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1 Scope

MISB Standard 0601 details the Unmanned Air System (UAS) Datalink Local Set (LS) for UAS
platforms. ThdJAS Datalink LS is an extensible SMPTE (Society of Motion Picture Television

Engineers) KeyLength-Value (KLV) metadata set designed for transmission through a wireless

communications link (Datalink).

This Standard provides direction and requirementthiocreation of a SMPTE ST 336
compliant Local Set (LS) for a reliable, bandwidttiicient exchange of metadata among digital
Motion Imagerysystems. This Standard also provides a mapping to Predator Exploitation
Support Data (ESD) for continued suppafrexisting metadata systems.

The UASLocal Set is intended to be produced locally within a UAS airborne platform and
included in an MPE Transport Stream (or equivalent transport mechanism). The MPEG
Transport Stream (or equivalent) also containspressedvotion Imageryfrom sensors, such

as ElectreOptical / Infrared (EO/IR). Synchronization between the metadata and the appropriate
Motion Imageryis highly desired and is the responsibility of the system designer. The MPEG
Transport Stream (oigeivalent) embedded with a UAES is transmitted over a medium

bandwidth (e.g. 1 to 5Mb/s) wireless Datalink for dissemination.

The scope of this document is to provide a framework for an extensible band¥ficitmt

Local Set that enhances sensaptued imagery with relevant metadata. This Standard also
provides a mapping between UAS Datalink Local Set items, ESD items, and Universal Set (US)
items defined in the latest SMPTE KLV dictionary (RP 210) as well as in the Mi&Baged ST
0807 keyspace.

2 References

2.1 Normative References
The following references and the references contained therein are normative.

[1] SMPTE ST 336:2007, Data Encoding Protocol Using-Keggth-Value

[2] MISB EG 0104.5, Predator UAV Basic Universal Metadata Set, Dec 2006

[3] SMPTE RP210v13:2012, Metadata Element Dictionary

[4] MISB ST 0603.2 Common Time Reference for Digital Motion Imagery Using Coordinated
Universal Time (UTC), Feb 2014

[5] MISB ST 0604.3 Time Stamping Compressed Motion Imagery, Feb 2014
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[6] MISB ST 1402 MPE& Transport of Comgssed Motion Imagery and Metadata, Feb
2014

[7] MISB ST 0605.4 Time Stamping and Metadata Transport in High Definition
Uncompressed Motion Imagery, Feb 2014

[8] MISB ST 0107.3Bit and Byte Order for Metadata in Motion Imagery Files and Streams,
Feb 2014

[9] MISB ST0807.13MISB KLV Metadata Dictionary, Feb 2014

[10] MISB ST 0806.4Remote Video Terminal Local set, Feb 2014

[11] MISB ST 0102.1(ecurity Metadata Universal and Local Sets for Digital Motion Imagery,
Oct 2013

[12] MISB ST 0902.3Motion Imagery Sensor Minimum Metadatat 3eeb 2014

[13] MISB RP 0903video Moving Target Indiator Local Set, Sep009

[14] ASI-00209 Rev D, Exploitation Support Data (ESD) External Interface Control Document,
04 Dec, 2002

[15] IEEE 1003.12013, Information TechnologyPortable Operating System Interface
(PGSIX) Base Specifications, Issue 7

[16] ISO/IEC 646:1991, Information TechnologySO 7-bit coded Character Set for
Information Interchange

[17] MIL-STD-2500C, National Imagery Transmission Format Version 2.1, May 2006

[18] MISB ST 1204.1Motion Imagery ldentification Sstem (MIIS) Core IdentifierOct 2013

[19] MISB ST 1206 SAR Motion Imagery Metadata, Feb 2014

2.2 Informative References
[20] MISB ST 0806.4Remote Video Terminal Localf Feb 2014
[21] MISB ST 0801.5 Photogrammetry Metadata Set for Digital Motion Imagery, Feb 2014

3 Acronyms

BER Basic Encoding Rules
ESD Exploitation Support Data
KLV Key Length Value

LS Local Set

Mi Motion Imagery

OID Object IDentifer

us Universal Set

4 Revision History

Revision Date Summary of Changes
ST 0601.8 6/18/2014 | 1 EARS requirements formahdother general formatting
1 Changed.DS to LS and UDS to US
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5 Introduction

A SMPTE ST 336 [1] Universal Set (US) provides access to a range of KLV formatted metadata
items. Transmitting the 1Byte key, basic encoding rules (BER) formatted length, and data
ropriate for applications where bandwid
16-byte universal key consumes precious bandwidth in bandwidthenged environments.

The Motion Imagery Standards Board (MISB) Engineering Guideline MISB EG 0[2}4.5
entitled APredator UAV Basic Universal

and Universal Set (US) metadata items that exist in the most current version of the SMPTE KLV
dictionary. The US items in EG 0104.5 are more appropriatedbehbandwidth interfaces
(e.g. > 10Mb/s), such as dissemination, whereas this document targets low to medium bandwidth
interfaces (e.g. 1 to 5Mb/s).

valueisa p p

Met ada

UAS airborne platforms typically use a wireless communications channel that allots a limited
amount of badwidth for metadata. Because of the bandwidth disadvantages in using a
Universal Set, it is more desirable to use a Local Set construction for transmission over a UAS

Datalink. As discussed in SMPTE ST 336, a Local Set can use a 1;®/tr tag with dl, 2, 4

byte, or BER (Basic Encoding Rules) encoded length. The UAS Local Set described in this
document uses BEBncoded lengths and BERID encoded tags to minimize bandwidth

requirements,

while still allowing the LS ample room for growth.

This Standed identifies a way to encode metadata into a standard KLV Local Set. This
standardized method is intended to be extensible to include future relevant metadata with
mappings between new LS, US, and ESD (Exploitation Support Data) metadata items (where
appopriate). When a new metadata LS item is added or required, the item will be added to the
to the proper metadata dictionary (public or private), if the metadata item does not already exist.

The method described in this Standard also provides a mapgivvgen Local Set items and
currently implemented Universal Set items defined in the SMPTE RP 210 [3] KLV dictionary.

5.1 Local

This document defines the UAS Datalink Metadata Local Set and is under configuration

management.

Set Changes and Updates

Requiremat

ST0601.8-01

Any changes to MISB ST 06G&hall be accompanied by a document revision and
date change and coordinated with the managing organization.

ST0601.8-02

Applications that implement MISB ST 060%hall allow for metadata items in the
UASLocal Set that are unknown so that they are forward compatible with future
versions of the interface.
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6 UAS Datalink Local Set - Requirements

Theserequirements for the UAS Datalink Local Set (LS) are outlined here and used as
references from within this text.

6.1 KLV Rules

Requirement

ST0601.8-03

All UAS Datalink metadata shall be expressed in accordance with MISB ST (807

ST0601.8-04

All UAS Datalink metadata shall be formatted in compliance with SMPTE ST 336
[1].

ST0601.8-05

Implementations of MISB ST 0601 shall parse unknown but properly formatted
metadata UAS Local Set packets so as to not impact the reading of known Tags
within the same instance.

ST0601.8-06

All instances of item Tags within a UAS Datalink LS packet shall be BE®
encoded using the fewest possible bytes in accordance with SMPTE ST B36

ST0601.8-07

All instances of item length fields within a UAS Datalink LS packet shall be BER
Short or BER Long encoded using the fewest possible bytes in accordance with
SMPTE ST 3361].

ST0601.8-08

All instances of a UAS Datalink LS where the computed checksum is not identica
the included checksum shall be discarded.

6.2 Mandatory UAS Datalink LS items

Requirement

ST0601.8-09

All instances of a UAS Datalink LS shall contain as their first element Tag 2, UNI
Time Stampz Microseconds.

ST0601.8-10

The value assigned to the UNIX Time Stamicroseconds item (Tag 2) shall
represent the time of birth of the metadata of all the elemnts contained in that
instance of the UAS Datalink LS.

ST0601.8-11

All instances of the UAS Datalink LS shall contain as the final element Tag 1,
(Checksum).

ST0601.8-12

All instances of the UAS Datalink LS shall contain Tag 65, UAS LS Version Num

6.3 Metadata Usage

Requirement

ST0601.8-13

Excepting the requirements for Tag 2 at the start and Tag 1 at the end of a UAS
Datalink LS any instance of the UAS LS, an instance of an UAS LS containing ar|
number of properly formatted, unique Tags in anyrder shall be valid.

ST0601.8-14

The usage of all Tags within the UAS Datalink LS shall be consistent with the
descriptions and clarifications contained within MISB ST 0601.

ST0601.8-15

UAS Datalink LS elements that have incomplete descriptions (i®4 " $6 q O
informative rather than normative.

ST0601.8-16

UAS Datalink LS decoding systems that understand the fuiinge representation of
certain metadata items shall use the fullange representation and ignore the
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range-restricted representation when both exist in the same UAS Datalink LS
packet.

ST0601.8-17 | UAS Datalink LS decoding systems that understand the Height Above Ellipsoid
(HAE) representation of certain metadata items shall use the HAE representation
and ignore the MearSea Level (MSL) representation when both exist in the same
UAS Datalink LS packet.

6.4 LS Universal Keys

Requirement

ST0601.8-18 | The UAS Local Set 1Byte Universal Key shall bed6 OE 2B 34- 02 0B 01 01z OE
010301-01000000 (CRC56773)

UAS Datalink LS Universal Key history
Date ReleasedMay 2006
Description: Defined in MISB ST 08079]

A key history is provided below as a way to track the keyd usengineering and development.
Note that the keys listed below are informative only.

DO NOT use the below historical universal keys in any future development.
Key: 060E2B34 - 01010101 - OF000000 - 0000 00 00
Date ReleasedNovember 2005

Description: Experimental node key used in software development efforts at General At
prior to the assignment of a defined key.

Key: 06 0E2B 34 - 02030101 - 01790101 - 01 XX XX XX
Date ReleasedOctober 25, 2005

Description: This key wageleased as a placeholder within early versions this document
Much development has been based around draft versions of this document which has u
key in some software implementations.

Requirement
ST0601.8-19 | Historical 16-byte Universal Keysshall not be used in future developments.

6.4.1 SMPTE Universal Key Version Number
Depreciated in ST 0601.6.

6.5 LS Packet Structure

Figure6-1 shows the general format of how the LS is configured. It is required that each LS
packet contain a Precision Timestamp (defined in MISB ST 0603 [4]), which is Coordinated
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Universal Time (UTQ- based that represents the time of birth of the metadata within the LS
packet to conform with the requirements in Section 6.2. Time stamping is further discussed in
Section 6.7. A checksum metadata item is also required to be included in each Lt&upacke

needs to conform with the requirements in Section 6.2. Checksums are discussed in Section 6.8.

UAS LS Packet Example
. L: BER V: Variable
Univesal ey Longth
UAS Local Set field UAS Metadata in Local Set Format
A Timestamp is
mandatory. Tag 2: Unix Time Stamp - Microseconds L=8 0x00 11 22 33 44 5566 77 ]
First item in packet.
/ ( Tag 38: Density Altitude L=2 | 0x00 11]
Tag 39: Outside Air Temperature L=1 |Ox00 l
e|§r:.|r:2|gs”:§ amn?,tz?g;? s Tag 10: Platform Designation L=6 “‘REAPER” ]
valid
L Tag 8: Platform True Airspeed L=1 0)(00]
All metadata elements
need not be included in . ’
each Local Set packet s 2
[ Tag 23: Frame Center Latitude L=4| 0x00112233
\ Tag 24: Frame Center Longitude L=4| 0x00112233
A Checksum is - -
mandatory. Tag 1: Checksum L=2|0x00 11]
Last item in packet,
T BER L: BER V: Variable
Encoded Tag Encoded Length Length Data

Figure 6-1: Exampleof aUAV Local Set Packet

Any combination of metadata items can be included in & U8cal Set packet. Also, the items
within the UAV LS can be arranged in any order. However, the timestamp is always positioned
at the beginning of an LS packet, and the checksum always appears as the last metadata item,
which aids algorithms surrounditg computation and creation (see requirements in Section

6.2).

6.5.1 Bit and Byte Ordering

All metadata is represented using-keigdian (Most Significant Byte (MSB) §t) encodingand
Bytes usingbig-endian bit encoding (most significant bit (msb) fi(sge requirements in
Section6.1).

6.5.2 Tag and Length Field Encoding

The UASLS item tag andength fields areencoded using basic encoding rules (BER) for either
short or long form encoding of octétee requirements in Sectiéril). Thislength encoding
method provides the greatest level of flexibility for variable length data contained within a KLV
packet.
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See SMPTEST 336for further details.

6.5.2.1 BER Short Form Length Encoding Example

For UAS LS packets and data elements shorter thabifes, the length field is encoded using
the BER short form. Lengtield using the short form are represented using a single byte (8
bits). The most significant bit in this byte signals that the long form is being used. The last
seven bits depict the ndoer of bytes that follow the BER encoded length. An exain$le
packet using a shortfim encoded length is shownkigure6-2:

Short Form BER Packet Length Encoding
( Short Flag ) ( 76 byte length )

UAS LS Packet —

o[1]ofo[1]1]0[0
B?CS‘_’EI

Value [
P

[

Short BER Length 76 bytes of data

Figure 6-2: Example Short Form Length Encoding

Although this example depicts the length field of the ehi8g@acket, short form BER encoding
also applies to thimdividual itemlengths within the_S packet.

6.5.2.2 BER Long Form Length Encoding

For UAS LS packets and data elements longer than 127 bytes, the length field is encoded using
the BER long form. The long form encodes lérfgeld using multiple bytes. The first byte
indicates long form encoding as well as the number of subsequenttbat represent the length.
The bytes that follow the leading bydgeethe encoding of an unsigned binary integer equal to the
number of bytes in the packeAn examplelS packet using a long fo encoded length is

shown inFigure6-3:

Long Form BER Packet Length Encoding
( Long Flag ) ( 1 byte for length ) ( 201 byte payload )

UASLS Packet N "
UASLS 1]ololoolo[o[1Y1[1]o[o]1[e]a[7 : ; TIL
ke Lo AHAARRAD ARAAARRE : .
S — S, 3
——— T ——

Figure 6-3: Example Long Form Length Encoding

Although this example depicksng form BER encoding on thength field of the entiréS
packetlongform BER encoding also applies to thdividual itemlengths within the S packet.

6.5.2.3 BER-OID Encoding for Tags

Al so known as fprimitive ®DRracadngoftagfidif&GdNromd OI D
short and longorm BER encoding used for KL\¢ngths as described in Sectidhs.2.1and
6.5.2.2
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Local KLV sets employing the use of BERD encoded tags can represent an almost limitless
number of metadata items. BERD binary encoding allows the size of a tag space to increase
throughthe inclusion of additional bytes when the tagnber passes certain threkho

For instance, one BERID byte (or octet) can represent up to 127 different metadata items.
Two bytes can represent, 383 items. Generai zi ng f or any usedasher of

BER-OID tag, the number of tags that canrepresented i8’® - 1.

When using BEROID encoding for tags, each tag is represented as a series of one or more bytes.

Bit 8 (msb) of each byte indicates whether it is the last in the seriesofib& last byte (LSB) is
zero,whilebt 8 of each preceding byte (MSB6és) i s
collectively encode the metadata tag.

Conceptually, these groups of bits are concatenated to form an unsigned binary number whose
most significant bit is bit 7 of the firite, and whose lease significant bit is bit 1 of the last
octet.

A BER-OID encoded tag must use the fewest bytes possible. Equivalently, the leading byte(s) of
the BEROID tag must not have the value of 0x80.

BER-OID encoding examples fane, two, andhreebyte encodings are shown kigure6-4,
Figure6-5 andFigure6-6 respectively.

BER-OID Tag Encoding: One Byte
Tag less than 127
1|ofofo]z]o
6 5 4 3 2 1

0
Tag 98 ¥

I
~

2

——

(BER-OID flag set to 0) (98 in Binary)

Figure 6-4: BER-OID Tag Encoding Using One Byte

Note that only 127 differenaigs are encoded using a single bydecoding is the reverse of
encoding. This is the only tag encoding currently encountered in the LAS

BER-OID Tag Encoding: Two Bytes
(Original Value in One Byte)

Tag greater than 127 —

Tagl44 1 o|o|o|0|o|oﬂ1;0
X |14 13 12 11 10 9 »/‘ 7

(MSB flag set to 1) (LSB flag set to 0)

Figure 6-5: BER-OID Tag Encoding UsingTwo Bytes

Note that logical tags 128 through 16,383 are encoded using two Bgesding is the reverse
of encoding.
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BER-OID Tag Encoding: Three Bytes
(original Value in Two Bytes )

Tag greater than 16383 — T

28l Blnary: 6 15/ 14 13 12 11 10 9 8l7

(tfofofofofojof1Y1fof1]1]ofz]1]oYoo[o]o]o]0
X21201918171615X14132109BX76543

MSB flags setto 1 LSB flag set to O

Figure 6-6. BER-OID Tag Encoding Using Three Bytes

Note that logical tags 16,384 through 2,097,151 are encoded using threeDmteding is the
reverse of encoding.

Although not currently in uset is envisioned that a maximum ofb3tes will be used to encode
BER-OID tags withinthe UASLS in future revisions.

6.5.3 Nesting Local Sets within the UAS Datalink LS

To provide a method to vrase commonly used metadéeld from the UASLS (platform
location, and sensor pointing angles) while providing greater flexibility to system implementers,
otherLocal Sets (with tag defined in the UAES) maybe nested within the UABS.

A nestedLocal Stis treated the same as any other standal@tadata item defined within the

UAS LS where theTagis defined by this document, and the length field is determined by the

size of the value portion. The nested set, however, typically has an increased length compared to
other UASLS items, and the valuygortion conforms to the definirigocal SetdocumentAn

illustrative example packet showing the RVT LS (MISB ST OB®g) nested within the UAS

LS is shown inFigure6-7.

