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Figure 1: Paired RGB and false-color depth views from the production review interface. These original crops show
interior appearance and corresponding visible-surface structure, not paired Cycles comparisons. Depth palettes
may use different per-view ranges and are not a shared metric color scale.

Abstract

Producing millions of calibrated indoor frames requires af-
fordable rendering, consistent supervision, and reliable stor-
age delivery. We present Frame Factory, Reaigen s.r.o’s sys-
tem for large-scale EXR dataset production on rented GPU
pods. Its rendering subsystem, the Reaigen gITF system,
adapts NVIDIA’s Vulkan-based vk_gltf_renderer through
a Cycles-referenced workflow with camera correspondence
and G-buffer-guided validation. Frame Factory scans GPU
rental offers, ranks eligible capacity by measured render-
phase cost per frame, and applies a payback gate to cost-
driven worker replacement. Reusable workers, camera batch-
ing, independently compressed RGB and depth, bounded
staging, and verified delivery connect capture to dataset
completion. Engineering records report 0.588 s and 0.940 s
per color-and-depth frame on RTX 4070 Ti and RTX 3090 con-
figurations at 16 samples with OptiX denoising. A separate
production snapshot reports a 0.80 s median render-phase
time for RTX 5080 jobs, 142,010 unique approved frames on
storage, and $0.123 per 1,000 produced frames under priced-
job accounting. These results establish an operating produc-
tion system; million-frame completion and all-in dataset cost
remain beyond the reported snapshot. Renderer timing, Cy-
cles agreement, and delivery are evaluated separately. The
contribution is the integration of reference-driven rendering,
market-aware resource control, and EXR delivery into one
auditable production architecture.
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1 Introduction

Synthetic indoor data is valuable because rendering can ex-
pose camera poses, depth, visibility, and scene identity that
are difficult to measure in a real apartment. Hypersim demon-
strates the usefulness of combining authored environments
with geometric supervision [13]. At production scale, how-
ever, the desired output is more than a plausible image. It is a
calibrated, indexed frame record whose appearance, geome-
try, annotations, and provenance refer to the same approved
scene.

Our practical objective is to produce millions of EXR-based
frame records from authored interiors using affordable cloud
GPU capacity. Frame Factory names the complete dataset-
production and cloud-infrastructure system developed by
Reaigen s.r.o.; the Reaigen glTF system names its rendering
subsystem. Blender and Cycles remain the authoring and
visual-reference environment. Repeated capture moves to
the Reaigen glTF system, derived from NVIDIA’s Vulkan ren-
derer [9]. gITF 2.0 provides the interchange representation
while the runtime performs ray-traced image synthesis [5].

This objective has two coupled costs. The first is the cost
of synthesizing a frame at an acceptable appearance and
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supervision quality. The second is the cost of renting, prepar-
ing, feeding, recovering, and retiring the machines that pro-
duce it, while moving large EXR outputs to durable storage.
At million-frame scale, scene-loading overhead, duplicate
work, idle rental, and undrained files become production con-
straints. Optimizing an isolated renderer timer is therefore
insufficient to optimize the finished dataset.

Frame Factory combines a specialized capture path with
an empirical cloud controller. It scans available GPU rental of-
fers, converts hourly prices into estimated cost per rendered
frame using its own job measurements, and replaces expen-
sive workers only when an explicit payback test justifies the
transition. Repeated market scanning accounts for changes
in the available offers after a long-lived worker is rented. The
implemented policy procures on-demand RunPod capacity
rather than bidding for preemptible spot instances [12].

The data path is equally important. Workers reuse ren-
derer builds and scene packages, render multiple poses per
launch, and stream EXR-based outputs through a bounded
host staging area to network-attached storage (NAS). RGB
and geometric data have different compression contracts. A
retry remains another attempt at an existing frame identity,
not a new example. Human approval is bound to the scene
variant, and final completion is distinct from a successful
GPU job.

This paper makes three systems contributions. First,
it describes the Cycles-referenced Reaigen glTF capture
subsystem, including explicit camera conversion and G-
buffer-guided diagnosis. Second, it presents Frame Factory’s
market-aware orchestration: empirical unit-cost ranking,
payback-gated worker rotation, reusable workers, and
delivery-constrained resource control. Third, it connects
these mechanisms to a verified EXR production path and
reports renderer, image-comparison, production, and cost ob-
servations under separate measurement boundaries. Figure 2
summarizes the combined architecture.

The evaluation documents an operating production slice
and its current scale. It distinguishes implemented mecha-
nisms and recorded results from the larger-scale validation
needed for a completed million-frame corpus.

2 Related Work

Indoor data and procedural generation. Hypersim combines
photorealistic, professionally authored interiors with ex-
tensive annotations [13]. BlenderProc2 provides a proce-
dural pipeline around Blender for photorealistic data gen-
eration [3]; Kubric combines rendering and simulation in a
scalable annotated-data framework [4]. These systems estab-
lish the importance of scene preparation, annotation genera-
tion, and repeatable execution. Frame Factory concentrates
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on a production boundary: reusing approved authored in-
teriors and canonical camera sequences while specializing
the repeated capture backend. The focus is production in-
frastructure, not a new public dataset or a claim of greater
downstream accuracy.

