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Abstract：
Data link is a communication method applied in various advanced weapon systems with the aim to exchange real-time tactical data. This system can provide commanders who scattered all over the battlefield with a complete and coherent tactical picture. 

Prior to bring up the requirements for data link, one should think from the aspect of tactics applications, considering, during a combat mission, the command and control relations between each operational unit in order to identify where the collected information should be sent to, and what information each operational unit needs. By doing so, the real-time information could be sent to the unit that most needs in a shortest period of time and made the best use of it.
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Introduction

Competing is human nature. Between people there are competitions; between groups there are wars. Thus, human history is composed by a series of wars. However, groups of people also continue to cooperate and innovate in order to place themselves or their group over others in order to survive; thus the war becomes the dynamics of human civilization. The progress of human civilization not only changes people's way of life, it also changes the nature of war, and the ways to fight and attack are thus evolved. Through out the history of war, the combat begins with hand-to-hand combat with knives and spears, and then is evolved into long-distance war fighting over 100 meters after the introduction of bows and arrows. Afterwards, influenced by Industrial Revolution, the war transforms from cold weapon era, which is dominated by close combat with knives, swords and other cold weapons, into hot weapon era, in which guns and cannons enable the war could be launched tens of kilometres, even hundreds of kilometres away.

With the development of science technology, advanced offensive weapons are innovated, the range of attack is extended, and effective ranges, firing rate and firepower of weapons are dramatically increased.That is why In the battlefield, the reaction time is critical. Voice communication could no longer meet the challenge of changable situation and the requirement to grasp the dynamic situation in today's battlefield. In order to transmit and exchange the location and status of troops and acquired information about the enemy, the existing systems have adopted pre-set procedure. Through radio, the pre-set procedure could transmit messages in the form of text or image; collect, transmit, process, digest and evaluate the collected information by using computer technology; and produce tactical pictures, which could show overall information distribution in the battlefield and provide commanders with timely, appropriate and certain recommendations. Based on those recommendations, commanders could evaluate the situation and make decisions.

Common Data Link Systems

NATO and the US Navy have used the term of "link" since late 1950s. Not until 1960s, did the standard become popular also in other services of the US armed forces, and named it as Tactical Digital Information Link (TADIL). Based on a communication protocol between users, data link is a communications link using automatic radio or telephone systems to transmit, exchange carried message. The data link hardware is composed by four sub-systems: communications, data process, display and control. The data process system encodes data into standard format in accordance with communication protocol, and then the data message is transmitted by communications system. After the receiving end of the communications system receives the data message, the data system will turn the data message into data and display it on monitor (the link process of Link-16 is shown as figure 1). In the military terms, data link is mainly used as a means of command and control, and information transmission; it also could be regarded as a kind of communications method. When facing certain threats and targets that require battlefield commanders to respond timely and handle quickly, they would need some special communication methods to establish the whole picture of the battlefield so that they could have an insight of it, and data link is the one of the methods that could help commanders to establish a real-time and accurate battlefield picture (Link-16 system structure is shown as figure 2).

Modern weapon systems could not produce their best effectiveness without transmitting and exchanging real-time data; and the target acquisition and identification, and the length of reaction time are related to the speed of information exchange and transmission. Data link is the data system that is used to exchange and transmit real-time data between advanced weapon systems. Since this system is able to provide the commanders in various command centers in the battlefield with a complete and unified theater picture, major powers have applied data link to anti-air warfare (AAW), anti-surface warfare (ASUW), anti-submarine warfare (ASW) and electronic warfare (EW). Therefore, since the goal of the establishment of data link is to exchange real-time tactical data between operational units, before bringing up requirements, one must consider, from the aspect of tactical application, the command and control between operational units, as well as the relations between command and control platforms and weapon systems so thus the requirements could be assured.

Link-1, Link-4/4A, Link-11 and Link-14 co-developed by the US and NATO are the earliest developed and most popular data link systems used in the Navy and Air Force. The development of those systems began in the second half of 1950s.They were introduced to land-based air defense units and naval vessels in early 1960s and then to aircraft. From the developmental history of the data link, one could find that the data link systems adopted by current weapon systems and command and control platforms of the US and NATO include Link-11 (TADIL-A, in service since 1970s), Link-11B (TADIL-B, in service since 1970s), Link-4A(TADIL-C, in service since 1980s),and Link-16(TADIL-J, in service in the US Navy and Air Force since 1996).Specifications of frequently used data link systems are as Table 1.

