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1. Introduction 2. System Setup
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3. Experiments

In vivo imaging systems (IVIS) allow —___\ The OpenlVIS box is constructed from laser-cut black acrylic sheets, designed with interlocking jigsaw edges to form a iLux Agar Plate Imaging
researchers to non-invasively study light-tight sealed enclosure. The OpenlVIS system is powered by a Raspberry Pi 4. The camera used to take all The OpenlVIS ~
living organisms in real time using images is the Raspberry Pi Camera Module 3 NolR and was chosen for a number of reasons: affordability and bioluminescence module 184
optical methods, primarily accessibility, no IR filter improves low-light performance, and camera sensor Sony IMX708 has great sensitivity and was tested with iLux, a g 08:
bioluminescence and fluorescence signal-to-noise performance in dim conditions [4]. The total cost of the OpenlVIS system was under $210, making it genetically engineered E. § )
imaging. These platforms are highly significantly more affordable than commercial imaging systems. coli system from the £ 06-
sensitive and widely applied in Rathbun Lab that emits §
disease diagnosis, drug - light  increasing  with 8 0‘4j
development, and treatment Neopixel RGB LED modules temperature. Bacteria were S .
evaluation [1]. However, with costs plated on agar plates, and ‘
often exceeding $100,000, IVIS time-lapse imaging was 0.0
systems remain inaccessible to S 3D-printed camera stand performed over 16 hours at e

many small research groups [2]. Fig 1. Newton FT-900 CCD Imager [2]

To address this challenge, OpenlVIS, in collaboration with the Rathbun Lab at
Claremont McKenna College (CMC), is developing a low-cost, open-source
bioluminescence imaging platform. The Rathbun Lab focuses on engineering
bioluminescent enzymes to study cellular interactions but lacks access to commercial
VIS technology due to its prohibitive cost.

Bioluminescence imaging (BLI), a core VIS capability, captures light naturally emitted
from living cells via luciferase enzymes rather than requiring external illumination. This
reduces background noise but also produces very faint signals, necessitating the use
of sensitive cameras to detect low-intensity bioluminescence [3].

4. Methods
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Fig 2. OpenlVIS Box with Bioluminescence Module
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room temperature, with
brightness expected to rise
acrylic light diffuser with temperature [5].

Fig 3. iLux Brightness vs.
Temperature [9]

iLux 96-Well Plate Imaging

iLux bacteria were also plated in a 96-well plate at varying
concentrations. Photon counts were measured as a baseline,
then OpenlVIS captured images of the plate. The intensity values
from OpenlVIS were compared to the photon counts to evaluate
the system’s sensitivity and signal detection performance.

System Calibration Protocol
To calibrate the system, the LED ring inside the box was used to illuminate the sample for focusing, not as a light
source for excitation and a Python program focus.py returned the optimal lens position for manual focus.

Time Lapse Imaging Protocol

To analyze bioluminescent expression over time, a time-lapse imaging protocol was executed, taking an input of
focused lens position, the time interval between image captures, the exposure times captured at each trial, and the
total number of iterations.

Dark Frame Subtraction Protocol

A dark frame is a baseline image that captures the noise pattern of the camera sensor coming from fixed pattern noise
or ambient light. For noise reduction and enhanced image visualization, the dark mean is subtracted pixel-by-pixel from
the raw experimental image.
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Fig 4. Dark Frame Subtraction Image Visualization Pipeline

Intensity vs. Time Protocol

A python script processes extracts the signal
intensity for the brightest circular region of
interest, then plots the total and mean intensity
as a function of time.