23 October2014 Motion Imagery Stadards Board 9



ST 0608 UAS Datalinkocal Set

UAS LS Nested Packet Example

: L: BER Vi Variable
K: 16-bytes Encoded Length Length Payload

Universal Key Length Value

For an Of Value .
UAS Local Set field UAS Metadata in Local Set Format

P—

[ Tag 2: Unix Time Stamp - Microseconds L=8 0x00 112233445566 77 ]

Tag 38: Density Altitude L=2 | 0x00 1 1]

Tag 39: Outside Air Temperature

RVTLS nested
Within UAS LS [ Tag 9: Video Datarate L=4 0x00 11 22 33 ]]

H
Nested tags are L Tag 10: Digital Video Format ‘ IN=5 | h.264
defined by the local

set documentation g
Tag 8: Version Number L=1 |0x00
— | [L=1]%00)
[ Tag 8: Platform True Airspeed L=1 0)(00]
[ Tag 1: Checksum L=2| Ox00 11 ]

T: BER-OID L: BER V: Variable
Encoded Tag Encoded Length Length Data

Figure 6-7: Nested Packet Example

6.6 Data Collection and Dissemination i Informative

Within the air vehicle, metadaiscollected, processed, and then distribligdhe flight
computer(or equivalentthrough the most appropriate interfaBMVPTE Serial Digital Interface
(SDI), RS 422, 1553, Ethernet, Firewire, etc§eeFigure6-8.

Example System Architecture
' e 0
3 e 3
G_PS Flight MPEG2 Transport Stream Displa
Reciever Computer Datalink -~ Datalink | Videothetadaia Computer b \F,)i ¢
UTC.T' " Met adat a evice
Coor di nat or
J N\ J
d 'SR
packet Other Video
UTC Tirge Transport Transport acke herpe and
Mechanism Mechanism DeMUX MPEG2 Transport Stream Metadata
Users
a N\ J
Other ) _ Displa
Metadata Vi deo : Video b play
Sources Capture + Time Stamped Metadata evice
N\ _ _ .
L Air Vehicle ) L Remote Client Process

Figure 6-8. System Architecture
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Sensorand othemetadatasources paswetadta to the flight computer.

The flight computefor equivalentplacesa timestamp in th&JAS LS packetprior to passing it
to theVideo Encoder Packet Multiplexer.See &ction6.7 for more information about using
timestamps in theS metadata packet.

Although the means for packagiMption Imagerywith metadata may be implementation

specific, the following provides a general idaea of the process. The flight computer merges all
appropriatenetadata items along with a timestamp and checksum into a LS packet and sends the
data to aMotion Imageryencoder/packet multiplexer, which produces a unified data stream for
off-platfrom transmission. Once passed through the communications link, @ idraot can

decode and process thtion Imageryand metadata contained within the stream. Users can

then display and/or distribute thdotion Imageryand metadata as appropriate.

6.7 Time Stamping

Every LS KLV packet is required to includePaecision Tme Stamp agdefined in MISB ST
0603asa way to correspond the metadata vaitttandardized time referencéhe Precision
Time Stamp is based on UTC time, which provides a meamssticiate metadata wihotion
Imageryframes, and for reviewing tirperitical events at a later date. This section describes
how to includehe mandatoryimestamp within aJAS Local Setpacket according to the
requiements in Sectigh2

Metadata sources and the flight compjterequivalentiare coordinated to operate on the same
standard time, which is typicallgPS derived The metadataource provides a timestamp for
inclusion in aLS packet andhie timestamp assidtise accuracy of synchronizing each frame to
its corresponding metadata set.

Thetimestamp(Tag?2) is an 8 byte unsigned integer that represents the numbmiabseconds
that have elapsed since midnight (00:00:00), January 1, I9%6.date is known ate Unix
epoch (POSIX Microseconds) and is discussed in the IEEE POSIX standard IEEE 1003.1.

When receiving packets of ST 0601 metadata, the time value represents the time of birth of all
metadata items contained within the UAS LS packet in accordarnte¢heitegirements in
Section6.2 When generating UAS LS metadata packets, the most current metadata samples
since the last metadata packet (with timestamp)eaded to be used and assigned the current
time.

Generation of metadata packets introduces a situation where the time of birth timestamp may not
directly correspond to when a metadata value was actually sampled. In this case, the maximum
timestamp erroencountered is the difference in time between the current metadata packet, and
the packet which immediately precedes it.

Systems producing or accepting ST 0601 metadata streams are allowed to adjust metadata
repetition rates to meet timestamp precisiordeee

6.7.1 Packet Timestamp
An LS Packet Timestamp is inserted at the beginning of the value portiodA8S4.S packet.
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TheUTC timestamp represented hpg2 (UNIX Timestamp applies to all metadata thelLS
packet. This timestamp corresponds to the time of birth of all the data withifs fheecket
This time can be used to associate the metadata with a panid@aframe and be displayeat
monitoredappropriately.

An exampleLS packet cordining a tmestamp is show iRigure6-9:

'acket Timestamp

UAS LS Packet
UASLS BER vae BRI EENER EEE TILIVYITILIV
16-byte .Key Longm UTC Time metadata metadata metadata Cheskaum
(" Timestamp applies to all metadata )

Figure 6-9: Packet Timestamp Example

6.8 Error Detection

To help prevent erroneous metadata from being presentetheotion Imagery it is required
that a 16bit checksum is included in evedAS Local Setpacket as the last item (see
requirements in Sectigh2). The checksum is a running-b& sum through the entireS
packet stamhg with the 16 byte Locdbet key and ending with summing the length field of the
checksum data item.

Figure6-10 shows the data range that the checksum is performed over:

Checksum Calculation Range

TILIVYTIL W T LI W
RIS T | L | checksum
metadata metadata metadata
)

— —
Checkzum iz computed from the start of the 18-byte key up fo and
including the 1-byte length field in the Checksum metadata item.

Figure 6-10: Checksum Computation Range

An example algorithm for calculatinge checksum is shown below

unsigned short bcc_16 (
unsigned char * buff, // Pointer to the first byte in the 16 -byte UAS LS key.
unsigned short len ) /I Length from 16 -byte US key upto 1-byte checksum length.

/I Initialize Checksum and counter variables.
unsigned short bcc =0, i;

/I Sum each 16 - bit chunk within the buffer into a checksum
for(i=0;i<len;i++)
bce += buffi] << (8 * ((i + 1) % 2));
return bcc;
}/ |/ endofbcc_16 ()

If the calculated checksum of the received LS packet does not match the checksum stored in the
packet, the user must discard this packet as being invalid (see requirements in6SBctibime
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lost LS packet is of little concern since another packet is available within reasonable proximity
(in both data and time) to this lost packet.

6.9 Motion Imagery/Metadata Synchronization

Synchronization or timalignment of aVotion Imageryframe with metadata is highly desired

and is the responsibility of the system designer. The Precision Time Stamp, referenced in this
document, is based on UTC and the POSIX Epoch; requirements for its use is outlined in MISB
ST 0603[4]. Requirements for time stamping compredgedion Imagerywith a Precision

Time Stamp are outlined in MISB ST 06[%. Methods and requirements for synchronizing
compresseilotion Imageryand metadata within an MPE&Transport Stream are discussed in
MISB ST 14026]. Requirements for time stamping and metadata carriage in high definition
uncompresseMotion Imageryare outlined in MISB ST 060F7].

Many considerations need to be weighed in specifying the intent in synchroXiiation
Imageryframes with metadata. These include: sufficient bandwidth to accommodate the
metadata withouimiting the Motion Imagery required update rates of metadata; requirements
for presentation of synchronizédbtion Imagerywith metadata at a client receiver; receiver
decoder buffer (delay) requirements. Different applications will have differing esgeirts on
how tight the synchronization needs to be, and whether sufficient information is available to
guarantee the relationship betweenkwion Imageryand the metadata. While metrics for the
timing of Motion Imageryand metadata may be applicatigesific, the best advice at this time
is to ensure that the Precision Time Stamp when inserted Matian Imageryframe and into a
metadata local set is as accurate to the point of collection s possible for both.

7 UAS Local Set Tables
This section defirethe content of thgAS Local setas well as translation betwek8 & ESD,
andLS andUS data types.

For guidance on which items to includeSi 0601packets, refer t&T 0902(Motion Imagery
SensoMinimum Metadata Set) for a listing of a minimwset of UASLS metadata items

7.1 UAS DataLink Local Set Items

EachUAS Local Stitemis assigned an integer value fortag, a descriptive name, and also
hasfields indicating the units, range, format, and length of the data item. More detailed
informaion about the data item is included in the Notes column.

Notes:

T The columns |UShel @dniitMa @ pdfdrfeagthjaantdo ,i Nfolt eers O
all apply to thd_ocal SetONLY and not ESD oUS datatypes.

1T AESD Nameo i s t he namatai@mlabelgdragaitvabtaractea n E S D
digraph in the AESDO col umn.

T An Axo0o within a field bel.ow indicates that
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1 Th eMappedUSO c¢ o | u runiveisal setmbtadata key reserved to represent the
length and data format specified by tieéerringLS metadata item. The key is the only
parameter which differs betwe&ls andtag of theLS item. Note thatLS items which
state OIMUSBKEYG may requi r eLSanmuSdaatgpeson bet we
prior to representing doS item as dJSitem.

T ThaJSoi col umn i s an whichthd UABLG is mepped td ia some k e y
applicationgi.e.: EG0104) Note that the.S and EG0104 data formats often differ
between one anothand aUS key could not be used to represent the data irSatem
without proper conversion first
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ST 0608 UAS Datalinkocal Set

Table 1: UAS Datalink Metadata Set

TAG LS Name Mapped US | ESD| ESDName us US Name Units Format | Len Notes
1 |Checksum 06 OE 2B 34 X X X X None uintl6 2 |Checksum used to detect errors within a
01010101 UAV Local Set packet.
OE 01 02 03 Lower 16 - bits of summation.
01 00 00 00 Performed on entire LS packet, including
(CRC 56132) 16- byte US key and 1 - byte checksum
length.
2 |UNIX Time Stamp |Use EG0104 X X 06 OE 2B 34 User Defined Microseco uint64 8 |Coordinated Universal Time (UTC)
US Key 01010103 Time Stamp - nds represented in the number of
07 02 01 01 microseconds microseconds elapsed since midnight
01 05 00 00 since 1970 (00:00:00), January 1, 1970.
(CRC 64827) Derived from the POSIX IEEE 1003.1
standard.
Resolution: 1 microsecond.
3 |Mission ID 06 OE 2B 34 Mn |Mission 06 OE 2B 34 Episode Number String ISO 646 V  |Descriptive Mission Ildentifier to
01010101 Number 01010101 distinguish event or sortie.
OE 0104 01 01 05 05 00 Value field is Free Text.
03 00 00 00 00 00 00 00 Maximum 127 characters.
(CRC 65358) (CRC 37735)

4 |Platform Tail 06 OE 2B 34 Pt |Platform Tail [x X String 1SO 646 V |ldentifier of platform as posted.

Number 01010101 Number E.g.: "AF008", "BP101", etc.
OE 01 04 01 Value field is Free Text.
02 00 00 00 Maximum 127 characters.
(CRC 35322)

5 |Platform Heading |Use EG0104 lh  |UAV Heading |06 OE 2B 34 Platform Heading Degrees uintlé 2 |Aircraft heading angle. Relative

Angle US Key (INS) 01010107 Angle between longitudinal axis and True
07 011001 North measured in the horizontal plane.
06 00 00 00 Map 0..(2"16 -1)to 0..360.
(CRC 23727) Resolution: ~5.5 milli degrees.

6 |Platform Pitch Use EG0104 Ip |UAV Pitch 06 OE 2B 34 Platform Pitch Degrees int16 2 |Aircraft pitch angle. Angle between

Angle US Key (INS) 01010107 Angle longitudinal axis  and horizontal plane.
07 0110 01 Positive angles above horizontal plane.
05 00 00 00 Map - (2715 - 1)..(2"15 -1)to +/ - 20.
(CRC 51059) Use - (2715) as "out of range" indicator.
- (2°15) = 0x8000.
Resolution: ~610 micro degrees.

7  |Platform Roll Use EG0104 Ir |UAV Roll (INS) |06 OE 2B 34 |Platform Roll Degrees int16 2 |Platform roll angle. Angle between
Angle US Key 01010107 Angle transverse axis and transvers -

07 011001 longitudinal plane. Positive angles for

04 00 00 00 lowered right wing.

(CRC 45511) Map (- 2715 - 1)..(2"15 -1)to +/ -50.
Use - (2"15) as "out of range" indicator.
- (2°15) = 0x8000.
Res: ~1525 micro deg.

8 |Platform True 06 OE 2B 34 As |True X X Meters/Se uint8 1 |True airspeed (TAS) of platform.

Airspeed 01010101 Airspeed cond Indicated Airspeed adjusted for
OE 010101 temperature and altitude.
0A 00 00 00 0..255 meters/sec.
(CRC 20280) 1 m/s = 1.94384449 knots.
Resolution: 1 meter/second.

9 |Platform 06 OE 2B 34 Ai  |Indicated X X Meters/Se uint8 1 |Indicated airspeed (IAS) of platform.
Indicated 01010101 Airspeed cond Derived from Pitot tube and static
Airspeed OE 01 01 01 pressure sensors.

0B 00 00 00 0..255 meters/sec.

(CRC 14732)

1 m/s = 1.94384449 knots.
Resolution: 1 meter/second.
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ST 0608 UAS Datalinkocal Set

