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Abstract

Keeping fewer camera poses saves records, but the retained trajectory may conceal different kinds of
movement. Across eleven KITTI reference sequences, reducing an every-second-frame representation
to every tenth frame increased mean translation-length undercount by only 0.070 percentage points. The
corresponding increase in accumulated rotation undercount was 12.73 points. Both calculations retain
sequence endpoints. These results concern variation present in the captured pose arrays; they neither
recover continuous physical motion nor show that a sparse trajectory preserves the visual consequences
of camera rotation.

Exploratory analysis of public reference-pose arrays. The comparison changes retained anchors; it does not estimate
poses or execute a camera-motion transfer model.
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Camera Path Accounting under Sparse Pose Budgets:
Translation and Rotation Respond Differently

> Exploratory analysis of public reference-pose arrays. The comparison changes retained anchors; it does
not estimate poses or execute a camera-motion transfer model.

Abstract
Keeping fewer camera poses saves records, but the retained trajectory may conceal different kinds of
movement. Across eleven KITTI reference sequences, reducing an every-second-frame representation to
every tenth frame increased mean translation-length undercount by only 0.070 percentage points. The
corresponding increase in accumulated rotation undercount was 12.73 points. Both calculations retain
sequence endpoints. These results concern variation present in the captured pose arrays; they neither
recover continuous physical motion nor show that a sparse trajectory preserves the visual consequences of
camera rotation.

1. A short pose file can hide a long turning history
Camera motion is often summarized through a set of positions and orientations. A storage decision that
retains only a fraction of these records also changes what can be measured directly from them. Connecting
retained positions with straight segments records the endpoint displacement of each interval. It does not
record every bend traveled inside the interval. Joining orientations by their shortest relative rotation
similarly discards intermediate turns that cancel before the next retained anchor.

The research question is how accumulated translation and accumulated rotation respond to the same
reduction in a public camera-pose budget. We compare an anchor every second frame with an anchor
every tenth frame, always including the first and final observations. The two outcomes describe different
geometric quantities, so agreement on one cannot establish agreement on the other. Our analysis asks
about the information represented by the retained records, rather than the accuracy of an estimator trained
on those records.

Scale-calibrated camera-motion transfer, as considered by Meng, 2026, makes a distinction between
camera trajectory information and its visual effect especially relevant. The present study provides a
simpler measurement audit. It does not calculate the paper's parallax number, reproduce its transfer
system, or test generated video. Instead, it establishes which elementary path summaries survive a
concrete reduction in available pose anchors.

Two propositions organize the comparison. Nested thinning should never increase a path sum defined by
a metric, because replacing several consecutive steps with their direct connection obeys the triangle
inequality. However, the proportion removed need not be equal for position and orientation. Frequent
small orientation reversals could disappear while a largely forward-moving positional path remains almost
unchanged. This second proposition is empirical in the captured sequences; its direction is not guaranteed
for every trajectory.
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2. Related geometric and resource questions
The KITTI benchmark Geiger et al., 2012 supplies the reference trajectories analyzed here. Multi-view
geometry Hartley and Zisserman, 2004 provides the distinction between a camera's position, orientation,
and induced image projection. Rotation is not a fourth Cartesian coordinate that can simply be appended
to position. Circular-data methods Fisher, 1993 warn against treating wrapped angular quantities as
ordinary linear measurements, while quaternion interpolation Shoemake, 1985 and the documented Slerp
construction SciPy developers, 2026 describe shortest-path interpolation between orientation anchors.

Pose estimation systems such as ORB-SLAM2 Mur-Artal and Tardos, 2016 and structure-from-motion
pipelines such as COLMAP Schonberger and Frahm, 2016 address the recovery of geometry from
images. Bundle-adjustment theory Triggs et al., 2000 and sparse implementations Lourakis and Argyros,
2009 explain why a recovered trajectory may involve coordinated estimates across views. These methods
are relevant to the interpretation of a reference-pose file, but no estimator from this literature is rerun.
EPnP Lepetit et al., 2009, for example, solves a camera-pose problem from correspondences; our
calculation starts after poses have already been supplied.

