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Part 1: The extracted Tauc curves from UV–Vis–NIR absorption spectrum

The extracted Tauc curves (inserted in Figure S6) from UV–Vis–NIR absorption spectrum
 …………………………………….(2)       
In the equation, α is the molar absorption coefficient, h is Planck's constant, ν is the frequency of the incident photons, B is a proportionality constant, E_g is the optical bandgap of the semiconductor material, and the value of the exponent m depends on the nature of the semiconductor and the type of electronic transition:

m = 1/2 corresponds to a direct bandgap semiconductor with an allowed dipole transition.
m = 3/2 corresponds to a direct bandgap semiconductor with a forbidden dipole transition.
m = 2 corresponds to an indirect bandgap semiconductor with an allowed transition.
m = 3 corresponds to an indirect bandgap semiconductor with a forbidden transition.
Part 2: The calculated subthreshold swing(SS) from transfer curve
the calculated subthreshold swing(SS) from transfer curve, can be estimated using the following equation:
……………………………….……(3)
Where, Ci, W, L, k, B, and T are designed as gate capacitance per unit area, channel width, channel length, the Boltzmann constant, absolute temperature and the elementary charge, respectively

Part 3: COMSOL Multiphysics Simulation
[bookmark: OLE_LINK3]The simulation of stress distribution in the elbow joint is conducted using COMSOL, being set as a static mechanics module under stationary conditions. In this mode, the equilibrium equation solved is:
………………………………….………………(1)
Where, σ is the Cauchy stress tensor and  represents the body force per unit volume. The model assumes small strain deformations and uses a linear elastic material model for all bony structures. The computational preducure is structured as follows:
(1) Geometry reconstruction and meshing
The COMSOL model focuses solely on the external anatomy of the elbow joint, disregarding its internal structures. The geometry was discretized using a physics-controlled mesh with refinement in contact regions.
(2) Material properties and physics setup
All bony tissues were assigned linear elastic, isotropic material properties. A contact pair was defined at the articular interfaces, and a static load was applied to the humerus to simulate a specific flexion angle, while the distal ends of the ulna and radius were set as fixed constraints.
(3) Solving and postprocessing
A parametric sweep was employed for the stationary computation to analyze stress evolution. The resulting stress distribution, particularly the von Mises stress, was visualized to identify potential regions of high mechanical concentration and assess joint biomechanics.

Part 4: The detailed derivation process for AI-enabled decoupled.
[bookmark: OLE_LINK207][bookmark: OLE_LINK208]Building on shared-branch architecture (MultiTaskSensorNet) for decoupled joint prediction of light intensity and strain signals, the model incorporates two independent task branches, for predicting light intensity and strain, respectively. Both branches take the shared feature h as input and consist of two fully connected layers. The detailed derivation process can be found in the Supporting information.
For the light intensity prediction branch:
[bookmark: OLE_LINK202][bookmark: OLE_LINK203]……………………………….……(4)

……………………………….……(5)
For the bending deformation prediction branch, the functional relationships can be expressed:
……………………………….……(6)

……………………………….……(7)

Here, ,,,represent the parameters of the light intensity branch, while,,, and denote the parameters of the strain branch. While the two branches share an identical structure, their parameters are not shared, enabling them to learn task-specific feature representations for light intensity and strain, respectively.
During training, a weighted multi-task loss function is employed to jointly optimize both tasks. Regarding both the light intensity and strain prediction tasks, the Mean Squared Error (MSE) is adopted as the loss function. Their respective expressions are:
……………………………….……(8)

……………………………….……(9)

Where N can be recognized as the number of samples, and  and  denotes the true value and the predicted value of the i-th sample, respectively. Consequently, a multi-task joint loss function is constructed as follows:
……………………………….……(10)

Whereare the loss weighting coefficients for the two tasks, used to balance the influence of different tasks on the overall optimization objective. During the actual training process, the above loss function has been extracted approximately by means of mini-batches to improve training efficiency and convergence performance.


Supplementary Figures


[image: ]

[bookmark: _GoBack][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure S1 The scanning electron microscopy (SEM) of the commercial silver yarn and as-prepared MoS₂/PEDOT:PSS@PVP/cellulose acetate@silver yarn and corresponding energy spectrum analysis (EDS). (a)-(b) Front view: SEM of of the commercial silver (a) and as-prepared MoS₂/PEDOT:PSS@PVP/cellulose acetate @silver-yarn(b). (c)-(d) Sectional view: SEM of the commercial silver(c) and as-prepared MoS₂/PEDOT:PSS@PVP/cellulose acetate @silver-yarn(d) (e)-(f) Energy spectrum analysis (EDS) of the commercial silver yarn outer inner (e) and inner layer(f). (g)-(h) Energy spectrum analysis (EDS) of as-prepared MoS₂/PEDOT:PSS@PVP/cellulose acetate @silver-yarn outer inner (g) and inner layer(h).
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Figure S2 High-Resolution transmission electron microscopy (HR-TEM) of MoS₂, pattern along the [201] zone axis. b) Ga, P, and S elemental mapping of a flake. c) A low magnification STEM-HAADF image.
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Figure S3  The crystallographic plane diagram of as-prepared MoS₂ crystalline (blue: Mo, yellow: S)
[image: ]
Figure S4 XRD of as-prepared MoS₂ crystalline
 [image: ]
Figure S5 S p 1/2 and XPS spectra of MoS₂, MoS₂/PEDOT:PSS(20:1) and MoS₂/PEDOT:PSS-(10:1)
[image: ]

