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Background – UTM BVLOS

UTM BVLOS

➢Trajectory-based 

operation

➢4D Operational Volume 

Blocks (OVBs)

➢Fixed in space and 

specified entry and exit 

times

➢ASTM International: 

95% conformance
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Background – Strategic Deconfliction

UTM BVLOS

➢Multi-layer conflict 

management model

Strategic deconfliction

➢Time, Velocity, Altitude, 

Heading

Departure time 
adjustment

Conflict scenario

* Top-down view of cruise flight phase 4D overlap 3D overlap - no temporal overlap

[1]
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Background – Strategic Deconfliction

No overlap ≠ 100% safety 
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Background – Fix Size Buffer

* Top-down view of cruise flight phase

UTM BVLOS

➢Multi-layer conflict 

management model

Strategic deconfliction

➢Time, Velocity, Altitude, 

Heading

Fix size buffer Low risk
High risk

[1]
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Outline

1. Paper research contributions

➢Adaptive buffer

➢Strategic deconfliction approach

➢Safety metric

2. Simulation scenarios

3. Results

4. Conclusions
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Paper research contributions – Adaptive buffer

Rectangular OVBs
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Paper research contributions – Adaptive buffer

Mahalanobis distance

Vehicle position samples

𝑿 ∼ 𝑁(𝝁, 𝚺)

Standardized samples

𝒁 = 𝚺−0.5 (𝑿 − 𝝁)

Chi-square distribution 

𝒁𝑇𝒁 = ෍

𝑖

2

𝑍𝑖
2 = 𝑑2 ∼ 𝜒2

2

Mahalanobis distance

𝑑 = 𝜒2
2 −1(0.95)

Confidence ellipse axes lengths

𝑎
𝑏

= 𝑑 𝝀
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Recipe for adaptive buffer (confidence ellipse expansion)
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Paper research contributions – Adaptive buffer

Recipe for adaptive buffer (confidence ellipse expansion)

M%: initial confidence level from operator (e.g. 95%)

N%: target confidence level (e.g. 99%)

l, w: rectangular OVB dimensions

1. Compute axes lengths of OVB inscribed ellipse

2. Compute Mahalanobis distance of the ellipse

3. Compute the Mahalanobis distance of the desired ellipse

4. Compute the axes lengths of expanded ellipse

𝑎0

𝑏0
=

𝑙
𝑤 𝑑0 = 𝜒2

2 −1
𝑀

100

𝑑 = 𝜒2
2 −1

𝑁

100

𝑎
𝑏

=
𝒅

𝒅𝟎

𝑎0

𝑏0

1.

2.

3.

4.
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Paper research contributions – SD approach

Rolling Horizon with K-Position Search

➢Mixed Integer Linear Programming formulation

➢Objective function: minimize total ground delay

➢Constraints:

➢Departure temporal separation

➢Crossing waypoints temporal separation

Modification: deconfliction of ellipses instead of rectangles
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Paper research contributions – SD approach

SD modification

➢Heuristic to discard ellipses

➢Check intersection for 

candidate ellipses

➢Compute temporal 

separation between ellipses 

at intersections
Δ𝑡𝐴 =

𝑳𝑨𝟐

𝑉𝑐𝐴
+

𝑳𝑩𝟏

𝑉𝑐𝐵

Δ𝑡𝐵 =
𝑳𝑨𝟏

𝑉𝑐𝐴
+

𝑳𝑩𝟐

𝑉𝑐𝐵
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Paper research contributions – Safety metric

➢Hwang’s method: 1-to-1 ellipse 

perfect temporal overlap

[2]

NMAC: Near Mid-Air Collision
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Paper research contributions – Safety metric

➢Hwang’s method: 1-to-1 ellipse 

perfect temporal overlap

➢Time weighted average: 

1-to-many overlap

𝑃𝐴1,𝐵 = 𝜉𝐴1,𝐵1 ⋅ 𝑃𝐴1,𝐵1 + 𝜉𝐴1,𝐵2 ⋅ 𝑃𝐴1,𝐵2 = ෍

𝑗=1

𝑛𝐵

𝜉𝐴1,𝐵𝑗 ⋅ 𝑃𝐴1,𝐵𝑗 

𝜉𝐴1,𝐵1 =
6

10
𝜉𝐴1,𝐵2 =

4

10

𝑃𝐴1,𝐵2𝑃𝐴1,𝐵1

NMAC: Near Mid-Air Collision
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Paper research contributions – Safety metric

➢Hwang’s method: 1-to-1 ellipse 

perfect temporal overlap

➢Time weighted average: 

1-to-many overlap

➢Sampling frequency: conversion 

from probability to number of 

NMAC
𝑁𝐴𝑖 =

𝑡𝑓𝐴𝑖
− 𝑡0𝐴𝑖

𝑇

𝑁𝐴1 =
10 − 0

2
= 5

𝑁𝑀𝐴𝐶𝐴𝐵 = ෍

𝑖=1

𝑛𝐴

𝑃𝐴1,𝐵 ⋅ 𝑁𝐴𝑖

NMAC: Near Mid-Air Collision
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Paper research contributions – Safety metric

➢Hwang’s method: 1-to-1 ellipse 

perfect temporal overlap

➢Time weighted average: 

1-to-many overlap

➢Sampling frequency: conversion 

from probability to number of 

NMAC

➢# NMAC per flight hour: Level 

of Safety (LS)

➢Average ground delay

𝑁𝑀𝐴𝐶𝐶 = ෍

𝑓𝐴,𝑓𝐵 ∈𝐶

𝑁𝑀𝐴𝐶𝐴,𝐵

𝑁𝑀𝐴𝐶𝐴𝐵 = ෍

𝑖=1

𝑛𝐴

𝑃𝐴1,𝐵 ⋅ 𝑁𝐴𝑖

𝑳𝑺 =
𝑁𝑀𝐴𝐶𝐶

σ𝑓∈𝓕 𝐴𝑟𝑟 𝑓 − 𝐷𝑒𝑝(𝑓)
𝑮𝑫 =

1

𝑛𝑓
෍

𝑓∈𝓕

𝐷𝑒𝑝 𝑓 − 𝑅𝑒𝑞(𝑓)
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Simulation scenarios

Increasing Complexity

[3]
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Simulation scenarios
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Results: buffer factor

Δ4.9% → 1.5𝑥

Δ0.1% → 1.75𝑥

Δ4.9% Δ0.1%

𝑑

𝑑𝑜
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Results: safety

Increasing 
Safety

1. No deconfliction: 

highest risk

2. Complexity

3. Buffer

4. Geometry

ND: No Deconfliction – R: Rectangle – E: Ellipse
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Results: efficiency

Increasing 
efficiency

1. No deconfliction: 

no delay

2. Complexity

3. Buffer

4. Geometry

ND: No Deconfliction – R: Rectangle – E: Ellipse



35

Conclusions

➢Adaptive buffer with confidence level as input

➢New flavor of Rolling Horizon K-Position search strategic deconfliction 

approach with accurate temporal separation for elliptical OVBs

➢Safety metric for risk estimation even without OVB overlap

➢Outlook: safety metric + TLS ➞ confidence level requirement definition
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Thanks for your attention!

José Ignacio de Alvear Cárdenas

joseignacio.dealvearcardenas@nasa.gov
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