5.2　Bidirectional field pick-up unit (FPU) transmission technology
　We are researching bidirectional field pick-up units (FPUs) for use in high-speed wireless transmission of file-based video footage. We researched a high-speed adaptive modulation scheme and automatic repeat request using time division duplexing (TDD), upgraded our dual-polarized parabolic antenna, examined a congestion control algorithm that takes into account wireless transmission errors , and evaluated file transmission capabilities through field experiments. 
　We evaluated the high-speed adaptive modulation scheme implemented in an experimental prototype operating in a radio propagation environment and demonstrated that it effectively prevents transmission errors by switching modulation methods automatically even when propagation conditions vary rapidly(1). We also refined the frequency conversion circuit and carrier filter coefficient of the transmission/reception control unit to ensure sufficient transmission quality even when a high-order modulation method such as 256 QAM or 1024 QAM is used. As a result, the modulation error ratio was improved by more than 4 dB.
　For automatic repeat requests, we studied the Hybrid Automatic Repeat reQuest (HARQ) protocol, which adaptively combines error corrections and repeat requests to adjust the code rate(2). Evaluations demonstrated that using HARQ improves the bit error rate when the channel characteristics are degraded and prevents transmission bit rate degradation (Figure 1). 
　We also upgraded the dual-polarized parabolic antenna that we first prototyped in FY 2012 (Figure 2) to increase the gain and widen the bandwidth. As a result, the frequency characteristics were improved, and the gain difference in the 6/7-GHz bands was reduced to within 1.2 dB(3). We also devised a structure that facilitates setting up the antenna for practical use.
　For the congestion control algorithm, we developed a transmission control protocol (TCP) for transmitting files at high speed even on wireless networks. The conventional TCP, which determines the congestion status of a network on the basis of increasing transmission latency, makes an erroneous determination if latency increases due to unrelated congestion such as retransmission delay to recover bit errors and waiting time for wireless transmission in a time division duplex system. The result is a reduction in the transmission rate. We thus developed a method for estimating the amount of latency increase unrelated to congestion. Experiments using actual networks demonstrated that the method prevents erroneous determination of congestion status and thus can reduce the time needed for data transmission(4).
　We conducted field experiments on an experimental bidirectional FPU prototype using a microwave band (6-7 GHz) to evaluate its file transmission capability and adaptive modulation capability. It performed bidirectional communication over 21 km (overland) using TDD. With the transmission parameters set to 2×2 multiple-input multiple-output transmission and 256 QAM modulation and using a (180,164) Reed-Solomon code for error correction, it provided a throughput of approximately 145 Mbps, twice that of the conventional method for video file transmission using the file transfer protocol. The adaptive modulation scheme enabled transmission with stable throughput by using an appropriate modulation method automatically selected to match the conditions of the propagation path(5).

　


Figure 1. Comparison of transmission bit rate characteristics using actual equipment
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Figure 2. Dual-polarized parabolic antenna with splash plate (left: front, right: back)
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