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Presentation Outline
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(MilOWS )
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Considerations and details of operation
Software implementation
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Background

European Aeronautic Defence and Space Company 
(EADS) in Immenstadt, Germany 

About 110,000 Employees in over 70 locations
Primarily France, Great Britain, Germany, Spain, USA, and 
Australia

HELLAS and MilOWS
Obstacle Warning Systems for helicopters
Have been used in Eurocopter, Bell, and Sikorsky Aircraft 
for obstacle detection
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Background

HELLAS is being superseded 
by MilOWS

Still in developmental stage
To aid in speeding up the 
development and testing, a 
need arose to enable the 
generation of synthetic 
sensor data
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Background: What are MilOWS/HELLAS used for?

In the USA between 1963 and 1997 there were 8,436 
helicopter (or helicopter-type rotocraft) accidents reported 
[civilian]
The # 1 cause of accidents was engine failure
The # 2 cause of accidents was in flight collision with a 
foreign object

1,294 collisions with foreign objects total
720 collisions with hanging wires and poles
205 collisions with trees

In a Military context, the location of wires, poles, and trees 
may not always be known to the pilot
Wires/cables are particularly difficult to detect visually 
when maneuvering 
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Purpose of the Study

To aid in the development of the MilOWS sensor
Modeling the sensor in software
Modeling hanging wires in a synthetic 3D environment
Modeling poles and trees
Generation of data identical to that of the real MilOWS in its 
native binary format

This will aid with:
Reducing the resources required to obtain a sample set of 
data [only a PC and time required]
Allowing other developers on the project to test the 
detection statistics of the sensor and detection algorithm 
itself
Allow the testing of the raw-data display program, HellSim.
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Introduction to the HELLAS and MilOWS Sensors

The MilOWS sensor is a complex system which draws on 
the fields of

Electronics
Mechanics
Optics 
Computer Science
Math and Physics

Requirement: wire detection probability of 99.5%
For 99.5% of the time that a wire is in the FOV of the sensor 
during a flight, it must be detected accurately
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Introduction to the HELLAS and MilOWS Sensors

Tree detection includes: trees, houses, 
towers, woods, hills, and other objects with a 
visible height exceeding 3m and a maximum 
width of 25m.  These objects must be isolated 
from other objects by at least 5 times the 
object width and must not be considered 
POLE or WIRE objects.

POLE obstacles include 
high thin obstacles (such 
as power poles, windmills, 
cranes, etc) and must 
have a visible height 
exceeding 5m.  POLE 
objects must also have a 
width to height ratio below 
1 to 5 and must be thinner 
than 10m in diameter.
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Introduction to the HELLAS and MilOWS Sensors

Given the current trajectory, a “Safety Line” is generated that helps guide the 
pilot above potential obstacles.  Other audible and visual alarms help the pilot 
maneuver when obstacles are encountered.
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Proposed Solution

Synthetic generation of data identical to that of MilOWS
Modeling of the HELLAS and MilOWS
Duplicating the output format of each sensor
Creation of synthetic objects

Hanging wires
Poles
Trees (a special case of a pole)

Importing of trajectory data
Smoothing

Rotation and translation of simulated sensor along imported 
trajectory 
Creation of data from synthetic objects and imported 
trajectory

Use of synthetic data for algorithm testing 
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Details of the MilOWS Sensor: LIDAR

LIDAR stands for LIght Detection And Ranging or 
LASER Imaging And Ranging
Have been used for years for Atmospherics, geology, 
seismology, topographic surveys, speed measurement.