Intensity Extraction Protocol (96-well Plate)
Regions of interest are manually defined for a
96-well plate uniform grid and a program
computes and records both the total and mean
intensities within each ROI.
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Fig 5. Intensity Extraction from 96-Well Plate

Bioluminescence Intensity as a Function of Time
As expected, the iLux samples increased in brightness as the sample’s temperature rose, confirming both the biological behavior of iLux and the sensitivity of our imaging system.
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Fig 8. Bioluminescent Region of Interest (ROI) Fig 9. iLux Intensity vs. Time for an Auto-Detected ROI
Concentration vs. Photon Count Photon Count vs. OpenlVIS Intensity Concentration vs. OpenlVIS Intensity
To validate the relationship between iLux Photon counts from the commercial reader were Using concentration as the independent variable
concentration and bioluminescent signal, photon compared to intensities extracted from OpenlVIS images revealed a strong positive relationship with R2 = 0.981.
counts from the commercial plate reader in the CMC of the 96-well plate. The two showed a strong correlation The exponential factor of 0.43 indicates sublinear growth,
Rathbun Lab were compared to concentrations of 0.959, confirming that OpenlVIS reliably detected but the high correlation confirms that OpenlVIS
prepared by researcher Evelyn Harrington using a bioluminescent signals across a range of photon outputs. effectively captures changes in bioluminescent intensity

96-well plate of iLux dilutions. A correlation of 0.997
confirms a strong relationship between the two.

Photon Count vs. OpenlVIS Intens.ity
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Intensity vs Photon Count and Intensity vs Concentration Protocol
Once intensity values are extracted, they are processed by a program that plots intensity vs.
photon count, intensity vs. iLux concentration, and concentration vs. photon count. For
nonlinear trends, the program applies a power law fit, outputting the fitted curve and R? value.
When the data shows a nonlinear trend, the program applies appropriate curve-fitting
techniques using power law, given by

y = kx?

where x and y are the variables, k is the scalar constant, and a is the exponential factor [6].
Unlike a linear relationship which assumes a constant rate of change, a power law describes
how the response increases at a nonlinear rate as the concentration increases.
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Fig 6. Intensity vs. Photon Count and Intensity vs. Concentration Graph

While OpenlVIS effectively captured bioluminescent intensity, its performance was
limited by glare from ambient light. Even with the box closed, small seam leaks
introduced noise into the signal. This issue is being mitigated with blackout material and
improved sealing.
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Fig 14. Glare-affected Agar Plate

Low signal intensity required longer exposures, which increased sensor noise. Dark
frame subtraction reduced but did not eliminate this background. Despite these
limitations, OpenlVIS intensities correlated strongly with photon counts and iLux
concentrations, demonstrating its ability to provide quantitative imaging with
accessible hardware.

7. Conclusion

Building on the existing OpenlVIS design, this work introduces a low-light
bioluminescence imaging module capable of capturing signals across varying
concentrations. OpenlVIS provides a cost-effective alternative to commercial in vivo
systems, expanding access to advanced imaging for institutions with limited resources,
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such as the Rathbun Lab at CMC. Its modular design also supports customization for
diverse imaging applications.

Future steps include developing a Python pipeline to characterize images by
signal-to-noise ratio, spatial resolution, and minimum detectable signal; integrating a
thermistor for real-time temperature monitoring to better correlate iLux brightness; and
releasing all scripts and documentation through the HMC Biophotonics GitHub to
enable broader adoption of OpenlVIS.
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Fig 12. iLux Concentration vs. OpenlVIS Intensity

To track spatial changes in bioluminescent signal over time, intensity histograms were generated for the first and last images.

The initial histogram shows few high-intensity pixels, indicating low expression, while the final histogram has a longer tail,

reflecting more pixels at higher intensities.
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1. Introduction 2. System Setup 3. Experiments

In vivo imaging systems (IVIS) allow researchers to AN The OpenlVIS box is constructed from laser-cut black acrylic sheets, designed with interlocking jigsaw edges to form a
non-invasively study living organisms in real time by using
light as a source of imaging. IVIS platforms utilize two primary
optical imaging: bioluminescence imaging and fluorescence
imaging. These imaging systems are highly sensitive and
powerful and are used in diagnosis of various diseases,
development of new drugs, development of treatments, and
evaluation of effects [1]. While in vivo imaging systems have
many imaging capabilities, they can be limited in terms of Fig 1. Newton FT-900
accessibility. IVIS can cost upwards of $100,000, making them CCD Imager [2]

out of reach for small research groups [2].

