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Summary: 

Smartphone-based lateral flow assays enable accessible point-of-care diagnostics but suffer from lim-
ited quantitative reliability. To address this limitation, this work introduces a lateral flow device with em-
bedded gradient nanoparticle lines for on-strip optical calibration. The calibration gradient enables direct 
normalization of test signals at the time of image acquisition. A custom smartphone-supported web ap-
plication performs automatic image recognition and signal processing. The proposed approach supports 
customizable quantitative healthcare and drug tests at low-cost without external optical accessories. 
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Background, Motivation and Objective 

Lateral flow assays (LFAs) are widely used for 
rapid diagnostics and are increasingly combined 
with smartphones to enable quantitative point-of-
care and home-based testing, generally sup-
ported by dedicated optics or controlled imaging 
conditions [1]. Performance is often limited by il-
lumination sensitivity and device-dependent 
bias, which restrict quantitative robustness in 
real-world use [2]. These limitations motivate 
calibration strategies that are intrinsic to the as-
say and independent of external accessories, 
potentially enabling improved quantification 
while keeping the cost as low as standard LFAs.  

The objective of this work is to develop a smart 
lateral flow device integrating embedded gradi-
ent nanoparticle lines as on-strip optical refer-
ences together with optimized image acquisition 
and signal processing, to enable robust, custom-
izable, and accessory-free quantitative lateral 
flow readout using a smartphone.  

Description of the New Method or System 

• On‑strip gradient nanoparticle calibra-
tion lines (GNLs) using the same gold nanopar-
ticles (NPs) as the assay. 

• Custom cassette markers for automatic 
region‑of‑interest (ROI) detection. 

• Custom software for gradient extraction 
and test line quantification. 

Results 

The proposed smart LFA is envisioned for 
user‑friendly, accessory‑free operation in 

point‑of‑care or home‑use settings. After apply-
ing the sample (Fig. 1a), the user captures a sin-
gle image of the smart lateral flow cassette using 
a smartphone (Fig. 1b).  

 

Fig. 1. Envisioned use of the smart LFA device with 
embedded gradient calibration and smartphone 
readout (a), with an example of a test result for check-
ing sample degradation (b). 
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The custom application performs automated 
quantification, with the aim of providing a clear 
and actionable result for the user.  

As a proof of concept, the envisioned calibration 
gradient composed of lines at increasing NPs 
concentrations (Fig. 1a) is fabricated using a Bi-
oDot AirJet dispenser (Model XYZ3210). Solu-
tions of 40 nm gold nanoparticles (nanoCom-
posix, AUCR40-5M), linearly diluted in standard 
buffer, are directly deposited onto FF120HP ni-
trocellulose membranes (Whatman GE 
Healthcare). The resulting five-line model nano-
particle gradient is integrated into a custom la-
ser-cut cassette with engraved QR codes used 
as recognition markers (Speedy 300, TROTEC), 
as illustrated in Fig. 2a. This configuration ena-
bles automatic ROI identification and alignment 
as validated in Fig. 2b. All acquired images are 
processed using the developed custom modular 
software architecture for smartphone image 
analysis. The framework combines configurable 
analysis pipeline with reusable processing mod-
ules to ensure robust marker detection, ROI ex-
traction, and quantitative analysis of intensity 
profile based on the GNLs. 

 

Fig. 2. Demonstration of the GNLs on-strip concept 
into customized cassettes with different engraved 
recognition markers (a), and example of automatic 
ROI quantification via the developed software (b). 

The model nanoparticle gradient serves also as 
a tool for testing variability across different image 
acquisition platforms and generating a database 
for testing the developed algorithm, using stable, 
simulated test lines for repeatable measure-
ments (Fig. 3). Direct images from various 
smartphones yield comparable results (Fig. 
3b,c). All nitrocellulose strips were prewetted 

with PBS 1X before image acquisition to mimic 
real assay conditions, as wetting alters GNL op-
tical properties without affecting line morphol-
ogy. Ongoing work focuses on integrating the 
calibrated GNLs into a functional assay (Fig. 4), 
embedding recognition markers into the LFA 
cassette, and refining the mobile app for direct 

gradient and test-line quantification to validate 
the smart LFA concept. 

 

Fig. 3. Extracted GNL intensities comparing three 
different image acquisition tools for n=4 customized 
cassettes. With smartphones (b,c), the weakest GNL 
(line 1) cannot be detected.  

 

Fig. 4. Initial studies on a real model assay for hCG 
detection at different concentrations (a), and integra-
tion of 3 GNLs with the same assay (b). 
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