Quantum Radiance Field -
Quantum Hybrid 3D Vision
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ow do we recognize 3D Scene?

* Input: Retina / Camera = 2D Image

* Recognition: 3D Scene Concept

« Qutput: Human Memory / Monitor = 2D Image
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ow do we recognize 3D Scene?

* Recognition: 3D Scene Concept

» Explicit Scene Representation:
e.g., 3D Point Cloud, Polygon/Mesh, Voxel
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NeRF: Neural Radiance Field
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NeRF: Neural Radiance Field

* NeRFQ| L X
* Viewer2| 9|X|, &af -) 65Xt input (x,y,z,6, ¢)
« Multi Layered Perceptron Fg (Neural Network)

* Volume Rendering —) 2D image e Low  voune  Rewmng
« Loss A4t 2 Optimize (Training) S TS e )
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* High Frequency Function0i| Cigt underfitting
Solution —) Positional Encoding (7|84 &%)
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QRF: Quantum Radiance Field
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QRF: Quantum Radiance Field

* Circuit 1=
* input (x,y,2,0,¢) —) Quantum Encoding
* Trainable PQC
« Quantum Activation —=) Loss

* Optimization
Encoding Circuit Parameterized Quantum Circuits Measurement
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QRF: Quantum Radiance Field

n_qubits = 6
dev = gml.device('default.qubit', wires=n_qubits, shots=1000)

—
. O def encoding(inputs):
T gml.AngleEmbedding(features=inputs, wires=range(n_qubits), rotation='X")

def pqc(parameters):

arameter_cursor = 0
° !Ijl_ll P Y

for wire in range(n_qubits):
qml.RX(parameters[parameter_cursor + wire], wires=wire)
parameter_cursor += n_qubits

for wire in range(n_qubits):
qml.RY(parameters[parameter_cursor + wire], wires=wire)
parameter_cursor += n_qubits -1
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@gml.qgnode(dev, interface="torch")
def qrf_circuit(inputs, weights):

6 )+ q.l0): Ry 0 )+ a.l0) Ry encoding( inputs)
) asl0) Ry @) aslo) Ry pgc(weights)

return [gml.expval(gml.PauliX(i)) for i in range(4)]
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QRF: Quantum Radiance Field

* Evaluation Metrics
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QRF: Quantum Radiance Field

* Experiment
* Classical: Tesla V100 GPU

« Quantum: Xanadu Borealis QPU (34XH H|Z7H)

Table 4: Quantitative results on each scene from the Synthetic-NeRF [13], Synthetic-NSVF [15], and Tanks and Temples [36]. We

highlight the top 3 results in each column are color coded as , and Top 3.

Dataset Synthetic-NeRF [13] Synthetic-NSVF [15] Tanks and Temples [36]
Evaluate Metrics PSNR SSIM LPIPS FPS PSNR SSIM LPIPS FPS PSNR SSIM LPIPS FPS
SRN [7] 22.26 0.846 0.170 0.909 24.33 0.882 0.141 1.304 24.10 0.847 0.251 0.250
Neural Volumes [8] 26.05 0.893 0.160 3.330 25.83 0.892 0.124 4.778 23.70 0.834 0.260 1.000
NeRF [13] 31.01 0.947 0.081 0.023 30.81 0.952 0.043 0.033 25.78 0.864 0.198 0.007
JaxNeRF [14] 31.69 0.953 0.049 0.045 31.49 0.958 0.026 0.065 27.94 0.904 0.168 0.013
NSVF [15] 31,75 0953 0047 0315 JERCEZIIEXEE 0.095 0907 0153 0.163
Autolnt [17] 25.55 0911 0.170 0.380 26.63 0.916 0.090 0.545 22.28 0.766 0.278 0.116
DoNeRF [18] 5.635 32.29 0.962 0.027 8.085 27.02 0.805 0.174 1.715
FastNeRF [19] 29.97 0.941 0.053 29.78 0.946 0.083 24.92 0.792 0.213

KioNeRF [20] 33.37 0.970 0.020 28.41

QRF 0.029 35.44 0.980 0.014 29.65
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