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ABSTRACT

Recent developments in the field of Tactical Data Link (TDL) technology have led to innovative concepts in the mission management of current and next generation air, land and sea military platforms.  Particularly, TDL systems including LINK-4, LINK-11 and LINK-16 have been used extensively by many military forces around the world, and new promising technologies are being explored.  The great majority of current NATO LINK-16 platforms use either Joint Tactical Information Distribution System (JTIDS) or Multifunctional Information Distribution System (MIDS) Low Volume Terminal (LVT) systems.  The nations participating to the MIDS program (USA, France, Italy, Germany and Spain), and the MIDS International Program Office (IPO), have contributed to the development of effective and highly interoperable capabilities in MIDS-LVT terminals.  Overall, about 4500 terminals have been delivered in various configurations.  Third party sales currently equate to about 1200 terminals.  

This paper presents the main results of systems development and integration activities performed by the MIDS nations, managed by MIDS-IPO and the Ministries of Defense of the MIDS Nations, in order to effectively integrate the MIDS-LVT into air, ground and sea platforms. Particular emphasis will be devoted to the experimental work performed in order to address integration issues, along with some of the systems engineering processes required to enhance the terminal hardware and software characteristics.  Relevant platform integration case studies (Italian TORNADO aircraft, European TYPHOON aircraft, Spanish LHD Class ship, and French-Italian SAMP/T Missile) will also be presented in the paper.  Some Modeling and Simulation (M&S) initiatives are also described and relevant information relative to test activities and international LINK-16 interoperability exercises are given in this paper.  Dissemination of lessons learned from these activities is now giving a much deeper insight into the LINK-16 network enabled capabilities, with their real advantages and limitations.  This is setting the scene for further improvements, to be obtained by analyzing the technical/operational findings and establishing a common roadmap for future R&D activities.

1.
Introduction   

MIDS-LVT is an advanced command, control, communications, computing and intelligence (C4I) system designed to support key theater functions such as surveillance, identification, air control, weapons engagement coordination, etc..  The system provides jamming-resistant, wide-area communications on a LINK-16 network.  In addition to performing C4I functions, MIDS serves as a navigation aid by providing relative navigation position-keeping functions through the use of Precise Participant Location and Identification (PPLI) LINK-16 messages and incorporates TACAN functionality.  MIDS is also designed to be fully interoperable with the JTIDS (earlier generation LINK-16 system).  
The Ministries of Defense (MODs) of the MIDS Nations, through their respective National Procurement Agencies/Directorates and the MIDS International Program Office, have been actively involved in the development and test activities necessary to acquire an effective LINK-16 capability, fulfilling the technical and operational requirements set by the Military Forces.  The US Department of Defense (DoD) has been one of the key players, with MIDS-LVT terminals successfully integrated primarily on Navy F/A-18, Air Force F-15 and F-16, numerous Army platforms, and Navy ships platforms.  The French MOD also had a very important role, with MIDS-LVT terminals successfully integrated on RAFALE aircrafts and on various Army platforms.  Furthermore, MIDS-LVT is now being integrated on MIRAGE 2000 aircrafts and a combined French-Italian development program is ongoing for integration of the terminal into Horizon Class frigates.  The Italian MOD procured MIDS terminals primarily for integration on Air Force EF-2000 and TORNADO aircrafts, C2 Mobile platforms, and NATO-ACCS platforms, followed by the Italian Army (SAMP/T missile control units and other C2 platforms), and the Italian Navy (“Garibaldi” Class aircraft carrier and other ships).  Furthermore, engineering studies have been carried out for integration of MIDS-LVT on various Army and Navy helicopter platforms (i.e., A-129, NH-90 and NH-101), and into the new “Cavour” Class aircraft carrier.  The German MOD also played an important role, with integration programs of MIDS-LVT terminals on EF-2000, TORNADO, NH-90, various Navy frigates, the Surface-to-Air Missile Operations Centre (SAMOC), and the GIADS Air Defense System.  The Spanish MOD has successfully integrated MIDS-LVT terminals into EF-2000 and F-100 frigates, and is now integrating MIDS-LVT on both LHD and LPD Class Ships, together with F-18 aircrafts, NATO ACCS and SIMCA C2 platforms.  A combined German-French-Spanish development effort is also ongoing for the integration of MIDS-LVT into the A-400 transport aircraft.  Other international development programs include the French-Italian Horizon Class and FREMM Class Frigates.  Since the early days of JTIDS/MIDS, some of the IPO Nations have also embarked on M&S programs for the development of multi-service and multinational LINK-16 Distributed Simulation Networks (DSN), capable of supporting both operational/training activities and technical/interoperability testing activities in support of the platforms.      

2. LINK-16 AND MIDS OVERVIEW

LINK-16 is a military data exchange format developed by NATO.  With LINK-16, military aircraft as well as ships, and ground units may exchange their tactical picture in near real-time. LINK-16 also supports the exchange of text messages, imagery data and provides two channels of digital voice (2.4 Kbit/s and/or 16 Kbit/s in any combination).  LINK-16 is a secure, jam-resistant, high-speed digital data link which operates over-the-air in the L band portion (960–1215 MHz) of the UHF spectrum. By definition, this limits the exchange of information to users within line-of-sight of one another, although recently emerging technologies provide the means to pass LINK-16 data over various long-haul protocols such as Transmission Control Protocol/Internet Protocol (TCP/IP) and UHF SATCOM. It uses the transmission characteristics and protocols, conventions, and fixed-length (or variable length for the VMF) message formats defined by STANAG 5516 (formerly the JTIDS technical interface design plan). LINK-16 is intended to replace or augment many existing (or legacy) Tactical Data Links (TDLs) as the joint standard for data link information exchange.  The radios and waveform itself can support throughputs upwards of 238 Kbit/s.  LINK-16 equipment is designed to be located in ground, airborne, and sea-based air defense platforms and selected fighter aircraft.  LINK-16 information is coded in so called J-series Messages (i.e., binary data words with pre-defined meanings). These data words are grouped in Functional Areas, and allocated to Network Participation Groups (NPGs), most importantly:

· PPLI, or Precise Participant Location and Identification (NPGs 5 and 6);
· Surveillance (NPG 7) ;
· Command (Mission Management/Weapons Coordination) (NPG 8); 

· (Aircraft) Control (NPG 9); 

· Electronic Warfare & Coordination (NPG 10). 

Table 1 summarizes some of the LINK-16 technical characteristics as compared with other TDL systems.
	
	LINK-1
	LINK-4
	LINK-11
	LINK-14
	LINK-16

	Bearer
	Point to Point Land Line
	Radio UHF
	Radio HF (Radio UHF)
	HF ground/sky wave (U/SHF)
	Radio UHF

	Speed (bit/sec)
	1.200
	3.800
	1.800
	75
	57.600 or greater dependent on message packing structure and Net Design

	ECM Resistence
	Not applicable
	No
	None
	None
	Yes

	Nodeless
	Not applicable
	No
	No
	No
	Yes

	Extended LOS
	Not applicable
	No
	Yes (HF)
	Yes (HF/Satcom)
	Yes (Relay)

	Secure Voice
	No
	No
	No
	No
	Yes

	Flexible Net
	Not applicable
	No
	No
	No
	Yes

	Navigation
	Not applicable
	No
	No
	No
	Yes

	Functional Area
	Surveillance
	Air Control (LINK-4A)

Fighter to Fighter (LINK-4C)
	Surveillance Command

Exchange Control and Status
	Surveillance
	Surveillance, Air Control, Fighter to Fighter, Others as required


Table 1.  LINK-16 and other TDLs.

According to STANAG 5516, LINK-16 is defined as one of the digital services of the Multifunctional Information Distribution System (MIDS).  The MIDS is an advanced tactical communication system capable of connecting different types of platforms into a common tactical data network.  The system is capable of:

· interconnecting the different participating units (Command and Control Units, Ground/Sea/Airborne Platforms/Weapon Systems, Surveillance Units, Intelligence Systems, etc.);

· distributing high-speed encrypted messages to all participants, also in the presence of Electronic Counter Measures (ECM);

· providing air and surface platforms with a navigation capability based on a common reference frame (relative or geodetic  reference grids);

· allowing identification and accurate position relays for all “friend” units participating to the network;

· managing real-time surveillance information exchange (radar traces, positions, etc.) using data provided by air/surface units equipped with different classes of early warning or forward looking sensors.

