataProperties.swift

import Foundation
import CoreData

extension Result {

@nonobjc public class func fetchRequest() -> NSFetchRequest<Result> {
16 return NSFetchRequest<Result>(entityName: "Result")

9 @NsManaged public var date: Date
@NSManaged public var name: String
@NsManaged public var result: Bool




TimerManager.swift

& dimport Foundation

9

10 class TimerManager : NSObject {

n var iters : Int = @

var timer = Timer(timeInterval: 1000000, target: self, selector: #selector(timerStop), userInfo: nil, repeats: false)

14 func scanForTenSeconds() {

15 self.timer.invalidate()

16 self.timer = Timer(timelnterval: 10, target: self, selector: #selector(timerStop), userInfo: nil, repeats: false)
17 RunLoop.current.add(timer, forMode: .common)

8 ¥

19

20 func searchPrevious() {

2 self.timer = Timer(timeInterval: 2, target: self, selector: #selector(previousTimerFire), userInfo: nil, repeats: true)
2 RunLoop.current.add(timer, forMode: .common)

23 }

%

2 func invalidate() {

2 self.timer.invalidate()

27 }

28

29 @objc func timerStop() {

30 self.timer.invalidate()

N NotificationCenter.default.post(name: Notification.TimerDone, object: nil)

32 ¥

3

kT4 @objc func timerTestFire() {

35 NotificationCenter.default.post(name: Notification.TimerTestFired, object: nil)
36 )

37

38 @objc func previousTimerfFire() {

39 iters += 1

4“0 if iters <= 4 {

“ NotificationCenter.default.post(name: Notification.PreviousTestFired, object: nil)
@ ¥

43 else {

a timer.invalidate()

45 iters = @

4 }

47 }

8

W func timerInvalidate() {

50 timer.invalidate()

51

52

53 func initTestTimer() {

54 if(timer.isvalid) {

55 timer.invalidate()

56 }

57 self.timer = Timer(timeInterval: 15, target: self, selector: #selector(timerTestFire), userInfo: nil, repeats: true)
58 RunLoop.current.add(timer, forMode: .common)

59 }

1 override init() {
2 super.init()
3 self.iters = @

64 }

65}

66

67 extension Notification {

68 static let TimerDone = Notification.Name.init("TimerDone")

69 static let TimerTestFired = Notification.Name.init("TimerTestFired")

70 static let PreviousTestFired = Notification.Name.init("PreviousTestFired")
1 static let CBPoweredOn = Notification.Name.init("CBPoweredOn")
static let CharDataReady = Notification.Name.init("CharDataReady")

DeviceServices.swift

8 dimport Foundation

9 dimport CoreBluetooth

10

11 struct DeviceServices {

13 static var DeviceID = String("iNAAT@@200")

i static let TestStatusServiceUUID = CBUUID(string: “DEC4594E-8C8B-4D85-BLES-627B83763FC2")

15 static let TestInProgressCharacteristicUUID = CBUUID(string: "EEC4594E-8C8B-4D85-B4E8-627B83763FC2")
16 static let ROServiceUUID = CBUUID(string: “DAC4594E-8C8B-4D85-B4EB-627BO3763FC2")

17 static let ROCharacteristicUUID = CBUUID(string: "EAC4594E-8C8B-4D85-B4E8-627883763FC2")

18 static let ColorSensorServiceUUID = CBUUID(string: "COC4594E-8C8B-4DB5-B4LES-627803763FC2")

19 static let ColorSensoriCharacteristicUUID = CBUUID(string: "C1C4594E-B8C8B-4DB5-B4EB-627B@3763FC2")
20 static let ColorSensor2CharacteristicUUID = CBUUID(string: "C2C4594E-8C8B-4D85-B4E8-627BO3763FC2")
2 static let ColorSensor3CharacteristicUUID = CBUUID(string: "C3C4594E-8C8B-4D85-B4ES-627B03763FC2")
22 static let ColorSensor4CharacteristicUUID = CBUUID(string: "C4C4594E-8C8B-4DB5-B4E8-627BO3763FC2")
23 static let ColorSensorSCharacteristicUUID = CBUUID(string: "CSC4594E-8C8B-4DB5-B4E8-627BB3763FC2")
2% static let ColorSensoréCharacteristicUUID = CBUUID(string: "“C6C4594E-8C8B-4DB5-B4LES-627B@3763FC2")
25 static let ColorSensor7CharacteristicUUID = CBUUID(string: "“C7C4594E-8C8B-4DB5-B4ES-627BB3763FC2")
2 static let ColorSensor8CharacteristicUUID = CBUUID(string: "C8C4594E-8C8B-4DB5-B4EB-627B@3763FC2")



