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[bookmark: OLE_LINK24]1. The characterization of the photochromic spiropyran material
[image: ]
[bookmark: OLE_LINK34]Fig. S1. The absorbance spectrum of the photochromic molecular film. The absorbance spectra for the photochromic molecular film in the spiropyran (dash line) and Merocyanine (solid line).
[bookmark: OLE_LINK25]2. The principles of strong coupling between photochromic molecules and Fabry- Pérot cavities
[bookmark: OLE_LINK1][bookmark: OLE_LINK4][bookmark: OLE_LINK2]Spiropyran is a classic photochromic molecule that reversibly transforms between its spiropyran and merocyanine forms, which exhibit distinct absorption spectra. The stable spiropyran form absorbs only in the UV region, due to an sp3 spiro centre between the indoline and chromene moieties. Upon UV irradiation, spiropyrans undergo a ring-opening reaction leading to a more conjugated merocyanine zwitterionic form that absorbs in the visible region1.With prolonged UV irradiation, more spiropyran molecules convert to the merocyanine form, resulting in a continuous increase in absorbance. When the molecular absorption state is resonant with the cavity mode, and the coupling strength between them exceeds their respective dissipation rates, energy undergoes reversible coherent back-and-forth exchange between photons and photochromic molecules. This process gives rise to Rabi splitting and leads to the formation of hybrid light–matter quantum states2. The corresponding expression is given as follows:
[bookmark: OLE_LINK12]= 2g = 2d ,              (S1)
[bookmark: OLE_LINK15]where  is Planck constant,  is Rabi frequency, is the molecular transition dipole moment,is mode volume of the FP cavity,  is vacuum permittivity,  is cavity resonance frequency,  is coupling strength. This indicates that the Rabi splitting energy depends not only on the absolute number of molecules and the cavity mode volume, also intrinsically linked to the molecular concentration. Thus, modulating the coupling strength ( through concentration control offers a direct route to diversifying FP cavity transmission spectra. 
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Fig. S2. Strong coupling between the molecular transition and the cavity mode, showing the formation of two new hybrid states separated by the Rabi splitting energy (ℏΩR).
[bookmark: OLE_LINK27]3. The angle-dependent transmission spectra of the photochromic FP cavity
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Fig. S3. Angle-dependent transmission spectra of the photochromic FP cavity with the photochromic molecule layer in (a) spirogyran and (b) merocyanine states.




[bookmark: OLE_LINK28]4. Spectral Evolution from Weak to Strong Coupling
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Fig. S4. The transmission spectra of each filter unit at multiple intermediate states.
[bookmark: OLE_LINK26]5. The average correlation coefficient of the filter array
Formula S2 defines the Pearson correlation. Correlation coefficients can be expressed as:
,               (S2)
Here  is the transmittance under the UV exposure duration of m, and the FP-cavity filter unit of n.  is the average transmittance. The closer r is to zero, the lower the correlation between spectral channels.


6. Quantitative Evaluation of Spectral Reconstruction
The mean square error (MSE) between the reference and reconstructed spectrum is calculated to evaluate the spectrum recovery performance, which can be expressed as:
[bookmark: OLE_LINK35],        (S3)
where M is the spectral span, and  and  are the normalized reference spectrum and normalized reconstructed spectrum, respectively.
[bookmark: OLE_LINK29][bookmark: OLE_LINK63][bookmark: OLE_LINK42]7. Example reconstructions of the spectra with two mixed peaks under different detection modes 
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[bookmark: OLE_LINK96]Fig. S5. Spectral reconstruction with two mixed peaks under different operating modes (m = 1, 2, 3). The insets in (c, f, and i) present the MSE values corresponding to different operating modes (m = 1, 2, 3).



8. Example reconstruction of narrowband spectrum with four filter units under different detection modes
[image: ]
Fig S6. Reconstruction of narrowband spectra (red LED) with four filter units under different operating modes (m = 1, 2, 3). 
[bookmark: OLE_LINK43]













9. Example reconstructions with six filter units under different detection modes
[image: ]
[bookmark: OLE_LINK64]Fig. S7. Reconstruction of broadband spectra with six filter units under different detection modes (m = 1, 2, 3). 









10. Schematic of the optical setup
[image: ] Fig. S8. Schematic of the optical setup for calibration and measurement of the PCOS.

References 	
1	Kayani, A. B. A. et al. UV Photochromism in Transition Metal Oxides and Hybrid Materials. Small 17 (2021). https://doi.org/10.1002/smll.202100621
2	Garcia-Vidal, F. J., Ciuti, C. & Ebbesen, T. W. Manipulating matter by strong coupling to vacuum fields. Science 373 (2021). https://doi.org/10.1126/science.abd0336