Data exchanged through the MIDS are usually originated, formatted (filtered/conditioned), and used by the on board computers of the platform (“Host”) where the MIDS terminal is installed.  Therefore, the MIDS terminal can be looked at as the element of the “communication network” enabling a rational and effective management of the information flow.  MIDS adopts LINK-16 (J Class messages) as defined in the STANAG 5516 procedural standard [1], STANAG 4175 technical standard [2], and by the Allied Data Processing Publication (ADatP) operational procedures [3, 4].  LINK-16 employs Frequency Hopping techniques using 51 different frequencies.  Transmission is inhibited around the Idenfication Friend or Foe (IFF) frequencies of 1030 MHz and 1090 MHz.  LINK-16 operates in the same frequency bands of Tactical Air Navigation (TACAN) and Distance Measurement Equipment (DME) (Fig. 1).  In order to avoid interference with these systems, some peacetime restriction measures have been implemented (IPF – Interference Protection Features).
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Figure 1.  LINK-16 Frequencies.

LINK-16 adopts Time Division Multiple Access (TDMA).  Therefore, transmission and reception are cyclically enabled at specific time intervals named Time Slots.  Each terminal in the network can transmit or receive in a certain Time Slot.

The broadcast transmission allows mutual data exchange even without prior knowledge of the transmitting and receiving platforms.  Therefore, when a message is received by an enabled platform the data can be filtered (filtering of the information can be performed by the network designer, by the MIDS terminal, or by the Host system).

The data to be transmitted in a certain time slot are coded by separated pulses. This separation allows for signal propagation and frequency switch.  In fact, each pulse can be transmitted in any of the 51 available frequencies, which are selected pseudo-randomly as a function of the value assumed by the IA variable.

Since various transmissions are possible in the same Time Slot using different Frequency Hopping Patterns (FHPs), a number of different nets can be created in the same network.  This technique of simultaneous transmission (from 2 or more platforms) on different nets is called Multiple Nets (or Multi-net) transmission (Fig. 2).  Adopting this technique it is possible to minimize reception interferences since each platform in the network only receives the data transmitted by participants belonging to the same net.
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Figure 2.  TDMA Multi-net.

The main operational advantages associated with MIDS are the following:

· low volume and weight of the terminals, that allow integration on virtually all types of military platforms;

· safety of the exchanged information, through Information Assurance (IA) devices;

· resistance to ECM obtained by employing Frequency Hopping, Spread Spectrum transmission, and Jittering techniques (variable duration message header);

· absence of nodal points obtained through a broadcast transmission.  Each terminal, using specific initialization parameters, is enabled to enter the MIDS/LINK-16 network.  Furthermore, when a participating platform has to abandon the network (or it is destroyed), the remaining terminals can continue to operate.  

One of the most popular instantiation of MIDS is the MIDS-LVT (Fig. 3), which was funded by the United States, France, Italy, Germany, and Spain and developed by MIDSCO, an industrial joint venture shared by US and European companies.  
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Figure 3.  MIDS Low Volume Terminal.

Another such terminal is the MIDS-JTRS (MIDS Joint Tactical Radio System), which is currently under development by the United States (with some participation of European nations). MIDS-JTRS is a Software Communications Architecture (SCA) compliant radio which is currently projected to implement various tactical waveforms, including LINK-16.  An older MIDS is the JTIDS (Joint Tactical Information Distribution System).  The MIDS program is managed by the International Program Office located in San Diego, California.  The JTIDS program is managed by the 653rd ELSG in Boston, Massachusetts.

3. MIDS Program OVERVIEW  

Recognizing the benefits to be obtained from standardization, rationalization, and interoperability of MIDS-LVT (in order to satisfy common operational requirements), the Ministries of Defense of the French Republic, the Federal Ministry of Defense of the Federal Republic of Germany, the Ministry of Defense of the Italian Republic, the Minister of Defense of the Kingdom of Spain, and the Secretary of Defense of the United States of America, have reached a common understanding and established general principles to be applied throughout all collaborative phases of the program.  In accordance with the program organization and management structure of the program, the current MIDS Production Phase is directed and administered on behalf of the participating nations by an organization consisting of a Steering Committee (SC), and the MIDS International Program Office (MIDS-IPO) headed by a Program Manager (PM).  The organization of the MIDS-IPO, currently hosted by the US (San Diego), is outlined in Fig. 4.
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Figure 4.  MIDS International Program Office.

Currently, the MIDS Program Manager is CAPT David Prater (US Navy), and the MIDS Deputy Program Manager is CDR Dominique Précetti (FR DGA).  The MIDS-IPO is specifically responsible, under the guidance and supervision of the SC, for the following activities:

· managing acquisition activities with both the US and European vendors production lines;
· configuration management, control, and status accounting;
· defining and managing the process to ensure interchangeability and interoperability of MIDS-LVT equipment (using the test and demonstration facilities of the participants in the US or Europe);
· defining and managing a process to qualify manufacturers;
· defining and managing the software maintenance approach to support production contracts.

Historically, the MIDS program has evolved through different phases.  The Program was started to fulfill the NATO Military Operational Requirement (MOR) for a Multifunctional Information Distribution System, MC 306, dated 27 March 1987.  The Program Memorandum of Understanding (PMOU), together with the Supplement 1 for the Project Definition phase, was signed by US, France, Italy, Germany, and Spain in 1991.  It was followed by the Supplement 2, for the EMD (Engineering and Manufacturing Development) phase in 1993 and by the Supplement 3 for the Production and Support phase in the year 2000 (Fig. 5). 
Negotiations are presently being held among the 5 MIDS Nations, to extend the Supplement 3 beyond 2009.  The aim of the MIDS program was to develop a system based in the LINK-16 technology (STANAG 4195 and 5516), of a reduced size compared to the JTIDS Class II terminals, with an open architecture to allow future improvements and fully interoperable with the existing JTIDS terminals.   The MIDS terminal was designed to be the same size of a TACAN unit AN/ARN118, whose functionality was incorporated into the terminal itself.  Furthermore, the terminal had to incorporate a digital voice capability.  
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Figure 5.  MIDS-LVT Development Phases.

As already mentioned, during the EMD phase an industrial joint venture called MIDSCO was created by the selected Companies of the five participating nations (BAE for the US, THALES for France, SELEX for Italy, EADS for Germany and INDRA for Spain).  For the production phase, 3 different production lines were set-up: two in the US (DLS and VIASAT) and one in Europe (EuroMIDS, a joint venture between THALES, SELEX, EADS and INDRA).

3.1 MIDS-LVT Terminals  

MIDS-LVT is an advanced command, control, communications, computing and intelligence (C4I) system incorporating high-capacity, jam-resistant, digital communication links for exchange of near real-time tactical information, including both data and voice, among air, ground, and sea elements. MIDS-LVT is intended to support key theater functions such as surveillance, identification, air control, weapons engagement coordination and direction for all Services.  
The MIDS-LVT family includes 3 main variants (Fig. 6).  Particularly, it comprises the variant LVT(1), which was developed for integration on a multitude of surface and airborne platforms, and is characterized by PhEN 3910, MIL-STD-1553B, Ethernet, and X.25 physical interfaces, and the adoption of both Voice and TACAN functions.  The LVT(2) was developed by the US, specifically to satisfy the requirements set by the US Army.  This terminal is characterized by unique power supply and blower systems, and by the Army Data Distribution System Interface (ADDSI) X.25 interface.  The third variant is the Fighter Data Link Terminal (FDLT or LVT(3)) specifically developed to meet the requirements of F-15 fighter platforms, with built-in growth capabilities allocated.     
Additional variants have been developed, including the so-called MIDS On Ship (MOS) variant, specifically designed for rack mounting (in place of JTIDS), with specific power supply and high power amplifier units.  Overall 11 different variants of the MIDS-LVT have been identified.
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Figure 6.  MIDS-LVT Main Variants.
3.2 MIDS-LVT Hardware and Software Components  

The MIDS terminal consists of two different Line Replacement Units (LRUs): the Main Terminal and the Remote Power supply (RPS).  The Main Terminal consists of 10 Shop Replaceable Units (SRUs):