) . _ ’ _ ) _ iLux Agar Plate Imaging
light-tight sealed enclosure. The front panel functions as a sliding door that lifts upward and locks into place. The lid for The OpenlVIS bioluminescence

bioluminescence imaging consists of a 3D printed ring to hold an array of Neopixel LEDs and beneath that lays a white module was tested using iLux, a
acrylic sheet is used as a light diffuser to provide even illumination when necessary. A 3D-printed camera stand is genetically engineered E. coll
mounted on the diffusion plate to securely hold the camera in a fixed position above the sample. system developed in collaboration

with the Rathbun Lab. iLux emits a
bioluminescent signal that
increases with temperature. The 0.0
bacteria were plated in both agar
plates, and time-lapse imaging was o _
conducted over 16 hours at room Fig 3. iLux Brightness vs.
temperature. The expectation was Temperature [5]
that brightness would increase with

temperature [9].
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To perform bioluminescence imaging, OpenlVIS is in collaboration with the
Rathbun Lab at Claremont McKenna College (CMC). Their work is focused on
engineering bioluminescent enzymes to study cellular interactions. The
challenge is that CMC lacks access to commercial VIS systems, which are
prohibitively expensive. OpenlVIS’'s motivation is to develop a low-cost,

iLux 96-Well Plate Imaging

open-source bioluminescent imaging platform to support biology research at Fig 2. OpenlVIS Box with Bioluminescence Module Additionally, the iLux bacteria was plated in a 96-well plate with
CMC and similar institution varying concentrations and their photon counts were measured
and simiiar Institutions. The OpenlVIS system is powered by a Raspberry Pi 4. The camera used to take all images is the Raspberry Pi before imaging with OpenlVIS. These photon counts served as a

Camera Module 3 NoIR and was chosen for a number of reasons: affordability and accessibility, no IR filter improves baseline for evaluating the sensitivity of the OpenlVIS system. Then,

Bioluminescence imaging (BLI) is a key functionality of an IVIS and is a low-light performance , and camera sensor Sony IMX708 has great sensitivity and signal-to-noise performance in dim the OpenlVIS system was then used to capture bioluminescent

noninvasive optical imaging technique that allows researchers to study

) : LS : : . conditions [4]. Lastly, the camera connects to the Raspberry Pi 4, allowing for seamless real-time Python imaging. images of the well plate and the intensity values of each well were
biological processes in living organisms. Instead of illuminating a sample and d to th d phot s 1 ianal detecti
detecting the emitted light, bioluminescence captures light that is naturally The total cost of the OpenlVIS system was under $210, making it significantly more affordable. Cgrr?gfnr;ncg € measured pnoton counts 10 assess sighat detection
produced within living cells through luciferase enzymes. Since no external light - Black and white acrylic and the acrylic cement: $97 P '

Raspberry Pi 4 Model B and Camera Module 3 NolR: $60
8 Ultra-Bright NeoPixel RGBW LEDs: $44
Adafruit Perma-Proto HAT: $5

source is required, background noise is significantly reduced. However, this also
means the emitted light is extremely faint, so BLI systems typically use sensitive
cameras to detect the low-intensity signals [3].

4. Methods

System Calibration Protocol Intensity vs. Time Protocol | o Intensity vs Photon Count and Intensity vs Concentration Protocol
To calibrate the system, the LED ring inside the box was used to illuminate the sample A python script processes a f0_|de|’ Of NPy IMages taken_at successive time Once intensity values are extracted, they are inputted into a program that plots intensity versus
for focusing, not as a light source for excitation using script LEDOn.py. Python program points and extracts the S'_Qna| |r.1tenS|ty for a .CII’CU|af region (_)f mteresjc, then photon count, comparing OpenIVISTderi.ved intensity .mea_surements to photon counts recorded by the
focus.py was used to find the optimal lens position for manual focus and the same value plots the total and mean intensity as a function of time. To find the circular commercial plate reader. The resulting linear regression line and R? value are outputted to assess the
was used during image capture with timeLapseBio.py. region of _mterest, the_ hglper functlpns were useq to Iocgte the brightest strength of the relationship.