TAG LS Name Mapped US | ESD| ESDName us US Name Units Format | Len Notes
10 |Platform Use EG0104 Pc (Project ID 06 OE 2B 34 Device String 1ISO 646 V |Use Platform Designation String
Designation US Key Code 010101 01 |Designation e.g.: 'Predator’, 'Reaper’, ‘Outrider’,
01012001 'Pioneer’, 'IgnatER’, 'Warrior', ‘Shadow',
00 00 00 00 ‘Hunter II', 'Global Hawk', 'Scan Eagle',
(CRC 36601) etc.
Value field is F ree Text.
Maximum 127 characters.
11 |Image Source Use EG0104 Sn |Sensor Name |06 OE 2B 34 Image Source String ISO 646 V |String of image source sensor.
Sensor US Key 01010101 Device E.g.: 'EO Nose', 'EO Zoom (DLTV)', 'EO
04200102 Spotter', 'IR Mitsubishi PtSi Model 500",
01 01 00 00 'IR InSb Amber Model TBT', 'LYNX SAR
(CRC 53038) Imagery', ' TESAR Imagery', etc.
Value field is Free Text.
Maximum 127 characters.
12 |(Image Coordinate |Use EG0104 Ic |Image 06 OE 2B 34 Image Coordinate String 1ISO 646 V |String of the image coordinate system
System US Key Coordinate 01 010101 System used.
System 07010101 E.g.: 'Geodetic WGS84', 'Geocentric
00 00 00 00 WGS84', 'UTM', 'None', etc.
(CRC 32410)
13 |Sensor Latitude Use EG0104 Sa |Sensor 06 OE 2B 34 |Device Latitude Degrees int32 4 |Sensor Latitude. Based on WGS84
US Key Latitude 01010103 ellipsoid.
07 01 02 01 Map - (2731 - 1)..(2"31 -1)to +/ -90.
02 04 02 00 Use - (2"31) as an "error" indicator.
(CRC 8663) - (2731) = 0x80000000.
Resolution: ~42 nano degrees
14 |Sensor Longitude |Use EG0104 So |[Sensor 06 OE 2B 34 Device Longitude Degrees int32 4 |Sensor Longitude. Based on WGS84
US Key Longitude 01010103 ellipsoid.
07 01 02 01 Map - (2731 - 1)..(2"31 - 1)to +/ -180.
02 06 02 00 Use - (2*31) as an "error" indicator.
(CRC 20407) - (2731) = 0x80000000.
Resolution: ~84 nano degrees.
15 |Sensor True Use EG0104 S| |Sensor 06 OE 2B 34 Device Altitude Meters uint16 2 |Altitude of sensoras measured from
Altitude US Key Altitude 01010101 Mean Sea Level (MSL).
07 01 02 01 Map 0..(2"16 -1)to -900..19000
02 02 00 00 meters.
(CRC 13170) 1 meter = 3.2808399 feet.
Resolution: ~0.3 meters.
16 |Sensor Horizontal |Use EG0104 Fv [field of View 06 OE 2B 34 field of View Degrees uint16 2 |Horizontal field of view of selected
field of View US Key 0101 01 02 (FOV- Horizontal) imaging sensor.
04 20 02 01 Map 0..(2*16 -1)to 0..180.
01 08 00 00 Resolution: ~2.7 milli degrees.
(CRC 23753)
17 |Sensor Vertical 06 OE 2B 34 Vv |Vertical Field |x X Degrees uintl6 2 |Vertical field of view of selected imaging
Field of View 01010107 of View sensor.
04200201 Map 0..(2"16 -1)to0 0..180.
01 0A 01 00 Resolution: ~2.7 milli degrees.
(CRC 30292) Requires data conversion between LS
value and SMPTE Mapped US Key.
18 |(Sensor Relative 06 OE 2B 34 Az |Sensor X X Degrees uint32 4 |Relative rotation angle of sensor to
Azimuth Angle 01010101 Relative platform longitudinal axis. Rotation
OE 01 01 02 Azimuth angle between platform longitudinal
04 00 00 00 Angle axis and camera pointing direction as
(CRC 944) seen from above the platform.
Map 0..(2"32 - 1) to 0..360.
Resolution: ~84 nano degrees.
19 |[Sensor Relative 06 OE 2B 34 De |Sensor X X Degrees int32 4 |Relative Elevation Angle of sensor to
Elevation Angle 01010101 Relative platform longitudinal - transverse plane.
Negative angles down.
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TAG LS Name Mapped US | ESD| ESDName us US Name Units Format | Len Notes
OE 01 01 02 Elevation Map - (2731 - 1)..(2731 -1)to +/ - 180.
05 00 00 00 Angle Use - (2"31) as an "error” indicator.
(CRC 29956) - (2731) = 0x80000000.
Res: ~84 ndeg.
20 |Sensor Relative 06 OE 2B 34 Ro [Sensor X X Degrees uint32 4 |Relative roll angle of sensor to aircraft
Roll Angle 01010101 Relative Roll platform. Twisting angle of camera
OE 01 01 02 Angle about lens axis. Top of image is zero
06 00 00 00 degrees. Positive angles are clockwise
(CRC 61144) when looking from behind camera.
Map 0..(2*32 -1)to 0..360.
Resolution: ~84 nano degrees.
21 |Slant Range Use EG0104 Sr |Slant Range |06 OE 2B 34 Slant Range Meters uint32 4 |Slant range in meters. Distance to
US Key 01010101 target.
07 0108 01 Map 0..(2"32 - 1) to 0..5000000 meters.
01 00 00 00 1 nautical mile (knot) = 1852 meters.
(CRC 16588) Resolution: ~1.2 milli meters.
22 |Target Width Use EG0104 Tw |Target Width |06 OE 2B 34 Target Width Meters uintl6 2 |Target Width within sensor field of view.
US Key 01010101 Map 0..(2"16 - 1) to 0..10000 meters.
07 01 09 02 1 meter = 3.2808399 feet.
01 00 00 00 Resolution: ~.16 meters.
(CRC 60350)
23 |Frame Center Use EG0104 Ta |Target 06 OE 2B 34 Frame Center Degrees int32 4 |Terrain Latitude of frame center. Based
Latitude US Key Latitude 010101 01 |Latitude on WGS84 ellipsoid.
07 01 02 01 Map - (2731 - 1)..(2"31 -1)to +/ -90.
03 02 00 00 Use - (2731) as an "error” indicator.
(CRC 17862) - (2731) = 0x80000000.
Resolution: ~42 nano de grees.
24 |Frame Center Use EG0104 To |Target 06 OE 2B 34 Frame Center Degrees int32 4 |Terrain Longitude of frame center.
Longitude US Key Longitude 01010101 Longitude Based on WGS84 ellipsoid.
07 01 02 01 Map - (2731 - 1)..(2*31 -1)to +/ -180.
03 04 00 00 Use - (2"31) as an "error" indicator.
(CRC 63334) - (2731) = 0x80000000.
Resolution: ~84 nano degrees.
25 |Frame Center 06 OE 2B 34 Te |Frame Center |x X Meters uintl6 2 |Terrain elevation at frame center relative
Elevation 0101 01 0A Elevation to Mean Sea Level (MSL).
07 01 02 01 Map 0..(2"16 -1)to -900..19000
03 16 00 00 meters.
(CRC 57054) Resolution: ~0.3 meters.
26 |Offset Corner Use EG0104 Rg |[SAR Latitude (06 OE 2B 34 Corner Latitude Degrees int16 2 |Frame Latitude, offset for upper left
Latitude Point 1 US Key 4 010101 03 Point 1 (Decimal corner. Based on WGS84 ellipsoid.
07 01 02 01 Degrees) Use with Frame Center Latitude.
03 07 01 00 Map - (2715 - 1)..(2"15 -1)to +/ -0.075.
(CRC 23392) Use - (2715) as an "error" indicator.
- (2715 ) = 0x8000.
Resolution: ~1.2micro deg, ~0.25meters
at equator.
27 |Offset Corner Use EG0104 Rh [SAR 06 OE 2B 34 Corner Longitude Degrees int16 2 |Frame Longitude, offset for upper left
Longitude Point1  |US Key Longitude 4 01010103 Point 1 (Decimal corner. Based on WGSB84 ellipsoid.
07 010201 Degrees) Use with Frame Center Longitude.
03 0B 01 00 Map - (2715 - 1)..(2%15 -1)to +/ -0.075.
(CRC 11777) Use - (2715) as an "error" indicator.
- (2715) = 0x8000.
Resolution: ~1.2micro deg, ~0.25meters
at equator.
28 |Offset Corner Use EG0104 Ra |SAR Latitude |06 OE 2B 34 Corner Latitude Degrees int16 2 |Frame Latitude, offset for upper right
Latitude Point 2 US Key 1 01010103 Point 2 (Decimal corner. Based on WGS84 ellipsoid.
07 01 02 01 Degrees) Use with Frame Center Latitude.
03 08 01 00 Map - (2715 - 1)..(2%15 - 1) to +/ - 0.075.
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TAG LS Name Mapped US | ESD| ESDName us US Name Units Format | Len Notes
(CRC 30545) Use - (2715) as an "error" indicator.
- (2715) = 0x8000.
Resolution: ~1.2micro deg, ~0.25meters
at equator.
29 |Offset Corner Use EG0104 Rb [SAR 06 OE 2B 34 Corner Longitude Degrees intl6 2 |Frame Longitude, offset for upper right
Longitude Point 2 |US Key Longitude 1 |01010103 Point 2 (Decimal corner. Based on WGS84 ellipsoid.
07 0102 01 Degrees) Use with Frame Center Longitude.
03 0C 01 00 Map - (2715 - 1)..(2"15 - 1) to +/ - 0.075.
(CRC 43921) Use - (2"15) as an "error” indicator.
- (2715) = 0x8000.
Resolution: ~1.2micro deg, ~0.25meters
at equator.
30 |Offset Corner Use EG0104 Rc |SAR Latitude |06 OE 2B 34 Corner Latitude Degrees int16 2 |Frame Latitude, offset for lower right
Latitude Point 3 US Key 2 01010103 Point 3 (Decimal corner. Based on WGS84 ellipsoid.
07 01 02 01 Degrees) Use with Frame Center Latitude.
03 09 01 00 Map - (2715 - 1)..(2"15 - 1)to +/ -0.075.
(CRC 16481) Use - (2715) as an "error" indicator.
- (2*15) = 0x8000.
Resolution: ~1.2micro deg, ~0.25meters
at equator.
31 |Offset Corner Use EG0104 Rd [SAR 06 OE 2B 34 Corner Longitude Degrees intl6 2 |Frame Longitude, offset for lower right
Longitude Point 3  |US Key Longitude 2 01010103 Point 3 (Decimal corner. Based on WGS84 ellipsoid.
07 0102 01 Degrees) Use with Frame Center Longitude.
03 0D 01 00 Map - (2715 - 1)..(2"15 -1)to +/ -0.075.
(CRC 40097) Use - (2715) as an "error" indicator.
- (2715) = 0x8000.
Resolution: ~1.2micro deg, ~0.25meters
at equator.
32 |Offset Corner Use EG0104 Re [SAR Latitude |06 OE 2B 34 Corner Latitude Degrees int16 2 |Frame Latitude, offset for lower left
Latitude Point 4 US Key 3 01010103 Point 4 (Decimal corner. Based on WGS84 ellipsoid.
07 01 02 01 Degrees) Use with Frame Center Latitude.
03 0A 01 00 Map - (2715 - 1)..(2"15 - 1)to +/ -0.075.
(CRC 6449) Use - (2715) as an "error" indicator.
- (2715) = 0x8000.
Resolution: ~1.2micro deg, ~0.25meters
at equator.
33 |Offset Corner Use EG0104 Rf [SAR 06 OE 2B 34 Corner Longitude Degrees int16 2 |Frame Longitude, offset for lower left
Longitude Point 4 |US Key Longitude 3 01010103 Point 4 (Decimal corner. Based on WGS84 ellipsoid.
07 01 02 01 Degrees) Use with Frame Center Longitude.
03 OE 01 00 Map - (2715 - 1)..(2"15 -1)to +/ -0.075.
(CRC 50673) Use - (2715) as an "error" indicator.
- (2715) = 0x8000.
Resolution: ~1.2micro deg, ~0.25meters
at equator.
34 |lcing Detected 06 OE 2B 34 Id |lcing X X Icing Code uint8 1 [Flag for icing detected at  aircraft
01010101 Detected location.
OE 01 01 01 0: Detector off
0C 00 00 00 1: No icing Detected
(CRC 26785) 2: Icing Detected
35 |Wind Direction 06 OE 2B 34 wd (Wind X X Degrees uintlé 2 |Wind direction at aircraft location. This
01010101 Direction is the direction the wind is coming from
OE 01 01 01 relative to true north.
0D 00 00 00 Map 0..(2"16 - 1) to 0..360.
(CRC 7701) Resolution: ~5.5 milli degrees.
36 |Wind Speed 06 OE 2B 34 Ws |Wind Speed X X Meters/Se uint8 1 [Wind speed at aircraft location.
01010101 cond Map 0..255 to 0..100 meters/second.
OE 010101 1 m/s = 1.94384449 knots.
OE 00 00 00 Resolution: ~0.4 meters / second.
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TAG LS Name Mapped US | ESD| ESDName us US Name Units Format | Len Notes
(CRC 34249)
37 |Static Pressure 06 OE 2B 34 Ps |[Static X X Millibar uintlé 2 |Static pressure at aircraft location.
01010101 Pressure Map 0..(2%16 - 1) to 0..5000 mbar.
OE 01 01 01 1 mbar = 0.0145037738 PSI.
OF 00 00 00 Resolution: ~0.08 Millibar
(CRC 62333)
38 |Density Altitude 06 OE 2B 34 Da |Density X X Meters uintlé 2 |Density altitude at aircraft location.
01010101 Altitude Relative aircraft performance metric
OE 01 0101 based on outside air temperature, static
10 00 00 00 pressure, and humidity.
(CRC 15412) Map 0..(2*16 -1)to - 900..19000
meters.
Offset = - 900.
1 meter = 3.2808399 feet.
Resolution: ~0.3 meters.
39 |Outside Air 06 OE 2B 34 At |Air X X Celcius int8 1 |Temperature outside of aircraft.
Temperature 01010101 Temperature - 128..127 Degrees Celsius.
OE010101 Resolution: 1 degree celsius.
11 00 00 00
(CRC 19072)
40 |Target Location 06 OE 2B 34 X [X X X Degrees int32 4 |Calculated Target latitude. This is the
Latitude 01010101 crosshair location if different from frame
OE 01 01 03 center.
02 00 00 00 Based on WGS84 ellipsoid.
(CRC 36472) Map - (2731 - 1)..(2"31 - 1)to +/ -90.
Use - (2731) as an "error" indicator.
- (2731) = 0x8000 0000.
Resolution: ~42 nano degrees.
41 |Target Location 06 OE 2B 34 X X X X Degrees int32 4 |Calculated Target longitude. This is the
Longitude 01010101 crosshair location if different from frame
OE 010103 center.
03 00 00 00 Based on WGS84 ellipsoid.
(CRC 63692) Map - (2731 - 1)..(2"31 -1)to +/ -180.
Use - (2"31) as an "error” indicator.
- (2731) = 0x80000000.
Resolution: ~84 nano degrees.
42 |Target Location 06 OE 2B 34 X |x X X Meters uintl6 2 |Calculated target elevation. This is the
Elevation 01010101 crosshair location if different from frame
OE 01 01 03 center.
04 00 00 00 Map 0..(2"16 -1)to -900..19000
(CRC 43489) meters.
Offset = - 900.
1 meter = 3.2808399 feet.
Resolution: ~0.3 meters.
43 |Target Track Gate |06 OE 2B 34 X [x X X Pixels uint8 1 |Tracking gate width (x value) of tracked
Width 01010101 target within field of view.
OE 01 0103 Closely tied to source video resolution in
05 00 00 00 pixels.
(CRC 57173)
44 |Target Track Gate |06 OE 2B 34 X [x X X Pixels uint8 1 [Tracking gate height (y value) of tracked
Height 01010101 target within field of view.
OE 01 01 03 Closely tied to source video resolution in
06 00 00 00 pixels.
(CRC 17545)
45 |Target Error 06 OE 2B 34 X [x X X Meters uint1l6 2 |Circular Error 90 (CE90) is the estimated
Estimate - CE90 (01010101 error distance in the horizontal
OE 01 01 03 direction.
07 00 00 00
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TAG LS Name Mapped US | ESD| ESDName us US Name Units Format | Len Notes
(CRC 12861) Specifies the radius of 90% probability
on a plane tangent t
surface.
Res: ~0.0624 meters
46 |Target Error 06 OE 2B 34 X X X Meters uint1lé 2 |Lateral Error 90 (LE90) is the estimated
Estimate - LESO |01 010101 error distance in the vertical (or lateral)
OE 01 01 03 direction.
08 00 00 00 Specifies the interval of 90% probability
(CRC 59091) in the local vertical direction.
Res: 0.0625 meters
47 |Generic Flag Data |06 OE 2B 34 X X X None uint8 1 |Generic Flagged Metadata
01 01010101 Position Format msb8..1Isb
OE 01 01 03 1- Laser Range lon,0off
01 00 00 00 2- Auto - Track 1on,0off
(CRC 5540) 3- IR Polarity 1blk,0wht
4- |Icing detected lice,0(off/no ice)
5- Slant Range 1measured, Ocalc
6- Image Invalid linvalid, Ovalid
7,8- Use 0O
48 |Security Local Use ST0102 X 06 OE 2B 34 Security Local None Set X |Local set tag to include the ST0102
Metadata Set US key for 02 0301 01 Metadata Set Local Set Security Metadata items within
Local Sets. OE 01 03 03 ST0601. Use the ST0102 Local Set Tags
02 00 00 00 within the ST0601 Tag 0d48.
(CRC 40980) The length field is the size of all ST0102
metadata items to be packaged within
Tag 0d48 .
49 |Differential 06 OE 2B 34 X X X Millibar uintl6 2 |Differential pressure at aircraft location.
Pressure 01010101 Measured as the
OE010101 Stagnation/impact/total pressure minus
01 00 00 00 static pressure.
(CRC 20775) Map 0..(2"16 -1)to 0..5000 mbar.
1 mbar = 0.0145037738 PSI.
Res: ~0.08 mbar
50 |Platform Angle of |06 OE 2B 34 X X X Degrees int16 2 |Platform Attack Angle. Angle between
Attack 01010101 platform longitudinal axis and relative
OE 01 01 01 wind.
02 00 00 00 Positive angles for upward relative wind.
(CRC 51963) Map - (2715 - 1)..(2"15 - 1)to +/ - 20.
Use - (2°15) as an "out of range”
indicator.
- (2715) = 0x8000.
Res: ~610 micro degrees.
51 |Platform Vertical 06 OE 2B 34 X X X Meters/Se int16 2 |Vertical speed of the aircraft relative to
Speed 01010101 cond zenith. Positive ascending, negative
OE 010101 descending.
03 00 00 00 Map- (2715 - 1)..(2"15 -1)to +/ - 180
(CRC 48207) Use - (2"15) as an "out of range"
indicator.
- (2715) = 0x8000.
Resolution: ~ 0.0055 meters/second.
52 |Platform Sideslip (06 OE 2B 34 X X X Degrees int16 2 |The sideslip angle is the angle between
Angle 01010101 the platform longitudinal axis and
OE 01 0101 relative wind.
04 00 00 00 Positive angles to right wing, neg to left.

(CRC 60770)

Map - (2715 - 1)..(2"15 -1)to +/ - 20.
Use - (2715) as an "out of range”
indicator.

- (2715) = 0x8000.
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TAG LS Name Mapped US | ESD| ESDName us US Name Units Format | Len Notes
Res: ~610 micro deg.

53 |Airfield 06 OE 2B 34 X [x X X Millibar uintlé 2 |Local pressure at airfield of known
Barometric 01010101 height. Pilot's responsibility to update.
Pressure OE 010102 Map 0..(2716 - 1) to 0..5000 mbar.

02 00 00 00 1013.25mbar = 29.92inHg
(CRC 9257) Min/max recorded values of
870/1086mbar.
Resolution: ~0.08 Millibar
54 | Airfield Elevation 06 OE 2B 34 X [x X X Meters uintl6 2 |Elevation of Airfield corresponding to
01010101 Airfield Barometric Pressure.
OE 01 01 02 Map 0..(2"16 -1)to -900..19000
030000 00 meters.
(CRC 21149) Offset = -900.
1 meter = 3.2808399 feet.
Resolution: ~0.3 meters.
55 |Relative Humidity |06 OE 2B 34 X [x X X Percent uint8 1 [Relative Humidity at aircraft location.
0101 0101 Map 0..(2"8 - 1) to 0..100.
OE010101 Resolution: ~0.4%.
09 00 00 00
(CRC 54500)
56 |Platform Ground 06 OE 2B 34 Gv |Platform X X Meters/Se uint8 1 ([Speed projected to the ground of an
Speed 01010101 Ground cond airborne platform passing overhead.

OE 01 01 01 Speed 0..255 meters/sec.

05 00 00 00 1 m/s = 1.94384449 knots.

(CRC 39894) Resolution: 1 meter/second.

57 |Ground Range 06 OE 2B 34 Gr |Ground X X Meters uint32 4 [Horizontal distance from ground

01010101 Range position of aircraft relative to nadir, and

OEO010101 target of interest. Dependent upon

06 00 00 00 Slant Range and Depression Angle.

(CRC 10) Map 0..(2"32 - 1) to 0..5000000 meters.
1 nautical mile (knot) =1 852 meters.
Resolution: ~1.2 milli meters.

58 |Platform Fuel 06 OE 2B 34 Fr |Platform Fuel |x X Kilogram uintl6 2 |Remaining fuel on airborne platform.
Remaining 01010101 Remaining Metered as fuel weight remaining.