1) A pulse of laser light is emitted for a 
few nanoseconds
2) A high resolution timer is started
3) The laser pulse is reflected by a 
target object
4) An optical detector is triggered, 
which in turn stops the high resolution 
timer
5) Using an assumed value for the 
speed of light/density of the 
atmosphere, the distance of the object 
is calculated
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Details of the MilOWS Sensor: LIDAR

This simple concept has some additional complexities:
The clock being used to measure the LASER pulse will be 
limited in accuracy due to it's resolution, thereby introducing 
an error in the location of a measured target
The receiving sensor (photodiode or similar) will have a 
specific receiving characteristic that may change with:

Environmental conditions
The amount of energy reflected from the target
The amount of energy transmitted by the laser
Electrical noise
Statistical detection probability of the receiver
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Details of the MilOWS Sensor: Range Walk

On both the transmittal and receiving of the LASER pulse, the 
distance of the measured target can change based purely on the 
shape (integrated energy) of each measurement.
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Details of the MilOWS Sensor: Input and Output

Inputs to the system of interest
ARINC-429 data stream

Attitude of the platform: pitch, roll, heading
Location: latitude/longitude
X,Y,Z velocities
N,E,D velocities
Time 

Outputs to the pilot
Visual display data
Audio indicator
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Details of the MilOWS Sensor: Image Geometry



16

Details of the MilOWS Sensor: Principles
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Details of the MilOWS Sensor: Fiber Array and 
Oscillating Mirror

The Linear Fiber Array spans a total angle of 42°
The Oscillating Mirror sweeps through 36° under normal 
operation (-30°...+30° Look Ahead Steer.)
Linear array and osc. mirror are 90 deg. offset
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Details of the MilOWS Sensor: Δα and Δβ

During a “sweep” of the fibers and a changing oscillating 
mirror position, the location of each pixel is offset from its 
neighbor (assuming a non-moving sensor origin!)

The linear fiber angle α is offset by a value Δα for each 
laser shot, while the value associated with the oscillating 
mirror is offset by an angle Δβ
The direction of Δβ may be increasing or decreasing in 
value (can scan in both directions)
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Details of the MilOWS Sensor: Frames

The numerical order in which the fibers are scanned is 
depicted below

Combined fiber scanning and oscillating mirror movement produce a set of pixels 
called a “frame”.
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Details of the MilOWS Sensor: Coordinate Systems

When array related (ARC), sensor related (SRC), and 
platform related (PRC) coordinate systems are not rotated 
with respect to each other:
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Image Generation: Raytracing

The images must be generated utilizing intersection 
routines with geometric objects in 3-dimensions
Raytracing - A general technique from geometrical optics 
of studying the path taken by light by following rays of light 
as they interact with optical surfaces.
Is an appropriate method to use to detect the intersection 
of the LASER rays from the MilOWS sensor with our 
synthetic objects
Unlike normal raytracing, no synthetic objects can be 
transparent, and only the first intersection with an object is 
considered
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Image Generation: Raytracing

With a simple symmetric geometric object (a sphere), a 
set of equations can be derived to detect a ray 
intersection with the sphere surface 

∣P−C∣=∣r∣

P−C=D∗tX

∣D∗tx∣=∣r∣

D∗tX ⋅D∗tX =r2

D⋅D∗t 22∗D⋅X∗tX⋅X−r 2=0

a=D⋅D
b=D⋅X ∗2
c=X⋅X−r2

X=O−C

Quadratic equation coefficients
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Image Generation: Hanging Wire Model

A wire hanging under its own weight is called a “catenary”
The intrinsic equation of the shape of the catenary is the 
hyperbolic cosine function

y=a∗cosh xa



24

Image Generation: Hanging Wire Model

In reality, hanging wires are often not symmetric
Each height of the wire endings can differ from one 
another
The sag of the wire can be specified (or the characteristics 
of the wire can determine the sag)

Distance

H2

H1

S

y=a∗cosh D2a −H 1H 2

2 S−a
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Image Generation: Hanging Wire Model

To calculate the possible intersection between each 
LASER ray and a hanging wire, the wire is segmented into 
small pieces of the catenary that approximate the wire

Segmentation of the wire

A plot of a segmented-wire model in 
3D with sufficiently small wire 
segments
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Image Generation: Hanging Wire Model