· Chassis;
· Power Amplifier (PA);
· Exciter/IPF (Interference Protection Feature);
· Receiver Synthesizer (R/S, 2 per terminal);
· Signal Message Processor (SMP);
· Tactical Air Navigation (TACAN);
· Voice;
· Tailored Processor (TP)/Avionic MUX (1553B/3910);  

· Data Processor (DP)/Ground MUX (X.25/Ethernet);
· Receiver-Transmitter Interface (RTI)/Discrete.
In addition there are a few accessories required by some specific platforms:

· High Power Amplifier Interface Assembly (HIA);
· Direct Current Adapter (DCA);
· Alternate Current Adapter (ACA).
The MIDS terminal is based on the TDMA (Time Division Multiple Access) data-link technology with  128 time slot per second; during each time slot, only one terminal is allowed to transmit while all the other terminals on the same network are set to receive. To improve the anti-jamming capability signals are spread over 51 frequencies in the 960-1215 MHz frequency band; transmission is inhibited around the two IFF band (1030 and 1090 MHz.).  The maximum output power of the terminal is 200 Watts which allows an operational range of 300 miles; range can be extended using the relay feature.  
The MIDS terminal is equipped with four different interfaces to communicate with the host platform:

· MIL-STD-1553B;
· STANAG 3910;
· Ethernet;
· X.25.
Data rate can vary between 108 and 238 kbps, depending on the interface used.  Secure voice messages are available with two different rates: 16 kbps and 2.4 kbps.  The MIDS SW consists of two main configuration items:

· Core SW (basically a modified JTIDS SW), which handles the LINK-16 messages;
· Tailored Input/Output (I/O) SW, which handles communications with the host platform.

MIDS-LVT software components are shown in Fig. 7. 
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Figure 7.  MIDS-LVT(1) Hardware and Software Components.
4.
MIDS-LVT ENHANCEMENTS

Discussions are on-going about possible enhancements to the MIDS terminals to improve both the data rate and the integrity of the data.   There are several options under consideration:
· Frequency Remapping (FR): will allow remapping 14 of the 51 available frequencies.

· Enhanced Throughput (ET): will allow a higher data-rate of up to 1Mbps.

· Information Assurance Modernization (IAM): a new programmable information protection module in line with the newest requirements in this domain.
· Flexible Access Secure Transfer (FAST): will allow low latency IP connectivity over a LINK-16 network.
· Concurrent Multi-Netting (CMN): will allow a terminal to receive up to four different networks but only to transmit on one.
5. mids-lvt PLATFORM INTEGRATION PROGRAMS
The MIDS-LVT integration process starts with the analysis of the System Segment Specifications (SSS) and Interface Control Document (ICD), fully defining the MIDS-LVT functional characteristics and interface requirements [5, 6].  These documents, issued and maintained by MIDS-IPO, are made available to the MIDS-LVT platform integrators of the authorized nations (IPO nations and authorized third party nations).  The LINK-16 operational requirements associated with a specific platform assist in the definition of the so-called “Interoperability Matrix” (IOM), which takes into accounts message level, data level and interface requirements for an effective employment of MIDS-LVT on the platform in the intended operational environment (types of networks, other platforms, etc.).  The MIDS-LVT platform integration process is illustrated in Fig. 8.
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Figure 8.  MIDS-LVT Platform Integration Requirements.

In general, MIDS integration involves the following functional and physical areas:
· Digital data communication – functional input/output messages for the purpose of defining data element functionality and bus input/output message for the purpose of defining a transmission protocol;

· MIDS information processing – data correlation and tracking;

· Electrical interfaces – data buses, blanking signals;

· Antenna, co-site, and RF spectrum integration – TACAN, IFF, RADAR warning compatibility, etc.;

· Installation and environmental compatibility – mounts, cooling air, power supplies, heat dissipation, EMI/EMC.

The requirements extracted from the SSS/ICD are merged with the Platform Electronic/Avionics Systems requirements, allowing definition of the Platform Level ICD (PICD).  Both the PICD and the IOM are then used to fully define the MIDS-LVT platform integration requirements.  Typically, the following areas have to be addressed (and covered by dedicated technical documents):

· Format and Function;
· Data Fusion Requirements;
· Specific Hardware Requirements;
· BUS Management;
· Navigation Requirements;
· Electronic Warfare (EW) Requirements;
· TACAN Requirements;
· Free Text and IA Voice Management.
5.1
US Programs  

US Platforms identified for MIDS-LVT integration include aircraft carriers, cruisers, F/A-18, F-16, EA-6B, and Airborne Laser [7].  Navy ships were the first US platforms equipped with MIDS-LVT, followed by incorporation of the system into F/A-18 and F-16 aircraft representing the majority of the US MIDS-LVT buy.  McDonnell Douglas Aircraft (now Boeing Company) was awarded the integration contract for MIDS-LVT in the F/A-18.  During initial flight tests with F/A-18, the MIDS-LVT TACAN card performed poorly (the TACAN function provides air-to-ground and air-to-air modes of navigation information).  There were reported signal losses and incorrect lock up of bearing and range, incorrect beacon identification, and other associated problems.  Improvements in software (tracking, interrogation, and antenna switching algorithms) and tracking filters have alleviated some of the problems. Flight testing of new software and firmware indicates the MIDS-LVT embedded TACAN deficiencies are largely resolved.

As already mentioned, there are three main MIDS-LVT variants: MIDS-LVT(1) for aircraft and shipboard integration, the MIDS-LVT(2) for US Army land-based host platform integration, and the MIDS-LVT(3) (also known as Fighter Data Link Terminal) for the Air Force F-15 fleet.  While MIDS-LVT(1) has two competing production contractors in the US (DLS and VIASAT), VIASAT was the sole winner of the competition for manufacturing MIDS-LVT(2).  The MIDS-LVT(3) program completed deliveries in 2004. 

The MIDS-LVT(1) and MIDS-LVT(2) were integrated into 13 separate host platform types.  The F/A-18 is the lead host platform for MIDS-LVT(1) integration and required more than 50-percent of the total MIDS-LVT(1) acquisition.  The integration of the MIDS-LVT(1) into the F/A-18 served as the primary basis for the MIDS-LVT(1)  Operational Test and Evaluation (OT&E).  The F-16 (Blocks 40 and 50) required 35-percent of planned MIDS-LVT(1) terminals and was approximately one year behind the F/A-18 in terms of integration and test schedule.  The MIDS-LVT(1) replaced the analog AN/ARN-118 TACAN to provide a digital TACAN function for the F/A-18 and F-16 fighter aircraft.  This installation is reversible in the F/A-18 allowing reinstallation of the AN/ARN-118 TACAN should the need arise.  The installation of MIDS in the F-16 is permanent.  
The PATRIOT Information Coordination Central (ICC) was the lead host platform for integration of the MIDS-LVT(2); however, the PATRIOT Battery Command Post (BCP) required the majority of MIDS-LVT(2) terminals.  Integration of MIDS-LVT(2) into the PATRIOT ICC and BCP served as the basis for the MIDS-LVT(2) OT&E.  The Army's MIDS-LVT(2) is a high-capacity, anti-jam, secure, line-of-sight radio capable of providing situation awareness. It is a low-cost replacement for the US Army’s JTIDS Class 2M terminal that is smaller and weighs less.  MIDS-LVT(2) is derived from MIDS-LVT(1).  It was modified to be functionally interchangeable with the Class 2M to satisfy the approved operational requirements and reduce integration and training costs.  LVT(2) has 85-percent commonality in parts with LVT(1), with main differences in cooling, power supply, host interface and eliminating unnecessary air-platform features (Fig. 9).  LVT(2) uses the same spread-spectrum communications technology to provide Navy LINK-16 message capability.  LVT(2) is used by Army air-defense platforms for engagement operations, command and control, surveillance, intelligence, weapon status and coordination, and battlefield situation awareness.  
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Figure 9.  MIDS-LVT(1) and MIDS-LVT(2).

F/A-18 Integration Case Study

As already mentioned, MIDS was designated for a wide range of platforms, both US and allies, and as such, its interfaces – both hardware and software – were designed to accommodate and adapt/tailor to many variations of platform.  For US, the targeted platform was the F/A-18 (Fig. 10), and the size of the MIDS main terminal was equivalent to the existing ARN-118 TACAN onboard so that MIDS could fit into the ARN 118 slot. The Remote Power Supply could either collocate with the main terminal or could be separated by up to 15 feet of cable distance. Power dissipation for the main terminal and the RPS were 515W and 145W, respectively, and the terminal was hard-mounted with ARINC type hooks. The cooling air supply requirements were -40’C to +54C, while the maximum exit airflow was limited to 71’C, and the cooling air pressure drop up to 750 PASCAL.