OE 010101 Map 0..(2"16 - 1) to 0..10000 Kilograms.
07 00 00 00 1 kilogram = 2.20462262 pounds.
(CRC 30398) Resolution: ~.16 kilograms.
59 |Platform Call Sign |06 OE 2B 34 Cs |Platform Call |x X String ISO 646 V |Call Sign of platform or  operating unit.
01010101 Sign Value field is Free Text.
OE 01 04 01
01 00 00 00
(CRC 4646)
60 |Weapon Load 06 OE 2B 34 WI |Weapon Load |x X uintl6 nibble 2 |Current weapons stored on aircraft
01010101 broken into two bytes:
OE 010101 [K][L][V] = [0x41][0x02][[bytel][byte2]]
12 00 00 00 [byteN] = [[nib1][nib2]], nib1= msn
(CRC 53596) bytel - nibl = Station Number
bytel - nib2 = Substation Number
byte2 - nibl = Weapon Type
byte2 - nib2 = Weapon Variant
61 |Weapon Fired 06 OE 2B 34 Wf |Weapon Fired |x X uint8 nibble 1 [Indication when a particular weapon is
01010101 released. Correlate with Unix Time
OE010101 stamp.
13 00 00 00 Identical format to Weapon Load byte 2:
(CRC 42984) [byteN] = [[nib1][nib2]]

nibl = Station Number
nib2 = Substation Number
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TAG LS Name Mapped US | ESD| ESDName us US Name Units Format | Len Notes
62 |Laser PRF Code 06 OE 2B 34 Lc [Laser PRF X None uint1lé 2 |Alaser's Pulse Repetition Frequency
01010101 Code (PRF) code used to mark a target.
OE 01 02 02 The Laser PRF code is a three or four
01 00 00 00 digit number consisting of the values
(CRC 28949) 1.8.
Only the values 1111..8888 can be used
without 0's or 9's.
63 |Sensor Field of 06 OE 2B 34 Vn |Sensor Field X List uint8 1 [Names sensor field of view quantized
View Name 01010101 of View Name steps.
OE 01 02 02 00 = Ultranarrow
02 00 00 00 01 = Narrow
(CRC 60105) 02 = Medium
03 = Wide
04 = Ultrawide
05 = Narrow Medium
06 = 2x Ultranarrow
07 = 4x Ultranarrow
64 |Platform Magnetic |06 OE 2B 34 Mh |Platform X Degrees uintl6 2 |Aircraft magnetic heading angle.
Heading 01010101 Magnetic Relative between longitudinal axis and
OE 01 01 01 Heading Magnetic North measured in the
08 00 00 00 horizontal plane.
(CRC 41552) Map 0..(2716 -1)to 0..360.
Resolution: ~5.5 milli degrees.
65 |UAS LS Version 06 OE 2B 34 Ilv |ESDICD X Number uint8 1 |Version number of the UAS LS document
Number 01010101 Version used to generate a source of UAS LS KLV
OE 01 02 03 metadata.
03 00 00 00 0 is pre - release, initial release (0601.0),
(CRC 13868) or test data.
1..255 corresponds to document
revisions ST0601.1 thru ST0601.255.
66 |Target Location 06 OE 2B 34 X X X TBD TBD TBD |Covariance Matrix of the error
Covariance Matrix |02 05 01 01 associated with a targeted location.
OE 01 03 03 Details TBD.
14 00 00 00
(CRC 28126)
67 |Alternate Platform |06 OE 2B 34 X [x X Degrees int32 4 |Alternate Platform Latitude. Represents
Latitude 01010101 latitude of platform connected with UAS.
OE 010101 Based on WGS84 ellipsoid.
14 00 00 00 Map - (2731 - 1)..(2%31 -1)to +/ -90.
(CRC 63173) Use - (2731) as an "error” indicator.
- (2731) = 0x80000000.
Resolutio n: ~42 nano degrees.
68 |Alternate Platform (06 OE 2B 34 X [X X Degrees int32 4 |Alternate Platform Longitude.
Longitude 01010101 Represents longitude of platform
OE 01 01 01 connected with UAS.
15 00 00 00 Based on WGS84 ellipsoid.
(CRC 32881) Map - (2731 - 1)..(2"31 -1)to +/ - 180.
Use - (2"31) as an "error" indicator.
- (2731) = 0x80000000.
Resolution: ~84 nano degrees.
69 |Alternate Platform |06 OE 2B 34 X [x X Meters uintlé 2 |Altitude of alternate platform as
Altitude 01010101 measured from Mean Sea Level (MSL).
OE010101 Represents altitude of platform connec
16 00 00 00 ted with UAS.
(CRC 7085) Map 0..(2°16 -1)to -900..19000

meters.
1 meter = 3.2808399 feet.
Resolution: ~0.3 meters.
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TAG LS Name Mapped US | ESD| ESDName us US Name Units Format | Len Notes
70 |Alternate Platform (06 OE 2B 34 X [x X X String 1ISO 646 V |Name of alternate platform connected to
Name 01010101 UAS.
OE 01 01 01 E.g.: 'Apachce’, 'Rover’, 'Predator’,
17 00 00 00 'Reaper’, 'Outrider', 'Pioneer’, 'lgnatER’,
(CRC 27929) 'Warrior', ‘Shadow', 'Hunter II', 'Global
Hawk', 'Scan Eagle', etc.
Value field is Free Text.
Maximum 127 characters.
71 |Alternate Platform |06 OE 2B 34 X [x X X Degrees uintl6 2 |Heading angle of alternate platform
Heading 01010101 connected to UAS. Relative between
OE010101 longitudinal axis and True North
18 00 00 00 measured in the horizontal plane.
(CRC 47607) Map 0..(2"16 -1)to 0..360.
Resolution: ~5.5 milli degrees.
72 |Event Start Time - [Use EG0104 X |Mission Start |06 OE 2B 34 Event Start Date Microseco uint64 8 |[Start time of scene, project, event,
uTC US Key Time, Date, 01010101 Time - UTC nds mission, editing event, license,
and Date of 07 02 01 02 publication, etc.
Collection 07 0100 00 Represented as the microseconds
(CRC 11991) elapsed since midnight (00:00:00),

January 1, 1970.
Derived from the P OSIX IEEE 1003.1
standard.
Resolution: 1 microsecond.

73 |RVT Local Set Use ST0806 X |x 06 OE 2B 34 Remote Video None Set x |Local set tag to include the ST0806 RVT
RVT LS 16- 020B 0101 Terminal Local Local Set metadata items within ST0601.
byte Key. OE 010301 Set Use the ST0806 Local Set Tags within

02 00 00 00 the ST0601 Tag 0d73.

(CRC 17945) The length field is the size of all RVT LS
metadata items to be packaged within
Tag 0d73.

74 |VMTI Data Set Use ST0903 X [x 06 OE 2B 34 Video Moving None Set X |Local set tag to include the ST0903
VMTI LS 16- 02 0B 01 01 Target Indicator VMTI Local Set metadata items within
byte Key. OE 01 03 03 Local Set ST0601. Use the ST0903 Local Set Tag

06 00 00 00 within the ST0601 Tag 0d74.
(CRC 51307) The length field is the size of all VMTI LS
metadata items to be packaged within
Tag 0d74.
75 |Sensor Ellipsoid 06 OE 2B 34 X [x X X Meters uint1lé 2 |Sensor Ellipsoid Height as measured
Height 01010101 from the reference WGS84 Ellipsoid.
OE 01 02 01 Map 0..(2"16 -1)to -900..19000
82 47 00 00 meters.
(CRC 16670) 1 meter = 3.2808399 feet.
Resolution: ~0.3 meters.
76 |Alternate Platform (06 OE 2B 34 X [X X X Meters uint16 2 |Alternate Platform Ellipsoid Height as
Ellipsoid Height 01010101 measured from the reference WGS84
OE 01 02 01 Ellipsoid.
82 48 00 00 Map 0..(2"16 -1)to - 900..19000
(CRC 27951) meters.
1 meter = 3.2808399 feet.
Resolution: ~0.3 meters.

77 |Operational Mode |06 OE 2B 34 X [x X X None uint8 1 [Indicates the mode of operations of the
01010101 event portrayed in metadata.

OE 01 01 03 Enumerated.
2100 0000 0x00 = "Other"
(CRC 8938) 0x01 = "Operational”

0x02 = "Training"
0x03 = "Exercise"
0x04 = "Maintenance"
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TAG LS Name Mapped US | ESD| ESDName us US Name Units Format | Len Notes
0x05 = "Test"

78 |Frame Center 06 OE 2B 34 X [x X X Meters uintlé 2 |Frame Center Ellipsoid Height as
Height Above 01010101 measured from the reference WGS84
Ellipsoid OE 01 02 03 Ellipsoid.

48 00 00 00 Map 0..(2716 -1)to - 900..19000
(CRC 18095) meters.
1 meter = 3.2808399 feet.
Resolution: ~0.3 meters.

79 |Sensor North 06 OE 2B 34 X [x X X Meters/Se intl6 2 |Northing velocity of the sensor or

Velocity 01010101 c platform. Positive towards True North
OE 01 02 02 Map- (2715 - 1)..(2"15 - 1)to +/ - 327
7E 00 00 00 Use - (2*15) as an "out of range"
(CRC 59278) indicator.

- (2715) = 0x8000.
Resolution: ~ 1 cm/sec.

80 [Sensor East 06 OE 2B 34 X X X X Meters/Se intl6 2 |Easting velocity of the sensor or
Velocity 01010101 G platform. Positive towards East.

OE 01 02 02 Map- (2715 - 1)..(2715 - 1)to +/ - 327
7F 00 00 00 Use - (2"15) as an "out of range"
(CRC 37178) indicator.

- (2715) = 0x8000.

Resolution: ~ 1 cm/sec.

81 |Image Horizon 06 OE 2B 34 X [x X X Pack Pack <Tag 81><length>

Pixel Pack 02050101 < start xO0, start y0 // point pO
OE 01 03 02 end x1,endyl // pointpl
08 00 00 00 start lat, start lon
(CRC 37658) end lat, end lon
>
82 |Corner Latitude Use EG0104 Rg |SAR Latitude |06 OE 2B 34 Corner Latitude Degrees int32 4 |Frame Latitude for upper left corner.
Point 1 (Full) US Key 4 01010103 Point 1 (Decimal Full Range.
07 01 02 01 Degrees) Based on WGS84 ellipsoid.
03 07 01 00 Map - (2731 - 1)..(2"31 -1)to +/ -90.
(CRC 23392) Use - (2731) as an "error" indicator.
- (2731) = 0x80000000.
Resolution: ~42 nano degrees.

83 |Corner Longitude |Use EG0104 Rh |SAR 06 OE 2B 34 Corner Longitude Degrees int32 4 |Frame Longitude for upper left corner.
Point 1 (Full) US Key Longitude 4 01010103 Point 1 (Decimal Full Range.

07 01 02 01 Degrees) Based on WGS84 ellipsoid.
03 0B 01 00 Map - (2731 - 1)..(2%31 -1)to +/ -180.
(CRC 11777) Use - (2"31) as an "error” indicator.

- (2731) = 0x80000000.

Resolution: ~84 nano degrees.

84 |Corner Latitude Use EG0104 Ra [SAR Latitude |06 OE 2B 34 Corner Latitude Degrees int32 4 |Frame Latitude for upper right corner.
Point 2 (Full) US Key 1 010101 03 Point 2 (Decimal Full Range.

07 01 02 01 Degrees) Based on WGS84 ellipsoid.
03 08 01 00 Map - (2731 - 1)..(2"31 -1)to +/ -90.
(CRC 30545) Use - (2731) as an "error" indicator.

- (2°31) = 0x80000000.

Resolution: ~42 nano degrees.

85 |Corner Longitude |Use EG0104 Rb [SAR 06 OE 2B 34 Corner Longitude Degrees int32 4 |Frame Longitude for upper right corner.
Point 2 (Full) US Key Longitude 1 01010103 Point 2 (Decimal Full Range.

07 01 02 01 Degrees) Based on WGS84 ellipsoid.
03 0C 01 00 Map - (2731 - 1)..(2"31 -1)to +/ -180.
(CRC 43921) Use - (2"31) as an "error" indicator.

- (2731) = 0x80000000.
Resolution: ~84 nano degrees.
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TAG LS Name Mapped US | ESD| ESDName us US Name Units Format | Len Notes
86 |Corner Latitude Use EG0104 Rc |SAR Latitude |06 OE 2B 34 Corner Latitude Degrees int32 4 |Frame Latitude for lower right corner.
Point 3 (Full) US Key 2 01010103 Point 3 (Decimal Full Range.
07 0102 01 Degrees) Based on WGS84 ellipsoid.
03 09 01 00 Map - (2731 - 1)..(2731 -1)to +/ -90.
(CRC 16481) Use - (2731) as an "error" indicator.
- (2731) = 0x800 00000.
Resolution: ~42 nano degrees.
87 |Corner Longitude |Use EG0104 Rd [SAR 06 OE 2B 34 Corner Longitude Degrees int32 4 |Frame Longitude for lower right corner.
Point 3 (Full) US Key Longitude 2 01010103 Point 3 (Decimal Full Range.
07 0102 01 Degrees) Based on WGS84 ellipsoid.
03 0D 01 00 Map - (2731 - 1)..(2"31 -1)to +/ - 180.
(CRC 40097) Use - (2731) as an "error" indicator.
- (2731) = 0x80000000.
Resolution: ~84 nano degrees.
88 |Corner Latitude Use EG0104 Re |SAR Latitude |06 OE 2B 34 |Corner Latitude Degrees int32 4 |Frame Latitude for lower left corner.
Point 4 (Full) US Key 3 01010103 Point 4 (Decimal Full Range.
07 01 02 01 Degrees) Based on WGS84 ellipsoid.
03 0A 01 00 Map - (2731 - 1)..(2"31 -1)to +/ -90.
(CRC 6449) Use - (2°31) as an "error" indicator.
- (2731) = 0x80000000.
Resolution: ~42 nano degrees.
89 |[Corner Longitude |Use EG0104 Rf |SAR 06 OE 2B 34 Corner Longitude Degrees int32 4 |Frame Longitude for lower left corner.
Point 4 (Full) US Key Longitude 3 01010103 Point 4 (Decimal Full Range.
07 010201 Degrees) Based on WGS84 ellipsoid.
03 OE 01 00 Map - (2731 - 1)..(2"31 -1)to +/ -180.
(CRC 50673) Use - (2"31) as an "error” indicator.
- (2731) = 0x80000000.
Resolution: ~84 nano degrees.
90 |Platform Pitch Use EG0104 Ip  |UAV Pitch 06 OE 2B 34 Platform Pitch Degrees int32 4 |Aircraft pitch angle. Angle between
Angle (Full) US Key (INS) 01010107 Angle longitudinal axis and horizontal plane.
07 0110 01 Positive angles above horizontal plane.
05 00 00 00 Map - (2731 - 1)..(2"31 -1) to +/ - 90.
(CRC 51059) Use - (2"31) as an "out of range"
indicator.
- (2731) = 0x80000000.
Res: ~42 nano deg.
91 |Platform Roll Use EG0104 Ir |UAV Roll (INS) |06 OE 2B 34 Platform Roll Degrees int32 4 |Platform roll angle. Angle between
Angle (Full) US Key 01010107 Angle transverse axis and transvers -
07 011001 longitudinal plane. Positive angles for
04 00 00 00 lowered right wing.
(CRC 45511) Map - (2731 - 1)..(2"31 -1)to +/ -90.
Use - (2"31) as an "error" indicator.
- (2731) = 0x80000000.
Resolution: ~42 nano degrees.
92 |Platform Angle of |06 OE 2B 34 X [X X X Degrees int32 4 |Platform Attack Angle. Angle between
Attack (Full) 01010101 platform longitudinal axis and relative
OE 01 01 01 wind.
02 00 00 00 Positive angles for upward relative wind.
(CRC 51963) Map - (2731 - 1)..(2"31 -1)to +/ -90.
Use - (2731) as an "out of range"
indicator.
- (2731) = 0x80000000.
Res: ~42 nano deg.
93 |Platform Sideslip |06 OE 2B 34 X [x X X Degrees int32 4 |Angle between the platform longitudinal
Angle (Full) 01010101 axis and relative wind.
OE010101 Full Range.
04 00 00 00 Positive angles to right wing, neg to left.

(CRC 60770)

Map - (2731 - 1)..(2"31 - 1) to +/ - 90.
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TAG LS Name Mapped US | ESD| ESDName us US Name Units Format | Len Notes
Use - (2"31) as an "out of range"
indicator.
- (2731) = 0x80000000.
Res: ~42 nano deg.
94 |MIIS Core Use ST1204 X 06 OE 2B 34 Motion Imagery None Binary X |Local set tag to include the ST1204 MIIS
Identifier MIIS Core 16 - 01010101 Identification Value Core Identifier Binary Value within
byte Key. OE 01 04 05 System Core ST0601. Use according to  the rules and
03 00 00 00 requirements defined in ST1204.
(CRC 30280)
95 |[SAR Motion Use ST1206 X 06 OE 2B 34 SAR Motion None Set X |Local set tag to include the ST1206 SAR
Imagery Metadata |SARMI 16- 020B 0101 Imagery Metadata Motion Imagery Metadata Local Set data
byte Key. OE 01 03 03 within ST0601. Use according to the
0D 00 00 00 rules and requirements defined in

(CRC 54900)

ST1206.
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7.2 Platform and Sensor Position and Rotation Metadata

To better assist the understanding and interoperability of thellJAis section describes the
collective relationship between the multiple platform and sensor position and rotation metadata
items available within the UASES.

Together the platform location and attitude, along with the sensor relative pointing angies defi
the location of an image or image sequeridetadata items for sensor locationg@s13, 14, &
15/79, platform rotations (ags5, 6, & 7), and sensor rotations&@s18, 19, & 20, along with
Euler Angle order of operation rulase discussed in modetail in the subsections that follow.

7.2.1 Sensor Location
The metadata items associated with sensor location are
1. Latitude- Sensor Latitud€Tag 13)
2. Longitude- Sensor Longitud€Tag 14)
3. Height- Sensor AltitudgTag 15) or Sensor Ellipsoid Heiglffag 75)

7.2.2 Platform Rotations
The metadata items associated with platform attitude and rotations are
1. PlatformYaw - Platform Heading Angl€Tag 5)

The platform heading angle is defined as the angle betihegslatformlongitudinal axis

(line made by the fuselagendtrue north measured in the horizontal plane. Angles increase
in a clockwise directiomvhenlooking from above the platform. North is O degrees, east is
90, south is 180, and west is 270 degrees from true north.

2. PlatformPitch- Platform Pitch Angl€Tag 6) or full-range Platform Pitch @g 90)

The pitch angle of the platform is the angle between the longitudinal axis (line made by the
fuselage) and the horizontal plane. Angles are positive when the platform nose is above the
horizontal plane.Takespecial care for Platform Pitch angles equal t®®/

3. PlatformRoll - Platform Roll Angle(Tag 7) or full-range Platform Roll (&g 91)

The otationoperation performedbout the longitudinal axis forntlse rollangle betweethe
previous aircraft transverdengitudinal plane anthe newtransverse axi®cation(line from

wing tip to wing tip) Positive angles correspond to the starboard (right) wing lowered below
the previousircrafttransversdongitudinal plane

7.2.3 Sensor Rotations
The metadata items associated with sensor rotations are
1. Sensor Relativ&aw - Sensor Relative Azimuth Angl(@ag 18)

The sensor relative azimuth angle is defined as the angle betweg#attben longitudinal
axis (line made by the fuselage) ahd sensor pointindirection measured in the plane
formed by theplatform longitudinal and transversaes(line from wing tip to wing tip).
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Angles increase in a clockwise direction when looking from above the platiotimO
degreedorward along thedngitudinal axis.