Depth creates another separation between trajectory summaries and rendered appearance. Structured-light
stereo data Scharstein and Szeliski, 2003 and the stereo evaluation taxonomy Scharstein and Szeliski,
2002 show why correspondence and depth measurement need explicit treatment. Monocular depth work
represented by MiDaS Ranftl et al., 2019 and Monodepth2 Godard et al., 2018 likewise concerns scene
structure that a trajectory-only audit does not observe. A tiny loss of translational path length can
therefore coexist with consequential visual changes near a camera or around occlusion boundaries.

Resource reduction has a broader methodological history. Piecewise aggregate representations Keogh et
al., 2001 and geometric simplification procedures Ramer, 1972 motivate checking what a compact
description retains. The Douglas-Peucker approach Douglas and Peucker, 1973 is a data-adaptive
simplification procedure, whereas the present stride policy ignores the trajectory's realized curvature.
Spline methods de Boor, 1978 and shape-preserving interpolation Fritsch and Carlson, 1980 would
introduce different reconstruction assumptions. We deliberately avoid filling the missing trajectory
because interpolation quality is a separate question from the path length directly represented by observed
anchors.

3. Reference arrays and the retained-anchor policies
The local source archive contains eleven reference-pose text files and 23,201 pose rows. Each row is
reshaped into a three-by-four transformation matrix. Its final column supplies a three-dimensional
translation vector; the leading three columns supply the rounded rotation matrix. All files are included.
There is no exclusion based on the size of a subsequent thinning loss, the route's visual appearance, or
whether its result agrees with the motivating proposition.

We treat the archive's adjacent pose rows as the dense captured reference. This is a finite measurement
baseline rather than continuous ground truth. Motion between two adjacent source observations remains
unavailable. Pose estimation error, sensor error, and rounding can also affect the accumulated variation.
Consequently, an undercount means a difference relative to the supplied array, not a measured amount of
physical movement omitted from an independently tracked vehicle.

Rounded orientation matrices are first mapped to proper rotations using SciPy's Rotation construction
Virtanen et al., 2020. Relative rotations are then formed consistently from these normalized orientations.
Their shortest rotation magnitudes are expressed in radians. This operation prevents slight departures from
matrix orthogonality in a text file from being mistaken for a deliberately different definition of rotational
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distance. The implementation uses NumPy arrays Harris et al., 2020 and preserves the unmodified source
archive alongside the processed sequence summaries.

For each sequence and stride, retained indices start at zero and advance by the specified stride. The last
source index is added if it is not already present. There are 11,606 anchors in the stride-two policy and
2,330 in the stride-ten policy. Every stride-ten anchor belongs to the stride-two set. Endpoints therefore
match, and the more compact policy cannot benefit from a different starting phase or from dropping an
inconvenient final partial interval.

Translation length is the sum of Euclidean distances between successive retained positions. Rotational
variation is the sum of shortest relative-rotation magnitudes between successive retained orientations.
Each sum is divided by its corresponding adjacent-pose reference sum, and one minus that ratio gives the
undercount fraction. A value of 0.10 means that the retained path sum is ten percent smaller than the
captured reference sum. It does not mean that each individual pose is ten percent inaccurate.

4. Paired estimands and the research model
The unit of comparison is the sequence. Within each sequence, we subtract stride-two undercount from
stride-ten undercount separately for translation and rotation. Two intercept-only ordinary least squares
models summarize the equal-sequence mean differences. Giving each sequence one row prevents long
recordings from silently dominating the primary result. A second, descriptive aggregation weights
translation by reference distance and rotation by reference rotational variation; these weighted quantities
answer different accounting questions.