[image: image10]
Figure 10.  US Navy F/A-18 Fighter Aircraft.

For the F/A-18 configuration, the major terminal interfaces include 1553B for data bus, Push-to-Talk voice (LPC-10 and CVSD algorithms in 2 channels), RF interfaces for dual/single antenna selection and operation, power interface (3 phase, 400 Hz 115 V) and thermal interfaces. Also, control discretes and special purpose interfaces are provided for TDMA/TACAN control, blanking and suppression, external time reference input, IA management, and status and report. One area of integration that required some dedicated effort was TACAN. Since MIDS LVT replaced the ARN-118 system, MIDS LVT had to provide its own TACAN capability in lieu of the 118, and this has proven to require successive effort to bring the capability in line with the operational expectations. In particular, bearing performance in air-to-air mode, and also to some degree in approach-to-land configuration, required some dedicated team effort to resolve technical issues and bring performance to an acceptable level to the users. Lessons learned would be to develop a simulator/test-equipment that closely approximates the actual operational flight environment so that the design and test results seen during development phase would better match the actual live test performance. Also, performing flight testing in parallel with development work as soon as the hardware is assessed air worthy should reduce a significant amount of rework later.  A simplified MIDS platform integration scheme for the F/A-18 configuration is shown in Fig. 11.
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Figure 11.  MIDS Platform Integration Scheme for the F/A-18.

In December 2003, a development effort to migrate MIDS LVT to a SCA and JTRS compliant 4-channel MIDS JTRS started. To minimize integration impact on the host (F/A-18), all electrical and mechanical interfaces for MIDS JTRS were kept the same as MIDS LVT, and this will allow a straightforward replacement at a box level. To help optimize schedule and reduce risk, terminals have been provided to Boeing, the prime integrator, for integration and test purposes, in parallel to the developers’ development and testing work. A fit check on an F/A-18 was successfully performed to demonstrate the terminal envelope and connectors of MIDS JTRS can fit into the F/A-18 electronics bay and be attached and secured to the existing mounting tray. 
In support of DoD’s push for a networking capability in the hands of joint forces at tactical edge, future integration for MIDS JTRS will include development and porting of networking waveforms into the terminal, followed by integration onto Navy and/or Air Force platforms. The prime candidate waveform is Tactical Targeting Networking Technologies (TTNT), and MIDS JTRS, which already has provisions for TTNT in its baseline architecture, is extremely well situated to support the development and integration work.
5.2
French Programs  

France has been extensively using LINK-16 for about ten years.  The Cassard class anti air frigates, the Charles de Gaulle aircraft carrier, the French E-3 AWACS, as well as the French E-2C, are all LINK-16 capable.  However, these platforms are equipped with the former generation LINK-16 terminal JTIDS.

France has already integrated MIDS terminal on several platforms.  These include:

· RAFALE Fighter Aircraft (Fig. 12);
· MIDS Terre (ground);
· Air Force Air Operations Command and Control System (SCCOA).

MIDS-LVT has proven to be an essential and decisive asset in the joint exercises and operational deployments performed since 2006.  
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Figure 12.  French RAFALE Fighter Aircraft.

The first RAFALE squadron has become operational with MIDS-LVT starting in June 2006.  The target is to have MIDS-LVT integrated on 234 aircrafts in service with the French Air Force and 60 aircrafts in service with the French Navy by 2015.
MIDS Terre is designed for land forces in order to manage the third dimension. It is built based on a standard MIDS-LVT(1) variant and interacts with the Martha command information system, the SAMP/T air defense system, and other assets.  This system enables real time tactical data exchange for coordination and management. Relay stations are used to support a wide spread network.  One French artillery regiment is “combat ready” with MIDS Terre equipment and a unit was operationally deployed in Afghanistan in January 2007.

SCCOA is the French Air Operations Command and Control System and covers surveillance, control, mission briefing, mission planning, and resource management.  It is composed of fixed and mobile stations.  This program was launched in 1999 and 7 mobile stations were deployed in 2007.  It is designed to be interoperable with different system including NATO ACCS (air command and control system).

Current MIDS-LVT integration efforts include the Mistral Class LHD and the Horizon Class Frigate.  Future programs will also include MIRAGE 2000 fighters and the future FREMM class frigates.

The Mistral is an amphibious assault helicopter carrier. She was commissioned in February 2006.  The two ships of the class were equipped with MIDS-LVT as a stand alone solution. Full integration is scheduled starting around 2010.

The Horizon program is a French-Italian effort. France ordered two of these new generation anti-air warfare frigates, as well as Italy.  Full operational capability (including MIDS-LVT) is expected for mid 2008.

Future MIDS-LVT integration programs include the MIRAGE 2000 fighters and the future FREMM class frigates.  Two versions of MIRAGE 2000 will be equipped with MIDS-LVT:

· MIRAGE 2000D is an all weather air ground fighter. This aircraft is a two seaters and can conduct air ground multi mission including nuclear deterrence;

· MIRAGE 2000-5 is air to air attack and defense fighter.  Equipped with a multi-target radar, it carries fire and forget weapons.

The target is to have 69 MIRAGE 2000 D and 30 MIRAGE 2000-5 LINK-16 equipped in 2015.  The FREMM class frigates are a French Italian effort. The initial target is seventeen frigates for France and ten for Italy.  France will operate different versions of this multi purpose frigate design. The seventeen frigates are scheduled to replace existing anti submarine and anti air class frigates as well as to give new strike capabilities against land.

Concerning all other platforms already in service, a plan to retrofit the most relevant ones with MIDS-LVT is under consideration at MOD level.  The long term vision is to abandon legacy data links (e.g., LINK-11), and to move forward to LINK-22 and LINK-16 (J family message data link). 

5.3
Italian Programs  

The Italian MOD procured MIDS-LVT terminals primarily for integration on Air Force EF-2000 and TORNADO aircrafts, C2 Mobile platforms, and NATO-ACCS platforms, followed by the Italian Army (SAMP/T missile control units and other C2 platforms), and the Italian Navy (“Garibaldi” Class aircraft carrier and other ships).  Engineering studies have been carried out for integration of MIDS-LVT on various Army and Navy helicopter platforms (i.e., A-129, NH-90 and NH-101), and into the new “Cavour” Class aircraft carrier.  Furthermore, integration studies are currently ongoing (in conjunction with the French MOD) for integration of MIDS-LVT on Horizon Class and FREMM (European Multi Role Frigate) Class ships. 
TORNADO Case Study

The activities for integration of MIDS-LVT in the Italian TORNADO started back in 2004 with a first prototype integration program carried out by the Italian Air Force Flight Test Centre (RSV in Pratica di Mare AFB).  The program was financed by the IT-MOD through MIDS-IPO.  The initial scope of the activity was tailored for a technology demonstrator and the activities were intended to be performed only at Avionic Integration RIG level.  In 2006 new requirements were issued by the Italian Air Staff to migrate the integration to a prototype A/C.  This included extensive ground and flight test Activity and, at a later stage, participation to the International Exercise “Spartan Hammer Trial” (Greece, November 2006).  The prototype integration program took place in a TORNADFO-IDS aircraft (Fig. 13) with HARM missiles and LINS/GPS navigation system.  


[image: image13]
Figure 13.  Italian Air Force TORNADO Aircraft.

The MIDS-LVT(1) (with HW BU-1 and SW BC-2) was integrated with limited computational and display capabilities (PPLI and some EW messages).  Furthermore, the aircraft was only certified for VMC Flight (TACAN procedures).  The prototype integration scheme of MIDS-LVT in the Italian TORNADOI-IDS is depicted in Fig. 14.  
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Figure 14.  TORNADO-IDS Prototype Integration.

The TACAN AN 490T and its cockpit Control Unit were removed and replaced by MIDS-LVT and a dedicated MIDS Control Panel (C/P).  Furthermore, the MIDS-LVT was connected with both the Panavia link and the aircraft main computer through the 1553 data bus.
The results of the “Spartan Hammer Trial” were very encouraging.  Particularly, the prototype aircraft flew eleven LINK-16 missions during the trial, fulfilling its operational goals.  

