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Phase loss → Phase retrieval: 

overlap supplies redundant 

constraints

ePIE → PtyRAD: from hand-

derived updates to AD-based 

multi-parameter fitting

1.2 Objective and Project Progression
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1.3 Shared study setup

SrTiO₃ 4D-STEM central 100×100Raw 200×200 scan

32-slice multislice 4 probe modes

Adam, 200 iter

probe@5, tilt/pos@10 1.0 single + 0.5 PACBED + 0.1 sparse

02  Understanding PtyRAD

A object amp. φ object phase P probe

δr position shift τ tilt / geometry Δz slice thickness

Loss gaussian

pattern-wise

count-aware

position-averaged

Loss sparse

object prior

Loss simlar

model prior

Group1: L1-type → clearer isolated lattice;

              L2-type → more spread.

Group2: PACBED-on 

              → diffused pattern;

              → more consistency. 

3.1 Batch geometry

sparse

Random

loss 0.1822
avg 10.265s

Compact
loss 0.2319

avg 9.517s

Sparse

loss 0.1816
avg 10.602s

Observation:

Both LBFGS switches jump upward 

immediately at iter 181.

Interpretation:

Mini-batch gradients plus persistent 

post-step constraints do not provide a 

clean late-stage curvature model here.
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What changes?

When PACBED 

enters, how strong it 

is late, and whether 

sparse should pulse 

in the mid-stage.

Current Result:

04  Interpretation / discussion: plausible, but not yet fully validated
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1 object modes

0.5 on the fly Random Grouping

2.1 Physical Multislice Model
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 Here, 𝒫Δ𝓏 𝜓 𝐫 = ℱ−1 ℋ 𝐪; Δ𝑧 ℱ{𝜓} 𝐪 𝐫 , ℋ𝓕 𝐪; Δ𝑧 ≈ 𝑒𝑖𝑘Δ𝑧 exp −𝑖𝜋𝜆Δ𝑧 𝑞𝑥
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min
Θ

𝒥𝒫𝓉𝓎ℛ𝒜𝒟 Θ ⇒

𝒥𝒫𝓉𝓎ℛ𝒜𝒟 = 𝜔1ℒℊ𝓈 + 𝜔2ℒ𝓅ℴ𝒾 + 𝜔3ℒ𝒫𝒜𝒞ℬℰ𝒟 + 𝜔4ℒ𝓈𝓅𝒶 + 𝜔5ℒ𝓈𝒾𝓂  

Loss poisson

Loss pacbed

2.2 Optimisation Model

2.3 Understanding through loss design

03  Optimising PtyRAD

3.2 Limited late-stage refinement

3.3 Dynamic loss scheduling

Small PACBED + L1 Sparse Pulse gives best Quality 

.05 Future Work

⚫ For Optimiser Refinement: 

         (i)  Semismooth Newton–augmented-Lagrangian;

         (ii) Matrix-free Levenberg–Marquardt.

⚫ For Loss Design: 

         (i)  More complex dynamical loss design;

         (ii) Using Diffusion model to enhance/provide stronger prior.
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