
Poster Print Size:
This poster template is 44” high by 
44” wide. It can be used to print any 
poster with a 1:1 aspect ratio.

Placeholders:
The various elements included in 
this poster are ones we often see in 
medical, research, and scientific 
posters. Feel free to edit, move,  
add, and delete items, or change 
the layout to suit your needs. 
Always check with your conference 
organizer for specific requirements.

Image Quality:
You can place digital photos or logo 
art in your poster file by selecting 
the Insert, Picture command, or by 
using standard copy & paste. For 
best results, all graphic elements 
should be at least 150-200 pixels 
per inch in their final printed size. 
For instance, a 1600 x 1200 pixel 
photo will usually look fine up to 8“-
10” wide on your printed poster.

To preview the print quality of 
images, select a magnification of 
100% when previewing your poster. 
This will give you a good idea of 
what it will look like in print. If you 
are laying out a large poster and 
using half-scale dimensions, be sure 
to preview your graphics at 200% to 
see them at their final printed size.

Please note that graphics from 
websites (such as the logo on your 
hospital's or university's home page) 
will only be 72dpi and not suitable 
for printing.

[This sidebar area does not print.]

Change Color Theme:
This template is designed to use the 
built-in color themes in the newer 
versions of PowerPoint.

To change the color theme, select 
the Design tab, then select the 
Colors drop-down list.

The default color theme for this 
template is “Office”, so you can 
always return to that after trying 
some of the alternatives.

Printing Your Poster:
Once your poster file is ready, visit 
www.genigraphics.com to order a 
high-quality, affordable poster print. 
Every order receives a free design 
review and we can deliver as fast as 
next business day within the US and 
Canada. 

Genigraphics® has been producing 
output from PowerPoint® longer 
than anyone in the industry; dating 
back to when we helped Microsoft® 
design the PowerPoint® software. 

US and Canada:  1-800-790-4001
Email: info@genigraphics.com

[This sidebar area does not print.]

A Synthetic-Geometry, MLC-Aware Machine Learning Framework for Collimator 
Angle Selection in Single-Isocenter Multi-Target VMAT SRS

Theodore H. Arsenault, MS, Kai-Cheng Chuang, PhD, Prashant Vempati, MD, Haley K Perlow MD, Attallah Baydoun, MD, Rojano Kashani, PhD
University Hospitals Seidman Cancer Center, Cleveland OH

INTRODUCTIONABSTRACT

METHODS

REFERENCES

CONTACT

PURPOSE:
Collimator orientation in single-
isocenter multi-target (SIMT) SRS 
strongly affects MLC modulation 
and plan quality. We developed a 
machine-learning framework to 
identify optimal collimator angles 
prior to TPS optimization, 
minimizing iterative planning and 
improving deliverability.

METHODS:
500 synthetic SIMT cases (3–10 
targets) were generated. 
Candidate collimator angles were 
scored from beam’s-eye-view 
(BEV) geometry — island count, 
small-island fraction, aperture 
area, perimeter-to-area, and 
leaf-span statistics — with BEV 
masks read against HD120 leaf-
pair rows. A gradient-boosted 
tree was trained to predict this 
composite “source” score (75/25 
GroupShuffleSplit by case ID).

RESULTS:
On the held-out test set: MAE 
0.381, R² 0.998, mean regret 
0.022. The optimal collimator 
angle fell within the top-1 
prediction in 86.8% of cases and 
within the top-5 in 99.4%.

CONCLUSION:
This MLC-aware framework 
enables accurate, pre-
optimization collimator selection 
— standardizing workflows and 
improving delivery efficiency in 
SIMT VMAT SRS.

Synthetic dataset
Synthetic SIMT cases with 3–10 spherical and ellipsoidal 
targets at varied spatial distributions, swept over candidate 
collimator angles on a clinical four-arc template (couch 0°, 
315°, 45°, 90°).

BEV geometry → “source” score
For each angle/arc, targets are projected into the BEV at 25 
sampled gantry angles and read against HD120 leaf-pair 
rows. Six metrics are averaged over the gantry samples and 
combined (lower = better):
• 3.5 × mean island count

• 2.5 × small-island pixel fraction

• mean leaf-span std ÷ 8

• 2.0 × leaf-gap fraction

• 0.8 × perimeter-to-area ratio

• 0.3 × normalized BEV aperture area

Model & validation
A HistGradientBoostingRegressor predicts this score from 32 
features (case geometry, arc, angle encoding, and the six 
BEV metrics). Data were split 75/25 by case ID with 
GroupShuffleSplit to prevent leakage.

Single-isocenter multi-target (SIMT) VMAT SRS treats 
multiple intracranial lesions efficiently from one isocenter. 
When two or more targets share the same MLC leaf pair, 
“island blocking” exposes normal tissue between lesions 
that the leaves cannot shield.

Collimator angle governs how targets project onto the leaf 
pairs, so it directly controls island formation and MLC 
modulation burden. Optimal angles are conventionally found 
by planner heuristics or costly post-optimization complexity 
metrics — both slow and variable.

We ask the geometry directly: can a model trained on 
physically interpretable BEV surrogates of MLC modulation 
rank candidate collimator angles before any TPS optimization 
runs?
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Figure 2. Mid-arc BEV for arc 19D at the rank-1, rank-2, and worst collimator angles. All three leave 3 islands, but leaf-span std rises from 7.2 mm to 14.5 mm at the 
worst angle — the modulation burden the score captures.

On the independent test set the model reproduced 
the geometry-based oracle score almost exactly:

• MAE = 0.381   •   R² = 0.998

• Mean regret = 0.022 (score gap vs. true optimum)

• Optimal angle in top-1 prediction: 86.8%

• Optimal angle in top-5 predictions: 99.4%

Near-zero regret means that even when the exact 
best angle is missed, the predicted angle is 
effectively equivalent. The model bypasses high-
island geometries and hands the TPS optimizer a pre-
narrowed search space.

Because the labels are physically interpretable BEV 
surrogates rather than opaque post-optimization 
plan metrics, the ranking is transparent and 
machine-specific — the visual QA panels below let a 
planner see why an angle was chosen.

Figure 1. How the predicted score is calculated: BEV geometry → six weighted metrics → oracle score S → 
GBDT → predicted score for every candidate angle.

Figure 3. Predicted score vs. collimator angle for four cases; the chosen minimum (dashed) 
tracks the true optimum.

Figure 4. Interpretable BEV / HD120 snapshot on a real case — the score ingredients of 
Figure 1, shown as visual QA.

A gradient-boosted, MLC-aware model predicts optimal collimator 
angles directly from BEV geometry—before any TPS optimization—with 
R² = 0.998 and the optimum inside its top-5 in 99.4% of cases.

Integrated pre-planning collimator selection can standardize SIMT SRS 
workflows, cut planning iterations, and improve delivery efficiency. 
Future work: validation on clinical plans and extension to non-coplanar 
arc-specific weighting.

RESULTS AND DISCUSSION

CONCLUSION

INNOVATION & IMPACT
Unlike approaches that rely on planner heuristics or post-
optimization complexity metrics, this method folds BEV 
target geometry, MLC characteristics, and arc-specific 
information into a supervised framework that ranks 
candidate collimator orientations before plan optimization.

The source complexity score is built from physically 
interpretable BEV surrogates — island aperture formation, 
leaf-span variability, and perimeter-based complexity — that 
explicitly approximate MLC modulation burden.

The result is an interpretable, computationally efficient 
decision-support tool that can reduce planning variability, 
improve deliverability, and streamline SIMT SRS workflows. 
Visual QA outputs further support clinical trust and 
transparency.
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