Figure 1 connects the fixed pose source to the two nested retention policies and their paired path summaries. The
arrows describe the calculation, rather than a causal influence of resource expenditure on estimated camera behavior.
No feature selection, learned calibration, or held-out outcome chooses the two stride values. The outcomes are
computed from the same reference rows, so changes in source composition cannot explain a within-sequence contrast.

Figure 1. Adjacent reference poses define the denominator. The two retained-anchor policies supply numerator paths
for separate translation and rotation undercount fractions. Sequence-level differences enter two descriptive mean
models.

HC3 standard errors follow the heteroskedasticity-robust approach associated with White, 1980.
Confidence intervals use ten residual degrees of freedom. They describe a working uncertainty calculation
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across eleven selected benchmark sequences, rather than uncertainty in the source sensor measurements.
Clustered inference would require a defensible larger grouping structure, as emphasized by Cameron and
Miller, 2015; eleven sequence labels do not establish eleven independent road environments. Influence
diagnostics are also relevant because a short sequence can have substantial weight in an equal-sequence
analysis Cook, 1977.

Floating-point calculations deserve explicit treatment because repeated small rotations can accumulate
differently from a single endpoint comparison. Numerical analysis Higham, 2002 and floating-point
arithmetic guidance Goldberg, 1991 motivate retaining full calculation precision until reporting. We do
not reinterpret the displayed decimal precision as equivalent source accuracy. Sampling theory Shannon,
1949 provides a general reason to be cautious about unobserved high-frequency variation, but no
band-limited motion assumption or reconstruction guarantee is imposed on these recordings.

5. Results: almost preserved distance, substantially reduced turning
Summing all adjacent translations gives 22,179.67 meters in the captured files. The analogous
accumulated orientation variation is 252.21 radians. These totals add movement across different
recordings; they are descriptive archive totals, not a single journey. Stride two retains about half the pose
records, while stride ten retains roughly one tenth, with the exact counts determined by endpoint
inclusion.

The equal-sequence translation undercount is 0.00556 percent at stride two and 0.07556 percent at stride
ten. Thus, the extra loss is 0.07000 percentage points. Rotation behaves quite differently: its
equal-sequence undercount rises from 2.76246 percent to 15.49277 percent. The corresponding increase is
12.73031 percentage points. These percentages use separate translation and rotation denominators and
should not be added into a composite movement score.

Table 1. Paired increases in undercount when the stride changes from two to ten.

Model Term Estimate (SE) 95% CI N

M1 Mean outcome/contrast 0.000700 (0.000117) [0.000439, 0.000961] 11

M1: fit R-squared = 0.0000 - - 11

M2 Mean outcome/contrast 0.127303 (0.037524) [0.043695, 0.210911] 11

M2: fit R-squared = 0.0000 - - 11

Model labels: M1 = Stride-ten minus stride-two translation undercount fraction; M2 = Stride-ten minus
stride-two rotation undercount fraction.

Table 1 reports fractions, so multiplying a coefficient by one hundred converts it to percentage points. Both models
contain only an intercept, use eleven sequence observations, and report HC3 standard errors with t-based intervals
using ten degrees of freedom. Their R-squared values are effectively zero because no explanatory variation beyond the
mean is fitted. The translation interval is [0.04392, 0.09608] percentage points; the rotation interval is [4.36954,
21.09109] points.

Sequence 04 illustrates the role of the denominator. Its captured translation path is approximately 393.65
meters, but its accumulated rotational variation is only about 0.5772 radians. Rotation undercount
increases from 9.446 percent to 57.223 percent under the coarser policy, producing a 47.777-point
increment. This observation remains in the primary analysis. A large fraction of a small rotational
denominator is not automatically a large absolute turning discrepancy, and it should not be described as an
unusually dangerous route.
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Weighting by captured movement reduces the rotation contrast's relative prominence without eliminating
the difference between outcomes. Distance-weighted translation undercount rises from 0.00658 percent to
0.08884 percent. Rotation-weighted undercount rises from 2.10275 percent to 11.64294 percent.
Equal-sequence weighting emphasizes a typical included recording; movement weighting emphasizes the
contribution to the archive's total recorded variation. Neither is universally the correct benchmark
denominator.