The establishment of data link system in the ROC Armed Forces has been substantially improved, but the popularity of data link system varies between services and the integration of different system is also poor. The Air Force is the service that firstly adopts data link system to transmit data and uses it to support voice communications. Its "Strong Net" system is composed by optical-fiber cable, digital microwave communication net, satellite communication and air force communication net. Among which the air force communications net is similar to NATO Link-1 or Link-11B. Navy's Da-Chen System is the most well-developed data link system in the armed forces. Its function basically is similar to US Link-11. Army's data link system, comparing to the Navy and Air Force, is the poorest. The Army is constructing its data link named "Army Data System", but because of slow progress, the system still could not reach the goal of overall command and control. Heng-shan System is the central nerve of the ROC Armed Forces' strategic command. It is mainly to fuse the data from Strong Net and Da-cheng and Army Data Systems, and then provide general staff with the integrated data for decision-making. Recently, under the US's planning and technical support, the ROC Armed Forces has been planning Po-sheng Plan, a program designed to integrate the data link system established by three armed services. After the Po-sheng Plan is finished, the ROC Armed Forces' capabilities of real-time command and control, and the effectiveness of joint operations, will be substantially improved.

The Application of Data Link

The definition of C4ISR, according to the ROC Armed Forces, is an overall system that employs modern communication and information technologies to integrate doctrines, command and control procedures, organizational structures, personnel intelligence, and surveillance and reconnaissance equipment. It is also a decision support system that is able to provide commanders with automatically processed information in order to help them make decision. Its purpose is to transmit appropriate information with appropriate format to appropriate location for appropriate personnel in appropriate timing in order to meet commander's needs.

Traditionally, the C3I system sends information to the commander through sensors or communication systems, and then the commander gives his/her orders to weapon system operators. However, with the development of military technology, the effective range, accuracy and killing effectiveness keep improving, the reaction time in a war has been dramatically shortened. It is critical for the commander to make decision immediately after the receiving of orders and information. Therefore, the command structure of the modern C4I systems have been improved and, in this structure, after sensors detect or receive information from other units, it is directly sent to weapon operators, instead of being sent through the commander. The weapon operators, according to the orders given by the commander in advance, would adopt countermeasures based on his/her own decision.

The establishment of the data link system itself is not a goal, and the data link system is not an isolated system. The data link system is a communication method in the command and control system. It also functions as supplement and assistance for voice communication, which, in concert of data process, could produce a tactical picture to ensure effective command and control. With military in novation and development throughout the world, the form of war has been dramatically changed, and the form and degree of the control to the war has become an important symbol for the development the form of the war. Data link system is like the nerve system and bridge of the global command and control system. Without it, the intelligences generated by reconnaissance and early warning system could not be transmitted to command centers, and thus command centers could not evaluate the situation and make correct decisions according to those intelligences. If data link system is the nerve central of C4ISR, then the reconnaissance and intelligence systems are the eyes and ears. In modern war, various reconnaissance and detection equipment are dispersed in every corner of the battlefield. With the data link system that could integrate the situation and other information, such as casualty data, the command and control system could make accurate estimation and make the best decision.

The theory of battlefield management generally involves the following issues: battlefield (space), the overall affairs concerning warfare and combat, resource distribution, battlefield management method, battlefield management tool, automatic decision-making, and the improvement of combat effectiveness. This fact demonstrates that when commanders of any level receive operational orders they begin their battlefield management tasks until the mission is implemented. The area of battlefield management includes overall military affairs in the area of operations. The time coverage includes stages of operational preparation, mission implementation, assessment of results of the battle, and re-engagement, which should be linked and formed into a decision circulation system. The means of battlefield management concerns how to utilize modern management methods (such asi planning, organization, leadership and control) and management tool (C4ISR) in order to allocate resources (manpower and fire power), and improve combat effectiveness through automatic decision-making. The function of battlefield management is to integrate all sorts of battlefield management tools and translates them into an organic and comprehensive ecological system. This system would integrate the collection and assessment of intelligence, command and control, weapon systems and support units, connecting the commander, shooter and logistic personnel. Just like human body reaction, when eyes and ears receive threat signals, they will sent those signals to the brain, and then the brain, after judgement, will instruct hands and feet to defense or attack (see figure 3).