region of interest, which is emphasized because it most likely reflects the
Time Lapse Imaaging Protocol area _Of_ peak bioluminespent activity, providing the clearest signal for Next, the program plots intensity versus iLux concentration and concentration versus photon counts
To analyze bioluminescent expression over time, a time-lapse imaging protocol was quantifying changes over time. foIIowir?g.a similari process. When the data shoyvs a nonlinear trend, the program applies appropriate
executed using the timelLapseBio.py python program. This function takes an input of _ , curve-fitting tech.nlques using power law. The fitted curve apd correspoqdlng _Rz value are outputted.
lens position (determined by focus.py), the time interval between image captures, the Intensity Extra(_:tlon Protocol (for 96-well Plate) | o | The power law fl_t used in th|§ graph models the relationship between bioluminescence intensity and
exposure times captured at each trial, and the total number of iterations. The program first performs dark frame subtraction to minimize noise, then concentration using the equation

the regions of interest are manually defined based on the well center
Dark Erame Subtraction Protocol coordinates of the top right well defined as (x,y) then creates a grid of y = k*x2

A dark frame is a baseline image captured under identical imaging conditions (exposure center coordinates, since a 96-well plate is a uniform grid. Then, the

time and camera settings) but without any imaging subject present. This frame captures program computes and records both the total and mean intensities within where x and y are the variables, k is the scalar constant, and a is the exponential factor [6]. Unlike a
the noise pattern of the camera sensor coming from fixed pattern noise or ambient light. each ROI. These values are used for quantitative analysis, including the linear relationship which assumes a constant rate of change, a power law describes how the
For reliable dark frame subtraction, ten dark frames were captured and the mean of the Intensity vs. Photon Count and Intensity vs. Concentration regressions. response increases at a nonlinear rate as the concentration increases.

dark frames was output. For noise reduction and enhanced image visualization, the . Corrected Full Image with ROIs -V Concentration vs. OpeniVIS Intensity (Power Law Fi
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dark mean is subtracted pixel-by-pixel from the raw experimental image.
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6. Analysis

_ _ _ _ _ First Image with Auto-detected ROI While the OpenlVIS system successfully
Bioluminescence Inte_nS|tv as a Functl_on of Time | 0 Photon Count vs. OpenlVIS Intensity captured changes in bioluminescent intensity,
As expected, the iLux samples increased in To measure the sensitivity of the OpenlVIS system, the photon counts can be compared several challenges limited its performance. The .
brightness  as room tgmper_ature rose. Inten§|ty to intensity values extracted from OpenlVIS images of the 96-well plate using the most prominent issue was glare from external 0
plots_ generated Wlth |nt_enS|ty vs._tlme _functlon 200 Intensity Extraction Protocol. When comparing the OpenlVIS-derived intensities to the light sources, especially in rooms ambient 500
::rc])nﬂrmed_t.bcz[th tr]le biological behaw;)r of I'IA_\uxt.and 300 photon counts from the commercial reader, the system showed a strong correlation. lighting. Even with the box closed, small leaks in

e sensitivity of our imaging system. As time : :
increases thg total and mgarslJ in’énsity increase 0 Graphi - " - - 2 e seams can intraduce enough ight to aftect T
NLIedses, ! . _ ’ raphing the two variables revealed a strong positive correlation with an R“ value of the signal. Currently, this problem is being Fig 12. Glare-affected Agar Plat
indicating that bioluminescent output increases  so 0.959. This means that the system reliably detected bioluminescent signals across a addressed by using a blackout material over the 9 ¢ iaresaneciedagartiate
g;z;;'rgi' IS;S I:ecc:i?izensmolmeerr]:Itgrg’ltsreesstsaergie 600 range of photon outputs. Next, a relationship between concentration and intensity can box and improving the box seal.
around 5 degrezs Colsius to 22 de%rees Celsius. 9 . be made by graphing the two variables, with concentration as the independent variable. The low intensity of bioluminescent signals meant longer exposure times were often

necessary to capture the signal, increasing sensor readout noise. Although dark frame
Total ROI Intensity Over Time Photon Count vs. OpenlVIS Intensity (Linear Fit)

Center: (520, 125), Radius: 6 subtraction reduced background noise, residual noise remained.