59
CustomErrors.swift

8 import Foundation

9 import CoreBluetooth

10

11 enum BluetoothPowerOnError : Error {
12 case poweredOff

13 case resetting

case unknown

15 case unsupported

16 case generic

19 enum BluetoothConnectionError : Error {
case peripheralFailedConnect
case peripheralFailedDisconnect

enum BluetoothCommunicationError : Error {
case failedRead(id: CBUUID)
case failedwrite(id: CBUUID)
case emptyRead(id: CBUUID)

}
30 enum BluetoothDiscoveryError : Error {
3 case failedCharactersticDiscovery
32 case failedServiceDiscovery
33}
34
35 enum BluetoothNoDevicesError : Error {
36 case lostConnectionError
3 case noDevicesFoundErrer
8 }

40 enum CoreDataError : Error {
2 case coreDataSaveFailed

w2 }

43

4 enum AbortTestError : Error {
45 case abortTestAttemptError
4}

INAAT App Description.strings

8 "Device Description" = "The iNAAT is an comprehensive eight-channel point-of-care qRT-LAMP SARS-CoV-2 testing system that reads out results in real time using Bluetooth

communication.

“LAMP Description* “LAMP (loop mediate isothermal amplification) is used to amplify a target genetic seguence, if present, in a sample. For the iNAAT, this sample comes from

saliva. Once the saliva is combined with the LAMP master mix, if the SARS-CoV-2 nucleocapsid RNA sequence is present in the sample, it will amplify, outputting a detectable
fluorescent signal.";

User Error Codes.strings

9 “Color Sensor Read Failed" = “iNAAT data read failed. Check if Bluetooth connection is secure and within 10 meter range.";

10 "Color Sensor Read Empty" = "iNAAT data read returned an empty array. The color sensors may be defective.";

1 “"Write Start Test Failed" = “Test unable to start. Check if Bluetooth cennection is secure and within 1@ meter range.";

12 “Core Data Error" = "Unable to save data. Check iPhone's storage settings.";

13 "Discover Services Failed" = "Unable to find iNAAT's services";

14 "Discover Characteristics Failed” = "Unable to find iNAAT's characterisics.";

15 "No Device Connected" = "Not connected to iNAAT. Make sure iNAAT is powered on, the Bluetooth connection is secure, and iPhone is within range of device. Then try scanning for

the device again.
16 "No iNAAT Devices Found

"No iNAAT Devices Found";

17 "Failed Connection® = "Failed Connection";
8 “"Failed Disconnect® = "Failed Disconnect";
9 “User Error Codes" = “Paired device found. Would you like to reestablish connection?*;
20 "Delete Result Attempt" = "Deletion attempt. Do you really want to delete the result?";
“Test In Progress” = "Connected iNAAT has a test session in progress. Would you like to continue the current session?";
"Name Entered Incorrectly" = "is entered incorrectly. Make sure all names have a length of at least 1.";
“Device ID Entered Incorrectly” = "Device ID is entered incorrectly. Make sure device ID has a length of 5 and consists of only numberic digits.";
"Test Already In Progress" "Connected device already is in the process of conducting a test";
“No Channels" = "No channels selected. Make sure to enable at least 1.";

"No Channels Enabled" = "Attempt to start test without any channels enabled. Make sure to enable at least 1.";



AppTheme.swift

8 dimport Foundation

9 dimport SwiftuI

10

1

12 extension Text {

13 func bodyTextStyle() -> some View {

14 self.fontWeight(.light)

15 .font(.custom("AmericanTypewriter”, size: 16))
16 .padding(.all, 5)

17 .overlay(

18 angle( ius: 24)
19 .stroke(.cyan, linewidth: 2)
20 )

2 .foregroundColor(.white)

2 .font(.body)

23 .multilineTextAlignment(.center)

