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Objectives

« The original hyperbolic CORDIC (Coordinate Rotation Digital
Computer) algorithm imposes a limitation to the input’s domain which
renders the algorithm useless for certain applications (limited
convergence).

+ A fixed-point implementation of the hyperbolic CORDIC algorithm with
the expansion scheme proposed by Hu is presented, Using the
Iterative Architecture, which is upgraded to a DFX Version.

 We used DFX because it combines the simplicity of a fixed-point
system with the wider dynamic range offered by a floating point
system. Using a single bit exponent which selects two different fixed-
point representations, it allows dynamic scaling of signals throughout
the system.
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Status Summary

* The project is done on time as scheduled.
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Project Timeline

Project# 1 - Phase A

2015 2016
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Start
Project Selection Done
MATLAB implementations for FX Done
MATLAB implementations for Expanded FX Done
Implementation
VHDL implementations for FX Done
VHDL implementations for Expanded FX Done
DEX Design
Design DFX Barrel Shifter Done ‘
Design DFX Add/Sub Done
Parametrization Done
Run full range test case Done .
Write final report Done
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Extended Hyperbolic Cordic in Math

The method proposed by Hu consists in the inclusion of additional
iterations for negative indexes i:

Fori<0

Xii1=X; +0; (1—2"‘2}(,;

Y =Y + 0 (1—2"‘2))(,,;

Ziy=Z;—8Tanh™ (1 - 2‘"2)
Fori>0

Xiv) = X; +5;%27"

Yig =Y +8:X;27"

Zi1 =Z; —8;Tanh™! (2‘*' )
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Extended Hyperbolic Cordic in Math —Cont.

Depending on the mode of operation, the quantities X, Y and Z tend to the
following values, for sufficiently large N:

Rotation Mode \/ectorihg Mode

x,, = A, (xycoshz; + y,sinhz,) Xn = An ’xlz — y12

Vn = A, (yicoshz; + xysinhz;) _
Yn=0

zZ, =0
" in =24 + tanh_l(yl/xl)

A e{ ﬁg,_(]_zts—z)'f”ﬁ_.v:,_z_ﬂ

i=—M i=l1

Range of convergence with respect to
the negative iterations (M):

M 8, from (19) M 8, from (19)
0 2.00113 5 1242644 . v
I 3.44515 6 15.54462 . .
2 5.16215 7 19.00987 Omax = ZTanh‘l (1 - 2"_2)+ Tanh™" (2_N )+ ZTQM_] (2_5)
3 7.23371 8 22.82194 Py i=1
4 9.65581 9 26.98070
10 31.48609
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DFX VHDL Design

51
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DFX Barrel Shifter

Uso
>
numao »0
N bits
INput =l Barrel Shifter ———3| Range Detector numi
>> PO-P1 v 4l
S
Ero e
Range Detector:
Erd=
(1 It determines whether a fixed point (FX) number [nin pin] can be — DL L
represented as a DFX numO number with n bits. Note that if E=1, it o '
does not necessarily mean that it is a num1 number with n bits, '

because it might actually need more than n bits.

EHD = IE'."1'151'1.—:111'.*.—1 E'."1':—1—pl‘.l—1_ + bnm—pm—l IE:“1':—]_—;1[.'!—1
1 For the DFX number to be numO with n bits, the corresponding FX o _
number has to be such that the nin-pin-(n-1-p0)+1 MSBs have be — ==
all 1 or 0 (due to sign extension). This means only one of those bits is fain z2a | |
needed.

E n-1-p0 j=10]

numi | 0 |

(1 The figure assumes that: nin—pin2n—1-p0,p02pin. If nin—pin< —1—  1f not, we try with num1:
p0 then the FX number is a num0 DFX number with n bits. If pO<pin,
we need to get rid of pO—pin LSBs (we lose precision here).

nin-pin pin

[nin pin] | | |

n-1-pl pl

numl | 1 | |

If not, it means we need more than n bits.
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Error Analysis

- To measure the accuracy of the implemented DFX hyperbolic
CORDIC, error analysis is performed on a different cases that will
cover the two formats in the DFX representation (numQO, num1l).

- The results are compared with the ideal values obtained in MATLAB.