GPU rendering for synthetic data. NViSII demonstrates script-
able, GPU-accelerated photorealistic synthetic image gen-
eration [7]. NVIDIA’s Vulkan glTF renderer supplies the
upstream foundation for our rendering backend [9], while
Vulkan ray-tracing pipelines provide the API-level execu-
tion model [6]. OptiX supplies the denoising technology [8].
The Reaigen contribution lies in the Cycles-referenced adap-
tation, capture contracts, and surrounding production sys-
tem. A version-matched comparison with the unmodified
upstream renderer is the next step for isolating the incremen-
tal performance benefit of the Reaigen glTF modifications.
Interchange and image comparison. gl TF standardizes asset
representation and physically based material parameters but
does not require all renderers to produce identical images [5].
Successful export is therefore the starting point for valida-
tion. We use PSNR as a direct image-error summary and
FLIP as a complementary perceptual difference measure [1].
Depth correctness, temporal stability, and downstream learn-
ing utility require separate tests. Image scores alone do not
establish dataset utility.

Cloud execution and data movement. RunPod exposes GPU
types, pricing, availability, and pod lifecycle operations
through provider APIs [14]; its billing separates compute
and storage resources [15]. These infrastructure primitives
do not directly estimate useful dataset output. Frame Fac-
tory connects them to its renderer measurements, reviewed
capture queue, and EXR delivery constraints. The resulting
policy is an empirical production heuristic for the observed
workload, rather than a globally optimal scheduler or a new
market mechanism.

3 Scene Transfer and Validation

3.1 A frozen scene-to-capture contract

The input to capture is a reviewed scene package, calibrated
intrinsics, and one or more enumerated camera sets. A cam-
era set may represent a walk through the navigable interior
or a separate coverage trajectory. Frame Factory’s prepara-
tion workflow preserves authored scene information in the
Blender source and produces the runtime package outside
the cloud rendering loop. Production workers do not need
to execute Blender to render every frame [12].

Source preservation and runtime equivalence are sepa-
rate requirements. The source scene retains its authored
materials and textures, while the runtime conversion is eval-
uated against its supported representation and reference
output. Arbitrary Blender node graphs do not necessarily
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translate exactly to glTF materials. Unsupported shading
behavior, emissive interpretation, normal smoothing, and
light-intensity conventions can alter appearance even when
exported meshes occupy the correct positions.

For a frozen package, a capture is identified by the scene,
package version, lighting variant, camera set, and pose index.
The production database binds review evidence to package
and lighting identity. Re-rendering the same pose is a new
attempt at the same required capture, not a new unique
dataset example. Output accounting separates these attempts
from unique dataset growth.

There are two distinct operating modes. A reference-
faithful mode aims to reproduce the approved source scene.
An enhanced variant may intentionally change lights, ma-
terials, or geometry. The implementation supports such
modifications in a copied package; some options append
geometry for lighting fixtures or architectural additions.
Original binary-payload preservation is consequently dis-
tinct from an unchanged final scene. Each enhanced variant
needs its own identity and review, plus a matching Cycles
reference when included in a parity comparison [12].

3.2 Camera conventions and
correspondence

A valid comparison begins with the same camera. The source
pipeline must reconcile Blender coordinates, the dataset
coordinate system, and COLMAP-compatible camera files.
COLMAP represents the world-to-camera transform as

C, =-R't, (1)

with camera axes pointing right, down, and forward [2]. The
documented Blender-to-dataset axis mapping is

Alxy,2)" = (xz-y)". @

The inverse mapping and the camera up/down sign must
be applied consistently when constructing the renderer’s
position and orientation vectors. Numerical camera resid-
uals evaluate this conversion; scene geometry is assessed
separately.

Frame correspondence also requires explicit indexing. The
evaluation code maps factory previews to runtime poses
using the trajectory’s motion-frame metadata. A one-based
preview filename is not treated as a zero-based pose index.
This prevents an adjacent-frame comparison from being mis-
taken for a renderer difference [12].

Depth requires an equally explicit convention. For a ho-
mogeneous pixel coordinate @ and intrinsics K, let ¢ = K~'q,
normalized so that g, = 1. Camera-axis depth z and Eu-
clidean ray range r back-project differently:

X, = Rx,, + t,

Xc=2zq Of X,=T

lalls ®)
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A floating-point channel named Z does not resolve this dis-
tinction. Depth definition, unit scale, invalid-pixel policy,
and treatment of transparent surfaces belong in the data
schema. These semantics are not established by the retained
false-color review views and remain explicit requirements
for geometric validation.

3.3 G-buffer-guided development

The development strategy uses intermediate buffers to local-
ize mismatches before adjusting final RGB appearance. We
formalize the diagnostic state at pixel u as

G(u) = {v,z,p,ng, ng,a, m, a}, (4)

where v is validity, z is depth, p is position, n, and ny are
geometric and shading normals, a is a linear-space material
color, m is surface identity, and a denotes coverage. Equa-
tion 4 defines the validation decomposition; it does not imply
that every channel is exported in every production file.

