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Synopsis:

This brief report lists some key results achieved by combining use of PRLC and RVSC already developed in the drive level.  

Appendix 1.
 User’s Guide for Lv4 Cmd “N” – Parsimonious Repetitive Learning Compensator.

Appendix 2.
 User’s Guide for Lv4 Cmd “R” – Rotational Vibration/Shock Compensator.

1. Testing Procedures
A U8 pass drive (serial number: 3CT001MS) is used for PRLC testing.

We measured the controller transfer function using Servo Debug Board on U8 using HP35670A DSA. CH1 (input) is the PES and CH2 is the DAC signal (point A  as shown in Fig. 5.). 

The reason why we choose to measure controller’s Bode plot is that this Bode is cleaner to read than ETF (error transfer function) and 1+PC.  Our practice shows that, in the controller’s Bode, the peaks (comb teeth) due to AFC or the proposed PRLC, can be more clearly seen. Meanwhile, a peak in controller’s bode indicates that at this frequency, the disturbance will be greatly attenuated.

A typical testing result is shown in Fig. 6 where the red trace is the nominal one (w/o AFC) while the green one is for the case with AFC on. Clearly, AFC is effective in attenuating the 1X harmonic by 10 times (20 dB). From the Fig.6, the magnitude is in dB. Since by default, the PES is scaled by 2^8 such that through the servo debug board the PES can be clearly seen with less noise. Therefore, all dB values in the Bode plots of this report should be added by a constant: 20*log10(2^8), i.e., by 48.2 dB. Note that the measured peak frequency in Fig. 6 is only 89.9436 Hz while the theoretical value is 90.0694 Hz. This discrepancy is within our measurement resolution. 
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Fig. 5 Illustrative block diagram for Bode plot measurement
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Fig. 6. Controller’s Bode plots with and without AFC (Adaptive Feedforward Compensator)

 (RED: with AFC; GREEN: nominal, no AFC)

2. Results.
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Above Figure  -  Violet: Nominal Bode plot of controller.  (No AFC, no RVSC, no ZAP, no PRLC etc, only SFB);
Blue: RVSC+PRLC on. No AFC, ZAP etc.
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 Above Figure  -  Violet: Only PRLC on. Blue: RVSC+PRLC on. No AFC, ZAP etc.
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Above Figure  -  Violet: Only AFC on. 
Blue: RVSC+PRLC on. No AFC, ZAP etc.
[image: image6.wmf]OPTIMAL PARSIMONIOUS RLC  + RVSC!!

@1.915K  NPA=0 E1 4>N1,1100,0202

Date: 10-15-99  Time: 05:22:00 PM

50Hz

5kHz

C:

Freq Resp2/1

  X:5       kHz          

  Y:-25.919 dB     

0

dB

-60

dB

dB Mag

6

dB

/div

  X:5       kHz          

  Y:-24.592 dB     

D:

D1 Freq Resp

50Hz

5kHz

0

dB

-60

dB

dB Mag

6

dB

/div


Above Figure  -  Violet: only SFB. 
Blue: only RVSC+SFB on. 
No AFC, ZAP etc.

[image: image7.wmf]OPTIMAL PARSIMONIOUS RLC  + RVSC!!

@1.915K  NPA=0 E1 4>N1,1100,0202

Date: 10-15-99  Time: 05:01:00 PM

50Hz

5kHz

C:

Freq Resp2/1

  X:89.9436 Hz           

  Y:-42.257 dB     

0

dB

-60

dB

dB Mag

6

dB

/div

  X:89.9436 Hz           

  Y:-18.799 dB     

D:

D6 Freq Resp

50Hz

5kHz

0

dB

-60

dB

dB Mag

6

dB

/div


Above Figure  -  Violet: SFB+RVSC+PRLC. 
Blue: only RVSC+SFB. 
No AFC, ZAP etc.
Appendix 1:  User’s Guide for Lv4 Cmd “N” – Parsimonious  Repetitive Learning Controller.

This command is built for the ease of studying various parameter settings on the PRLC performance. The following parameters can be specified via command line through serial port:

· degree of parsimoniousness

· fundamental frequency (buffer length – not necessarily be multiple of sector #)

· overall steps of phase advance (0-15, default 0)

· additional steps of phase advance for tracking error (PES) (0-15, default 0)

· learning gain

· length of the moving 

FORMAT – “4>Nxxxx,yyyy,zzzz”

“xxxx”=
0:
display status.

1:
Parsimonious Repetitive Learning Control. Using ZOH.

“yyyy”=L4 of H8:
Number of steps for phase advancement (
[image: image8.wmf]PA

N

)

H4 of H8:
Additional steps for phase advancement for PES (N’)


L8:

Width of FIR Noncausal Filter (m). NOTE:2m+1 points for averaging.

“zzzz”=H8:
degree of “parsimoniousness”. 0 for 1x; 1 for 2x; 2 for 4x; 3 for 8x; 4 for 16x.


L8:
Learning gain. =0.5/(2^(L8-2))

11:
Parsimonious Repetitive Learning Control. Using FOH.

ibid.

For example,

N1,1100,0202:  

Using ZOH during “up-sampling”. 
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=1 and PES has an additional one step of phase advance. No NCF (non-causal filtering) because m=0. Degree of “parsimoniousness” is 2^2, i.e., 4X-parsimonious. Learning gain is 0.5

Appendix 2:  User’s Guide for Lv4 Cmd “R” – Rotational Vibration/Shock Compensation.

        ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

        ;; ShockRVComp_Phase1 -  RV and Shock feedforward compensator implementation
;;

        ;;                    (RVSC: rotational vibration and shock compensator)                           
;;                                       

        ;;      Format: 4>R[param_1[,param_2]][,param_3]]                                                         
;;

        ;;      Enter:  'R'             default = show RV/ShockCompensator status                      
;;

        ;;              'R0'            default =  ibid                             



;;

        ;;              'Bparam_1'      RVSC actions (on/off)                       


;;

        ;;                                        (when:)  Re-designC TrackFollowing


;;

        ;;                      param_1 = 1 ->                 off        on       



;;

        ;;                      param_1 = 2 ->                 on         off       



;;

        ;;                      param_1 = 3 ->                 on         on        



;;

        ;;                      param_1 = 4 ->                 off        off       



;;

        ;;              default: SK/off; TF/on, i.e., "R1"                          



;;

        ;;      Param_2: PES threshold (in counts 1 trk=256) above which RVSC is to 

;;

        ;;               be enabled with rule based nQ. (default: 0) 

      

;;

        ;;      Param_3: Relative Degree of Q-filter. 1,2,3,4. (default: 4)
      

;;

        ;;                                                                          




;;

        ;;      Exit:   none                                                        




;;

        ;;                                                                          




;;

        ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

Example:

“4>R3”: RVSC is turned on during track-following and the nominal controller will be auto-redesigned to optimize the RVSC’s performance. nQ is set to 4 by default and PES threshold is set to 0, i.e., the rule-based selection of the relative degree of Q-filter is functionally disabled.
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