‘ Data points
35000 + Fit: 1 = 0.01 * x + 2770.32 - ’ - e v . :
T R2=0.959 | Despite these challenges, the OpenlVIS system showed a strong correlation between

15 S OpenlVIS-derived intensities, photon counts from a commercial reader, and known
iLux concentrations. This demonstrates that the OpenlVIS system can achieve
high-fidelity, quantitative biological imaging using accessible hardware.
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7. Conclusion
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Fig 7. iLux Intensity vs. Time for an Auto-Detected ROI 01— : '; : — Building on the existing OpenlVIS design, this work presents a low-light detection
i 1 PhotzonCount : : 1e6 bioluminescence imaging module. The system successfully captures low-intensity

To visualize how bioluminescent signal intensity changed spatially over time, intensity bioluminescent signals with varying concentrations.

_ _ _ ) _ _ _ _ Fig 10. Open-IVIS Intensity vs. Photon Count
histograms (intensity vs. pixel count) were generated. These histograms visualize pixel

intensity distributions in the first and last images of the time series. The histogram of the | | OpenlVIS aims to provide a cost-effective alternative to commercial in vivo imaging
first image suggests either a low initial expression of bioluminescence because there Concentration vs. OpenlVIS Intensity | | | | systems, opening access to advanced biological imaging techniques for educational
are less pixels at higher intensities. The histogram of the last image seems to have a Finally, to establish the relationship between iLux concentration and intensity, an institutions, community colleges, and small research groups with limited funding like the
longer tail, suggesting that more pixels contain higher intensities. analysis was performed using concentration as the independent variable. This Rathbun Lab at CMC. Its modular components allow for customization of diverse
resulted in a strong, positive relationship with an R? value of 0.981. In this case, an imaging modalities.
(HEaRSIEy Histograr o st Tinage (STt Histograriiof LastTmiage exponential factor of 0.43 indicates that the relationship between concentration and
geopl— [ 4 T T T T T | | | | | | | | photon count is sublinear growth. Although the power law relationship differs from a Moving forward, OpenlVIS plans to write a Python program pipeline to characterize
so000 | ] i EE linear fit, the high correlation shows that the OpenlVIS system effectively captures images with signal to noise ratio, spatial resolution, and minimum detectable signal to
Doyl I (N N D N N N | 250000 | S | — — changes in bioluminescent intensity with varying concentrations. provide biologists with image characteristics. In addition, integration of a thermistor to
e— 2 00000 1 | | | | | | B Concentration vs. OpenIVIS Intensity (Power Law Fit) measure the temperature of the agar plates in real time and correlate it precisely with
[ — 5 35000 {0 bt points ‘ | . iLux brightness will provide more accurate and precise results. Lastly, OpenlVIS plans
X 1] 71500004 Fit: | = 3.29€+04 * X~0.43 2 to release all Python scripts on the HMC Biophotonics public GitHub repository and
zzzzz 1000004 | — I I 30000 1~ R?=0.981 ’ i T documentation website to help others build and use OpenlVIS themselves.
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Intensity Extraction Protocol (for 96-well Plate) Photon Count vs. OpenlVIS Intensity
d s The program first performs dark frame subtraction to minimize noise, then the regions of To measure the sensitivity of the OpenlVIS system, the photon counts can be compared
.Io I ntro UCtlon interest are manually defined based on the well center coordinates of the top right well to intensity values extracted from OpenlVIS images of the 96-well plate using the
defined as (x,y) then creates a grid of center coordinates, since a 96-well plate is a Intensity Extraction Protocol. When comparing the OpenlVIS-derived intensities to the
uniform grid. Then, the program computes and records both the total and mean intensities photon counts from the commercial reader, the system showed a strong correlation.

within each ROI. These values are used for quantitative analysis, including the Intensity
vs. Photon Count and Intensity vs. Concentration regressions.

