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Where surface guidance sits in a treatment session

The optical part this project builds — no additional imaging dose, no skin marks

DAY BEFORE TREATMENT DAY DURING TREATMENT
Reference surface Setup check Live monitoring

— —
Reconstruct the body surface from Compare the live surface with the Track chest and abdomen depth,
several viewpoints and register it reference and report the 6-DoF emit a gating trigger and hold the
to the planning CT. position offset before the beam. beam when the patient drifts.

Far-field sensors serve the first two stages; near-field sensors serve the third. Both run on the same optical stack.
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Precision o of five commercial 3D sensors vs. distance

Author-measured with the in-house validation tool DtDepthScan - silicone body phantom - 500 frames per run

o [mm] = temporal standard deviation of the mean ROl depth (lower is better)

Sensor 05 m Tm
LUCID Helios2+ 0.18* 0.07
Helios2+ Narrow 0.09* 0.05
Orbbec Astra 2 N/A 0.06
Basler Blaze-102 0.07 0.07
Intel RealSense D455 0.15 041

1.90

2m 3m Measured fps  Fill rate
0.20 0.45 24-29 291%
0.10 0.18 18-25 >93%
048 2.04 16-17 100%
0.13 0.28 ~20 100%
2.99 9.93 ~19 291%

* 0.5 m values taken with reduced exposure (250 ps) to avoid IR saturation; Astra 2 at 0.5 m is outside its minimum range (N/A).
Repeatability £0.05 mm between repeated runs; o converges within ~50 frames (about 2 s). ToF sensors need a 15 min warm-up

(cold-start o up to 1.7x higher). Units: o in mm, fps = frames per second actually delivered, fill rate = valid-depth pixels in the ROl

Measurements by Jinmin Kim, DIGITRACK, June—July 2026 — sensor validation for surface-guided respiratory tracking (SGRT)
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Operating conditions found during sensor validation

Author-measured, silicone body phantom, June—July 2026 — each finding changed how the tool is used or built

Near-field exposure

At 0.5 m the default 1000 ps saturates the IR return and no
depth is produced. 250 s restores it, so exposure has to
follow distance instead of staying on one preset.

Repeatability

Repeated runs under the same conditions agree to within
£0.05 mm, and o converges after about 50 frames (~2 s),
which makes a short screening run trustworthy.

Warm-up

Straight from a cold start, o is up to 1.7x worse than at

thermal steady state (3 m: 0.77 mm cold vs 0.45 mm warm).

Fifteen minutes of settling precedes every run.

Mismatched exposure units

One sensor takes depth exposure in us but colour exposure
in 100 ps steps; setting it by hand silently ruins the run.
Auto-exposure control was added to the validation tool.

These conditions are the design input for the real-time tracking module: distance-linked exposure, warm-up interlock, sensor-state monitoring.
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ToF camera - Structured light - Qt - VTK - OpenCV - Python - 4DCT
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