Diagnosis follows a fixed order. Camera and validity dis-
agreements are resolved first. Position, depth, and surface
identity then test scene correspondence. Normal and mate-
rial buffers localize shading-transfer differences. Once these
agree, the final RGB residual helps distinguish lighting, light
transport, sampling, denoising, and display-transform dif-
ferences. Normal comparisons require a consistent coordi-
nate system and must distinguish geometric normals from
normal-mapped shading normals.

For jointly valid pixels Q and unit-length normals, repre-
sentative depth and normal diagnostics are

|zv (W) — zc (W)

E, = i >
median (e e @) ©)
E,, = median arccos[clamp(ny (u) - nc(u),—1,1)]. (6)

ueQ

The subscripts indicate Vulkan and Cycles reference outputs.
Absolute errors, percentile tails, invalid-mask disagreements,
and edge-specific residuals should accompany these sum-
maries. The retained evaluation reports camera checks and
final-image comparisons. Matched raw G-buffers and nu-
merical values for Equations 5 and 6 are not included, so
geometry parity remains a defined validation task rather
than a reported numerical result.

3.4 Appearance and reference review

The rendering lane records the display look and carries the
Blender OpenColorlIO configuration into the worker tools.
Matching the intended AgX transform and scene exposure
is necessary for comparing display-referred PNGs [12]. Ma-
terial transfer must additionally respect which gITF textures
represent sSRGB color and which encode linear quantities [5].

Normals deserve particular attention in imported archi-
tectural content. The engineering records describe ceiling
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Figure 2: Frame Factory separates the data path from a feedback-driven cloud controller. The Reaigen glTF system
operates inside reusable GPU workers. Market offers and measured job pace drive unit-cost ranking; budget and
delivery state constrain the fleet. RGB/depth transcoding begins on workers before transfer through the host spool.
Reference review, landed-frame verification, and dataset sealing are distinct checks. The renderer fork and control

plane are maintained as separate components.

artifacts associated with broadly smoothed faces and an op-
tional architectural conversion mode. Because this mode can
also alter material and appearance settings, it is evaluated as
a scene variant rather than as an isolated normal-repair op-
eration. Reference comparisons must use the exact resulting
variant to attribute observed appearance changes correctly.

Review views are deliberately chosen to reveal the scene.
Candidate selection combines camera positions, sparse-point
visibility, and spatial spread; rendered depth is then used to
avoid previews dominated by an immediately adjacent wall.
Figure 3 shows the resulting multi-view presentation. This
supports human approval, while systematic benchmarking
requires a separate sample that includes close surfaces, reflec-
tive objects, thin structures, windows, and difficult trajectory
segments. Curated review views should not be treated as a
random sample of capture conditions.

4 The Reaigen glTF Capture System
4.1 A headless rendering backend

The configured production profile uses portrait images at
1080 x 1920 pixels, 16 samples per pixel, and OptiX denoising.
The small-scene timing report explicitly records the sample
count and denoiser. Reproducing each reported run addition-
ally requires its resolution and renderer flags; lane defaults
alone do not establish the configuration of every retained
measurement [12].

The Reaigen gITF system adapts NVIDIA’s renderer and
uses Vulkan for ray-tracing execution [6, 9]. Scene conver-
sion, pinned renderer metadata, and shader patches are sup-
plied by a separate rendering repository. The control plane

computes a build key from the relevant build configuration,
pinned metadata, and patch files, then stages renderer tools
and color-management configuration for workers [12]. The
control-plane snapshot documents this integration mecha-
nism. The separately maintained renderer patches and exact
revisions for each reported run are additional requirements
for renderer-level reproduction; the present evidence estab-
lishes the integrated workflow rather than a new sampling
or denoising algorithm.

The specialization separates authoring from repeated cap-
ture. Runtime packages and canonical cameras are prepared
in advance. A worker loads a scene, renders a range of poses,
records renderer timing and camera evidence, and emits im-
age files without invoking the authoring application for each
pose. Denoising is part of the measured capture configu-
ration. Accordingly, the 16-sample results characterize the
denoised output path, not undenoised convergence at that
sample count.

4.2 Amortizing initialization

A long-lived worker reuses its renderer build and caches
scene packages, while each renderer launch still incurs scene
and shader initialization. The worker code groups 250 poses
per launch within larger jobs, commonly 1,000 poses. Reuse
therefore operates at both worker and launch boundaries; it
does not require a scene to remain GPU-resident across the
entire corpus.
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Figure 3: Six views of one interior from the scene-
review interface. Different positions and orientations
support production approval. These original qualita-
tive crops show Reaigen gITF runtime output; paired
Cycles fidelity and temporal consistency are separate
evaluation tasks.

For N frames and a launch capacity B, a simplified sequen-
tial compute-side model is
|—N/B-| tioad + tprepare

N > (7)
where t7 includes the per-frame capture work, #,q is per-
launch initialization, and tyrepare is One-time preparation
within the chosen timing boundary. This model explains
why a fast per-frame counter can coexist with a slower ten-
frame cold-start job. It is an explanatory model rather than
a fit to the reported workload.