Ways to Manage Data Link

The supreme principle in the battlefield is to "know your enemy and know yourself and you can fight a hundred battles without disaster." We could make the best decision and create a favourable situation based on the situation only if we completely know the enemy's and our capabilities. Therefore, in a war, in addition to the enemy and our military and financial situations, the most important thing in the battlefield is to grasp the essence of intelligence and technology, and the collection of intelligence is depended on reconnaissance technology and the transmission of information.

Controlling Information

Since data link is the nerve central of the C4ISR system, the information of both sides, and front line and the logistic situations are all sent to military commanders, decision makers and operational units through data link system. Thus, while designing the data link data link structure, one should consider where the information collected by C4ISR system should be sent to and what the information that each operational unit needs is. Before submitting data link system requirements, in a combat mission one should consider the relationship structure between operational units, as well as between command and control and weapon platforms. By doing so, those requirements could be conformed, and the data link system that is designed based on those requirements could transmit the latest information to the unit needs it most as soon as possible, and thus the best combat results could be achieved. Meanwhile, one should also prevent the unnecessary information from flowing into the data link system in order to reduce the load and increase the processing speed of the system. Thus, the unfavourable factors in the fluid battlefield could be minimized.

Diversifying the Means of Information Transmission

Modern systems are all established based on an open structure concept. A network-centric and digitalized system could thus be interlinked and integrated with others, has the capability to inter-connect systems and exchange information, and could be replaced by another system. Each operational unit has numerous and wide varieties of equipment, and the functions of the systems in each unit and the ways that those systems transmit information are also different. Thus, when planning the integration of information transmission, one should consider the fact that different forms of data should be transmitted according to the functions of equipment and the methods that the information is transmitted. Furthermore, one should even consider the fact that the information transmission rate should be dynamically adjusted according to the degree of the fluctuation of channel transmission capacity, in order to fully utilise the transmission capacity of each communication channel and dynamically manage the bandwidth and transmission rate. In addition, since the system has the function of system interconnection and information exchange, the fact that other equipment could transmit the information in case the information could not be transmitted because of equipment malfunction should also be put into consideration. Although this would reduce the transmission rate, it still could maintain the transmission of the information and the situation of disconnection of information caused by equipment failure could be avoided.

Improving Personnel Quality

After all, human are the ones who operate the system, no matter how advanced and well deigned the system is. Thus, in terms of system management, human factors should never be neglected. Some people might say that, with the advancement of science and technology, the degree of system automation increases. After the system is configured, the process and transmission of the information will be implemented in accordance with pre-set procedure, no operator is needed. However, there is no doubt that the existing equipment and systems are not fully automated yet. It is true that the equipment and system operating procedure is simplified because of system automation, but certain jobs such as the receiving and transmission of information as well as target entry still have to be done manually. Therefore, operators are still irreplaceable. The quality of personnel could be improved through training and practice, both of which could be done by adjusting the system configuration according to the nature of operators' duties and their missions. The adjustment of system configuration could improve the quality of data link system management and data link system function. In case of emergency situation, the adjustment also could help operators to make right decision, handle the situation properly, and minimize the impact of the situation.

Conclusion

In the light of the rapid development of technology and the fluid strategic environment, the US military keeps pace with the Revolution in Military Affairs (RMA), and learns innovative management methods from private sectors. William Perry, former US defense secretary, once said that the reason why the US military implements the RMA is merely to borrow technology and management methods from private sectors and then apply them to military affairs. Therefore, the ROC Armed Forces should learn military strategies from advanced countries, introduce innovative management concepts, and, based on our strategic requirements, develop the C4ISR and data link systems that suit us. By doing so, we could improve not only joint operations capabilities and each service's specialties, but also the effectiveness of communication and information transmission.
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