In  vivo imaging systems (IVIS) allow researchers to
non-invasively study living organisms in real time by using light
as a source of imaging. IVIS platforms utilize two primary optical

Graphing the two variables revealed a strong positive correlation with an R® value of
0.959. This means that the system reliably detected bioluminescent signals across a

Corrected Full Image with ROIs

imaging: bioluminescence imaging and fluorescence imaging. : Totlnansies st (34315, 30912 755859375 3183 8020125 2186 7412106375 range of photon o_utputs. Next, 3 relation§hip between_concentrqtion and intensi’Fy can
These imaging systems are highly sensitive and powerful and 22648 64453125, 209 BT4TISSOTEI25, 2078 6RATOTONIZ, 2010616943356573 be made by graphing the two variables, with concentration as the independent variable.
are used in diagnosis of various diseases, development of new 2es Jogyasuets Tots ssoisriors leTaserisoits, 4T sstsezs i o
drugs, development of treatments, and evaluation of effects [1]. e T I oes o I O Ll ol P00 Count vs- Gpenivis Intensity itinear RE
While in vivo imaging systems have many imaging capabilities, oy seraizs eSS [Sipeasossizn erestosenesrs e Data points
they can be limited in terms of accessibility. IVIS can cost Fig 1. Newton FT-900 IS0 ST T e sssessoTas, 2ok Tasoosnss, 2o sesssears L s e
upwards of $100,000, making them out of reach for small CCD Imager [2] frm9082 ° .
research groups [2]. ’ 1000 T w000 30000 +—
To perform bioluminescence imaging, OpenlVIS is in collaboration with the Rathbun Fig 4. Intensity Extraction from 96-Well Plate 250001
Lab at Claremont McKenna College (CMC). Their work is focused on engineering
bioluminescent enzymes to study cellular interactions. The challenge is that CMC lacks Intensity vs Photon Count and Intensity vs Concentration Protocol 2 20000
access to commercial IVIS systems, which are prohibitively expensive. OpenlVIS’s Once intensity values are extracted, they are inputted into a program that plots intensity g
motivation is to develop a low-cost, open-source bioluminescent imaging platform to versus photon count, comparing OpenlVIS-derived intensity measurements to photon " 150004
support biology research at CMC and similar institutions. counts recorded by the commercial plate reader. The resulting linear regression line and

R? value are outputted to assess the strength of the relationship. 10000 4
Bioluminescence imaging (BLI) is a key functionality of an IVIS and is a noninvasive
optical imaging technique that allows researchers to study biological processes in living Next, the program plots intensity versus iLux concentration and concentration versus 5000 4
organisms. Instead of illuminating a sample and detecting the emitted light, photon counts following a similar process. When the data shows a nonlinear trend, the
bioluminescence captures light that is naturally produced within living cells through program applies appropriate curve-fitting techniques using power law. The fitted curve 04— | | } |
luciferase enzymes. Since no external light source is required, background noise is and corresponding R? value are outputted. The power law fit used in this graph models 0 1 2 3 :
significantly reduced. However, this also means the emitted light is extremely faint, so the relationship between bioluminescence intensity and concentration using the equation Photon Count 186
BLI systems typically use sensitive cameras to detect the low-intensity signals [3]. Fig 10. Open-IVIS Intensity vs. Photon Count

y = k*x®
Concentration vs. OpenlVIS Intensity
where x and y are the variables, k is the scalar constant, and a is the exponential factor Finally, to establish the relationship between iLux concentration and intensity, an
2 S Ste m Setu p [6]. Unlike a linear relationship which assumes a constant rate of change, a power law analysis was performed using concentration as the independent variable.
= y describes how the response increases at a nonlinear rate as the concentration increases.

