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Abstract
This paper presents the research conducted on how to enable real-time reading of a visual representation of a 

sound printed on paper, using an Android phone.

The project is structured around three main steps:

• Generating a 2D representation of sound in the form of an image, which will be printed and read by the phone.

• Developing an algorithm to extract and playback the sound from a photograph of the printed 2D represen

tation.

• Designing an Android application integrating this functionality.

The results are promising: in theory, the method allows for the reconstruction of an almost perfect sound. 

However, within the application, various external factors (poor lighting, low camera quality, etc.) can introduce 

errors affecting audio playback. Despite these disturbances, the sound remains intelligible. The application is 

therefore ready for use.
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Introduction
Sound is a complex signal composed of both an 

amplitude and a phase. A common way to represent 

sound as an image is by computing its spectrogram 

(Figure 1). The spectrogram can be seen as an image 

where:

• Time flows from left to right.

• Frequencies are arranged from bottom to top: low 

frequencies (bass sounds) at the bottom and high 

frequencies (treble sounds) at the top.

• The grayscale level represents sound intensity: 

from low (black) to high (white).

In theory, it is possible to reconstruct the original 

sound from a spectrogram by applying the inverse 

transformation to the one used to generate it. How

ever, this reconstruction is imperfect because the 

phase of the signal is lost during the conversion from 

sound to spectrogram. This raises an initial question: 

How can the lost phase be recovered?

Figure 1: Spectrogram of a human voice

In practice, a photograph of a printed spectrogram 

(Figure 2) contains not only the spectrogram itself but 

also its surroundings. Moreover, it may no longer be a 

perfect rectangle, as it could be distorted by perspec

tive. How can a spectrogram be extracted from an 

image?

Figure 2: Photography of a spectrogram

Furthermore, one could consider adding a cursor that 

moves from left to right along the spectrogram to 

allow sound to be played over time.

From these considerations, the main problem can be 

defined by : How can a spectrogram be read in real-

time using an Android phone?
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Spectrogram reading in real time 

using an Android phone

Spectrogram generation

The first step is to create a spectrogram from an audio 

file (e.g., .wav or .mp3). To achieve this, a Python 

script, that applies the following transformations to 

an audio file, was written :

• A Short-Time Fourier Transform (STFT) with a 

window size of 1024 and an overlap of 256, creating 

a matrix S.

• A conversion to the decibel scale: 20 ∗ log10|𝑆|.

• A selection of values above −5 dB.

• A scaling of the dB values across all grayscale 

levels: black corresponds to min 𝑆dB, and white 

corresponds to max 𝑆dB.

These transformations ensure a spectrogram with 

good contrast (Figure 1). They were implemented us

ing two functions from the Librosa library in Python.

Spectrogram reading

Amplitude

To retrieve the amplitude of a sound from its spec

trogram, we need to apply the inverse of all the 

transformations used during spectrogram generation. 

For practicality in future Android integration and to 

ensure fast processing, we implemented this part in 

C++. To perform the inverse STFT, we used the FFTW 

library [1].

Phase Retrieval

When reconstructing a sound, the amplitude ex

tracted from the spectrogram is not sufficient; the 

phase is also necessary.

Several methods exist for phase retrieval. In our case, 

we do not have access to the entire spectrogram, and 

we need a fast method to approach real-time process

ing as closely as possible. Based on previous research 

[2], we identified the phase reconstruction method 

known as SPSI (Single Pass Spectrogram Inversion) 

[3] as the most suitable. To use this method, we imple

mented it in C++.

Spectrogram Detection

To apply the entire process of converting a spec

trogram into sound, we first need to extract the 

spectrogram from the photo taken by the phone. This 

requires:

• Correcting the perspective to bring the spectrogram 

back into a proper plane.

• Extracting the portion of the image corresponding 

to the spectrogram.

To simplify these steps, we placed ArUco markers 

(Figure 3) along the spectrogram. These markers store 

for each one a unique identifier. OpenCV [4] provides 

methods to detect and identify them.

Figure 3: ArUco markers

By detecting the ArUco markers, we know they all 

belong to the same plane. This allows us to correct the 

perspective of the entire image, ensuring the spectro

gram is properly aligned. We can then extract the 

portion inside the markers and use contour detection 

to isolate the spectrogram.

However, detecting ArUco markers in every frame is 

computationally expensive. Profiling the system, we 

observed that the ArUco detection was the main bot

tleneck, significantly slowing down the application.

To improve performance, we implemented tracking 

to estimate the movement of the image between 

frames. Tracking is less computationally expensive 

than repeatedly detecting markers. We first perform 

an initial ArUco detection, then track the markers in 

following frames. If tracking fails and there are too 

few markers to correct the perspective, we perform 

another detection.

This method greatly improves stability, robustness, 

and reduces computation time.

Android Application

The final goal of the project was to enable real-time 

spectrogram reading on a smartphone. To achieve 

this, we developed an android application using An

droid Studio. This application integrates the C++ 

functions described above.

We designed two interfaces:

• The first one (Figure  4) is intended for the end 

user. It includes a help button and displays only the 

camera view, with the playback cursor projected 

onto the spectrogram when possible.

• The second one (Figure 5) was used for debugging 

purposes. It allowed us to identify the best methods 
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and parameters, as well as visualize the results of 

intermediate steps (such as perspective correction, 

spectrogram extraction, etc.).

Figure 4: Mobile Application : Interface for classic 

user.

(a) Perspective Correc

tion.

(b) Spectrogram Extrac

tion.

Figure 5: Mobile Application : Debug Mode.

Conclusion
It is difficult to show the results of our application in a 

paper, as they are audio. While the quality of the re

constructed sound is not perfect, the results are signif

icantly better than those of the existing Phonopaper 

application [5], which did not reconstruct the phase.

Moreover, the audio output remains convincing even 

when the phone is tilted, meaning it does not need to 

be perfectly aligned with the spectrogram.

To conclude, the application allows to read spectro

grams: if the phone moves quickly, the sound plays 

faster; if it moves slowly, the sound plays slower. Ad

ditionally, moving the phone from right to left enables 

backward playback.
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