Figure S6 The UV–Vis–NIR absorption spectrum of pristine MoS₂, MoS₂/PEDOT:PSS(20:1) and MoS₂/PEDOT:PSS-(2) with the Tauc curves spectra of the MoS₂/PEDOT:PSS heterojunction and pristine MoS₂ inserted.
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Figure S7 The valence band X-ray photoelectron spectroscopy (VB-XPS) of pristine MoS₂(left panel) and MoS₂/PEDOT:PSS(20:1)(right panel).
[image: ]
[bookmark: OLE_LINK110][bookmark: OLE_LINK111]Figure S8 The voltage-dependent photocurrent (defined as I ph = Ids, light − Ids, dark) under the 365 nm(a) 405(b), and 532(c), and 635 nm. 
[image: ]
Figure S9 The photoresponsivity (R) of MoS₂/PEDOT:PSS(20:1) (left panel), and MoS₂/PEDOT:PSS(10:1)(right panel) devices across varying power intensity at 405 nm and 532 nm (bias voltage 0.01 V).
[image: ]
Figure S10 The detectivity (D) of pristine MoS₂, MoS₂/PEDOT:PSS(20:1) (left panel), and MoS₂/PEDOT:PSS(10:1) heterojunction device(right panel) across varying power intensity at 405 nm (66.2 μW/cm², 203.72 μW/cm², 366.69 μW/cm², 509.29 μW/cm², and 687.55 μW/cm²) and 532 nm (152 μW/cm², 236 μW/cm², 364 μW/cm², 488 μW/cm², and 608 μW/cm²) (at a bias voltage of 0.01 V)
[image: ]
Figure S11 The power-dependent EQE (defined as I ph = Ids, light − Ids, dark) under the 365(a) 405(b), and 532(c) (bias voltage 0.01 V)
[image: ]
Figure S12 The comparison of real-time photocurrent concerning pristine MoS₂ (upper panel), and MoS₂/PEDOT:PSS-(10:1)(bottom panel) (defined as I ph = Ids, light − Ids, dark) under the 365 nm(a) (left panel) 405 nm(b) (middle panel) and 532 nm(c) (right panel) (bias voltage 0.01 V) 
[image: ]
Figure S13 The comparison of real-time photocurrent concerning pristine MoS₂, MoS₂/PEDOT:PSS-(20:1), and MoS₂/PEDOT:PSS-(10:1) under 365 nm illumination 315 μW/cm²(left panel) and 405 nm illumination 66 μW/cm²(right panel) (bias voltage 0.01 V)
[image: ]
[bookmark: OLE_LINK153][bookmark: OLE_LINK154]Figure S14 The voltage-dependent photocurrent of the devices under 405 nm 66.3 mW/cm2 (0.002V, 0.004V, 0.008V, and 0.01V)
[image: ]
Figure S15 The comparison test of photocurrent of pristine MoS₂-based FPD and PEDOT:PSS/MoS₂ heterojunctions FPD (bias voltage 0.01 V)
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Figure S16 Schematic illustration of analyzed the optical losses arising from sheltering effects in this structure(a) The MoS₂/PEDOT:PSS@PVP/cellulose acetate @silver-yarn beneath the Ag yarn.(b) The MoS₂/PEDOT:PSS@PVP/cellulose acetate @silver-yarn above the Ag yarn.
[image: ]
Figure S17 The voltage-dependent photocurrent of pristine MoS₂-based FPD and PEDOT:PSS/MoS₂ heterojunctions FPD under 532 nm illumination under the varying bending conforming 
[image: ]
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Figure S18 The comparison of calibration strain-dependent photocurrent of MoS₂/PEDOT:PSS-(20:1) and MoS₂/PEDOT:PSS-(10:1) under 365 nm illumination and under 532 nm illumination (bias voltage 0.01 V)

[image: ]
Figure S19 Stability tests conducted over 500 cycles under the bending curvatures 21.69 m-1 (bias voltage 0.01 V)
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Figure S20 Comparison of real-time photocurrent before and after a two-month interval (405 nm 66.3 mW/cm2(c) (bias voltage 0.01 V)
[image: ]
Figure S21  KPSM analysis to explained the under mechanism concerning the enhancement of strain-response of MoS₂/PEDOT:PSS heterojunction.  (a) The surface potential of pristine MoS₂ measures planar configuration, (b) bending configuration (curvature radius 17.81 m-1), (c) The MoS₂/PEDOT:PSS heterojunction reaches in terms of planar configuration (d) identical bending configuration(curvature radius 17.81 m-1).

.
[image: ]

Figure S22  Photoelectrical performance of All the 56 devices and reasonable deviations KPSM analysis to explained the under mechanism concerning the enhancement of strain-response of MoS₂/PEDOT:PSS heterojunction: the surface potential of pristine MoS₂ measures planar configuration (i) and bending configuration (curvature radius 17.81 m-1) (ii), the MoS₂/PEDOT:PSS heterojunction reaches in terms of planar configuration (iii)  and identical bending configuration(curvature radii of 17.81 m-1) (iv).
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