2. Sensor Relativeitch- Sensor Relative Elevation Angl€ag 19)

The relative elevation angle of the sensor to the aircraft is the downward (or upward)
pointing angle of the sensor relative to the plane formed by the longitudinal agisndide

by the fuselage) and the transverse axis (line from wing tip to wing tip). Sensor pointing
angles below the platform longitudir@bnsverse plane are negative.

3. Sensor RelativRoll - Sensor Relative Roll Angl@ag 20)

Sensors that are ableratate their camera about the lens axis make use of this sensor

relative roll angle. A roll angle of zero degrees occurs when the top and bottom edges of the
captured image lie perpendicular to the plane created by the sensor relative depression angle
axis. Positive angles are clockwise when looking from behind the camera.

7.2.4 Euler Angle Order of Operations

In order to properly determine the orientation of a sensor on an airborne platform using the UAS
LS metadata items outlined in Sectiér?, a specific order of position, and rotation angles must
be followed. The order of operations required to determine a gems@ntation is as follows:

1. Move a sensor to the geodetic Latitude, Longitude, and altitude using
a. Tag 13, Sensor Latitude
b. Tag 14, Sensor Longitude
c. Tag 15, Sensor Altitude (orag 75: Sensor Ellipsoid Height)

2. Convert the geodetic coordinates to a geocentric system, then uselavetalorth
EastDown (NED, right hand rule) sensor orientation.

3. Perform aPlatform Rotation. Start with Yaw, then Pitch, the Roll.
a. Tag 5: Platform Heading Angle
b. Tag 6: Platform Pitch Angle
c. Tag 7: Platform Roll Angle
Refer toFigure7-1 for the different platform rotations outlined in steps 2 and 3 above.
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Platform Rotation Angle Example
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Figure 7-1: Platform Rotation Angle Example
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4. Perform a Sensor Rotation. Start with Yaw, then Pitch, then Roll.
a. Tag 18: Sensor Relative Azimuth Angle
b. Tag 19: Sensor Relative Elevation Angle
c. Tag 20: Sensor Relative Roll Angle
Refer toFigure7-2 for the different sensor rotations outlined in steps 4 above.

Sensor Rotation Angle Example Aircraft Transverse-
Longitudinal Plane
= Sensor Relative
Azimuth Angle

Sensor Relative
Roll Angle
Sensor Relative
Pitch Angle

Figure 7-2 : Sensor Rotation Angle Example

Once the platform and sensititude is known, the user is free to use other metadata items like
horizontal and vertical field of view to suit the purpose of an intended application.
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7.3 Sensor Image Geoposition Corner Metadata

An example of cornecoordinate metadata as used Mation Imagerysystem is shown in
Figure7-3 below.

Frame Center Relative Corner Points

Image Center North
Rey 23,24,05

>
g2
=5
e

Sensor Relative
Rotation Angle

\\
Corner Points

Figure 7-3: Corner Coordinate Metadata

The Sensor Image Corner Latitude/Longitude metadata consists of the items skagunen
7-4. Corner coordinates are numbered to conform to National Imagangmission Format
(NITF) Standard numbering convention for sinmege frame corner coordinates.

See the NITF Standards document MBI D-2500C Version 2.117] for more information about
corner coordinates. Corners not corresponding to geographic locations, i.e., above the horizon,
are not to be included. This numbering scheme is different than the one used in the ESD
interface describedin AS1 0 2 0 9 R e witatibn Sapgportpata (ESD) External Interface
Control [Mdlc ument 0O
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Figure7-4 shows a detailed mapping between metadata items for each corner point.

Corner Point Mappings Between Metadata Types

Upper Left Corner 1 Upper Right Corner 2
Latitude " . Tse with | Latitude " . Use with
Offset Cnrn'er Latitude Point 1 A Arrame center Offset Corner Latitude Point 2 Al {Frame center
Key 2&, +/=0.18%, Happed intlé Latitude Fey 28, +/=0.1%, Mapped intlé Latitude
SAR Latitude 4 Corner Latitude Point 1 SAR Latitude 1 Corner Latitude Point 2
Hey Rg, PDOMMSST Fey 03 ©7 01 00, fleae Fey Ra, FDOMMSST Bey 03 08 01 00, fleas
e oy -
Longitude = = DUse with ™| Longitude = = Use with
Ortset Corer Longitude Point 1 H_{farre Contr Oftset Comer Longitude Point2 {2 e Gonter
¥ 270 15, Hare Longitude il i Longitude
SAR Longitude 4 Corner Longitude Point 1 SAR Longitude 1 Corner Longitude Point 2
Key Rh, PDDMMSST Fey 02 0B 01 00, fleat Fey Rb, PDDMM33T Key 02 0C 01 00, float
e Y ™y
Latitude - = Use with Latitude : . Use with
s o G D » G
i i Latitude Yo i Latitude
SAR Latitude 3 Corner Latitude Point 4 SAR Latitude 2 Corner Latitude Point 3
Hey Re, PDDMMSST Fey 03 0k 01 00, fleae Fey Re, PDOMMSST Bey 03 0% 01 00, fleas
~
1 itud i Longitude i
a " " Use with " . Use with
oot Comer Longitude Point 4 J{rame Centr tsat Comar Longitude Point 3 f{frame Cener
¥ o= Cosr TAEE Longitude == S TERE Longitude
SAR Longitude 3 Corner Longitude Point 4 SAR Longitude 2 Corner Longitude Point 3
Key RE, PDDMMSST Fey 02 0E 01 00, float Fey Rd, FDDMM33T EKey 02 0D 01 00, float
L Lower Left Corner 4 Lower Right Corner 3 )
': ~\

MNOTE: The first 12 bytes of every US KEY above are:
06 OE 2B 34 01 01 01 03 07 01 02 01 =xx X XX XX

\

Figure 7-4: Corner Point Mapping

ThelLS makes use of Offset Corner Pomeétadata itemandrequires addition with theS
Frame Centeraprdinates to determine the actual corner points. This differs froSlaad
ESD data types which use corner point itehagare independent of the frame center itemd
explicitly define actuatorner coordinates withoneedingcompugtion

TheLS Offset Corner Bints use anapped-byte signed integexhich isconverted to a decimal
andadded as an offset to thespectivalecimal representation &6 FrameCenterLatitude or
Longitudeto determine the actual corner pointhis offsé method used in thieS only covers a
finite area about an image center pdit.6km x 16.6km square area at the Equatetrtill
adequately represents a typibédtion Imagerysequence while tonserves significant
bandwidth over th&S implementation In comparison, &hLatitude and Longitud&S corner
point has one-®yte floating point valueorresponding to decimal degrees which cetee
entire globe.
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7.4 Alternate Platform Guideline

Within the UASLS there are multiple metadata items which prevpsition and other relevant

data about an AAlternate Platfor mo. These it
metadatdieldi n t hat the AAlternate Pl atformo items
about an image sequentcewhicha UASLS stream is tied

Whenever a MISRompliantMotion Imagerystream is created (a binary sequence typically
containing metadata (i.e. UASS) and compressed video within an MPRG@ansport stream)
within a sensor/platform system, the sensor and platform meftasldtdirectly relate to the
i magery whil e t h @eldiiesdribeam extarnakeplathtmat f or mo

For instancesuppose Platform B is receivindviotion Imagerystream from Platform A. The
met adata Platform B receives would describe w

pointing angl es. Should Platform A also incl
field would represent position data for Ptath C, or D, or even Platform B, but Platform A
must not represent itd@dd f within AAlternate P

As a gener al g ui d e fieldadenot difeétly desenibaldotior Im&kemat f or mo
sequence, but aid situational awarenessMo®@on Imagerystream already described through
metadata by the host platform.

7.5 Out of Range and Error Values

VariousST 0601metadata items hawpecialbit-pattern representations which indicate either
t he | OwohRange , i or thiBr®o.e i s an

For instaice, some angles within this Standésdch as platform pitch and ro#lye represented

as mapped integer values lying between a maximum and minimum angular value. Should the
measured angular value lie outside the maximum or minivaloe defined in thist@ndard the
metadata source is given the ability to convey information that a value was measurefd éndl is
of Rangebo

Otheritemssuch adatitudes and longitudes span entire angular dimensindsre not limited
to an artificial minimum by this standardin this case a single bit sequence is reserved to
indicate that the metadata value is an AError

Whil e not al/l mapped integerRamergadabinti seqseeh.
those that do should only use these special values sparingly.

Systems receivin§T 0601metadata should also take care when parsing mapped integer items to
check for fAErroro or fAOut of Raamrgpeedentedal ues pr

8 Conversions and Mappings between Metadata Types

Metadata item¢hat are common amondsAS LS, PredatoilUS, and ESD data formats each
convey identical information. However, since each metadata format represents the same
metadata items differently (e.g. mapped integer, float, string, etc.), the data resolution between
format types is differentThis section pvides coversions and mappings betwdesy US, and

ESD metadata items.
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Fildsmar ked xoi talr ean oi be consi dered not applicab

Example conversions tables only containing information foL#ido not have equivalettS or
ESD representations.

8.1 Tag 1: Checksum Conversion

LS Tag 1 Units Range Format
LS Name Checksum None 0.(2M6 -1) uintl6
06 OE 2B 34 01 01 01 01
US Mapped OE 01 02 03 01 00 00 00
Key (CRC 56132)
Notes Conversion Formula
- Checksum used to detect errors within a UAV X
Local Set packet. X

- Lower 16 - bits of summation.
- Performed on entire LS packet, including
16- byte US key and 1 - byte checksum length.

Example Value Example LS Packet
0x8C ED [KJ[LIV] = [0d 1]Jjod 2][ 0x8C ED]

8.1.1 Example 16-bit Checksum Code

unsigned short bcc_16 (

unsigned char * buff, // Pointer to the first byte in the 16 -byte UAS LS key.

unsigned short len ) // Length from 16 -byte US keyuptol - byte checksum length.
{

unsigned short bcc =0, i; // Initialize Checksum and counter variables.

for (i=0;i<len;i++)
bce += buffli] << (8 * ((i + 1) % 2));
return bcc;
}/ |/ endofbcc_16 ()

8.1.2 Sample Checksum Data
64 bits to checksum: 060E 2B34 0200 81BB

060E
+ 2B34
3142
+ 0200
3342
+ 81BB
B4FD <-- Final Checksum
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8.2 Tag 2: UNIX Time Stamp Conversion

LS Tag 2 Units Range Format
LS Name UNIX Time Stamp Microseconds 0..(2"64 -1) uint64
us Mapped Use EG0104 US Key
Key
Notes Conversion Formula
- Coordinated Universal Time (UTC) X
represented in the number of microseconds X
elapsed since midnight (00:00:00), Jan uary
1, 1970.
- Derived from the POSIX IEEE 1003.1
standard.
- Resolution: 1 microsecond.
Example Value Example LS Packet
Oct. 24, 2008. 00:13:29.913 [K][L][V] = [0d 2][0d 8][ 0x00 04 59 F4 A6 AA 4A A8 ]
06 OE 2B 34 01 01 01 03

US Key 07020101 01050 000 ESD Digraph
User Defined Time Stamp X
US Name microseconds since 1970 ESD Name
Units Range Format Units Range Format
uSec uint64 uint64 X X X
Notes Notes
- Time Stamp application defined by user. - X

- 64 bit integer which represents the number
of microseconds since Jan 1, 1970 UTC
derived from the POSIX (IEEE 1003.1)

standard.
US Conversion ESD Conversion
X X
To US: To ESD:
- X - X
TolLS: TolLS:
- X - X

8.2.1 Example UNIX Time Stamp

This metadata elemergpreserga UTC time aghe number of microseconds elapsed since the
UNIX epochof January 1, 1970, and is contained withinyges.

A Precision Tme Stampdiscretely labeda scale of time. This system is widely used within
systems bdiffering underlying architecturesThe Precision Tim&tampis an encoding of
Coordinated Universal Time (UTCand thereforgaccounts for the addition (or subtraction) of
leap seconds. Leap seconds are used to synchronize the UTC clock methe withrty
rotation period of the earth about the sun.
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8.3 Tag 3: Mission ID Conversion

Datalinkocal Set

LS Tag 3 Units Range Format
LS Name Mission ID String 1.127 ISO 646
US Mapped 06 OE 2B 34 01 01 01 01
K OE 01 04 01 03 00 00 00
ey
Notes Conversion Formula
- Descriptive Mission Identifier to X
distinguish event or sortie. X
- Value field is Free Text.
- Maximum 127 characters.
Example Value Example LS Packet
MISSIONO1 [K][L][V] = [0d 3][0d 9][ Ox4D 49 53 53 49 4F 4E 30 31 ]
06 OE 2B 34 01010101 : Mn
0105050 0 0000 00 00 ESD Digraph
Episode Number ESD Name Mission Number
Range Format Units Range Format
Number X Float Alpha - Numeric 1.9 String
Notes Notes
- X - Number to distinguish different missions
started on a given day.
US Conversion ESD Conversion
X X
To US: To ESD:
- X - X
TolLS: TolLS:
- X - X

8.3.1 Example Mission ID

Format and contents of a Mission #ideto be determined.
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8.4 Tag 4: Platform Tail Number Conversion

LS Tag 4 Units Range Format
LS Name Platform Tail Number String 1..127 1ISO 646

BERVEV M 06 OE 2B 34 01010101
OE 01 04 01 02 00 00 00

Key

Notes Conversion Formula

- ldentifier of platform as posted. X
- E.g.: "AF008", "BP101", efc. X

- Value field is Free Text.
- Maximum 127 characters.

Example Value Example LS Packet
AF- 101 [K][LI[V] = [od 4][0d 6][ 0x41462D313031 ]

US Key X ESD Digraph [
US Name X ESD Name Platform Tail Number
Units Range Format Units Range Format
X X X Number 0.3 N

Notes Notes

- X - X

US Conversion ESD Conversion
X X

To US: To ESD:
- X - X
ToLS: ToLS:
- X X

8.4.1 Example Platform Tail Number
Format and contents of a Platform Tail Numaexto be determined.

23 October2014 Motion Imagery Stadards Board



ST 0608 UAS Datalinkocal Set

8.5 Tag 5: Platform Heading Angle Conversion

LS Tag 5 Units Range Format
LS Name Platform Heading Angle Degrees 0..360 uint16
us Mapped Use EG0104 US Key
Key
Notes Conversion Formula
- Aircraft heading angle. Relative between _ LS range .
longitudinal axis and True North measured LS_dec = ( int_range LS_int )
in the horizontal plane. 360
- Map 0.._(2"16 - 1_) to 0..360. LS_5 dec= 85535 LS_5 )
- Resolution: ~5.5 milli degrees.
Example Value Example LS Packet
159.9744 Degrees [K][L][V] = [0d 5][0d 2][ 0x71C2 ]
06 OE 2B 34 Ih
01010107 .
US Key 0701 10 01 ESD Digraph
06 00 00 00
US Name Platform Heading Angle ESD Name UAV Heading (INS)
Units Range Format Units Range Format
Degrees 0..360 Float Degrees 0..359.99 DDD.HH
Notes Notes
- Heading angle of platform expressed in - True heading of the aircraft.
degrees.
- The Heading of an airborne platform is the
angle from True North of its longitudinal
axis projected onto the horizontal plane.
US Conversion ESD Conversion
US_dec = % * LS_uint ) ESD_dec = % *LS_uint )
To US: To ESD:
- US = (float)(360/0xFFFF * LS) - Convert LS to decimal.
ToLS: - Convert decimal to ASCII.
- LS = (uint16)round(0xFFFF/360 * US) TolLS:
- Convert ASCII to decimal.
- Map decimal to uint16.

8.5.1 Example Platform Heading Angle

The platform heading angle is defined as the angle between longitudinal axis (line made by the
fuselage) and true north measured in the horizontal plane. Angles increase in a clockwise
direction when looking from above th&fform. North is O degrees, east is 90, south is 180, and
west is 270 degrees from true nortRefer toFigure8-1.
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Platform Heading Angle

Angle to
North
Longitudinal
Axis

Figure 8-1: Platform True Heading Angle
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8.6 Tag 6: Platform Pitch Angle Conversion

LS Tag 6 Units Range Format
LS Name Platform Pitch Angle Degre es +/ - 20 int16
us Mapped Use EG0104 US Key
Key
Notes Conversion Formula

- Aircraft pitch angle. Angle between LS range )

longitudinal axis and horizontal plane. LS_dec = ( int_range  ~ LS_int )
- Positive angles above horizontal plane. 40
- Map - (215 -1)..(2"5 -1)to+/ -20. LS_06_dec = ( 65534 ~ LS_int )

- Use - (2"15) as "out of range" indicator.

- -(2715)=0x80  00.

- Resolution: ~610 micro degrees.
Example Value Example LS Packet
- 0.4315251 Degrees [K][L][V] = [0d 6][0d 2][ OxFD 3D ]

06 OE 2B 34 01 01 01 07 " Ip
US Key 07 01 10 01 05 00 00 00 ESD Digraph

US Name Platform Pitch Angle ESD Name UAV Pitch (INS)
Units Range Format Units Range Format
Degrees +/- 90 Float Degrees +/ - 20.00 PDD.HH
Notes Notes
- Pitch angle of platform expressed in - Pitch angle of the aircraft.
degrees.

- The Pitch of an airborne platform describes
the angle the longitudinal axis makes with

the horizontal (i.e., equi - potential
gravitational surface);
US Conversion ESD Conversion
4 . 4 .
US_dec = ( % *LS_int ) ESD_dec = ( % *LS_int )
To US: To ESD:
- US = (float)(40/0xFFFE * LS) - Convert LS to decimal.
To LS: - Convert decimal to ASCII.
- LS = (int16)round(0XxFFFE/40 * US) TolLS:

- Convert ASCII to decimal.
- Map decimal to int16.

8.6.1 Example Platform Pitch Angle

For legacy purposes, both rangestricted (Tag 6) and fullange (Tag 90) representations of Platform Pitch Ang
MAY appear in the same ST 0601 packet. A single representation is preferred favoringrémgéultersion (Tag
90) as pe& Section6.3.

