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The following subsections discuss the characteristics, utility, and model for each onboard sensor The sensor con guration onboard the AUV is illustrated in Figure 121 The IMU is at the vehicle center of gravity and de nes the origin of the body frame The DVL, LBL, and pressure sensors are o set from the body frame origin by the vectors lD , lL , and lp
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		Dual-Diversity Reception A dual-diversity receiver can reduce the fading that occurs in radio reception at high frequencies (approximately 3 to 30 MHz) when signals are propagated by means of the ionosphere Two receivers are used Both are tuned to the same signal, but they employ separate antennas, spaced several wavelengths apart The outputs of the receiver detectors are fed into a common audio amplifier, as shown in Fig 25-16 Dual-diversity tuning is critical, and the equipment is expensive In some installations, three or more antennas and receivers are employed This provides superior immunity to fading, but it compounds the tuning difficulty and further increases the expense
Figure 121: AUV sensor con guration depicting the body frame u, v, and w axes; and the sensor o sets lD , lL , lp
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		The IMU provides measurements related to the acceleration and angular rates of the AUV The IMU outputs are reliably available at a known  xed rate The IMU outputs will be integrated through the kinematic model to provide an estimate of the state of the AUV which includes attitude, velocity, and position Due to uncertainty in the initial conditions and imperfections in the IMU, the INS estimate of the AUV state is also imperfect The other onboard sensor signals will be used, in a complementary  lter architecture, to correct the INS state estimate The IMU outputs are compensated for scale factor, temperature, and non-orthogonality by the manufacturer; therefore, the gyro and accelerometer measurements are modeled as   ua   ug = = f p + ba +   a   p + bg +   g ip (129) (1210)
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		Synchronized Communications Digital signals require less bandwidth than analog signals to convey a given amount of information per unit time Synchronized communications refers to a specialized digital mode, in which the transmitter and receiver operate from a common time standard to optimize the amount of data that can be sent in a communications channel or band In synchronized digital communications, also called coherent communications, the receiver and transmitter operate in lock-step The receiver evaluates each transmitted binary digit, or bit, for a block of time lasting for the specified duration of a single bit This makes it possible to use a receiving filter having extremely narrow bandwidth The synchronization requires the use of an external frequency/time standard The broadcasts of standard time-and-frequency radio stations such as WWV or WWVH can be used for this purpose Frequency dividers are employed to obtain the necessary synchronizing frequencies A tone or pulse is generated in the receiver output for a particular bit if, but only if, the average signal voltage exceeds a certain value over the duration of that bit False signals, such as can be caused by filter ringing, sferics, or ignition noise, are generally ignored, because they rarely produce sufficient average bit voltage Experiments with synchronized communications have shown that the improvement in S/N ratio, compared with nonsynchronized systems, is several decibels at low to moderate data speeds Further improvement can be obtained by the use of DSP How DSP Can Improve Reception In DSP with analog modes such as SSB or SSTV, the signals are first changed into digital form by A/D conversion Then the digital data is cleaned up so the pulse timing and amplitude adhere
2 where ba is the accelerometer bias,   a   N (0,  a ) represents accelerometer p measurement noise,   ip is the angular rate of the gyro relative to the inertial frame represented in platform frame, bg represents the gyro bias,   g   2 N (0,  g ) represents gyro measurement noise, and f p is the speci c force vector in platform frame As discussed in Section 1112,
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