Further requirements were established in 2007 for integration of MIDS-LVT on both TORNADO aircraft versions: Interdiction and Strike (IDS) and Electronic Combat and Reconnaissance (ECR).  The Initial Operational Clearance (IOC) integration is based on STANAG 5516 Ed. 3, using a MIDS Interface Unit (MIU) for both IDS and ECR TORNADO versions [7].  

The MIU is a LINK-16 management equipment developed for TORNADO IDS/ECR providing interfaces, in terms of electrical levels and data exchange protocols, for the MIDS-LVT terminal and the aircraft avionics systems.  The main function of the MIU is to support the integration of the LINK-16 in the TORNADO aircraft by:
· allowing further processing capabilities to support enhanced tactical functions as a consequence of the integration of the tactical data link;

· processing the available information coming from the LINK-16 network, preparing for transmission the available information which a Tornado will be expected to provide to other LINK-16 users, in order to allow a much more effective mission accomplishment;

· providing to the Tornado crew, through the existing HMI, a filtered situation awareness by the use of filter settings requested by the operators;

· adapting TACAN controls (in order to allow the possibility to configure any TORNADO with present TACAN or with MIDS-LVT TACAN, without modifying the cockpit Control Panel).

As growth capability two additional functionalities will be implemented in the MIU:
· provision for Electronic Warfare information exchange via a 1553 card dedicated to interface the Emitter Location System ELS;

· provision for imagery reception through LINK-16 messages.
The TORNADO avionics architecture with MIDS-LVT integrated through the MIU is shown in Fig. 15. 
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Figure 15.  TORNADO MIU Integration.

5.4
German Programs  

Germany started to use Tactical Data Link (TDL) LINK-16 capabilities in the late nineties.  The first German weapon system utilizing LINK-16 was the PATRIOT Surface-to-Air-Missile system which has been equipped with the Joint Tactical Information Distribution System (JTIDS) Class 2 M Terminals. At that time Germany had already started their overall LINK-16 effort by attending the Multifunctional Information Distribution System (MIDS) development program in 1991 together with the other four MIDS nations.  The German Navy attended the NATO Exercise STRONG RESOLVE 1998.  The most important lesson learned during this exercise was “No J – No Play!”  

Foreseeing the periodic command takeover for a NATO force command ship in 2003, the fleet command saw an urgent requirement for a LINK-16 equipped command frigate. The frigate F124 - fully LINK-16 capable - which was long term planned starting in the early 90s, was not in service at that time, so the chosen platform for this task was the frigate F123 (Fig. 16), whose equipment (except for the missing LINK-16) was very suitable for a command mission.  
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Figure 16.  German F123 Class Frigate.

Analysing this task, it came out that the current CDS on F123 was not capable to integrate LINK-16.  The Data structure of the SATIR is a pure LINK-11 design, it does not support LINK-16.  The Navy had to face the following issues:
· no further SATIR growth capability;
· short time schedule (less than 3 years for development; contract was signed in 2000);
· project for “Multi Link Integration” (MLI) not in time line.

A fast solution for 1553B interface on the existing and available DLPS, based on MIDS-LVT(1) was required.  Platform “B” was chosen as a readily available and proved integration scheme.  The current integration on the Class F123 and F122 Frigates is shown in Fig. 17.  The Data Link Processing System (DLPS) is a US product which was available for an immediate procurement in the LINK-16 integration phase. As shown in the figure, the LINK-16 channel could be switched into the already existing Combat Data System (CDS) – here SATIR – instead of the second LINK-11 channel.  The CDS is only capable of handling LINK-11 messages, so that the DLPS derives a LINK-11 compatible subset of the LINK-16 data, potentially provided by the MIDS-LVT.  This integration approach was chosen, due to the necessity of a complete re-design of the CDS in case of a full LINK-16 implementation.  The essential benefit of this approach is the ability to communicate with other vessels via LINK-11 and also exchange data with LINK-16 capable platforms (A/C), which wasn’t possible before. More information could be displayed on the two consoles directly connected to the DLPS (which is LINK-16 capable), but no “real” LINK-16 messages can be generated out of the ships CDS.  Full Operational LINK-16 Capability will be available with “Capability Enhancement” of the Frigate Class F123 starting with FOC (First of Class) in 2009.
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Figure 17.  Multi-Link integration on F123 and F122 Class Frigates.

All integration and implementation efforts were supported by the German Navy Reference Test Facility and Simulation Center in Wilhelmshaven and the Joint Forces Integration Support Facility at Greding.  The following deficiencies of Platform “B” in Naval applications have been observed:
· the Fighter (EF-2000) Kalman Filter is not suitable for naval applications;

· the Navigation Model used in platform “B” does not consider “Speed” inputs from FIM 18 (GPS);
· through the artificial redaction of Navigation Data accuracy (Lever Arm Effect) and the insufficient Kalman Filter behaviour.

These deficiencies caused both sever fading values for Course and Speed and very low/oscillating Geodetic Position Quality (GPQ) in the PPLI.
The above mentioned integration issues led to a new MIDS-LVT Investigation Request (IR), with the aim of developing a platform interface for surface platforms. This investigation, still ongoing, will lead to a change in the terminal which is envisioned for the beginning of 2009.

The new Class of German Frigates (F124) is equipped with JTIDS Class 2H terminals and has a full LINK-16 implementation into the used CDS. The Corvettes K130 – the newest German ship class – has also a full LINK-16 implementation and uses the MIDS-LVT(4) (MIDS-on-ship (MOS)).

Together with the UK, Italy and Spain, Germany procures the Eurofighter TYPHOON fighter A/C. This A/C is the first German airborne LINK-16 platform (described in a later section).

In 2006, the communications and interface module of the German Surface-to-Air-Missile Operations Center (SAMOC) as well was equipped with MIDS-LVT.  The actual integration and implementation was realized in the SAMOC.  The terminals are used remotely in this configuration.  As it is a Command & Control (C2) unit, an extensive implementation based on Edition 3 of STANAG 5516 was established. The new build German Deployable Control and Reporting Center (DCRC), using the German Improved Air Defense System (GIADS) is also utilizing a MIDS-LVT for TDL Network participation, but it is still using the Interim J-Message Standard (IJMS).  

The next German weapon system to be equipped with MIDS-LVT terminals is the PANAVIA 200 Tornado fighter-bomber A/C.  It is foreseen that the Full Operational Clearance (FOC) can be achieved in 2012.
5.5
Spanish Programs  

The Spanish Air Force is currently integrating LINK-16 in the F-18 systems and SIMCA (Sistema Integrado de Mando y Control Aereo) platforms after the successful integration of the MIDS terminal in EF2000 aircraft (joint program with UK, Germany, and Italy). Also the A400 transport aircraft that is being co-developed by Spain, France, Germany, Luxemburg, Belgium, Turkey and UK will have LINK-16 capability through the MIDS-LVT.  The Spanish Navy (SN) has developed a data link strategic plan for the following 11 years.  Most of the old units will keep the legacy LINK-11 and some of them will be upgraded both to LINK-16 and LINK-22, such as the Aircraft Carrier CV “Principe de Asturias” and LPD "Galicia" Class ships.  For the new units, LINK-16 and LINK-22 will be implemented in the LHD “Juan Carlos I” and F-100 frigates and LINK-22 in the BAC and S-80 submarines as well as other minor ships. The first SN units that have been operating with LINK-16 and MIDS are the F-100 “Alvaro de Bazan” class ships, through the MIDS on Ship variant. Since the first CSSQT conducted by the F-101 in 2003 in US, the rest of the ships have successfully performed the Qualification Trials in San Diego, CA with very intensive LINK-16 tests environment including High Power Mode. The F-100 frigates also have been participating in NATO and US Coalition deployments, such as the TR CSG (Theodore Roosevelt Combat Strike Group), where the “Alvaro de Bazan” played a significant role. Finally, de SP Joint Staff is setting up a Data Link Management Cell (DLMC) for network design and interoperability testing, using MIDS-LVT terminals as well as a suite of networking and simulation systems.
LHD “Juan Carlos I” Class Ship Case Study

Data link integration strategy on board Spanish Navy LHD “Juan Carlos I” Class ship (Fig. 18) is based on a completely national development effort.  For this integration, various functional levels are identified:
· Combat System Level (SCOMBA), which includes the data link module currently under development;
· Data Link Processor (LINPRO), first version developed and currently working in the introduction of new requirements;
· Data Link Terminal Integration that for LINK-16 is the MIDS-LVT;
· MAB (“MIDS a Bordo”) elements for shipboard applications. 
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Figure 18.  Juan Carlos I Class Ship.