The pitch angle of thplatformis the anglébetween the longitudinal axis (line made by the
fuselage) and the horizontal plangngles are psitivewhen the platform noss above the
horizontal plangseeFigure8-2).
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Pitch angles are limited to-+20 degrees | rpiatform pitch Angle
to increase metadata resolution within

this range. Should the aircraft
experience flight maeuvers beyond this
range, an fdout of
be made within this metadata item.
Refer to the figure to the right:

Horizontal Plane

Note that the int16 used in th& value
i's encoded using f R

Figure 8-2: Platform Pitch Angle

23 October2014 Motion Imagery Stadards Board

41



ST 0608 UAS Datalinkocal Set

8.7 Tag 7: Platform Roll Angle Conversion

LS Tag 7 Units Range Format
LS Name Platform Roll Angle Degrees +/ - 50 int16
us Mapped Use EG0104 US Key
Key
Notes Conversion Formula
- Platform roll angle. Angle between LS range )
transverse axis and transvers - longitudinal LS_dec = ( In t_range *LS_int )
plane. Positive angles for lowered right 100
wing. LS 07_dec = 65534 ~LS_int )

- Map(-275-1)..(2"15 -1)to+/  -50.
- Use - (2715) as "out of range" indicator.
- -(27M15)=  0x8000.

Res: ~1525 micro deg.

Example Value Example LS Packet

3.40581 4 Degrees [K][L][V] = [0d 7][0d 2][ 0x08 B8 ]
06 OE 2B 34 01 010107 . Ir
US Key 07 01 10 01 04 00 00 00 ESD Digraph
US Name Platform Roll Angle ESD Name UAV Roll (INS)
Units Range Format Units Range Format
Degrees +/ - 90 Float Degrees +/ - 50.00 PDD.HH
Notes Notes
- Roll angle of platform expressed in - Roll angle of the aircraft.
degrees.
- The Roll of an airborne platform is
rotation about its longitudinal (front -to -
back) axis;

- Wings level is zero degrees, positive
(negative) angles describe a platform

orientation wit h the right wing down(up).
US Conversion ESD Conversion
100 . _ 100 .
US dec = 65534 ~LS_int ) ESD_dec = ( 65534 ~LS_int )

To US: To ESD:
- US = (float)(100/0xFFFE * LS) - Convert LS to decimal.
To LS: - Convert decimal to ASCII.
- LS = (int16)round(OxFFFE/100 * US) ToLS:

- Convert ASCII to decimal.
- Map decimal to int16.

8.7.1 Example Platform Roll Angle

For legacy purposes, both rangestricted (Tag 7) and fullange (Tag 91) representations of Platform Roll Angl
MAY appear in the same ST 0601 packet. A single representation is pré@oeadg the fullrange version (Tag
91)as perSection6.3.

[¢)

The rotation operation performed about the longitudinal axis forms the roll angle between the
previous aircraft transverdengitudinal plane and the new transverse axis location (line from
wing tip to wing tip). Positive angles correspond to the starboard (right) wing lowered below the
previous aircraft transverdengitudinal plangseeFigure8-3).
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Roll angles are limited to +50 degrees
to increase metadata resolution within
this range. Should the aircraft
experience flight maneuvers beyond th
range, an fdout of
be made within this metadata item.
Refer to the figure to thright:

Note that the int16 used in th& value
i's encoded using

Platform Roll Angle

f@

Left Wing
=

M Horizontal Plane

Figure 8-3: Platform Roll Angle
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8.8 Tag 8: Platform True Airspeed Conversion

LS Tag 8 Units Range Format
LS Name Platform True Airs peed Meters/Second 0..255 uint8

SR VEV I M 06 OE 28 34 01010101
OE 01 01 01 OA 00 00 00

Key
Notes Conversion Formula
- True airspeed (TAS) of platform. LS_dec=LS_int
Indicated Airspeed adjusted for LS _08_dec =round (LS_08)

temperature and altitude.

- 0..255 meters/sec.

- 1 m/s = 1.94384449 knots.
Resolution: 1 meter/second.

Example Value Example LS Packet
147 m/Sec [KI[L][V] = [0d gJlod 1][ 0x93]
US Key X ESD Digraph As
US Name X ESD Name True Airspeed
Units Range Format Units Range Format
X X X Knots 0..999 N
Notes Notes
- X - True airspeed of the aircraf t.
US Conversion ESD Conversion
X ., 194384449 knots
To US: ESD_dec = ( LS_uint 1 meters/second )
- X To ESD:
TolS: - Map LS to integer.
- X - Convert integer value to ASCII.

TolS:
- Convert ASCII to integer.
- Map integer to uint8.

8.8.1 Example Platform True Airspeed

True airspeed is the actual speed an aircraft is traveling relative throughrtiassim which it

flies. Without a relative wind condition, the true airspeed is equal to the speed over the ground.
The true airspeed of the aircraft is calculated usingtiside temperature, impact pressure

(pitot tube), and static pressure.
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8.9 Tag 9: Platform Indicated Airspeed Conversion

LS Tag 9 Units Range Format
LS Name Platform Indicated Airspeed Meters/Second 0..255 uint8
US Mapped 06 OE 2B 34 01010101
Key OE 01 01 01 OB 00 00 00
Notes Conversion Formula
- Indicated airspeed (IAS) of platform. LS_dec=LS_int
Derived from Pitot tube and static LS 09 _dec=round (LS_09)
pressure sensors.
- 0..255 meters/sec.
- 1m/s=1.94384449 knots.
- Resolution: 1 meter/second.
Example Value Example LS Packet
159 m/Sec [K][L][V] = [0d 9][0d 1][ Ox9F]
US Key X ESD Digraph Al
US Name X ESD Name Indicated Airspeed
Units Range Format Units Range Format
X X X Knots 0..999 N
Notes Notes

- X

- Indicated airspeed of the aircraft.

US Conversion
X

To US:

TolLS:

ESD Conversion
1.94384449 knots

ESD_dec = ( LS_uint* 1 meters/second
To ESD:

- Map LS to integer.

- Convert integer value to ASCII.

TolLS:

- Convert ASCII to integer.
- Map integer to uint8.

)

8.9.1 Example Platform Indicated Airspeed

The indicated airspeed of an aircraft is calculated from the difference between static pressure,

and impact pressure. Static pressanmeasured by a sensor not directly in the air stream and
impact pressure is measured by a Pitot tube posttistrategically within the air stream. The

difference in pressure while moving provides a way to calculate the indicated platform airspeed.
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8.10 Tag 10: Platform Designation Conversion

LS Tag 10 Units Range Format
LS Name Platform Designation String 1.127 ISO 646
us Mapped Use EG0104 US Key
Key
Notes Conversion Formula
- Use Platform Designation String X
- e.g.: 'Predator’, 'Reaper’, 'Outrid er, X
'Pioneer’, 'IgnatER’, 'Warrior', 'Shadow’,
'Hunter II', 'Global Hawk', 'Scan Eagle’,
etc.
- Value field is Free Text.
- Maximum 127 characters.
Example Value Example LS Packet
MQ1 B [K][L][V] = [0d 10][0d 5][ 0x4D51312D42 ]
06 OE 2B 34 01010101 . Pc
US Key 010120 01 00 00 00 00 ESD Digraph
US Name Device Designation ESD Name Project ID Code
Units Range Format Units Range Format
String 1.32 ISO 646 Number 0..99 N
Notes

Notes
- Identifies the "house name" of the device
used in capturing or generating the
essence.
- 32 characters maximum.
- 1S O7 character set.

- The Project ID of the Collection Platform.
- (e.g., Predator, Outrider, Pioneer, etc.)

US Conversion
X
To US:
- X
TolLS:
- X

ESD Conversion
X

To ESD:
- Convert string to Project ID Code.

TolLS:
- Convert Project ID Code to string.

8.10.1 Example Platform Designation

The platform designation metadata item distinguishes which platform is carryiNptios
Imagerygenerating payload equipment. Sormerent platforms are shown Figure8-4:
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Vi

Shadow
_Global Hawk

Figure 8-4: Example Platforms

Note: Some systems use 18 key 06 OE 2B 34 01 01 01 03 01 01 21 01 00 00 00 00
to represent Platform Designation instead of théité key shown above (Deviéeesignation)
as used in E®104.5
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8.11 Tag 11: Image Source Sensor Conversion

LS Tag 11 Units Range Format
LS Name Image Source Sensor String 1.127 ISO 646
us Mapped Use EG0104 US Key
Key
Notes Conversion Formula
- String of image source sensor. X
- E.g.: 'EO Nose', 'EO Zoom (DLTV)', 'EO X
Spotter', IR Mitsubishi PtSi Model 500,
'IR InSb Amber Model TBT', 'lLYNX SAR
Imagery', 'TESAR Imagery', etc.
- Value field is Free Text.
- Maximum 127 characters.
Example Value Example LS Packet
EO [K][L][V] = [0d 11][0d 2][ 0x45 4F ]
06 OE 2B 34 01010101 . Sn
US Key 04 20 01 02 01 01 00 00 ESD Digraph
US Name Image Source Device ESD Name Sensor Name
Units Range Format Units Range Format
String 1.32 ISO 646 Name Code 0..7 N
Notes Notes
- Indicates the type of the image source. - Identifies the source of the video image.
- 32 characters maximum. : EO Nose
- ISO7 character set. : EO Zoom (DLTV)
: EO Spotter

: IR Mitsubishi PtSi Model 500

. IR Mitsubishi PtSi Model 600

. IR InSb Amber Model TB D
- Lynx SAR Imagery

: TESAR Imagery

[ T T R T B T
~NOoO O~ WNPREO

US Conversion
X

To US:

TolLS:

ESD Conversion
X

To ESD:
- Convert string to ID code.

Tols:

- Convert ID code to string.

8.11.1 Example Image Source Sensor

A sample imaging source sar is shown irFigure8-5:
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d Laser Pointer R / \

860 nm, 0.8 W
\_ 15x1mradTx )

Eyesafe LRF

0.29°, Optional 2" charge
Emultiplication camera, 0.015 lux;
90 mm aperture,

% p to 2 cameras
\ : -—
1.54 um, <9 mJ/pulse, % 3 IEI
&

0.5 mrad Tx

IR Sensor My \

0.82° - 30.3°, 3 CCD, dual sensoronly  §40x512 CMT/InSb, 31.7°/6.5°1.3°/0.43° LN-200
1.4° - 27°, 3 CCD, multi sensor 640x512 (2005+) 26.7°/5.4°1.1°0.36° 3 deglhr,
2° - 35°, 1 CCD, multi sensor (Q3/04) 320x240 CMT  16.2°/3.3°/0.65°/0.43° 1 deglhr ome

DHSCBP-A-088:1

Figure 8-5: Sample Imaging Sensor
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8.12 Tag 12: Image Coordinate System Conversion

LS Tag 12 Units Range Format
LS Name Image Coordinate System String 1.127 ISO 646
us Mapped Use EG0104 US Key
Key
Notes Conversion Formula
- String of the image coordinate system u sed. X
- E.g.: 'Geodetic WGS84', 'Geocentric WGS84', X
'UTM’, 'None', etc.
Example Value Example LS Packet
WGS84 [K][L][V] = [0d 12][0d 6][ 0x57 47 53 2D 38 34 ]
06 OE 2B 34 01010101 . Ic
US Key 07 01 01 01 00 00 00 00 ESD Digraph
US Name Image Coordinate System ESD Name Image Coordinate System
Units Range Format Units Range Format
String 1.4 I1ISO 646 Code 0.3 N
Notes Notes
- ldentifies the Digital Geographic - ldentifies the image coordinate system u sed.
Information Exchange Standard (DIGEST) geo - - 0: Geodetic WGS84
referenced coordinate system used at image - 1: Geocentric WGS 84
capture. - 2:UTM
- ISO7 character set. - 3:None
US Conversion ESD Conversion
X X
To US: To ESD:
- X - Convert string to ID code.
TolLS: TolLS:
- X - Convert ID code to string.

8.12.1 World Geodetic System 1 1984 (WGS 84)

The World Geodetic System of 1984 (WGS 84) isl, Earth-centered reference system
developed originally by the U.S. Defense Mapping Agency. This system is the official GPS
reference system.

8.12.2 Universal Transverse Mercator (UTM)

UTM is the projection of the earth onto a cylind&he Universal Transverse mator

Projection (UTM) divides the globe, excluding the extreme polar areas, into 100km x100km
sections and projects each section onto a separate plane that is tangent to the globe at a po
within that section An orthorectifying grids applied to thg@rojection and results in very minor
distortionsasno location is greater than 140 km from the point of tangency. Distances, angles
and shapearevery accuratly depicted within each plane using this earth coordinate system.

Applications exist whicltonvert between UTM and WGS84 coordinate systems and their
different datum references.

8.12.3 Notes and Clarification

As of Standard 0601.4, a reference LBsedtidhDI GEST
has been removed due to the referé&icapplicabilty to the Image Coordinate System
metadata item
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AGeodetic WGS840 is the preferred I mage Coord
provided for sake of completeness to map items between legacy metadata sets.
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8.13 Tag 13: Sensor Latitude Conversion

LS Tag 13 Units Range Format
LS Name Sensor Latitud e Degrees +/ - 90 int32
us Mapped Use EG0104 US Key
Key
Notes Conversion Formula
- Sensor Latitude. Based on WGS84 ellipsoid. _ LS range .
- Map - (%31 -1).(2"31 -1)to+ - 90. LS_dec = ( nt_range  ~ bS_int )
- Use - (2"31) as an "error" indicator. 180
- - (231) = 0x80000000. LS_13_dec= 7594967294 LS_13 )
- Resolution: ~42 nano degrees.
Example Value Example LS Packet
60.1768229669783 Degrees [K][L][V] = [od 13][0d 4][ Ox5595B6  6D]
06 OE 2B 34 01 01 0103 . Sa
US Key 07 0102 01 02 04 02 00 ESD Digraph
US Name Device Latitude ESD Name Sensor Latitude
Units Range Format Units Range Format
Degrees + - 90 Double Degrees +/ - 90.00 PDDMMSST
Notes Notes
- Specifies a sensor's geographic location in - Latitude of the aircraft. + Means North
decimal degrees of latitude. Latitude. All Latitude coordinates use
- Positive values indicate northern WGS84.
hemisphere.
- Negative values indicate southern
hemisphere.
US Conversion ESD Conversion
180 . . _ 180 . .
US dec = ( 7794967294 LS_int ) ESD_dec = ( 7794967294 LS_int )
To US: To ESD:
- US = (double)(180/0xFFFFFFFE * LS) - Convert LS to decimal.
ToLS: - Convert decimal to ASCII.
- LS = (int32)round(OxFFFFFFFE/180 * US) ToLS:
- Convert ASCII to decimal.
- Map decimal to int32.

8.13.1 Example Latitude

Latitude is theangular distance north or south of the earth's equator, measured in degrees along a
meridian. Generated from GPS/INS information and based on the WGS84 coordinate system.

Note that thid S item for Sensor Latitudeepresents the imaging sensor location versus the
aircraft positionas epresented by the ESD digraph

In a realized systenthisLS item takes into accounth e | ever arm di stance b
GPS antenna (or known centpgtformp osi ti on) t o a sensoro06s gener
of a gimbaled sensor).

While accounting for a lever arm in this crude way is sigdfit for many Motion Imagery
systems, it is recommended for the user to explore use of Photograommetadata sets (i.e.
MISB ST0801[21]) for improved represgations of system accuracies.

Note that the int32 usedinth&v al ue i s encoded using twods cor
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8.14 Tag 14: Sensor Longitude Conversion

LS Tag 14 Units Range Format
LS Name Sensor Longitude Degrees +/ - 180 int32
us Mapped Use EG0104 US Key
Key
Notes Conversion Formula
- Sensor Longitude. Based on WGS84 LS range .
ellipsoid. LS_dec = ( int_range = LS_int )
- Map -(2"31 -1)..2"31 -1)to+ -180. 360
- Use -(2731) as an "error" indicator. LS_14 dec= 7794967294 LS_14 )
- -(2731) = 0x80000000.
- Resolution: ~84 nano degrees .
Example Value Example LS Packet
128.426759042045 Degrees [KI[L][V] = [0d 14][0d 4][ Ox5B 53 60 C4 |
06 OE 2B 34 01 01 01 03 . So
US Key 07 0102 01 02 06 02 00 ESD Digraph
US Name Device Longitude ESD Name Sensor Longitude
Units Range Format Units Range Format
Degrees +/ - 180 Double Degrees +/ - 180.00 PDIDMMSST

Notes
- Specifies a sensor's geographic location in
decimal degrees of longitude.
- Positive values indicate eastern

Notes

- Longitude of the aircraft. + Means East
Longitude. All Longitude coordinates use
WGS84.

hemisphere.
- Negative values indicate western
hemisphere.

ESD Conversion

360 .
ESD_dec = ( 7794967294 LS_int )

US Conversion

360 .
US_dec = ( 7794967294 LS_int )

To US: To ESD:
- US = (double)(360/0xFFFFFFFE * LS) - Convert LS to decimal.
ToLS: - Convert decimal to ASCII.

- LS = (int32)round(0xFFFFFFFE/360 * US) TolS:
- Convert ASCII to decimal.

- Map decimal to int32.

8.14.1 Example Longitude

Longitude is the @gular distance on the earth's surface, measured east or west from the prime
meridian at Greenwich, England, to the rdiem passing through a position of interest.
Generated from GPS/INS information admased on the WGS84 coordinate system.

Note that thid S item for Sensor Longitudeepresents the imaging sensor location versus the
aircraft positionas repesented by the ESD digraph

|l ever
gener

In arealized system, thiSi t em t akes i nto
GPS antenna (or known centpdtformp os i t i on)
of a gimbaled sensor).

account t h
r

e
to a sensor 6s

While accounting for a lever arm in this crude way is sufficientrfany Motion Imagery
systems, it is recommended for the user to explore use of Photograonmetadata sets (i.e.
MISB ST 0801) for improved representations of system accuracies.

