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AI-Enabled Real Time Hyperspectral Ghost Imaging with Frequency Combs
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Scientific Achievement
Researchers combined dual optical frequency combs with a transformer-based deep-learning model to achieve video-rate 
ghost imaging using an ultra-thin optical fiber and single-pixel detector.

Research Details
• Frequency combs generate ~200 colors (1532–1564 nm), 

each creating a distinct speckle pattern through a single 
optical fiber.

• Dual-comb interferometry measures the transmitted signal 
extremely quickly. Ghost-GPT then reconstructs images in 14 
ms with 10× better quality than classical methods.

• Moving targets were imaged at 60 frames/s

Significance and Impact
Ghost imaging reconstructs an image by using statistical 
correlations between the intensity of transmitted light and 
patterns of light. Previous methods were too slow for moving 
scenes or too bulky for any practical application. This 
approach removes the speed and size bottleneck.

Figure: Schematic of hyperspectral dual-comb compressive ghost imaging. Each frequency-
comb line generates a unique speckle pattern at the tip of a single-core fiber. The patterns 
illuminate the target simultaneously, and a single-pixel detector records the combined 
signal, and the reconstructed with the Ghost-GPT deep-learning model.

Work was performed, in part, at the Center for Integrated Nanotechnologies.
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Presenter Notes
Presentation Notes
1-2 paragraph description of highlight
Ghost imaging projects a series of known light patterns onto an object and records only the total light with a single-pixel detector, and then, reconstruct the image with computational algorithms. This makes it valuable where ordinary cameras fail, such as in low light, through scattering media, or inside instruments too small for a detector array. However, conventional ghost imaging projects its patterns one at a time using spatial light modulators or swept lasers, which makes it too slow to capture moving scenes. This study removes that bottleneck by using optical frequency combs, lasers that emit hundreds of precisely spaced colors at once. Sent through a multimode optical fiber, each color forms its own unique speckle pattern, so roughly 200 patterns illuminate the target simultaneously. A second comb with slightly different spacing allows dual-comb interferometry to read out all of these signals in near instantaneously on a single detector.

To turn these highly compressed measurements into images, the team developed Ghost-GPT, a transformer-based deep-learning model trained on simulated data generated from the measured speckle patterns. Ghost-GPT reconstructs 256 × 256-pixel images in 14 milliseconds, even though the number of measurements is only 0.3% of the number of image pixels. Its image quality is about an order of magnitude better than classical reconstruction algorithms. The researchers imaged a moving target at video rate (60 frames per second) and showed frame rates up to 1 kHz. With finer comb spacing and broader spectra, the approach could scale to high-definition video at gigapixel-per-second rates. Because the front end needs only a single fiber and a single-pixel detector, the method offers a practical route to compact, low-cost imaging systems such as disposable endoscopic probes.
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