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Imaging Chain

Atmosphere

Target and Background
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Automatic Target Recognition

Why Performance Models for ATR?

« Existing imaging-system performance models are primarily designed for
human observers

« |dentify the image characteristics that determine successful target
detection and classification

« Determine the required image quality and contrast for successful
target detection and classification and, consequently, the appropriate

sensor settings

« Use this knowledge to enable performance-based EO/IR sensor
deployment planning
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Automatic Target Recognition - Dataset

Air Force Research Laboratory — SDMS - Video Sample Set #1

EO Daylight TV EO Spotter Infrared (IR)

Dataset Overview

+ Simultaneous acquisition by
three sensors covering the same
scene

* Various air-to-ground scenarios

» Total of 30 video clips

Key Dataset Advantage Type EO EO Spotter IR

Variation in target contrast and spatial resolution enables analysis of their
influence on ATR performance

Resolution | 640 x 480 640 x 480 320 x 256

HFOV 0.92° 0.22° 0.80°
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Automatic Target Recognition — Data Generation

The same physical target can be detected by ATR in some sensor streams, but missed in others. J

YOLO v8

Used Models

yolov8n

yolo11n

yolo8s

yolo8x

Missed Detected
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Automatic Target Recognition — Data Generation

M

Geometric
Projection

Geometric
Projection

_ 4 )
DISEROIAS £t : Project target position
geometrically Same physical ‘ itho Othes? “ rr; st
correspo TeAE target using sensor geometry
positions
N N _/
Automatically generated sample
I ATR result
I } ] Detected (correctly classified)
Image Crop : 1 Bounding Box «  Detected (missclassified)
-----l A
* Missed
Model used
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Automatic Target Recognition — Data Generation

V3 truck

detected_vehicle | 0.46 detected_misclassified | 0.33 detected_vehicle | 0.40
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Automatic Target Recognition — Data Generation

Jek W

detected_vehicle | 0.40

Statistical ATR Performance
Analysis
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Automatic Target Recognition — Data Analysis

Analysis Method SO EEMIEEE e Performance Trend Analysis
Corresponding Bin

» 334,265 target samples provide a
robust statistical basis

Low Medium High 10 1
« 24 image features extracted from target 5 i . '_-: . .. o
and surrounding background regions S A . . « .. &
k3] - # 0.5
- Samples grouped into feature-value Qg oetected | ¢ o " NN =
bins and miss rate calculated for = ST v . e o
each bin R 0.0

High

Feature Value Low Feature Value
* Resulting trends reveal the influence
. . . . T {
of individual image characteristics on Target-to-Background Histogram Distance shows the 7
ATR performance : : : : N
strongest influence on miss rate among the investigated

features
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Automatic Target Recognition — Target-to-
Background Histogram Distance

Miss Rate vs Histogram Distance
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Automatic Target Recognition — Spatial Effects =,

Pixels on Target # Spatial Information

Miss Rate vs Cycles on Target
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Automatic Target Recognition — Spatial Effects

Pixels on Target # Spatial Information

Miss Rate vs COT and Histogram Distance

o Histogram Distance
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Automatic Target Recognition — Spatial Effects

Pixels on Target # Spatial Information

Target Crop 2D FFT

Missclassification Rate

1% Threshold
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Cycles on Target
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Missclassification Rate vs COT and Histogram Distance

Histogram Distance bin
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Automatic Target Recognition — Performance
Modelling

Bin Histogram Distance N5y Detection N5y Classification
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Automatic Target Recognition — Performance
Modelling

Bin Histogram Distance N5y Detection N5y Classification
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Impact of the Atmosphere on Detection

Performance
Same GSD
/ \ Atmospheric | _
- Attenuation
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EO/IR Sensor Performance Model

/1 Mission Inputs

+ Target & Background
* EOI/IR spectral band
* Atmosphere

» Task: Detection/
Classification

~
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Automatic Target Recognition — Target-to-
Background Histogram Distance

number of elements
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Automatic Target Recognition — Spatial Effects

Pixels on Target # Spatial Information

E(u,v) = |F(u,v)|?
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Atmosphere

Atmospheric Transmission

LsensorO‘) = T()\)LO()\) + Lpath()\) \
ALsensor ~ T()\)ALO ) 5 1 = o 2%
~ el

T(A) = ][ 7 (\) = exp ( > @-()\)zi)
1=1 )

(a) Continuously varying (b) Approximation to atmosphere
atmosphere. (a) with nine layers, each of
which is homogeneous.
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Atmosphere

Atmospheric Turbulence

MTF(u) = exp | —3.44 (
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