Note that the int32 usedinth&v al ue i s encoded using twods cor
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8.15 Tag 15: Sensor True Altitude Conversion

LS Tag 15 Units Range Format
LS Name Sensor True Altitude Meters - 900..19000 uint16
us Mapped Use EGO0104 US Key
Key
Notes Conversion Formula
- Altitude of sensor as measured from Mean _ LS range .
Sea Level (MSL). LS_dec = ( uint_range LS_uint ) - Offset
- Map0.(2"16 -1)to -900..19000 meters. 19900
- 1 meter = 3.2808399 feet. LS 15 dec= &5535 *LS_15 ) - 900
- Resolution :~0.3 meters.
Example Value Example LS Packet
14190.72 Meters [KI[LI[V] = [0d 15][0d 2][ 0xC2 21 ]
06 OE2B 34 01010101 . Sl
US Key 07010201 02 02 00 00 ESD Digraph
US Name Device Altitude ESD Name Sensor Altitude
Units Range Format Units Range Format
Meters Float Float Feet +/ - 0..99,999 PN
Notes Notes
- Altitude of sensor as measured from Mean - Altitude of the aircraft (MSL).
Sea Level (MSL), (default metres).
US Conversion ESD Conversion
19900 . _ f 19900, _ . . 3.2808399ft
US dec = 65535 ~ LS_uint ) - 900 ESD _dec = 65535 LS_uint - 900) m
To US: To ESD:
- US = (float)((19900/0xFFFF) * LS - 900) - Convert LS to decimal.
ToLS: - Account for units.
- LS = (uint16)round(OxFFFF/19900 * (US + - Convert decimal to A Scil.
900)) Tols:
- Convert ESD ASCII to decimal.
- Account for units.
- Map decimal to uint16.

8.15.1 Example True Altitude

For legacy purposes, both M$Lag 15) and HAE (Tag 75) representati@i$Sensor True
Altitude MAY appear in the sam8T 0601 packet. A single representation is prefeiaedring
the HAE version (Tag 75).

True Altitude is the true vertical distance above mean sea level.

For improved modeling accuracy it is suggested to alternativelgerssor Ellipsoid Height
(Tag 75)shouldGPSbeused to determine altitude.

Note that tis LS item for Sensor Altitudeepresentshe imaging sensor lation versus the
aircraft positionas represnted by the ESD digraph

In arealized system, thiSi t em t akes into account the | ever
GPS antenna (or knownrced r a | pl atform position) to a sensoc
of a gimbaled sensor).

While accounting for a lever arm in this crude way is sufficient for many Motion Imagery
systems, it is recommended for the user to explore use of Photograommetadata sets (i.e.
MISB ST 0801) for improved representations of system accuracies.
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8.16 Tag 16: Sensor Horizontal field of View Conversion

LS Tag 16 Units Range Format
LS Name Sensor Horizontal field of Degrees 0..180 uintl6
View
us Mapped Use EG0104 US Key
Ke
Notes Conversion Formula
- Horizontal field of view of selected _ LS range .
imaging sensor. LS_dec = Uint_range LS_uint )
- Map0..(2"16 -1)t00..180. 180
- Resolution: ~2.7 milli degrees. LS_16_dec = ( 65535  LS_16 )
Example Value Example LS Packet
144.5713 Degrees [KI[L][V] = [0d 16][0d 2][ 0xCD 9C]
06 OE 2B 34 01 01 01 02 . Fv
US Key 04 20 02 01 01 08 00 00 ESD Digraph
field of View (FOV field of View
US Name Horizo ntal) ESD Name
Units Range Format Units Range Format
Degrees 0..180 Float Degrees 0..180.00 DDD.HH
Notes Notes
- Sensor Horizontal field of view. - Angle of view of the lens on the select ed

camera. Horizontal, across baseline of
image, projected onto the terrain (flat
terrain model at DTED or other best
available elevation data).

US Conversion ESD Conversion
s dec= ( gaegs *LS_uint ) EsD_dec= ( gaegs *LS_uint )
To US: To ESD:
- US = (float)(180/0xFFFF * LS) - Convert LS to decimal.
To LS: - Convert decimal to ASCII.
- LS = (uintl6)round(OxFFFF/180 * US) TolLS:

- Convert ESD ASCII to decimal.
- Map decimal to uint16.

8.16.1 Example Sensor Horizontal Field of View

The field of view of a lens is define the angle over the focal plane where objects are recorded
on a film or electreoptical sensor. Field of view is dependent upon the focal length of the lens,
and the physical size of the sensor. Typical imaging devices have a square or rectangular
imagng sensar The image (or sequence of images) is typically captured as a square or rectangle
and displayed to a user with image edges perpendicular to level sight.

The distance between left edge and right edge is represented as an angle in the Himid aftal
view metadata itemRefer toFigure8-6:
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Horizontal Field of View

A
Horizontal Plane / -
Horizontal
/ Field of View
——y

(_Earth ) 2 =4 S

Figure 8-6: Horizontal Field of View
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8.17 Tag 17: Sensor Vertical Field of View Conversion

LS Tag 17 Units Range Format
LS Name Sensor Vertical Field of View Degrees 0..180 uintlé

US Mapped 06 OE 2B 34 01010107
04 2002 01 01 0A 0100

Key
Notes Conversion Formula
- Vertical field of view of selected imaging LS range .
Sensor. LS_dec = ( Uit range bS_uint )

- Map0..(2*1  6-1)to 0..180. 180

- Resolution: ~2.7 milli degrees. LS_17_dec= ( 85535  LS_17 )

- Requires data conversion between LS value
and SMPTE Mapped US Key.

Example Value Example LS Packet
152.6436 Degrees [KI[L][V] = [od 17][od 2][ 0xD9 17 ]
US Key X ESD Digraph [R&4
US Name X ESD Name Vertical Field of View
Units Range Format Units Range Format
X X X Degrees 0..180.00 DDD.HH

Notes Notes

- X - Angle of view of the lens on the selected
camera. Vertical across baseline of image,
projected onto the terrain (flat terrain
model at DTED  or other best available
elevation data).

US Conversion ESD Conversion
X E D d P ﬂ * L i
SD_dec = 65535 S_uint

To US:

- X To ESD:

TolLS: - Convert LS to decimal.

- X - Convert decimal to ASCII.

TolLS:
- Convert ESD ASCII to decimal.
- Map decimal to uint16.

8.17.1 Example Sensor Vertical Field of View

The field of view of a lens idefined as the angle over the focal plane where objects are recorded
on a film or electreoptical sensor. Field of view is dependent upon the focal length of the lens,

and the physical size of the sensor. Typical imaging devices have a square or laactangu

imaging sensor. The image (or sequence of images) is typically captured as a square or rectangle
and displayed to a user with image edges perpendicular to level sight.

The distance between top edge and bottom edge is represented as an angletioathesictof
view metadatitem. Refer td-igure8-7:
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Vertical Field of View
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Horizontal Plane
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Figure 8-7: Vertical Field of View
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8.18 Tag 18: Sensor Relative Azimuth Angle Conversion

LS Tag

LS Name
US Mapped
Key

Notes
- Relative rotation angle of sensor to
platform longitudinal axis. Rotation

above the platform.
- Map0..(2"32 -1)t00..360.
Resolution: ~84 nano degrees.

18 Units Range Format

Sensor Relative Azimuth Angle Degrees 0..360 uint32

06 OE 2B 34 01010101

OE 01 01 02 04 00 00 00

Conversion Formula
_ LS range .
LS _dec = ( Unt_range *LS_uint )

angle between platform longitudinal axis 360
and camera pointing direction as seen fr om LS 18 dec= 7594967295+ LS_18 )

Example Value

Example LS Packet

TolLS:

160.719211474396 Degrees [K][L][V] = [0d 18][0d 4][ Ox72 4A0A20 ]
US Key X ESD Digraph  [iax
US Name X ESD Name Sensor Relative Azimuth Angle
Units Range Format Units Range Format
X X X Degrees 0..359.99 DDD.HH
Notes Notes
- X - Relative rotation angle of sensor to aircraft
platform in azimuth. Rotation angle between
aircraft fuselage chord and camera pointing
direction as seen from above the platform
US Conversion ESD Conversion
X 3D dec = 360 fLS i
To US: ESD_dec= \ 27294967204 * LSt
- X To ESD:
- Convert LS to decimal.

- Convert decimal to ASCII.

TolS:
- Convert ESD ASCII to decimal.

- Map decimal to uint32.

8.18.1 Example Sensor Relative Azimuth Angle

The relative rotation angle of the sensor is the angle formed betieptatform longitudinal

axis (line made by the fuselage) and the senor pointing direction as measured in the plane formed
by the platform longitdinal and transverse axis (line from wing tip to wing.tiRefer toFigure

8-8

23 October2014 Motion Imagery Stadards Board 59



ST 0608 UAS Datalinkocal Set

Sensor Relative Rotation Angle
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Figure 8-8: Relative Rotation Angle
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8.19 Tag 19: Sensor Relative Elevation Angle Conversion

LS Tag 19 Units Range Format
LS Name Sensor Relative Elevation Degrees +/ - 180 int32
Angle
US Mapped 06 OE 2B 34 01010101
K OE 01 01 02 05 00 00 00
e
Notes Conversion Formula
- Relative Elevation Angle of sensor to LS _range .
platform longitudinal - transverse plane. LS_dec = nt_range LS-int )
Negative angles down. 360
- Map -(2"31 -1)..(2"31 -1)to+/  -180. LS 19 dec= 7594967294+ LS_19 )

- Use - (2731 ) as an "error" indicator.
- - (2731) = 0x80000000.

- Res: ~84 ndeg.
Example Value Example LS Packet
- 168.792324833941 Degrees [KJ[LI[V] = [0d 19][0d 4][ Ox87 F8 4B 86 ]
US Key X ESD Digraph De _ _
US Name X ESD Name iﬁglséor Relative Elevation
Units Range Format Units Range Format
X X X Degrees +/ - 180.00 PDDD.HH

Notes Notes
- X - Relative Elevation Angle of sensor to

aircraft platform. Level flight with camera

pointing forward is zero degrees. Negative

angles down.
US Conversion ESD Conversion
X SD dec = 360 ‘LS i
To US: ESD_dec= \ 27294967204 * LSt
- X To ESD:
ToLS: - Convert LS to decimal.
- X - Convert decimal to ASCII.
TolS:

- Convert ESD ASCII to decimal.
- Map decimal to u int32.

8.19.1 Example Sensor Relative Elevation Angle

The relativeelevationangle of the sensor to the aircraft is the downward (or upward) pointing
angle of the sensor relative to the plémened by the longitudinal axis (line made by the
fuselage) and the transgeraxis (line from wing tip to wing tip)Sensor pointing angles below
the platform longitudinatransverse plane are negatiRefer toFigure8-9:
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Sensor Relative Elevation Angle
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8.20 Tag 20: Sensor Relative Roll Angle Conversion

LS Tag 20
LS Name

US Mapped
Key

Notes
- Relative roll angle of sensor to aircraft

from behind camera.
- Map0..(2"32 -1)t00..360.
- Resolution: ~84 nano degrees.

Units Range Format

Sensor Relative Roll Angle Degrees 0..360 uint32

06 OE 2B 34 01010101

OE 01 01 02 06 00 00 00

Conversion Formula
_ LS_range .

platform. Twisting angle of camera about LS_dec = ( Uint range - LS_uint )
lens axis. Top of image is zero degrees. 360
Positive angles are clockwise when looking LS 20 _dec= 7594967295+ LS_20 )

Example Value
176.865437690572 Degrees

Example LS Packet
[KI[LI[V] = [od

20][0d 4][ 0x7D C5 5E CE ]

US Key X
US Name X

ESD Digraph Ro
ESD Name Sensor Relative Roll Angle

Units Range
X X

Format

X

Format
DDD.HH

Units Range
Degrees 0..359.99

Notes
- X

Notes

- Relative roll angle of sensor to aircraft
platform. Twisting angle of camera about
lens axis. Top of image is zero degrees.
Positive angles are clockwise when looking
from behind camera.

US Conversion
X

To US:

TolLS:

ESD Conversion

360 .
ESD_dec = ( 7794967294+ LS_uint )

To ESD:

- Convert LS to decimal.

- Convert decimal to ASCII.
TolLS:

- Convert ESD ASCII to decimal.
- Map decimal to uint32.

8.20.1 Example Sensor Relative Roll Angle

Sensors that are able to rotate their camera about the lens axis make use of this sensor relative
roll angle. A roll angle of zero degrees occurs when the top and bottom edgesagfttired

image lie perpendicular to the plane created by the sensor relative depression angle axis.
Positive angles are clockwise when looking from behind the camera.
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8.21 Tag 21: Slant Range Conversion

LS Tag 21 Units Range Format
LS Name Slant Range Meters 0..5,000,000 uint32
us Mapped Use EG0104 US Key
Key
Notes Conversion Formula
- Slant range in meters. Distance to LS range .
target. LS_dec = ( Uint_range LS_uint )
- Map0..(2732 - 1)to 0..5000000 meters. 5000000
- 1 nautical mile (knot) = 1852 meters. LS _dec= 7594967295+ LS_uint )
- Resolution: ~1.2 milli meters.
Example Value Example LS Packet
68590.98 Meters [K][L][V] = [0d 21][0d 4][ 0x0383 0926 ]
06 OE2B 34 01010101 . Sr
US Key 07 010801 01 00 00 00 ESD Digraph
US Name Slant Range ESD Name Slant Range
Units Range Format Units Range Format
Meters Float Float Nautical Miles 0..18.00 I.HH
Notes Notes
- Distance from the sensor to the center - Distance between the sensor and the target.
pointon  ground of the framed subject
(image) depicted in the captured essence,
(default metres)
US Conversion ESD Conversion
5000000 . 5000000 . 1852knot
US dec = ( 7294967295 LS_uint ) ESD_dec = ( 2294967295 ' LS_uint ) =m
To US: To ESD:
- US = (float)(5000000/0xFFFFFFFF * LS) - Convert LS to decimal.
ToLS: - Account for units.
- LS = (uint32)round(OxFFFFFFFF/5000000 * US) - Convert  knots to ASCII.
TolLS:
- Convert ESD ASCII to decimal.
- Account for units.
- Convert feet to uint32.

8.21.1 Example Sensor Slant Range
The slant range is the distance between the sensor and inmégre d¢eefer td-igure8-10.

Sensor Slant Range

Horizontal Plane j. R Jﬁ$
—=

Slant Range

/T_

Image Center

Figure 8-10: Sensor Slant Range
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As of ST0601.3 Generic Flag Data 0143 47) contains a flag which indicatesather Slant

Range is AComputedo or AMeasuredo. By def aul
AMeasuredo is to be used when a ranging devic
estimates.
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8.22 Tag 22: Target Width Conversion

LS Tag 22
LS Name

Target Width

US Mapped Use EG0104 US Key

Key

Units Range
Meters 0..10,000

- Horizontal half width of the target frame

Notes Conversion Formula
- Target Width within sensor field of view. _ LS range .
- Map0.(2"16 - 1)to 0..10000 meters. LS_dec= ( Uit range  L-S_uint )
- 1 meter = 3.2808399 feet. 10000 )
- Resolution: ~.16 meters. LS_dec= 65535 LS_uint
Example Value Example LS Packet
722.8199 Meters [K][L][V] = [0d 22][od 2][ 0x1281 ]
06 0E2B 34 01010101 . Tw
US Key 07 0109 02 01 00 00 00 ESD Digraph
US Name Target Width ESD Name Target Width
Units Range Format Units Range
Meters Float Float Feet 0..99,999
Notes Notes

- Width of the EO/IR Payloads field of view on

- LS = (uint16)round(0xFFFF/10000 * US)

image; used to compute the four corner the ground
points of the frame, (default metres)
US Conversion ESD Conversion
1 . 1 .
US_dec = Ggggg *LS_uint ) ESD_dec = Ggggg *LS_uint )
To US: To ESD:
- US = (float)(10000/0xFFFF * LS) - Convert LS to decimal.
To LS: - Account for units.

- Convert feet to ASCII.

TolLS:

- Convert ESD ASCII to decimal.
- Account for units.

- Convert meters to uint32.

8.22.1 Example Sensor Target Width

The target width is the linear ground distance between the center of both sides of thd capture

image. Refer t&igure8-11.

Target Width
Horizontal Plane /
X\/‘ bS
— Nadir
(_Target Width )

Figure 8-11: Target Width
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Note: SMPTE periodically makes updates to its use of metadata keys and has made a change
denoting Target Width as the halidth of the image. Despite this change in the SMPTE
definition, the MISB continues to interpret Target Width$dr 0601as fulkwidth.
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8.23 Tag 23: Frame Center Latitude Conversion

LS Tag 23 Units Range Format
LS Name Frame Center Latitude Degrees +/ - 90 int32
US Mapped Use EG0104 US Key
Key
Notes Conversion Formula

- Terrain Latitude of frame center. Based on _ LS_range .

WGS84 ellipso id. LS_dec = ( it range —  LS_int )
- Map -(2"31 -1)..2"31 -1)to+ -90. 180
- Use -(2731) as an "error" indicator. LS_23 dec= 7794967294 LS_23 )

- -(2731) = 0x80000000.
Resolution: ~42 nano degrees.

Example Value Example LS Packet
- 10.5423886331461 Degrees [K][L][V] = [0d 23][0d 4][ OxF1 01 A229 ]
06 OE 2B 34 01010101 . Ta
US Key 07010201 03 02 00 00 ESD Digraph
US Name Frame Center Latitude ESD Name Target Latitude
Units Range Format Units Range Format
Degrees + - 90 Double Degrees +/ - 90.00 PDDMMSST
Notes Notes
- Specifies the video frame center point - Latitude of the EO/IR payload's aimpoint on
geographic location in decimal degrees of the ground. + Means North lattitude. All
latitude. latitude coordinates use WGS84.
- Positive values indicate northern
hemis phere.
- Negative values indicate southern
hemisphere.
US Conversion ESD Conversion
180 ) 180 .
US_dec = ( 7794967294 LS_int ) ESD_dec = ( 7794967294 LS_int )
To US: To ESD:
- US = (double)(180/0xFFFFFFFE * LS) - Convert LS to decimal.
ToLS: - Convert decimal to ASCII.
- LS = (int32)round(0xFFFFFFFE/180 * US) TolLS:
- Convert ASCII to decimal.
- Map decimal to int32.