The Spanish Navy (SN) is pursuing a family of combat systems based on a common “core” called SCOMBA and with different variants or spirals depending on each platform class and the required capabilities. In the case of LHD, SCOMBA is evolving from a minimum capability to a more complex system that will be able to manage sensors and weapons with very demanding real time requirements.

Functionally speaking, SCOMBA will manage both tactical (SCOMBA CDS) and display functions (SCOMBA SDS), such as: 
· Sensor Management;
· Track Data Base Management; 

· Data Link Management;
· Multi-warfare operation management: ASW/AAW/ASUW/EW;
· Threat Assessment;
· Weapon Control;
· Navigation Data Management;
· Air Intercept Control Management;
· Amphibious Operations;
· System Readiness;
· Data Logging.

For this purpose, SCOMBA will handle several interfaces simultaneously, including radars, EW sensors, the data link processor (LINPRO), AIS (Automatic Identification System), IFF, the various navigation systems and all of the interfaces that provide inputs for supporting  LINK-16/ LINK-11 operations, such as radars, EW systems, etc..  Fig. 19 shows a high level interface diagram with the rest of the combat system sensors and weapons.  SCOMBA high level architecture is based on the following components:
· Computing Platform;
· Console Operating Environment;
· Common Services, including Communications, Windows and Menu Services, Track Management, Application Services, Alert Services, etc.;
· Normalized APIs, which isolate the application layer from the rest of the services;
· Application Layer, which contains most of the warfare functions.

The application layer interfaces the following functions, some of them trough the data link processor (LINPRO): track management, system control, identification doctrine, weapon management doctrine, radar management, IFF, AIS, navigation and air control.

The development phase of SCOMBA is following the typical system engineering strategy. Starting with the capture of requirements and translating to A-Specs, B-1 and B-5 Specs under DOORS, following with the software design, SW tests at different levels and HW/SW integration at system level.  Another SCOMBA feature is the generation of the track file.  All the on board sensors and the data link system provide inputs to the SCOMBA track file manager.
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Figure 19.  SCOMBA Context Diagram.

Going down in the SCOMBA data link capabilities, “LIF” is the function (or application) responsible for interchanging tactical information with the rest of the data link units, through the LINPRO (data link processor system) interface.  LIF shall:
· control LINPRO Interface;
· have access to the whole system tactical information;
· interact with other SCOMBA functions for track management, air control, command and control and for overseeing all SCOMBA interfaces.

LINPRO is a LINK-11 and LINK-16 pre-processor system, with data forwarding capability. LINPRO keeps the N-series interface with the Command and Control System (C2S) and discharges the later of most of the data link management tasks.  LINPRO fulfills the Spanish Navy  LINK-11 and LINK-16 specifications based on STANAGS 5511 Ed5 for LINK-11,  STANAG 5516 Ed. 3 for LINK-16, and STANAG 5616 Ed. 3 for data forwarding between both interfaces. LINPRO also controls both LINK-11 (DTS) and LINK-16 terminals (MIDS) through the appropriate interfaces.  LINPRO is composed by a tactical network processor system and an operator console.  The console is used to monitor and configure the data link processor.  In addition to the above capabilities, the following are the LINPRO basic requirements:

· Concurrent Interface Unit (CIU).  LINPRO operates as concurrent interface unit (CIU) in LINK-11 and LINK-16. For doing this LINPRO checks CONOPS rules acting as CIU and TN pools management;
· Data Forwarding Unit (FJU)). LINPRO operates as forwarding unit between LINK-11 and LINK-16 networks, including tracks, reference points; emergency points, acoustic contacts and electronic warfare. Also the system shall establish forwarding filters and shall manage the receipt/compliance protocol between data links. LINPRO shall validate the “pool” of the forwarded track numbers, specifically from LINK-16 to LINK-11. If there is any other FJU in the network, LINPRO shall inhibit the data forwarding capabilities in the ownship;
· Command Unit. LINPRO acts as “Command Unit” LINK-11 and LINK-16 allowing the host to TX/RX the applicable messages, such as M.14/M.15 in LINK-11 and J9.0/J10.2/J13.2/J13.3 in the LINK-16 interface, such as Force Order Generation (FOG), Answers to force orders processed by LINPRO, Monitor Force Order between the links, Platform status information, Generation and reception of engagement data in LINK-11/LINK-16, and Aircraft control requirements.

LINPRO provides a normalized data base and LINPRO manages most of the discrete signals generated by the MIDS terminal.  LINPRO also includes a “LINK-16 network management” functionality.  The diagram in Fig. 20 describes the different interfaces that LINPRO shall manage.
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Figure 20.  LINPRO Interfaces.

The interface between SCOMBA and LINPRO is based on Ethernet as physical layer. LINPRO will send also a periodic message for heartbeat to monitor the interface.  Both LINPRO status and BITE result will be also reported through the N-series message interface.  Data traffic between SCOMBA and LINPRO will be sent using also the N- series message specification with a standard SCOMBA header.

All the messages that are transferred through the interfaces are grouped in accordance with specific criteria. The functional groups are the following:

· initialization and interface recovery: heartbeat and interface assessment;

· interface management: automatically with a rate of 2 seconds established by SCOMBA and/or requested by LINPRO. Also it is used for BITE report;

· N-series messages: for data link information between both systems. 

Navigation data is sent to LINPRO through the Combat System Interfaces (N- series messages). The ownship navigation distribution system collects data from most of the navigation sensors and systems and sends this data to the combat system elements that requires navigation inputs. This data is sent taken into account the latencies and formats imposed by the combat system (SCOMBA) and data link processor system (LINPRO).

As a result of the tests conducted on board SN LPD “Castilla” the Spanish navy decided to joint the effort of developing a new generic platform interface for the MIDS-LVT to accommodate new shipboard navigation data requirements. This new interface is being developed by both US and European vendors and will fulfill the interface requirements of a great variety of slow moving platforms. 

LINPRO has been tested in a Lockheed Martin CND (Combat System) open environment. The test called LINKEX was conducted at LM Moorestown facilities, jointly with SP Company TECNOBIT and Spanish Navy support. The test was conducted to remark both CND and LINPRO open architectures.  

The highest level in the data link testing effort of the SN LHD platform is the interoperability verification. For this to happen, a Land Base Test Site (LBTS) specific configuration is being set up at integrator premises.  Other SN combat systems (F-100 AEGIS), simulators and connectivity elements (such as MLST3) and platforms will be engaged in the effort.  

5.6
Multi-national Integration Programs  

A number of international programs are currently ongoing, especially among NATO nations, for the development of ground, sea, and air military platforms employing MIDS-LVT (Fig. 21).  These include the Eurofighter TYPHOON (UK, Germany, Italy, and Spain), the Italian-French Medium Range Surface to Air Missile (SAMP/T), the Horizon Frigate and the FREMM Future European Multi-Role Frigate (France and Italy), the A-400 future large transport aircraft (Spain, France, Germany, Luxemburg, Belgium, Turkey, and UK), etc..  Studies have also been undertaken for integration of MIDS-LVT on the NH-90 and EH-101 helicopters.  It is beyond the scope of this paper to list and describe all existing cooperative programs in technical details.  However, in the following, short case studies of MIDS-LVT integration on Eurofighter TYPHOON and SAMP/T platforms are presented.
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Figure 21.  Current and likely future multi-national integration programs.

Eurofighter TYPHOON Case Study

Together with the UK, Germany, Italy, and Spain have developed the Eurofighter TYPHOON fighter aircraft.  This aircraft is the first German, Italian and Spanish airborne LINK-16 platform. The integration is different from the standard implementation, because the TYPHOON does not use a Remote Power Supply (RPS), but a specially developed MIDS Interface Unit (MIU). The implementation scheme is shown in Fig. 22.
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Figure 22.  Integration Scheme for Eurofighter TYPHOON.
Due to the fact, that flying platforms have to obey the rules and regulations for safety of flight, the proper interaction between the MIDS-LVT and the MIU has to be qualified. As both the Terminal and the MIU are in an ongoing development process, many variants of MIU and MIDS-LVT have to be qualified.  As the qualification is always performed individually, there are various aircrafts only qualified to use one certain MIDS-LVT configuration.  As an example, the German aircraft configurations with MIDS-LVT are listed in Table 2.  