The engineering notes record approximately 26% load-
ing overhead for 100-pose launches versus approximately
12% for 250-pose launches in an observed 1,000-frame work-
load. These operational observations motivate larger launch
batches; a controlled multi-scene ablation remains necessary
to generalize the effect. The same records describe cached
renderer deployment replacing a roughly two-minute compi-
lation step with a short unpack step. Build reuse and camera

tamortized (N, B) = tr +
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batching address different initialization costs and should be
evaluated separately [12].

4.3 Different guarantees for appearance
and depth

Each expected capture has an RGB PNG, a pass EXR, and an
RGB-depth EXR. The transfer path reduces output volume
while retaining distinct accuracy policies. In the implemented
transcoder, the RGB-depth file is rewritten as a multipart
EXR. Its RGB part uses half-precision channels and DWAB
compression with DWA compression level 45. Its depth part
uses 32-bit floating-point Z, choosing the smaller of PIZ and
ZIP encodings for that frame [12].

The compression contract is lossy for RGB and lossless
for the selected depth encodings [10]. The implementation
reads candidate depth back and compares the bit patterns of
decoded float32 samples with the input array. A candidate is
accepted only when

bits(Zgecoded) = bits(Zinpur) for every depth sample. (8)

On failure, the original output is retained. This verifies depth
preservation through transcoding; the physical correctness
of input depth is a separate geometric-validation require-
ment.

The pass EXR is also recompressed and checked against its
decoded input. Lossless recompression preserves that input
but cannot restore precision lost in an upstream represen-
tation. In particular, OpenEXR’s PXR24 representation can
reduce precision of floating-point channels [10]. The PNG
is retained independently. Image agreement measured on
PNGs therefore describes a different representation from the
lossy EXR RGB that a downstream consumer may use, and
the two should be assessed separately.

5 Market-Aware Cloud Infrastructure

5.1 Ranking available capacity by frame
cost

A pod’s hourly rental price is not its unit production cost.
Let p, be an eligible offer’s price in dollars per hour and %,
the measured render-phase seconds per frame for its GPU
type. Frame Factory estimates
t —~ 19
¢, = :69—0%, Cy 1000 = 10008, = %. ©9)
The first quantity is dollars per rendered frame; the second
is dollars per 1,000 frames. This conversion allows the con-
troller to compare useful render output rather than hourly
price alone, which can favor a slower card with a higher cost
per frame.
The implementation obtains #, from per-GPU medians of
job render-stage duration divided by frame count, over up
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to 300 recent completed jobs. Retained engineering measure-
ments supply initial values. Unmeasured types inherit the
slowest available estimate for routine placement, providing
a conservative default. The scheduler refreshes the market
every 300 s and checks GPU eligibility, memory, price lim-
its, availability, and placement policy [12]. Availability is an
input to placement; a subsequent rental request may still
fail [14].

This estimate measures render-phase economics rather
than all-in dataset cost. Startup, idle, transfer, storage, failed-
attempt, and approval costs are handled through worker
reuse, rotation gates, delivery constraints, and separate rental
accounting, rather than being fully represented in Equation 9.
Per-type medians reduce sensitivity to individual difficult
jobs, while scene-mix bias and host-to-host variation remain
relevant when interpreting GPU rankings.

5.2 Payback-gated worker rotation

A long-lived worker may cease to be economical when a
better offer becomes available. Frame Factory compares an
eligible incumbent 0 with a different, previously measured
GPU type 1 using the same per-type timing estimates. The
candidate must satisfy

¢ < (1—m)cy, m = 0.20. (10)

The recorded policy also requires a worker age of at least
30 minutes, a five-minute rotation cooldown, and at least
two hours of queued work estimated at the current fleet’s
aggregate render pace [12].

To model transition cost, the policy uses a 300 s allowance
thoot for preparation and re-staging. Its simplified rental pay-
back calculation is

Pitboot
& = s 11
boot 3600 ( )

~  ~.3600

As = (co — 1) —, (12)

151

Gy

Hpayback = A_(::t~ (13)

Here Cpoot is dollars, Ag is estimated dollars saved per hour
when producing at the candidate’s pace, and Hpayback is hours.
Rotation requires payback within two hours. The decision
compares equal-output costs rather than the difference be-
tween hourly prices. The fixed preparation allowance is a
policy assumption, not a measured upper bound on every
startup.

Replacement is make-before-break: the new worker must
become ready before the incumbent drains its current chunk
and terminates. This can temporarily add one worker above
the steady-state ceiling, while avoiding interruption of a ren-
der solely to obtain a lower offer. Only one replacement pro-
ceeds at a time. Failed replacements back off for 10, 20, and 40
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minutes, then at most an hour. A separate, rate-limited probe
path measures selected untried GPU types; its optimistic
eligibility estimate is used for exploration, not reported as a
measured unit cost [12].

The controller records the last market snapshot and de-
cision reason. An operator can therefore distinguish price-
driven rotation from capacity growth, failure replacement,
or a storage-induced drain. These records make the reactive
policy inspectable without a future-price forecast. Controlled
policy comparisons remain a next evaluation step.

