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This chapter describes a navigation system designed for a small autonomous underwater vehicle (AUV) [97, 98] The mission for the AUV requires maneuvering underneath ships in a harbor environment The AUV will often maneuver relative to the ship hull which may require the AUV to assume relatively large pitch and roll angles The navigation system is responsible for maintaining accurate estimates of the AUV position, velocity, attitude, angular rates, and acceleration for use by the planning and control systems In addition to the sensors used for navigation, the AUV is instrumented with various imaging sensors that are monitored remotely by a human operator To enable ship hull relative maneuvering, rendezvous, and reacquisition of interesting imaged objects, the desired is to achieve sub-meter position estimation accuracy The navigation sensors available on the AUV included an inertial measurement unit (IMU), a Doppler velocity log (DVL), an attitude and heading sensor, a pressure sensor, and a long baseline (LBL) transceiver The DVL measures velocity along four beam directions via acoustic Doppler measurements The LBL measures acoustic signal round-trip travel times between a transceiver mounted on the AUV and four baseline transponders at known locations More detailed descriptions of the characteristics of each of these sensors are presented in Section 122 Given this sensor suite, two alternative navigation approaches were initially considered One approach would use the LBL and depth measurements to aid a DVL based dead-reckoning system However, due to the fact that the DVL requires at least three beams to have bottom-lock to resolve the velocity, this approach would fail in situations when the AUV operated with su ciently large roll and pitch angles In addition, the DVL 431
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		Detection of SSB For reception of SSB signals, a product detector is preferred, although a direct-conversion receiver can also do the job A product detector also works well for the reception of CW and FSK The incoming signal combines with the output of an unmodulated LO, producing audio or video Product detection is done at a single frequency, rather than at a variable frequency as in direct-conversion reception The single, constant frequency is obtained by mixing the incoming signal with the output of the LO Two product-detector circuits, which are also representative of the mixers used in superhet receivers, are shown in Fig 25-14D and E At D, diodes are used; there is no amplification At E, a bipolar transistor is employed; this circuit provides some gain The essential characteristic of either circuit is the nonlinearity of the semiconductor devices This generates the sum and difference frequency signals that result in audio or video output
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		update rate (7 Hz) is slow and the DVL signal is dependent on the acoustic environment; therefore, it may not always be available The alternative approach that is presented herein uses the DVL, LBL, and depth measurements to aid an inertial solution computed from the IMU measurements An extended Kalman  lter is used to combine the available aiding measurements as they become available The extended Kalman  lter is designed to accommodate the asynchronous and delayed-state measurements that are inherent in this application due to the LBL
The purpose of this section is to de ne the notation that will be used throughout this chapter and to derive the system kinematics
Enhanced selectivity can be obtained by tailoring the frequency response in the AF amplifier stages following the detector, in addition to the RF selectivity provided in the IF amplifier stages preceding the detector
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		The navigation variables used in this chapter are summarized in Table 121 As in previous chapters, superscripts will be used to identify the frame of reference in which the vectors are represented For angular rate vectors, the notation   c is read as the angular rate of frame b with respect to frame ab a as represented in frame c The matrix  c = [  c  ] represents the skew ab ab symmetric form of   c , which is de ned in Section B15 ab Symbol p ve a f g     ba bg  ,  ,       Units m
Description AUV position vector Earth relative velocity vector (see p 389) Acceleration vector Speci c force vector Gravity vector Angular rate vector Tangent to platform frame Euler angle three-tuple Accelerometer bias vector Gyro bias vector Roll, pitch, and yaw Euler angles Latitude
.
Due to the fact that the AUV will be maneuvering locally in a ship relative coordinate system de ned by the LBL system, we select a  xed tangent frame implementation The tangent frame position pt is the integral of the Earth relative velocity represented in tangent frame:
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