image5.png
— — Commercial Spectrometer — — Commercial Spectrometer — — Commercial Spectrometer
—— PCOS (m=1) —— PCOS (m=2) —— PCOS (m=3)
o o
~10 dnm ~10 [ 4am ~10 [ 4
5 El E .
< < 8 009 @
2 2 > gnos
@ @ ‘» 003
£09 cos § 05 ) — e
£ £ 2 i
0 0 0
420 440 460 480 500 420 440 460 480 500 420 440 460 480 500
d Wavelength (nm) Wavelength (nm) § Wavelength (nm)
— — Commercial Spectrometer — — Commercial Spectrometer — — Commercial Spectrometer
~——— PCOS(m=1) ~——— PCOS(m=2) —— PCOS (m=3)
_10 [~ sm 10 _10 = sm
5 5 3
& S &
2 > 2
205 205 205
o [} 2
= S =
0 " X . 0| 0|
480 500 520 540 560 480 500 520 540 560 480 500 520 540 560
Wavelength (nm) Wavelength (nm) Wavelength (nm)
h i
g — — Commercial Spectrometer — — Commercial Spectrometer — — Commercial Spectrometer
~——— PCOS (m=1) —— PCOS(m=2) —— PCOS (m=3)
10 el anm 10 4nm _10 Il 4nm
S "y 5 5 . !
< ', S © oosl® [
~ | ~ g 0.8
z B Z z 2o
205 )Y 205 2os .
2 o 2 T2
£ ! c kS m
| £
1 |
0] - 0 0
600 620 640 660 680 600 620 640 660 680 600 620 640 660 680

Wavelength (nm)

Wavelength (nm)

Wavelength (nm)




image6.png
Intensity (a.u.)

— — Commercial Spectrometer
PCOS (m=1)
1.0t \
|
fy
i
Red LED | |
0.5} I
I
I
U
Ot . —
400 500 600
Wavelength (nm)

700

Intensity (a.u.)

— — Commercial Spectrometer
—— PCOS (m=2)

N
o

o
[$))

400 500 600
Wavelength (nm)

700

Cc
— — Commercial Spectrometer
—— PCOS (m =3)
,__\1.0—
>
©
N
>
=
2os
Q
-
£
0

400 500 600 700
Wavelength (nm)




image7.png
)

——— Commercial Spectrometer
~——— PCOS (m=1)

-
o
1

Intensity (a.u.)
o
S

400 500 600 700
Wavelength (nm)

— — - Commercial Spectrometer
—— PCOS (m=1)
~10
S
L
2
205}
%
£
Us . .
400 500 600 700
Wavelength (nm)
c — —— Commercial Spectrometer
—— PCOS (m=1)
~10
3
&
2
205
L
£
0 L L
400 500 600 700

Wavelength (nm)

— — - Commercial Spectrometer —— - Commercial Spectrometer
—— PCOS(m=2) —— PCOS (m=3)
~1.0¢ - ~10
3 ) 3
s : S .
2 ! 2
= \ =
@ D g5t
qC) 0.5} : GCJ 0.5 . .
- | - i 2 Ens
£ I £ m
1
|
0 . L
400 500 600 700 400 500 600 700
Wavelength (nm) Wavelength (nm)
——— Commercial Spectrometer — —— Commercial Spectrometer
—— PCOS (m=2) —— PCOS (m=3)
~10 ~1.0
3 5
s s
2 2
] ‘@
c 05 0.5
5 5
£ £
o L
400 500 600 700 400 500 600 700
Wavelength (nm) Wavelength (nm)
— —— Commercial Spectrometer — —— Commercial Spectrometer
—— PCOS (m=2) —— PCOS (m=3)
~10 ~ 1.0t
S 3
3 LU/ 007
2 = gl T,
= = 2000
205 205}
L L o .
£ £ e
o L
400 500 600 700 400 500 600 700

Wavelength (nm)

Wavelength (nm)




image8.png
p-Filter
array

CMOS

Computational Spectrometer




image1.jpeg
-
o

Absorbaréce (a.u.)
o

— — Spirogyran
Merocyanine-15s

500 600 700 800
Wavelength (nm)




image2.png
Energy

P

le) Im’f:? )
TP
hw, hw,
|9) |0)

Hybrid  Cavity

Molecule
states  photon




image3.png
<)

Transmission(a.u.)

Dispersion Spectrum

Spirogyran

500 600 700
Wavelength(nm)

400

——45°
——40°
—30
— 25°
—15°
—5°
—_— o“

800

(=2

Transmission(a.u.)

Dispersion Spectrum

500 600 700
Wavelength(nm)

TS
400
—age
o5
150
5
o





image4.png
Intensity (a.u.)

400

500 600 700
Wavelength (nm)

800

Intensity (a.u.)

UV -0s
—— UV-2s
—— UV-6s
— UV-15s

Intensity (a.u.)

400 500 600 700

Wavelength (nm)

Intensity (a.u.)

800

UV -0s
UV -2s

| ——uw-es

S| — uv-15s

L

=

]

[ =

2

£

400 500 600 700 800

Wavelength (nm)

Intensity (a.u.)

400

Intensity (a.u.)

400

500 600 700
Wavelength (nm)

UV -0s
UV-2s
—— UV-6s
— UV-15s

500 600 700
Wavelength (nm)

800

800

400 500 600 700
Wavelength (nm)
UV -0s
~—— UV-2s
— ~—— UV-6s
3: ——— UV - 15s
S
>
B
C
9
£
400 500 600 700

Wavelength (nm)

800

800

500 600 700
Wavelength (nm)

400 800

UV -0s
—— UV-2s
— UV-6s
— UV-15s

Intensity (a.u.)

400 500 600 700

Wavelength (nm)

800