This resulted in a strong positive Concentration vs. OpenlVIS Intensity (Power Law Fit)

35000 v

. . . i ‘ 1 o
. . , , relationship with an R? value of 0.981. Lo e :
The OpenlVIS box is constructed from laser-cut black acrylic sheets, designed with In this case. an exponential factor of S0 2.0 o |
i i " ; ; Photon Count vs. OpenlIVIS Intensity (Linear Fit) Concentration vs. OpenlVIS Intensity (Power Law Fit) ’ p
interlocking jigsaw edges to form a light-tight sealed enclosure. The front panel 9 Y 35000 5o , ; . 0.43 indicates that the relationship .
. T . . . . @ Data points ata points . 4
functions as a sliding door that lifts upward and locks into place via precisely cut slots. 0001 __ Fii1 =001+ x+ 27703 | e 0000 | — Riosmr L between concentration and photon
The lid for bioluminescence imaging consists of a 3D printed ring to hold an array of 30000 { | le 20000

count is sublinear growth. Although
the power law relationship differs from
a linear fit, the high correlation shows
that the OpenlVIS system effectively
captures changes in bioluminescent 5000 1§
intensity with varying concentrations.

25000 4

Intensity

Neopixel LEDs and beneath that lays a white acrylic sheet is used as a light diffuser to 25000 |
provide even illumination when necessary. A 3D-printed camera stand is mounted on
the diffusion plate to securely hold the camera in a fixed position above the sample.
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Fig 11. iLux Concentration vs. OpenlVIS Intensity
Fig 5. Intensity vs. Photon Count and Intensity vs. Concentration Graph

" First Image with Auto-detected ROI

Fig 2. OpenlVIS Box with Bioluminescence Module While the OpenlVIS system successfully

Bioluminescence Intensity as a Function of Time - - g captured changes in bioluminescent intensity,
First Image with Auto-detected ROI

As expected, the iLux samples increased in 0 several challenges limited its performance. The

brightness as room temperature rose. Intensity 100 Irp(;]st prominent |ssue_V\I/|as glare from extf).rnal

plots generated with intensity vs. time function ight - sources, especially in rooms ambient

confirmed both the biological behavior of iLux and lighting. Even with the box closed, small leaks in

L : : : the seams can introduce enough light to affect
L : ) . o the sensitivity of our imaging system. As time 200 . . : .
sensitivity and signal-to-noise performance in dim conditions [4]. Lastly, the camera increases, the total and mean intensity increase, o the signal. Currently, this problem is being

connects to the Raspberry Pi 4, allowing for seamless real-time Python imaging scripts indicating that bioluminescent output increases addressed by using a blackout material over the

irectl he Pi. . .
directly on the Pl over time. This increase in intensity makes sense 0 box and improving the box seal.

based on our predictions of temperature starting 600

100

200

The OpenlVIS system is powered by a Raspberry Pi 4. The camera used to take all
images is the Raspberry Pi Camera Module 3 NolR and was chosen for a number of
reasons. Affordability and accessibility is crucial for OpenlVIS, so the camera being
priced around $30 is ideal. Having no IR filter improves its low-light performance which
is ideal for bioluminescence imaging and the camera sensor Sony IMX708 has great
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Fig 12. Glare-affected Agar Plate

Cost Breakdown The low intensity of bioluminescent signals meant longer exposure times were often

The total cost of the OpenlVIS system was under $210, making it significantly more around 5 degrees Celsius to 22 degrees Celsius. 700 necessary to capture the signal, increasing sensor readout noise. Although dark frame
affordable than commercially available VIS systems. " subtraction reduced background noise, residual noise remained.