A typical pylon 
configuration (7 wires)
Wire diameter between 
16mm – 21mm typical 
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Image Generation: Intersecting a Wire

Case 1: Partial 
intersection of the laser 
footprint and the wire

R

d
h

Laser Footprint

Wire Section

R r

PbPa

cWire Section

Laser Footprint

Case 2: Complete 
intersection of the laser 
footprint and the wire

footprint cs=R
2cos−1R−hR −R−h2Rh−h2 c=2R2−∣Pb Pa∣2

footprint=c∗2R
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Image Generation: Other Considerations

Angle of incidence with wire
Atmospheric attenuation (if required)
Energy of the return based on attenuation and footprint 
onto wire
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Image Generation: Trajectory

Trajectory imported from existing flight data
Data is “noisy”: Errors are normally distributed
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Image Generation: Trajectory

Smoothing process 
attempts to estimate the 
average of the 
distribution of each data 
point based on a 
specified number of 
neighboring data points
Essentially a digital 
smoothing polynomial 
filter using a specified 
span of data points and 
degree
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Image Generation: Trajectory

Simulated sensor translated and rotated using the attitude 
and location data
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Image Generation: Trajectory

Attitude and location of each pixel must be further 
interpolated from the imported trajectory data using a 
cubic spline interpolation routine

Region in which pixel 
attitude and location 
must be interpolated

Navigation data points Region in which pixel 
attitude and location 
must be interpolated
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Image Generation: Trajectory Data Format

Originally ARINC-429 data format from the IRU
Exported from HELLAS data using HellSim tool

Picture number
Time tag
Heading, pitch, roll 
X,Y,Z and N,E,D Velocities
Latitude and longitude

Finally smoothed using Savitzky-Golay filter (the digital 
smoothing polynomial filter)
Imported for use with image generation
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Image Generation: Output Data Format - MilOWS

64 bits of data per word
16-bit time tag
Motor angle encoder value – 16 bits
2 Counter values
Various flags

Two counters means two possible triggers
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Image Generation: Projection 

Synthetic objects must be referenced to the trajectory 
data, which is in Lat/Lon coordinates
“Universal Transverse Mercator Projection” (UTM)

With UTM Coordinates, quantities are given in meters instead of 
degrees/minutes/seconds of latitude and longitude. 
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Image Generation: Optimization

Searching along the trajectory for possible intersections 
prior to calculation
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Software Implementation

Written in C++
Utilized Qt from Trolltech (widgets & other classes)
Developed on a MS Windows based platform
Multi-threaded during image generation
Generates sensor data in the native 64-bit format of 
MilOWS using an imported (smoothed) trajectory
Placement of an arbitrary number of synthetic objects in a 
scene (greatly influences processing time)
Single hanging wires, groups of three wires, seven wires, 
poles, and trees possible



38

Software Implementation

Import existing navigation data
Select a time interval
Create empty frames over time 
interval
Create synthetic objects
Determine the intersections 
between the empty frames and the 
synthetic objects
Save the data to disk in MilOWS 
format
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Software Implementation
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Software Implementation
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Software Implementation
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Conclusion

Sample data has been successfully generated that 
simulate single wires and multiple wires as seen by the 
MilOWS and HELLAS sensors using trajectory data from 
real flights
The HMI interface allows the creation of practically an 
unlimited number of different scenarios 
The generated data sets will be used for algorithm testing 
over the course of hundred/thousands of wire approaches
The data will be used prior to the manufacturing of the 
MilOWS sensors
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Conclusion: TO-DO's

Some features will be added in the future
Ground intersections (with or without topographic data)
Automatic stationary/slightly altered multiple approaches to 
a wire on straight trajectory
Optimization of intersection routine calculations

On the order of minutes to generate a scene
Better HMI – object placement capability
Scene retention (write a scenario configuration to disk)
Arbitrary sensor specification by use of external 
configuration files