5.3 Reusable workers and fault
containment

Workers rent and initialize a pod once, then claim successive
jobs through database row locks. Claiming prefers jobs with
fewer previous attempts and cached scene packages, while
avoiding scenes that already failed on that worker. Keeping
recently used packages on pod storage reduces repeated
uploads; renderer build reuse and per-launch pose batching
address separate initialization costs [12].

Frame Factory monitors progress in the output files rather
than treating an active process or a changing log as sufficient
evidence of productive rendering. Stalls retain per-attempt
diagnostics. Failed jobs return behind fresh work or enter
an investigation state; repeated failures on multiple work-
ers can hold an affected scene without blocking unrelated
scenes. Worker heartbeats and orphan cleanup recover from
a lost scheduler or abandoned pod. A reused worker even-
tually drains on lifetime, idle, operator, or resource-control
conditions rather than remaining rented indefinitely.

Execution is recoverable, with capture identity maintained
independently of task attempts. Queue deduplication checks
already completed pose ranges as well as request keys. This
supports accurate output accounting even when a task runs
more than once. Failure statistics used by the controller are
operational signals; a selected recent-success window is not
an unconditional reliability estimate for the entire workload.

5.4 EXR streaming and
delivery-constrained scaling

The output path is a distributed pipeline. RGB/depth
transcoding runs on the worker alongside rendering. Ready
files move through a bounded host spool and then to the
NAS. A worker may proceed while earlier chunks finish
their storage passage, so NAS duration cannot be added to
render duration as though all stages were serial [12].
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For P workers with effective per-frame production times
t;, mean delivered bytes per frame d, and sustainable storage-
path bandwidth By, an upper bound is

P
Rstored < min{; tli’ %, Riranscodes Rverify} . (14)
All terms are frames per second. Shared resources, bursty
launches, and idle periods can lower the realized rate further.
Additional low-cost GPUs increase completed output only
while other stages retain sufficient capacity.

The fleet planner combines configured pod limits, remain-
ing budgets, demand, measured worker output, recent out-
comes, and storage safeguards. The base link estimate uses
bytes moved over render plus drain time, rather than nominal
GPU throughput. Delivery and disk-reservation safeguards
can further constrain launches. Pausing new work and drain-
ing workers are distinct from interrupting an in-flight render.
Table 4 shows a recorded planner state in which delivery
and the configured pod ceiling, rather than the base link
allowance or demand, bind the fleet.

These mechanisms make compression a scheduling de-
cision as well as a file-format choice. Reducing bytes per
frame without altering decoded depth can admit more useful
rendering work under the same delivery capacity. Lossy RGB
and multipart-reader compatibility remain explicit dataset
contracts: a smaller EXR must still satisfy the intended con-
sumer’s representation and quality requirements.

5.5 Validation is not sealing

The delivery validator checks required frame files, camera
coverage, and associated metadata. Sealing requires the ex-
pected captures to be present, blocking job states to be re-
solved, and validation to pass. Frame-file hashes are recorded
in a manifest and the written manifest is verified [12]. A
landed frame and a sealed dataset are consequently distinct
production milestones.

The current manifest records frame-file integrity; it does
not establish a cryptographic commitment to every auxiliary
file. Complete reproducibility also requires renderer, con-
version, color-management, and metadata identities. At the
reported snapshot, frame delivery was active and substan-
tial unique output had reached storage, while dataset-level
sealing had not yet been completed. Section 6 reports both
stages explicitly.

6 Evaluation

6.1 Evidence and measurement boundaries

The results come from two existing records: a 19 September
2026 engineering evaluation retained in the 20 September
source archive, and production telemetry and scene-review
captures dated 21 September [11, 12]. The evaluation reports
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Table 1: Recorded rendering times. The Vulkan entries
are color-and-depth per-frame measurements from a
ten-frame test. The Cycles entry is a factory record
for the same scene, with different or undocumented
hardware and settings.

Recorded configuration Seconds/frame
Reaigen glTF, local RTX 4070 Ti 0.588
Reaigen glITF, cloud RTX 3090 0.940
Factory Cycles, GPU not recorded here 10.5-12.3

Vulkan test: 16 spp, OptiX-denoised, ten walk poses. Cycles sampling,
denoising, hardware, and full timing scope are not established by the
retained summarys; this is not a matched-quality speedup benchmark.

recorded measurements rather than a newly rerun bench-
mark suite. The retained archive does not contain raw ref-
erence EXRs, the external renderer patches, or per-frame
logs sufficient to independently recompute all aggregate val-
ues. The observation dates are treated separately, without
assuming identical renderer builds.

Three timing boundaries remain distinct. Renderer-
reported frame time is the internal color-and-depth figure in
the small-scene report. Render-phase time per frame in the
dashboard is job render-stage wall time divided by its frame
count; it includes launch-side work within that stage and
is not isolated GPU kernel time. Stored throughput counts
frames that reached the NAS over a wall-clock interval.
Provisioning, package transfer, overlapping transcoding, idle
periods, and final delivery affect these quantities differently.

