
TOWARDS MID-INFRARED IMAGING OF ARTWORKS

In this work, orientation-patterned gallium phosphide (OPGaP) optical parametric oscillator (OPO) is used to generate coherent broadband mid-infrared
light in the long wave infrared region. By leveraging the compressive sensing technique, a single pixel camera is demonstrated as precursor to extending
this concept into the mid-infrared region.
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CONCLUSION & FUTURE WORKCOMPRESSIVE SINGLE PIXEL IMAGING

MID-INFRARED GENERATION USING OPTICAL PARAMETRIC OSCILLATOR (OPO)

𝑋 = Φ−1𝑌 + 𝑒

Cavity stability factor g1g2 (dimensionless).

Beam size evolution inside the OPGaP ring 
cavity. 

*Luke Maidment et. al, Opt. Lett. 41, 4261-4264 (2016)

The colormap illustrates the phase-
matching efficiency.

Optical properties of OPGaP: 

Compressive sensing can recover undersampled
signals  if:

1. Incoherent sampling is used
2. The signal is sparse in some basis 

Key points for compressive single pixel camera: 
• Model light incident on DMD as an N-pixel image
• Represent measurement as a vector Y of 

dimension N
• Convolve vector Y with random basis vector
• Model  photon counting noise and quantization 

error as Gaussian noise e
• Take n<N samples
• Reconstruct image by solving an optimization

problem
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Results

Reconstructed image using a Bayesian inference method
called “Expectation-Propagation (EP). (a) 32x32 pixel image
reconstructed using n = 800 measurements. (b) 128x128 pixel
image reconstructed using n = 10000 measurements.

Laser Parameters: 
• Repetition rate: 100 MHz
• Average Power: 3W
• Peak Power: 120 kW
• Pulse width: ~250 fs
• Pulse energy 30 nJ
• Centre wavelength: 1050 nm

(a) (b)

• Current techniques to analyse art paintings:

Type Techniques Advantages Disadvantages

Invasive Raman, FTIR, XRF, 
SEM-EDX

Mapping of 
elemental functional 
group

Destructive, time 
intensive and small 
area under 
investigation

Non-invasive P-Raman, p-FTIR, p-
XRF

Portable provides little depth 
information and 
stratigraphy

• Hence there’s a need for  developing fast non-invasive hyperspectral spectral imaging 
technique to visualise surface and subsurface objects and map function group.

• WHY MID-INFRARED?  Functional group found in dyes, pigments and resins show a 
characteristic absorption in this region  i.e. “fingerprint region”. 

• Cameras in the mid-infrared region are expensive and not very sensitive and hence single 
pixel imaging can prove beneficial in reconstructing images and also bringing down the cost 
of the setup.

Nonlinear coefficient
dij [pm/V]

70.4 (@ 1 µm)

Transmission range 
(µm)

0.57 - 12

Point group 43m (cubic)

Crystal cut for QPM 
(µm)

800

Refractive Index 2.18 ( @ 1 µm)

Walkoff (pump-signal) 268 – 293 fs/mm 
for λs = 1.20 – 1.22

Walk-off (pump-idler) 892 - 863 fs/mm 
for λi = 6.50 – 7.6

• In this work, Yb:fibre laser pumped mid-infrared optical 
parametric oscillator is used to generate MIR light (5 – 11 µm).

• Single pixel imaging concept has been demonstrated in the 
visible region.

• The work presented here is still in progress and the setup is still 
undergoing developments. 

• Future work will include performing singe pixel imaging in the
mid-infrared regime.

• Parallel developments of novel reconstruction algorithms for 
different basis will take place. 

• Lastly, hyperspectral imaging combined with mid-infrared
spectroscopy will be used to study and analyse Hunterian art 
collection in Glasgow. 