6. Implications for compact camera-motion reporting
The results answer the research question within the recorded arrays: the same anchor reduction removes
much more of the accumulated orientation variation than of the translational path length. This does not
imply that orientation is inherently harder to compress. It means that these recordings, these stride phases,
and these two metric path sums retain different proportions of their adjacent-pose variation. A different
camera movement or a data-adaptive policy could reverse the relative sensitivity.

A practical implication is to report both positional and angular retention diagnostics when a motion
representation is reduced. A statement that sparse anchors preserve traveled distance can be correct while
leaving turning behavior poorly characterized. It also leaves image projection, occlusion, scene scale, and
subject movement unresolved. Those limitations explain why a trajectory-only resource audit should
accompany, rather than replace, an application-specific visual evaluation.

The study's reproducibility record includes the source checksum, retained-index rule, processed anchor
summaries, and sequence-level outcomes. FAIR principles Wilkinson et al., 2016 support making these
relationships discoverable, while dataset documentation Gebru et al., 2021 motivates distinguishing the
captured reference from the physical process it approximates. Future comparisons should evaluate
additional stride phases, independently acquired trajectories, and explicit downstream tasks before
recommending a general pose budget.

7. Interpreting a budget without confusing its units
The retained-pose count is the resource actually changed in this experiment. A stride-ten file has roughly
one fifth as many anchors as its stride-two counterpart, but that ratio is not a measured fivefold decrease in
processing time. Some downstream costs depend on image resolution, feature extraction, correspondence
search, or optimization iterations rather than pose count alone. No memory allocation or wall-clock
benchmark accompanies this analysis, so a cost model translating record savings into hardware benefits
remains untested.

Nor do the outcomes describe per-frame reconstruction error. Suppose an omitted interval contains a turn
followed by a compensating turn. The endpoint orientations can coincide even though their intermediate
variation is positive. A shortest endpoint connection then records none of that variation. This is a
conceptual property of the measurement, not an additional simulated trajectory included in the results. It
clarifies why endpoint agreement and accumulated movement retention are different requirements, even
before a visual application supplies its own loss function.

Coordinate conventions also affect what should be compared. A common rigid change of world frame
leaves Euclidean positional distances unchanged, and a consistent change of orientation basis preserves
relative rotation angles. Uniformly rescaling positions changes translation lengths but cancels from each
translation undercount ratio. These mathematical properties do not establish parallax invariance or recover
an unknown physical scale. They simply identify transformations that do not change the particular
normalized path quantities used here.
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The archive is heterogeneous in duration and recorded movement. This makes a single pooled pose-level
standard error inappropriate for the question as formulated. The eleven sequences are the analysis units
because each supplies a complete paired resource comparison. However, that choice does not eliminate
dependencies created by the benchmark's acquisition setting. A broader study would need an explicit
sampling frame of routes, camera rigs, and driving conditions before interpreting sequence variability as
uncertainty for a general camera-motion population.

Finally, a useful retention policy needs a declared tolerance. We do not choose a maximum acceptable
translation loss after seeing that translation changes little, nor dismiss rotation because one short sequence
has a large fractional result. The present output is a diagnostic pair of outcomes. An application designer
can use it to formulate a subsequent tolerance study, but the table alone cannot choose the storage policy
that best balances rendering fidelity, navigation requirements, and computational cost.

8. Conclusion
A fivefold reduction relative to the stride-two anchor budget produces a small additional
translation-length undercount but a much larger accumulated-rotation undercount in the eleven included
reference sequences. Compact path reports should specify their retained indices, endpoints, movement
metric, and aggregation weights. Preservation of one path summary supplies limited evidence about the
others, and none of the present calculations establishes the quality of generated camera motion.
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