Likewise, cloud/local agreement measures the same ren-
dering pipeline on different machines, while Cycles agree-
ment compares different renderers at corresponding poses.
The former tests deployment consistency; the latter tests
reference fidelity. Strong deployment agreement is not a
renderer-parity measurement.

6.2 Recorded frame times

Table 1 summarizes the engineering test: ten walk frames
from one scene at 16 samples per pixel with OptiX denoising
and EXR output. The recorded color-and-depth time is 0.588 s
per frame on a local RTX 4070 Ti and 0.940 s on a cloud RTX
3090. The same scene’s factory Cycles records give 10.5-
12.3 s per frame [12].

Dividing the recorded Cycles interval by the Vulkan val-
ues gives nominal ratios of 11.2-13.1 for the cloud config-
uration and 17.9-20.9 for the local configuration. These ra-
tios describe the recorded times, not controlled speedups at
matched hardware and image quality. The faster local obser-
vation across different GPU classes also illustrates why this
comparison is not a hardware ranking.
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Table 2: Two image-agreement experiments from the
engineering report. Cloud/local agreement measures
deployment consistency; the Cycles comparison mea-
sures reference fidelity. PSNR is higher-is-better and
mean FLIP is lower-is-better.

Comparison PSNR (dB) Mean FLIP
Cloud vs. local, same pipeline 55.5-56.7 <0.01
Vulkan vs. Cycles, three poses 26.1-32.7  0.09-0.14

Values are reported ranges, not confidence intervals. The comparator
operates on display-referred RGB PNGs.

Initialization changes the picture for short jobs. The re-
port records a 65 s render phase for the ten-frame cold-start
cloud run, including about 50 s of scene loading and shader
compilation. A subsecond per-frame renderer counter there-
fore coexists with approximately 6.5 s per frame when that
render stage is divided by only ten outputs. Provisioning
and transfer add further latency. These observations moti-
vate worker reuse and pose batching while preserving the
distinction between frame time and job latency.

6.3 Image and camera agreement

Table 2 separates consistency from reference fidelity. The
cloud/local comparison gives 55.5-56.7 dB PSNR and mean
FLIP at most 0.01. The three available Cycles preview compar-
isons give 26.1-32.7 dB PSNR and mean FLIP 0.09-0.14 [12].
The latter quantifies the remaining reference differences. The
evaluation does not establish pixel identity or a universal
perceptual-equivalence threshold for those results.

The comparator decodes PNG RGB into [0, 1], computes
mean squared error over the image, and reports

1

Its FLIP call uses the LDR mode of the evaluator [1, 12]. These
metrics describe display-referred images, not linear HDR ra-
diance. The current comparator can resize the test image
to the reference dimensions when they differ. A controlled
benchmark should reject a resolution mismatch or record
resampling as an explicit experimental condition; this be-
havior is a comparability consideration for extending the
evaluation.

The engineering report also records a worst camera
discrepancy of 0.0002 mm in position and 0.67 yrad in ori-
entation. These are conversion/check residuals, not scene-
geometry accuracy estimates. Validated ray-depth semantics
and exact first-hit correspondence require matched raw
buffer comparisons and a declared transparent-surface

policy.
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Figure 4: Production-dashboard medians of job render-
phase seconds divided by frames. The dashed line
marks the 1s design target. These operational sum-
maries retain the original reported values; job counts,
confidence intervals, and scene-balanced hardware
comparisons are not available in the snapshot.

The review imagery in Figures 1 and 3 illustrates inte-
rior output and multi-view review coverage. Full-resolution
paired Cycles/Vulkan outputs are not included in the re-
tained review imagery, so no new error map or additional
image metric is inferred from those figures.

6.4 Production render-phase observations

Figure 4 reproduces the five GPU-specific medians in the
production timing chart. An observation in that chart is one
job’s render-phase duration divided by its number of frames.
The dashboard-reported median for RTX 5080 jobs is 0.80 s
per frame. The corresponding values are 1.15 s for RTX 4000
Ada, 1.40 s for RTX 2000 Ada, 1.64 s for RTX A4000, and 1.39 s
for RTX A4500 [11].

The RTX 5080 result establishes a subsecond median ren-
der phase for the observed production slice. The other medi-
ans show variation across the rented pool. Jobs differ in scene,
launch overhead, worker conditions, and potentially run con-
figuration. Without raw paired workloads and job counts,
the summaries characterize operating conditions rather than
controlled comparative GPU performance.

The same production view shows a recent-ten-chunk
pace of 1.29s per frame and a last-six-hour output rate of
4,465 frames per hour. These have different aggregation
windows and denominators. They describe recent render
pace and fleet-level output, respectively, rather than one
shared throughput statistic.

6.5 Stored output and cost accounting

Table 3 reports the captured production state. Of 384,652 re-
quired frames across 51 approved scenes, 142,010 unique ap-
proved frames had reached the NAS, corresponding to 36.9%.
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Table 3: Production snapshot, 21 September 2026.
Recorded operational progress and frame-cost statis-
tics, with dataset completion and accounting scope
identified separately.
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Table 4: Fleet limits in the production captures. Both
binding limits admit four pods. Values are controller
allowances rather than measured hardware capacities
or results of a concurrency-scaling experiment.