[image: image23]
Table 2.  TYPHOON MIDS-LVT configuration Matrix (German A/C only).

The so called Full Operational Capability (FOC) MIN for Tranche 1 A/C was declared in 2007.  All required functionalities are currently implemented and tested. More capabilities might be added in the future, if the four nations will agree on that.  Particularly, the recent addition of air-to-ground role requirements for the Eurofighter TYPHOON is leading to the need for defining a broader scope of LINK-16 capabilities for implementation on board the aircraft. 

Baseline for the TYPHOON integration/implementation is STANAG 5516 Ed. 1 with extensions (agreed Data Link Change Proposals).  An update to a newer STANAG Edition is planned for the years beyond 2012.  The MIDS-LVT combines the LINK-16 functionality with the capability for TACAN operations.  According to current regulations, TACAN is one of the two required independent navigation systems on airborne platforms.  Some TACAN issues had major influence on the aircraft qualification due to this reason.  It has been absolutely essential, that these problems were treated with the highest priority.  Many MIDS-LVT hardware and software modifications (past and ongoing) are related to these important issues.
SAMP/T

The SAMP/T (Sol-Air Moyenne Portée Terrestre or Surface-to-Air Medium Range / Land) is a land-based air defense system effective against high-speed threats such as tactical ballistic missiles, cruise missiles, combat aircraft and Unmanned Combat Air Vehicles (UCAVs).  The SAMP/T missile system has been developed by EUROSAM, jointly owned by MBDA Missile Systems and Thales.  A typical SAMP/T battery (Fig. 23) includes:
· Command and control vehicle

· Thales Arabel Radar

· Up to six Transporter Erector Launcher (TEL) vehicles, each with 8 missiles and a store for reloads.

The missile TEL vehicles are dispersed to launch sites located up to 10 km from the Arabel Radar.



[image: image24]
Figure 23.  Typical SAMP/T battery.

The SAMP/T Engagement Unit (EU) is part of the missile Command System.  Its purpose is to evaluate, prioritize and designate the targets.  MIDS Information is sent to the SAMP/T Engagement Unit Computers and Display Consoles.  MIDS-LVT integration in the SAMP/T EU is granted by an interface unit called UMAT for France and UMEI for Italy.   
The current UMEI/UMAT design interfaces are shown in Fig. 24.
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Figure 24.  UMEI/UMAT layout and interfaces.
6.
Simulation and experimental work 

Since the early days of JTIDS/MIDS, some of the MIDS Nations have embarked on Modeling and Simulation (M&S) programs for the development of multi-service and multinational LINK-16 Distributed Simulation Networks (DSN), capable of supporting both operational/training activities (network design/management) and technical/interoperability testing activities in support of the platforms.  As an example, in the following, a case study is presented relative to the Italian LINK-16 DSN initiative.
Italian LINK-16 DSN Case Study

The LINK-16 DSN was conceived as a flexible test and training tool capable of simulating LINK-16 operations among platform simulators located at various sites linked trough a Wide Area Network (WAN).  Its specific aim was to enhance network management and multinational interoperability trough the application of the NATO Common Interoperability Standards (NCIS) and Standard Interface for Multiple Platform Link Evaluation (SIMPLE) developed by NATO.  Therefore, it was designed as an open system towards new simulated users and towards real live LINK-16 networks (Fig. 25).  The DSN main functions are the following [8]:
· Standalone Platform Simulation and Distributed Simulation using WAN (SIMPLE standard)

· Support the Definition of Technical and Operational Requirements for Platform Integration

· Support Platform Ground/Flight Test and Integration Certification

· Allow Interoperability Test Activities

· Support System Operators Training. 

The LINK-16 DSN is now operational with all Italian Military Services.  The Italian Network Design Facility (INDF) component successfully used during integration activities, training and NATO/National live exercises:

· Spring Flag (2002);
· Eolo (2002);
· Lavinium, Aventino and Giopolis (2003-2005);
· Spartan Hammer (2006).
INDF upgrades are also ongoing for both the Italian Air Force and the Navy.  
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Figure 25.  Italian DSN Concept.

The Italian DSN sites are shown in Fig. 26.  
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Figure 26.  Italian DSN Sites.

The DSN core elements are the following [8]:

· Scenario Simulator;

· Air Platform Simulator;

· C2 Simulator;
· SIMPLE Converter (acting as Gateway).
The DSN Scenario Simulator (Fig. 27) performs the following functions:
· uses LINK-16 network tactical scenario scripts;
· allows the operator to customize scenario scripts in accordance with associated documentation (e.g., ICD of platforms involved in the simulation);
· simulates C2 units J-messages handling and transfer them to the LINK-16 network; 

· performs C2 handover of non-C2 and transfer them to the LINK-16 network; 

· simulates more than 100 non-C2/C2 simultaneously reporting PPLI messages and transfer them to the LINK-16 network (future upgrade: 500 – 1000 simultaneous objects);
· simulates air, land, surface and subsurface tracks and all other relevant information/objects and transfer them to the LINK-16 network;
· gives real-time feedback to the operator (e.g. generates commands such as mission assignments and receipt/compliance messages);  

· sends and receives free text messages; 

· introduces degraded communications (e.g. jamming simulation, loss of messages, erroneous messages and messages out of sequence).
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Figure 27.  Italian DSN Scenarrio Simulator Display Format.

The Air Platform Simulator (APS) can provide an exact reproduction of real aircraft cockpit displays.  Currently, a TORNADO APS is implemented that comprises 3 main displays:

· Radar Simulator Display;
· Tactical Data Link Display;
· Data Link Control Panel (DLCP).
APS can also provide full Navigator Hand Controller (NHC) functions (Fig. 28). 

                                   
[image: image30]
Figure 28.  Air Platform Simulator.

The C2 Simulator is a lab replica of the real Mobile Command and Control Station (C2M) employed by the Italian Air Force.  The presence of a C2 Simulator in a simulated network is important to simulate a real operational scenario since it manages most of the actions/messages.

Using SIMPLE it is possible to connect real network to simulation network (Fig. 29).  The SIMPLE standard specifies the distributed transfer of a simulated scenario/synthetic environment using the IEEE Distributed Interactive Simulation (DIS) protocols.  DIS is a government/industry initiative to define an infrastructure for linking simulations of various types at multiple locations to create realistic, complex, virtual worlds for the simulation of highly interactive activities.
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Figure 29.  SIMPLE Converter.
TDL messages are transferred between remote sites as packets of data at the word/bit level as opposed to the modulated Radio Frequency (RF) level.  The SIMPLE standard is aimed at providing a common standard for the interconnection of ground rigs of all kinds (e.g. simulations, integration facilities etc.).  Several rigs (simulated/real platforms or LAN) can be linked in order to form a conceptual Wide Area Network (WAN), which may be implemented by different physical means.  
7. PLATFORMS INTEROPERABILITY

The Interoperability Evaluation (IOE) of a group of platforms (Platforms Under Evaluation - PUEs) is performed at different levels, according to the availability of related LINK-16 implementation data.  Commonly, the following areas need to be addressed in interoperability studies [9-11]:

· Interface Exchange Requirements (IER)

· System Implementation Document (SID)

· Interoperability Matrix (IOM)

· Platform Implementation Difference Document (PIDD)

Obviously, any of the above IOEs is possible only if the PUEs have the appropriate information available.  The level of detail needed for each of the different IOE levels is described below.  

IER level IOE.  This is the highest level of interoperability evaluation.  Essentially it consists of a functional area implementation evaluation.  It can be easily mapped versus operational capabilities of the platform supported by LINK-16 (described in platform CONOPS), but it does not give a high level of detail that is ensured by the SID/IOM IOE.  Input will be the IER data for the PUEs (identified in terms of transmit/receive capabilities).  The result of the IER analysis will be in the form of matrix that will highlight problems in the information exchange supported by LINK-16 among each of the PUE (considered objective platform) and the other platforms.