8.23.1 Example Frame Center Latitude

The center of the captured image or image sequence has a real earth coordinate represented by a
latitudelongitudealtitude triplet. Frame centers that lie above the horigpically do not

correspond to a point on the eafdm example being the tracking of an airborne obpaud)

should either not be reported, or be reported

Note that the int32 used inth&v al ue i s encoded using twods cor
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8.24 Tag 24: Frame Center Longitude Conversion

LS Tag 24 Units Range Format
LS Name Frame Center Longitude Degrees +/ - 180 int32
US Mapped Use EG0104 US Key
Key
Notes Conversion Formula

- Terrain Longitude of frame center. Based LS range .

on WGS84 ellipsoid. LS_dec = ( nt_range LS_int )
- Map -(2"31 -1)..2"31 -1)to+ -180. 360
- Use -(2731) as an "error" indicator. LS_24 dec= 7794967294 LS_24 )

- -(2731) = 0x80000000.
Resolution: ~84 nano degrees.

Example Value Example LS Packet
29.157890122923 Degree s [K][L][V] = [0d 24][0d 4] 0x14BC 08 2B ]
06 OE 2B 34 01010101 . To
US Key 07010201 03 04 00 00 ESD Digraph
US Name Frame Center Longitude ESD Name Target Longitude
Units Range Format Units Range Format
Degrees +/ - 180 Double Degrees +/ - 180.00 PDDDMMSST
Notes Notes
- Specifies the video frame center point - Longitude of the EO/IR payload's aimpoint on
geographic location in decimal degrees of the ground. + Means East longitude. All
longitude. longitude coordinates use WGS 84.
- Positive values indicate eastern
hemisphere.
- Negative values indicate western
hemisphere.
US Conversion ESD Conversion
360 . 360 .
US_dec = ( 7794967294 LS_int ) ESD_dec = ( 7794967294 LS_int )
To US: To ESD:
- US = (double)(360/0xFFFFFFFE * LS) - Convert LS to decimal.
ToLS: - Convert decimal to ASCII.
- LS = (int32)round(0xFFFFFFFE/360 * US) TolLS:
- Convert ASCII to decimal.
- Map decimal to int32.

8.24.1 Example Frame Center Longitude

The center of the captured image or image sequence has a real earth coordinate represented by a
latitudelongitudealtitude triplet. Frame centers that lie above the horigpically do not

correspond to a point on the eafdm example being the tracking of an airborne obpaud)

should either not be reported, or be reported

Note that the int32 used inth&v al ue i s encoded using twods cor
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8.25 Tag 25: Frame Center Elevation Conversion

LS Tag 25 Units Range Format
LS Name Frame Center EI  evation Meters - 900..19000 uintl6

BIERETS I I 06 OE 2B 34 0101 01 0A
07 0102 01 03 16 00 00

Key
Notes Conversion Formula
- Terrain elevation at frame center _ LS range .
relative to Mean Sea Level (MSL). LS_dec = ( uint_range LS_uint ) - Offset
- Map0.(2"16 -1)to -900..19000 meters. 19900
- Resolution: ~0.3 meters. LS 25 dec= ( 65535 *LS_25 ) - 900
Example Value Example LS Packet

3216.037 Meters [K][L][V] = [0d 25][0d 2][ Ox34 F3]
US Key X ESD Digraph Te

US Name X ESD Name Frame Center Elevation
Units Range Format Units Range Format
X X X Feet +/ - 0..99,999 PN
Notes Notes
- X - Terrain elevation at frame center.
US Conversion ESD Conversion
X _ 19900 . 3.2808399ft
To US: ESD_dec = ( m*LS_UInt -900 ) *——m —
- X To ESD:
To LS: - Convert LS to decimal.
- X - Account for units.
- Convert decimal to ASCII.
TolLS:

- Convert ESD ASCII to decimal.
- Account for units.
- Map decimal to uint16.

8.25.1 Example Frame Center Elevation

For legacy purposes, both M$Lag 25) and HAE (Tag 78) representatiaigrame Center
Elevation MAYappear in the sam8T 0601 packet. A single representation is preferred
favoring the HAE version (Tag 78).

The center of the captured image or image sequence has a real earth coordinate represented by a
latitudelongitudealtitude triplet. Frame centers that lie above the horigpically do not

correspond to a point on the eafdm example being the trackimf an airborne objecgnd

should either not be reported, or be reported

The altitude is represented as height above mean sea level (MSL).
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8.26 Tag 26: Offset Corner Latitude Point 1 Conversion

LS Tag 26 Units Range Format
LS Name Offset Corner Latitude Point Degrees +/-0.075 int16
1

us Mapped Use EG0104 US Key
Ke
Notes Conversion Formula

- Frame La titude, offset for upper left _ LS range , . .

corner. Based on WGS84 ellipsoid. LS_dec= int_range  Lo-int ) +LS_23_dec
- Use with Frame Center Latitude. 0.15
- Map - (2°15 -1)..(2°"5 -1)to+ - 0.075. LS_26_dec = ( 55534 *LS_26 ) +LS 23 d ec

- Use - (2715) as an "error" indicator.
- - (2"15) = 0x8000.
- Resolution: ~1.2micro deg, ~0.25meters at

equator.
Example Value Example LS Packet
- 10.579637999887 Corrected [KI[LI[V] = [0d 26][0d 2][ OxCO 6E ]
Degr ees
06 OE 2B 34 010101 03 . Rg
US Key 07010201 03 07 01 00 ESD Digraph
Corner Latitude Point 1 SAR Latitude 4
US Name (Decimal Degrees) ESD Name
Units Range Format Units Range Format
Degrees +/- 90 Double Degrees +/ - 90.00 PDDMMSST
Notes Notes
- Latitude coordina te of corner 1 of an image - The latitude of the upper left corner of the
or bounding rectangle. SAR image box.

- Positive (+) is northern hemisphere.
- Negative (- ) is southern hemisphere.

US Conversion ESD Conversion
dec = 015 . d dec = 015 _ . . d

US_dec = 65534 LS_int +LS 23 dec ESD_dec = 65534 LS_int +LS_23 dec
To US: To ESD:
- US = (double)((0.15/0xFFFE * LS) + - Convert LS to decim al.

LS 23 dec) - Convert decimal to ASCII.
TolLS: TolLS:
- LS = (int16)round(0XFFFE/0.15 * (US - - Convert ASCII to decimal.

Frame_Center_LAT)) - Map decimal to int16.

8.26.1 Example Corner Latitude Point 1

The corner pointsf the captured image or image sequence have a real earth coordinate
represented by a latitudengitude paiFigure8-12). Corner points that lie above the horizon
typically do not correspond to a point on the eaothcorner points lying outside of the mapped
rangeshould either not be reported, orberepalt as an ferror 0.

Corner point 1 is the upper left corner of the captured imadeghlighted in red
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Frame Center Relative Corner Points
Sensor ) (GLaiLon)(4

Image Center

Lat Lon

S
Image Top
Lal Lon

South

Corner Points ‘

Figure 8-12: Offset Corner Point 1

The Offset Corner Latitude Point 1 is &dido the Frame Center Latitude metadata item to

determine the Latitude of the first corner point of a motion image. Both KLV data items must be
converted to decimal prior tdditionto determine the actual measured or calculltetion
Imagerycornerpint. Val ue i s encoded using twods compl em
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8.27 Tag 27: Offset Corner Longitude Point 1 Conversion

LS Tag 27 Units Range Format
LS Name Offset Corner Longitude Point Degrees +/-0.075 int16
1

us Mapped Use EG0104 US Key
Ke
Notes Conversion Formula

- Frame Longitude, offset for upper left LS range .

corner. Based on WGS84 ellipsoid. LS_dec= int_range  Lo-int ) +LS_24_dec
- Use with Frame Center Longitude. 0.15
- Map - (2°15 -1)..(2"5 -1)to+ - 0.075. LS_27 dec= ( 85537 LS 27 ) +LS_24 dec

- Use - (2715) as an "error" indicator.
- - (2"15) = 0x8000.
- Resolution: ~1.2micro deg, ~0.25meters at

equator.
Example Value Example LS Packet
29.1273677986333 Corrected [KIILI[V] = [0d 27][0d 2][ OXCB E9]
Degrees
06 OE 2B 34 010101 03 . Rh
US Key 07 0102 01 03 0B 01 00 ESD Digraph
Corner Longitude Point 1 SAR Longitude 4
US Name (Decimal Degrees) ESD Name
Units Range Format Units Range Format
Degrees +/ - 180 Double Degrees +/ - 180.00 PDDDMMSST
Notes Notes
- Longitude coordinate of corner 1 of an - The longitude of the upper left corner of
image or bounding rectangle. the SAR image box.

- Positive (+) is eastern hemisphere.
- Negative ( -) is western hemisphere.

US Conversion ESD Conversion
dec = 015 . d dec = 015 . . d

US_dec = 65534 LS_int +LS 24 dec ESD_dec = 65534 LS int +LS 24 dec
To US: To ESD:
- US = (double)( (0.15/0XFFFE * LS) + - Convert LS to decimal.

LS 24 dec) - Convert decimal to ASCII.
TolLS: TolLS:
- LS =(int16)round(0XFFFE/0.15 * (US - - Convert ASCII to decimal.

Frame_Center_LON)) - Map decimal to int16.

8.27.1 Example Corner Longitude Point 1

The corner points of the captured image or image sequence have a real earth coordinate
represented by a latitudengitude pair. Corner points that lie above the horigpically do not
correspond to a point on the earh corner points lying outsidé the mapped rangshould

either not be reported, or be reported as an

Corner point 1 is the upper left corner of the captured im8geFigure8-12for Tag26 above.

The Offset Corner Longitude Point 1 is added to the Frame Center Longitude metadata item to
determine the Longitude of the first corner point of a motion image. Both Kta/itgens must

be converted to decimal prior to addition to determine the actual measured or caMokxded
ImagerycornerpointVal ue i s encoded using twobs compl em
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8.28 Tag 28: Offset Corner Latitude Point 2 Conversion

LS Tag 28 Units Range Format
LS Name Offset Corner Latitude Point Degrees +/-0.075 int16
2

us Mapped Use EG0104 US Key
Ke
Notes Conversion Formula

- Frame Latitude, offset for upper right LS range .

corner. Based on WGS84 ellipsoid. LS_dec= int_range  Lo-int ) +LS_23_dec
- Use with Frame Center Latitude. 0.15
- Map - (2°15 -1)..(2°"5 -1)to+ - 0.075. LS_28 dec = ( 55537 *LS_28 ) +LS_23 dec

- Use - (2715) as an "error" indicator.
- - (2"15) = 0x8000.
- Resolution: ~1.2micro deg, ~0.25meters at

equator.
Example Value Example LS Packet
- 10.5661816260963 Corrected [KI[LI[V] = [0d 28][0d 2][ OxD7 65 ]
Degrees
06 OE 2B 34 010101 03 . Ra
US Key 07010201 03 08 01 00 ESD Digraph
Corner Latitude Point 2 SAR Latitude 1
US Name (Decimal Degrees) ESD Name
Units Range Format Units Range Format
Degr ees +/- 90 Double Degrees +/ - 90.00 PDDMMST
Notes Notes
- Latitude coordinate of corner 2 of an image - The latitude of the upper right corner of
or bounding rectangle. the SAR image box.

- Positive (+) is northern hemisphere.
- Negative (- ) is southern hemisphere.

US Conversion ESD Conversion
dec = 015 . d dec = 015 . . d

US_dec = 65534 LS_int +LS 23 dec ESD_dec = 65534 LS int +LS 23 dec
To US: To ESD:
- US = (double)((0.15/0xFFFE * LS) + - Convert LS to decimal.

LS 23 dec) - Convert decimal to ASCII.
TolLS: TolLS:
- LS = (int16)round(0XFFFE/0.15 * (US - - Convert ASCII to decimal.

Frame_Center_LAT)) - Map decimal to int16.

8.28.1 Example Corner Latitude Point 2

The corner points of the captured image or image sequence have a real earth coordinate
represented by a latitudengitude pair. Corner points that lie above the horigpically do not
correspond to a point on the earh corner points lying outsidé the mapped rangshould

either not be reported, or be reported as an

Corner point 2 is the upper right corner of the captured iraadeghlighted in re@Figure8-13).
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Figure 8-13: Offset Corner Point 2

The Offset Corner Latitude Point 2 is added to the Frame Center Latituddatagtam to

determine the Latitude of the second corner point of a motion image. Both KLV data items must
be converted to decimal prior to addition to determine the actual measured or caMokxded
Imagerycorner pointVal ue i s enc oothplament.si ng t woos
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8.29 Tag 29: Offset Corner Longitude Point 2 Conversion

LS Tag 29 Units Range Format
LS Name Offset Corner Longitude Point Degrees +/-0.075 int16
2

us Mapped Use EG0104 US Key
Ke
Notes Conversion Formula

- Frame Longitude, offset for upper rig ht LS range .

corner. Based on WGS84 ellipsoid. LS_dec= int_range  Lo-int ) +LS_24_dec
- Use with Frame Center Longitude. 0.15
- Map - (2°15 -1)..(2"5 -1)to+ - 0.075. LS_29 dec= ( 85537 *LS_29 ) +LS_24 dec

- Use - (2715) as an "error" indicator.
- - (2"15) = 0x8000.
- Resolution: ~1.2micro deg, ~0.25meters at

equator.
Example Value Example LS Packet
29.140824172424 Corrected [KI[LI[V] = [0d 29][0d 2][ OXE2 EO ]
Degrees
06 OE 2B 34 010101 03 . Rb
US Key 07010201 03 0C 01 00 ESD Digraph
Corner Longitude Point 2 SAR Longitude 1
US Name (Decimal Degrees) ESD Name
Units Range Format Units Range Format
Degrees +/ - 180 Double Degrees +/ - 180.00 PDDDMMSST
Notes Notes
- Longitude coordinate of corner 2 of an - The longitude of the upper right corner of
imag e or bounding rectangle. the SAR image box.

- Positive (+) is eastern hemisphere.
- Negative (- is western hemisphere.

US Conversion ESD Conversion
dec = 015 . d dec = 015 . . d

US_dec = 65534 LS_int +LS 24 dec ESD_dec = 65534 LS int +LS 24 dec
To US: To ESD:
- US = (double)((0.15/0xFFFE * LS) + - Convert LS to decimal.

LS 24 dec) - Convert decimal to A SCIl.
TolLS: TolLS:
- LS =(int16)round(0XFFFE/0.15 * (US - - Convert ASCII to decimal.

Frame_Center_LON)) - Map decimal to int16.

8.29.1 Example Corner Longitude Point 2

The corner points of the captured image or image sequence have a real earth coordinate
represented by a latitudengitude pair. Corner points that lie above the horigpically do not
correspond to a point on the earh corner points lying outsidé the mapped rangshould

either not be reported, or be reported as an

Corner point 2 is the upper right corner of the captured im&geFigure8-13for Tag28
above.

The Offset Corner Longitude Point 2 is added to the Frame Center Longitude metadata item to
determine the Longitude of the second corner point of a motion image. Bothd&a\teins

must be converted to decimal prior to addition to determine the actual measured or calculated

Motion Imagerycorner pointVal ue i s encoded using twods comp
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8.30 Tag 30: Offset Corner Latitude Point 3 Conversion

LS Tag 30 Units Range Format
LS Name Offset Corner Latitude Point Degrees +/-0.075 int16
3

us Mapped Use EG0104 US Key
Ke
Notes Conversion Formula

- Frame Latitude, offset for lower right _ LS range , . .

corner. Based on WGS84 ellipsoid. LS_dec= int_range  Lo-int ) +LS_23_dec
- Use with Frame Center Latitude. 0.15
- Map - (2°15 -1)..(2°"5 -1)to+ - 0.075. LS_30_dec = ( 55537 *LS_30 ) +LS_23 dec

- Use - (2715) as an "error" indicator.
- - (2"15) = 0x8000.
- Resolution: ~1.2micro deg, ~0.25meters at

equator.
Example Value Example LS Packet
- 10.5527275411938 Corrected [KI[LI[V] = [0d 30][0d 2][ OXEE 5B ]
Degrees
06 OE 2B 34 010101 03 . Rc
US Key 07010201 03 09 01 00 ESD Digraph
Corner Latitude Point 3 SAR Latitude 2
US Name (Decimal Degrees) ESD Name
Units Range Format Units Range Format
Degrees +/- 90 Double Degrees +/ - 90.00 PDDMMSST
Notes Notes
- Latitude coordinate of corner 3 of an image - The latitude of the lower right corner of
or bounding rectangle. the SAR image box.

- Positive (+) is northern hemisphere.
- Negative (- ) is southern hemisphere.

US Conversion ESD Conversion
dec = 015 . d dec = 015 . . d

US_dec = 65534 LS_int +LS 23 dec ESD_dec = 65534 LS int +LS 23 dec
To US: To ESD:
- US = (double)((0.15/0xFFFE * LS) + - Convert LS to decimal.

LS 23_dec) - Convert decimal to ASCII.
TolLS: TolLS:
- LS = (int16)round(0XFFFE/0.15 * (US - - Convert ASCII to decimal.

Frame_Center_LAT)) - Map decimal to int16.

8.30.1 Example Corner Latitude Point 3

The corner points of the captured image or image sequence have a real earth coordinate
represented by a latitudengitude pair. Corner points that lie above the horigpically do not
correspond to a point on the earh corner points lying outsidé the mapped rangshould

either not be reported, or be reported as an

Corner point 3 is the lower right corner of the captured inaagaghlighted in re¢sed-igure
8-14).

23 October2014 Motion Imagery Stadards Board 77



ST 0608 UAS Datalinkocal Set

Frame Center Relative Corner Points
Sensor ) (+Lat-Lon) ("4
Image Center
(+Lat,+Lon
\
\
Image Top
J ’,/" (-Lat,+Lon
(Cormer Poins) | (2)

Figure 8-14: Offset Corner Point 3

The Offset Corner Latitude Point 3 is added to the Frame Center Latituddatagtam to
determine the Latitude of the third corner point of a motion image. Both KLV data items must
be converted to decimal prior to addition to determine the actual measured or caMokxded
Imagerycorner pointVal ue i s encoothglanemhsi ng twods ¢
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