Quantity and scope Recorded value Displayed constraint Pods Status
Approved scenes in this snapshot 51 NAS link allowance 19 Non-binding
Required frames in approved scenes 384,652 Budget allowance 56 Non-binding
Unique approved frames on NAS 142,010 Demand allowance (jobs waiting) 241 Non-binding
Rendered frames, including tests 166,876 Configured pod ceiling 4 Binding
Landed in the previous 24 hours 63,614 NAS delivery allowance 4 Binding
Landed in the previous hour 4,236 Displayed recent worker output: 4.0 MB/s. Per-pod price cap: $0.50/h. The
Sealed datasets 0 records are dashboard snapshots, not synchronized raw event logs.
Priced-job cost / 1,000 produced frames $0.123

Worker rental / 1,000 worker outputs $0.130

Cost values use different accounting scopes. Neither is a measured all-in
cost per 1,000 unique, accepted, sealed dataset frames.

The separate count of 166,876 rendered frames includes tests
and is not the unique approved-delivery count [11].

The priced-job statistic is $0.123 per 1,000 produced frames
over 77 priced jobs in 24 hours and excludes unallocated
rental overhead. The worker-rental statistic is $0.130 per
1,000 produced worker frames, including estimated startup,
idle, and failed-worker rental. It is an operational estimate
rather than reconciled provider billing or accepted-delivery
cost. Conversion, preparation, storage, administration, and
duplicated attempts require separate accounting before a
complete dataset unit cost can be calculated.

The interface records a median recent chunk-passage rate
of 20.9 MB/s into the NAS, while the last-day average is
5.1 MB/s against a configured 80 MB/s link limit. The former
describes active chunk transfers; the latter covers a longer
wall-clock interval. Neither establishes physical link satura-
tion. Worker limits, delivery safeguards, burstiness, and idle
periods can lower sustained output even when the config-
ured link limit is higher.

The snapshot records zero sealed datasets. It therefore
demonstrates substantial delivered frame volume and oper-
ating orchestration, with final dataset-level validation and
sealing still outstanding. Approval of the 51 scenes is a prepa-
ration milestone, not evidence that 51 complete datasets had
passed final integrity checks or become a released corpus.

6.6 Observed resource decisions

The displayed constraints illustrate why marketplace scan-
ning and data delivery must be considered together. A budget
allowance of 56 pods does not imply that renting 56 pods
would increase useful output when the active delivery safe-
guard and configured ceiling both allow four [11]. Likewise, a

base link allowance of 19 does not indicate physical-link sat-
uration by the smaller fleet. Table 4 records these controller
allowances.

The source records the unit-cost and rotation policies,
and the interface exposes their operating state. A controlled
counterfactual against a static GPU choice or an hourly-
price-only scheduler is not included in the retained evalua-
tion. The $0.123 priced-job statistic is therefore an observed
cost level, not a measured saving attributable specifically
to market scanning. The $0.130 worker-rental statistic in-
cludes a broader overhead scope; both remain distinct from
accepted-and-sealed dataset unit cost.

6.7 Planning for millions of EXR frame
records

The recorded capacity plan explicitly considers five million
frames [12]. A frame record is the complete output set for
one camera pose, including its EXRs and preview; individual
files are not counted as additional frames. Taking the plan’s
approximately 7-8 MB per frame as decimal units gives 35—
40 TB of final frame files. At a sustained 80 MB/s, the transfer-
only lower bound is approximately 5.1-5.8 days. At 1.1s per
frame, aggregate rendering work would be approximately
1,528 GPU-hours before additional lifecycle costs.

For a homogeneous illustrative fleet, this distinction can
be written as
Tplan = max(&, N—d) , (16)

p Bnet

where N is the required number of frames and ¢ is the as-
sumed compute-side frame time. This is capacity planning
rather than a completed five-million-frame benchmark. It
excludes source packages, intermediate files, reports, retries,
replicas, startup, and idle intervals. The bandwidth assump-
tion is sustained delivery over the production run, not a brief
peak transfer rate.
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This planning scale motivates the architecture: amortize
fixed costs on warm workers, select GPU offers by frame
economics, preserve decoded depth during output reduction,
and keep temporary staging bounded. The measured mile-
stone remains 142,010 unique approved landed frames; the
five-million-frame scenario defines planning requirements.

7 Discussion and Limitations
7.1 What “Cycles-referenced” establishes

The engineering result is a specialized runtime that moves
approved interior capture into the subsecond regime in mea-
sured configurations, supported by explicit reference com-
parison and geometric-supervision outputs. Its value lies in
the integrated production workflow: stable camera identities,
interpretable diagnostics, recoverable execution, and verified
delivery alongside efficient rendering. A new light-transport
algorithm is not required for this systems contribution.

G-buffer agreement is a useful geometric diagnostic but
does not establish radiometric equivalence. Light sampling,
visibility along secondary rays, BSDF approximations, emis-
sion conventions, transmission, denoising, and the display
transform can produce different RGB images even when
first-surface geometry agrees. Review-scale appearance also
does not quantify temporal instability, biased indirect illumi-
nation, softened details, or material-dependent differences.
These properties require a broader paired evaluation than
the three retained Cycles comparisons.