- The error measures will be:

| ideal value —DFX CORDIC value]
lideal value|

Relative Error =

| ideal value |
ue —DFX CORDIC value |

SNVR =20 10g10 | ideal val
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Format & Range

 Format: [n p0 pI]
X,Y format [32 29 25]
Z format [32 27 25]

o Range | f_,/’;/-l/_'nunwl:ﬂue\”h] |
C XY A
« NumoO:[-2,2) A ”
Numl : [-32,-2)U[2,32) :
o /Z:
Numo : [-8,8)
Numl : [-32,-8)U[8,32)
12/14/2015 DFX Expanded Hyperbolic Cordic Implementations 1



OAKLAND UNIVERSITY

Results-Atanh-Relative error [0 1) 1000 inputs
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Results-Atanh-SNR [0 1) 1000 inputs
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Results-Atanh-Relative error [0 1) 10000 inputs

0 01 02 03 04 05 06 07 08 09 1
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Results-Atanh-SNR [0 1) 10000 inputs

240

160

140

120

100

0 01 0z 03 04 05 06 07 08 09 1

12/14/2015 DFX Expanded Hyperbolic Cordic Implementations



OAKLAND UNIVERSITY

Results-Atanh-Relative error and SNR (0.999999 to 0.999999998)

-8
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1

60 — —

40 —

20
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1
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Results-Sinh-Relative error [0 11] 1000 inputs

103

10744 -
L |

10°° =

0°E E

107 =

00 E

12/14/2015 DFX Expanded Hyperbolic Cordic Implementations



OAKLAND UNIVERSITY

Results-Sinh-SNR [0 11] 1000 inputs

240

180 — -

160 — -

120 — ]

100 [ —
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Results-Cosh-Relative error [0 11] 1000 inputs
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Results-Cosh-SNR [0 11] 1000 inputs

| R,
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Results-Exp-Relative error [0 10] 1000 inputs
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Results-Exp-SNR [0 10] 1000 inputs
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IP Package and Peripherals

Slv_reg0 S Slv_regl L Slv_reg2 Slv_reg3
& L [ -~ L
2l 24 2 L Ly
S_AXI_ AWADDR 4 _ 4 S_AXI_ARADDR
S_AXLAWVALID =~ ) S_AXI_ARVALID
S_AXLAWREADY 720 A A T N D S_AXI_ARREADY
3% 32 & 32& l
S_AXI_WDATA 32, _ 32 S_AXI_RDATA _
S AXI_WSTRB 4, _ © S_AXI_RRESP _
S_AXI_WVALID o HAYBERBOLIC CORDIC S ALRVALID
_S_AXI_WREADY J S_AXI_RREADY
_S_AXI_BRESP 2,
_S_AXIBVALID 324; 32* 32{ l
~'S_AXI_BREADY \Xoue  yout zout done /
SAXLACLK INTERFACE
324~ 32// 321 14~
h 4 [— v
Slv_regd S Slv_reg5 « Shv_regh S Slv_reg7
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IP Package and Peripherals

processing_system?7_0_axi_periph

rst_processing_system7_0_100M ea
3357 S00_AXI

slowest_sync_clk mb_resetm= ACLK )

ext_reset_in bus_struct,reset{0:0] = ARESETN[0:0] - diip 0
—aux_reset_in peripheral_reset{0:0] pm S00_ACLK -%- MOO_AXT s i - 1 SO0_AX
—mb_debug_sys. rst interconnect._aresetn[0:0] 500_ ARESETN[0:0] L 500_axi_ack
= dem_locked peripheral_aresetn[0:0] MO0_ACLK s00_axi_aresetn

MOO_ARESETN[0:0]
Processor System Reset dfx_ip_v1.0 (Pre-Production)

AXI Interconnect

processing_system7_0

PTP_ETHERNET 0=

DDR ek

FIXED_IO=h

1IC_0=

M_AXI_GPO_ACLK ZYNQ SDIO_0=
USBIND_0h

M_AXI_GPO s |2 s

FCLK_CLKO

FCLK_RESETO_N

D DDR
D FIXED_IO

o — — —— —

ZYNQ7 Processing System
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Attention Areas

* Number of lterations (positives and negatives).
 DFX format used.

* |rregularity due to:

— Truncation of PO-P1 LSB bits when doing DFX
Addition/Subtraction. Can be recovered.

— Converting Decimal numbers to Binary and vice
versa.
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Thank You

* Any Questions??
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