2% }

% }

2%

27 extension Text {

28 func headerTextStyle() -> some View {

29 self.fontWeight(.light)

30 .font(.custom("AmericanTypewriter", size: 40))
1 .underline(true, color: .blue)

32 .foregroundColor(.blue)

a3 .padding(.all, 20)

3% .brightness(@.5)

35 «font(.body)

36 .multilineTextAlignment(.center)

37 }

38 }

39

40 extension Text {

“ func buttonTextStyle() -> some View {

“ self.fontWeight(.light)

43 .font(.custom("AmericanTypewriter", size: 15))
" .padding(.all, 5)

45 .overlay(

u“% Rectangle()

47 .stroke(.blue, lineWidth: 2)
8 )

9 .foregroundColor(.yellow)

50 .font(.body)

51 .multilineTextAlignment(.center)

52 }

55 }

55 extension Text {

56 func listTextStyle() -> some View {

57 self.fontWeight(.light)

58 .font(.custom("AmericanTypewriter", size: 12))
59 .foregroundColor(.white)

60 .padding(.all, @)

61 .font(.body)

62 .multilineTextAlignment(.center)

63 }

64}

65

6 extension Text {

67 func listTitleTextStyle() -> some View {

68 self.fontWeight(.light)

69 .font(.custom("AmericanTypewriter”, size: 15))
70 .foregroundColor(.white)

n .padding(.all, @)

72 .font(.body)

73 .multilineTextAlignment(.center)

7% b

s}

7%

77 extension TextField {

78 func textFieldStyle() -> some View {

79 self.font(.custom("AmericanTypewriter", size: 16))
80 .padding(.all, 5)

81 .overlay(

82 angle( ius: 48)
83 .stroke(.cyan, lineWidth: 2)
84 )

85 .foregroundColor(.white)

86 .font(.body)

87 .multilineTextAlignment(.leading)

88 .lineLimit(3)

89 }

90 }

9

92 extension View {

93 func hidden(_ hidden: Bool) -> some View {
9% opacity(hidden ? @ : 1)

95 }

9% func visible(_ visible: Bool) -> some View {
97 opacity(visible ? 1 : @)

9% }
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10S App Screenshots
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Appendix E

Contributors to INAAT Design

The design of the INAAT was a years-long process that predates my acceptance into
GuanLabs. It was truly a team effort and required the contribution of many individuals and tools.
This section details a list of individuals and code repositories that assisted in the design of the
INAAT. URLSs to repositories will be provided here, but a full citation can be found in the
bibliography.

First, Dr. Guan spearheaded the project. With expertise in the design of point-of-care
tests, he saw the opportunity to apply the principles of POC to the ongoing COVID-19
pandemic.

Graduate students at GuanLabs, mainly Zifan Tang, performed a validation and
comparison of the N and E gene primers used in the RT-LAMP assay.

Next, GuanLabs researcher Aneesh Kshirsager did the majority of the Eagle PCB design,
all the mechanical design, and all of the component selection. Additionally, he wrote much the
Raspberry Pi code that controls the heat control MOSFET, LEDs and the original TCS34725
color sensors.

Without BlueZ (https://github.com/bluez), the Bluetooth programming would have to be

done with low-level socket programming. It was integral to the speedy validation real-time
readout feature of the INAAT.

SwiftUICharts (https://github.com/willdale/SwiftUlCharts) provided a template to

display multi-line chart data. The repository contains demos of each chart type and was easily

adaptable to the needs of the INAAT system.


https://github.com/bluez
https://github.com/willdale/SwiftUICharts
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Adafruit’s TCA9548A driver

(https://github.com/adafruit/Adafruit CircuitPython TCA9548A) was used and modified to

facilitate the multiplexing between the 8 test channels.

Lastly, Apple provided many frameworks (Core Bluetooth, Core Data, and SwiftUl) that
allow rapid prototyping of smartphone apps.

My contributions to the INAAT are in the software design. | demonstrated that the
VEML3328 color sensors could be used as an alternative to the TCS34725 and added them to the
PCB. Then, | organized Aneesh’s code into a coordinated crash-proof program. I also set up the

Bluetooth LE GATT server on the Raspberry Pi. Lastly, | coded the iOS app in its entirety.
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