Data-production requirements also differ from cinematic
reference rendering. Denoised low-sample appearance may
be acceptable for one learning task and harmful for an-
other. Lossy EXR RGB may preserve a useful training signal
while altering fine texture. Downstream acceptability and
model improvement have not been measured in the present
records. The chosen configuration is therefore an operating
point with documented representation and timing bound-
aries, rather than a universal dataset-quality guarantee.

7.2 A controlled extension of the evaluation

The next renderer-level validation is a three-way compari-
son: Cycles, the pinned unmodified NVIDIA baseline, and
the Reaigen glTF fork. Each must use the same GPU, im-
age resolution, source scene, camera poses, and declared
scene variant. Material and lighting compatibility should be
checked before timing. Sampling, bounce limits, denoising,
exposure, output channels, and file-writing scope must be
recorded explicitly. Separate runs should measure steady-
state frame time and end-to-end job latency.

Equal samples per pixel is not equal image quality. The
extended study should report time-to-error curves against
a declared high-quality reference, using both linear-space
errors and display-referred FLIP. Aggregation by scene as
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well as by frame prevents a large easy sequence from domi-
nating a smaller difficult one. Repeated runs and dispersion
estimates are needed to evaluate hardware ranking, scene
sensitivity, and performance reliability beyond the current
operational summaries.

The geometric study should include matched depth and
position buffers, geometric and shading normals, surface
correspondence, and invalid-pixel masks. Tests should
declare depth semantics and include silhouettes, transpar-
ent surfaces, normal-mapped regions, and grazing views.
Sequence-level tests should examine camera-conditioned
reprojection and appearance stability over time. A down-
stream reconstruction or depth-learning experiment would
then test whether the faster capture path preserves task
utility, complementing the image-level measurements.

7.3 Reproducibility and scope

The control-plane snapshot is identified in Reference [12],
and the production and review records in Reference [11].
The figures retain the original review crops and operational
chart. Full renderer-level reproduction additionally requires
the external renderer’s pinned revision and patches, scene-
conversion settings, color-management assets, raw timing
records, and paired Cycles/runtime files. The current evi-
dence is an internal engineering and production record, not
an independently replicated benchmark release.

The method targets static authored interiors. Animated
geometry, physically validated sensor noise, motion blur,
rolling shutter, and improved generalization to real phone
captures are outside the demonstrated scope. Human-
approved previews establish a scene-review decision, not
physical correctness of every imported asset or usability
of every trajectory frame. Publication and redistribution
of source interiors and figures require appropriate asset
permissions; this paper does not establish a public license
for those assets.

7.4 Evaluating the infrastructure
contribution

A controlled scheduler comparison should replay the same
approved frame workload under a fixed GPU policy, a lowest-
hourly-price policy, and Frame Factory’s unit-cost policy,
with and without rotation. The offer history, placement fail-
ures, configuration, startup times, byte volumes, and deliv-
ered frame identities must be retained. Relevant outcomes
are total rental, unique accepted output, completion time, and
idle or failed expenditure. Independent live runs encounter
different markets; offline replay must therefore be grounded
in measured service times and availability.

The current estimator pools recent jobs by GPU type
rather than conditioning on scene complexity, cache state,
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or host transfer behavior. Its fixed startup allowance and
conservative unknown-card estimates prioritize transparent
decisions. Delivery-aware cost estimation and controlled pol-
icy ablations are the next steps for quantifying incremental
savings. Likewise, multi-million-frame completion must be
established through unique validated output and final dataset
sealing, rather than by extrapolating a short-run rate.

8 Conclusion

Frame Factory is Reaigen s.r.0.s integrated cloud infrastruc-
ture for large-scale spatial dataset production. Its Reaigen
gITF system moves Cycles-referenced repeated capture
to an adapted NVIDIA Vulkan renderer. The surrounding
controller scans GPU rental offers, ranks them by empiri-
cal frame cost, reuses workers, and gates replacement on
predicted payback. Bounded staging, bit-preserving depth
transcoding, retry identity, and verified delivery connect
rendering to durable output.

Recorded configurations achieve 0.588-0.940 s per color-
and-depth frame. The separate production snapshot reports
a 0.80 s median render-phase time for RTX 5080 jobs, 142,010
unique approved landed frames, and $0.123 per 1,000 pro-
duced frames under priced-job accounting. These results
establish the functioning combined system and its observed
operating economics. Cycles fidelity, total rental accounting,
and final dataset completion retain their distinct measure-
ment boundaries.

Scaling EXR production requires rendering and infrastruc-
ture to be designed together. Frame Factory treats the useful
unit as an indexed frame delivered under explicit cost, fidelity,
and completion contracts, rather than an isolated render or
a rented GPU-hour. Matched-quality renderer experiments,
controlled scheduler evaluation, and sealed larger-scale pro-
duction runs are the next milestones for quantifying that
architecture’s performance and dataset utility.
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