SID level IOE.  SID level description of a LINK-16 platform implementation is a document detailing which messages, message fields and message field values will be transmitted by the platform and which will be received and processed by the platform.  The SID documents the particular LINK-16 implementation of a single platform in terms of “Transmit/Receive/Not Interpret/Discard” values against a baseline of fields, which, according to STANAG 5516, are named Data Field Identifier/Data Usage Identifier (DFI/DUI).  For this reason a SID is suitable to be translated in a database format through which massive pre-process activities can be run with the help of automatic tools.  In order to run this level of IOE, the LINK-16 SID level data and both the PUE operational requirements and the LINK-16 IER are needed as a prerequisite.

IOM level IOE.  IOM description of a LINK-16 platform’s implementation comprises of answers to a series of platform capability questions that are supplemented, if necessary, by rationales.  These questions usually relate to how a platform implements a particular LINK-16 feature.  LINK-16 interoperability can be evaluated by comparison of the implementation response details given against each platform resident in the IOM database.  Any interoperability issues discovered as a result of this analysis will be evaluated against the LINK-16 operational requirements of the PUE.

PIDD level IOE.  This level of interoperability evaluation involves the procedural aspects of LINK-16 implementation.  The documents involved in this IOE process are named Platform Implementation Difference Document (PIDD) and define the LINK-16 implementation in terms of difference versus an implementation standard (such as the MIL-STD-6016C, STANAG 5516, or National MIDS Interface Requirements Specifications).  This level of interoperability analysis captures the issues related to procedural implementation of the LINK-16, and thus it greatly enhances and complements the results of the previous described phases. (IER, SID, IOM).

According to the above description of the various IOE levels, a top level IER IOE report has to be compiled to operationally drive the successive phases of the IOE.  The IER level IOE report shall contain, as a minimum, a synthesis of the results of the analysis performed to assess the affect of an individual platform LINK-16 implementation on its own operational capability and also the effect on its interoperability with other LINK-16 users.  In each case, the implementation of the platform involved is compared with the implementations of other platforms with which it is, or may be, required to operate.  The IER level IOE report shall contain a synthesis of the results of the comparison between the responses to each IOM question (one by one) in terms of interoperability evaluation between the PUEs.

The SID level IOE report shall contain a first section with a report of consistency checks run on its specific implementation.  These consistency checks shall consist, at least, of the following:

· fields with no transmitted values (or with TBD/missing values) in implemented words;

· illegal spare fields implementations; 

· minimum implementation compliance, against operational requirements.

The SID level implementation of the PUEs shall be compared and any differences (including those deriving from the fact that different STANAG 5516 or MILD-STD 6016C baselines have been considered for the two LINK-16 implementations) shall be highlighted.  Differences between the two platforms shall concern messages/words/fields and values transmitted by the first platform but either not received or discarded by the second one and vice-versa.  After that, an analysis shall be run on all of the highlighted cases:

· classifying them in order of importance against the operational requirements of each single platform;

· confirming really important interoperability issues and weighing them against the possible impact on each mission which should be accomplished by each single platform;

· analyzing the cause of the problem;

· indicating a possible technical solution; 

· indicating, where possible, an operational procedure that could avoid the occurrence of the interoperability issue in the real world.

The PIDD level IOE report shall identify implementation inconsistencies between the PUE and the other considered assets, taking as a reference the difference of implementation with respect to the standards, such as:

· wrong implementation of values forbidden/reserved by the standard;

· wrong implementation of words which are stated to be transmitted/received in particular sequence by the standard;

· other violations to protocol rules; 

· fields and values implementation cross-check.
Particularly, all interoperability issues shall be assessed by:

· classifying them in order of importance against the operational requirements of each single platform;

· confirming really important interoperability issues and weighing them against the possible impact on each mission which should be accomplished by each single platform;

· analyzing the cause of the problem;

· indicating a possible technical solution; 

· indicating, where possible, an operational procedure that could avoid the occurrence of the interoperability issue in the real world.
The procedure described allow for a detailed definition of LINK-16 requirements/issues associated with the platforms and can be considered as a pre-requisite for an optimal integration of LINK-16 capabilities in the target platforms.  For instance, with the generic approach described in paragraph 5 (Fig. 8), MIDS-LVT can be integrated in a certain platform.  However, after that, only the operational experience accumulated in real Network Centric Allied/Coalition Operations and during the execution of national and international interoperability Tests/Exercises (with many other LINK-16 participating platforms) will confirm the validity of the technical solutions adopted and will give the opportunity to better identify advantages and limitations of a particular implementation.  This approach constitutes the base for successive improvements, usually achievable both at terminal and platform levels.  In many cases, and specifically in the case of MIDS-LVT, great improvements are obtained by analyzing the technical/operational findings of the activities performed and defining, as a synergetic international effort, a common roadmap for future R&D activities. 

8.
NATO/Multinational Exercises

To assure interoperability amongst LINK-16 platforms, NATO foresees periodic tests named NATO Tactical Data Link Interoperability Tests (NTDLIOTs).  The NTDLIOTs are performed using platform simulators or real platforms interfaced with suitable systems.  To interface the simulators a digital network (WAN) is activated using standard ISDN lines. The topology foresees a central node acting as forwarder towards all nodes.  

For each NTDLIOT the Tactical Data Link Interoperability Testing Syndicate (TDLITS) compiles a Test Plan.  The Test Plan is structured in exercises. Each exercise involves participation of some platforms (specific procedures) in order to test interoperability.  During the test, all data exchanged are recorded and, after the test, the data recorded in each exercise are analyzed, in order to evaluate the platform behavior with respect to STANAG 5516.
As an example, Fig. 30 shows the network established for a recently performed NTDLIOT.  This included both a Voice Communication and a Data Exchange Exercise, in which NC3A The Hague (Netherlands) and SPAWAR (US) respectively acted as main nodes.      


 [image: image32.png]Voice Communication Exercise

Hague 2, NC3A
Magic 80, The Hague
E-3D Rig

TIM 4, DERA P

Malvern Is

Willemshaven

Static One,
NAEW E-3 Rig
flenkirchen

Ly

SPAW 10,

Cyrano Siera,

E-3FR <7
ch Ruth 8 e g
ig FAF Avord =
NCTSI, San Diego v

Eagle 6, Italy





[image: image33.png]Data Exchange Exercise

TORNADO Simulator
Italy





Figure 30.  NTDLIOT Exercises.
9. CONCLUSIONS

MIDS-LVT is an advanced C4I system incorporating high-capacity, jam-resistant, digital communication links for exchange of near real-time tactical information, including both data and voice, among air, ground, and sea elements.  MIDS-LVT is designed to support key theater functions such as surveillance, identification, air control, weapons engagement coordination, and direction for all the Services and Allied forces.  The system provides jamming-resistant, wide-area communications on a LINK-16 network.  In addition to performing C4I functions, MIDS serves as a navigation aid by providing relative navigation position-keeping functions through the use of PPLI LINK-16 messages and incorporates TACAN functionalities.  MIDS-LVT is also designed to be fully interoperable with the JTIDS, an earlier LINK-16 system.  Actually, as a successor of the JTIDS Class 2 Terminal, the MIDS-LVT employs the LINK-16 (TADIL-J) message standard as defined in NATO publications.  Although the MIDS-LVT terminal has the same performance capabilities as the Class 2 JTIDS Terminal, its size and weight is significantly reduced.  These characteristics have allowed integration of MIDS-LVT on numerous US, French, Italian, German, and Spanish platforms, and also numerous third parties (non-IPO Nations) platforms.  Although all platform integration activities have their own peculiarities, there are some general guidelines, valid in the majority of cases, which allow optimal integration of MIDS-LVT in the target platforms and support LINK-16 interoperability evaluations.     

Since the early days of JTIDS/MIDS, some of the IPO Nations have also embarked on M&S programs for the development of multi-service and multinational LINK-16 simulation networks, capable of supporting both operational/training activities (network design/management) and technical/interoperability testing activities in support of the platforms.  Furthermore, some international test activities and training exercises are being executed among NATO nations with both MIDS-LVT and other LINK-16 systems.  Dissemination of lessons learned from these activities is now giving, both to engineers and operational users, a much deeper insight into the LINK-16 network enabled capabilities, with their real advantages and limitations.  This is setting the scene for further improvements (both at terminal and platform levels), to be obtained by analyzing the technical/operational findings and establishing a common roadmap for future R&D activities.
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