- Black and white acrylic and the acrylic cement: $97 | ‘ BRIEEDT L EE

- Raspberry Pi 4 Model B: $35 a— Despite these challenges, the OpenlVIS system showed a strong correlation between

OpenlVIS-derived intensities, photon counts from a commercial reader, and known
iLux concentrations. This demonstrates that the OpenlVIS system can achieve
high-fidelity, quantitative biological imaging using accessible hardware.

- Raspberry Pi Camera Module 3 NolR: $25
- 8 Ultra-Bright NeoPixel RGBW LEDs: $44.
- Adafruit Perma-Proto HAT: $5
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3. Experiments

iLux Agar Plate Imaging

The OpenlVIS bioluminescence module was tested
using iLux, a genetically engineered E. coli system
developed in collaboration with the Rathbun Lab. iLux
emits a bioluminescent signal that increases with
temperature. The bacteria were plated in both agar

7. Conclusion

25000 A

0 T T T T T
; ° i (i) . > Building on the existing OpenlVIS design, this work presents a low-light detection
Fig 7. iLux Intensity vs. Time for an Auto-Detected ROI bioluminescence imaging module. The system successfully captures low-intensity

bioluminescent signals with varying concentrations.

To visualize how bioluminescent signal intensity changed spatially over time, intensity

histograms (intensity vs. pixel count) were generated. These histograms visualize pixel

plates, and time-lapse imaging was conducted over 16 intensity distributions in the first and last images of the time series. The histogram of the

hours at room temperature. The expectation was that first image suggests either a low initial expression of bioluminescence because there

brightness would increase with temperature [5]. T are less pixels at higher intensities. The histogram of the last image seems to have a
Fig 6. iLux Brightness vs. Temperature [7] longer tail, suggesting that more pixels contain higher intensities.

OpenlVIS aims to provide a cost-effective alternative to commercial in vivo imaging
systems, opening access to advanced biological imaging techniques for educational
institutions, community colleges, and small research groups with limited funding like the
Rathbun Lab at CMC. Its modular components allow for customization of diverse
imaging modalities.

Normalized brightness

iLux 96-Well Plate Imaging Intensity Histogram of First Image Intensity Histogram of Last Image MOVing forward, OpenIVIS plans to write a Python program pipe”ne to characterize
Additionally, the iLux bacteria was plated in a 96-well plate with varying concentrations waiive T [ T 7 T 7 | | | | | | | images with signal to noise ratio, spatial resolution, and minimum detectable signal to
and their photon counts were measured before imaging with OpenlVIS. These photon S G ([ [ N S e T provide biologists with image characteristics. In addition, integration of a thermistor to
counts served as a baseline for evaluating the sensitivity of the OpenlVIS system. Then, — I | I I 250000 1 | : | L measure the temperature of the agar plates in real time and correlate it precisely with

the OpenlVIS system was then used to capture bioluminescent images of the well plate
and the intensity values of each well were compared to the measured photon counts to
assess signal detection performance.

iLux brightness will provide more accurate and precise results. Lastly, OpenlVIS plans
to release all Python scripts on the HMC Biophotonics public GitHub repository and
150000 1 | | | | | | | documentation website to help others build and use OpenlVIS themselves.
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Fig 8. iLux Intensity vs. Pixel Count for an Auto-Detected ROI
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Dark Frame Subtraction Protocol increased bioluminescent signal in 1| ]
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dark frames was output. For noise reduction and enhanced image visualization, the count is sublinear growth, which Ll httos://www.biocompare.com/2597 3-In-Vivo-Imaaing-Svstems/
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Fig 9. iLux Photon Count vs. Concentration
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Fig 3. Dark Frame Subtractionllmage Visualization Pipeline

Intensity vs. Time Protocol

A python script processes a folder of .npy images taken at successive time points and
extracts the signal intensity for a circular region of interest, then plots the total and
mean intensity as a function of time. To find the circular region of interest, the helper
functions were used to locate the brightest region of interest, which is emphasized
because it most likely reflects the area of peak bioluminescent activity, providing the
clearest signal for quantifying changes over time.
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