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4—ui  CSIDSP $kfh)%

1.1 sy

Xy FHHIA ) J& CSIDSP #{F P, j2—B M T X BAbiLes (E804/I805/E906/E907) FA1id T 7 5 AL Bl bR .
J2E PR 25 B ECRT A2 208

o UL ] B R
© Giit kgL
* B R AL
B GHIERTE e

FENBIR ZHeR B A QT, QLS. Q31 AU LI s LA AR -

1.2 ol e

lib BSR4 T FgmiFAI A, 41 E906/E907
e libcsi_xt900p32_math.a

PR B R BE IR 0 csi_math.h H, csi_math.h JFIGHAE include H 3,

TER R A4 csimath.h SK3CPF, AERTPAEHIA T DSP PRk g SRR I EAE E I 0T B O R ARCAS - 3t AT
DAKRE 2 R RS SRR I )Y o

R JFORPA esky_ PRI ar A T sURERA esi IRy, IF B, RIEBCASH ZEER & B 1 X A 07 5 I,
HEAEM LA csi TRk 2, A csky_ TRk 4% 5 RAE T — AR




(@ FsL5 #—& CSIDSP %ifE
1.3 AFRRA B

N[5 2 SEARAS I FEXT EL AR -

BERRA XtRriE < MWSEE

E804 CSKY DSP FE S5 EREL
1805 CSKY VDSP2 | 5E 5 pR%E
C860 CSKY VDSP2 | Jif ekl

E906/E907 | RISCV DSP E SR

BEWT AR AR R, MR AL B T IS B, R KRR BAS AR PR SRR DL GO Y R 308, N &

IRANSHE):
2 E804 | 1805 | C860 | E906/E907
abs_max_ql5 Y Y N N
abs_max_q31 Y Y N N
mult_rnd_q15 Y Y Y N
dot_prod_u64xu8 N Y N N
mult_q15xq31_sht | N Y N N
sum_q15 N Y N N
mat_inv_f32 Y N N Y
mat_inv_f64 Y N N Y
mat_mul_fast_q31 | Y N N Y
mat_mul_fast_ql5 | Y N N Y
pow_int32 Y Y Y N
1.4 40

CSISDK HLHIHF T — L8735 Bl 7 ] 8 11 2 R 4
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B ARBCERE

2.1 [

211 %k

o csi_abs_f32 : P75 ARG HE.
e csi_abs_ql5 : Q15 [ EE4E WHE.
e csi_abs_g31 : Q31 [ ELENTY.
o csi_abs_q7 - Q7 [A) BAa A 1.

2.1.2 Wi

IR UEE IV N ELRUE P

pDst [n] = abs(pSrc[n]), 0 <= n < blockSize.

XL R BT DR B B0 5, @i, SevFIENI H R R e A A
NP, Q7, QI5, Q31 4RI ML T [ R %L

2.1.3 PRV

2.1.3.1 csi_abs_f32

void csi_abs_f32(float32_t *pSrc, float32_t *pDst, uint32_t blockSize)

BH:

*pSrc: FRIa kA &
*pDst: f 1% i ) &
blockSize: [aj& TGRS

RInH:

Ta




@ F4F EoE BAKEEY

2.1.3.2 csi_abs_ql5

void csi_abs_gl5 (gl5_t *pSrc, gl5_t *pDst, uint32_t blockSize)

SEL:

*pSre: F§MHHA M
*pDst: F5 4 i &
blockSize: & FHIITEE

R [BIE:
J&
g M (SER WS

PR AN SRIA. QLS AYME -1 (0x8000) B 2 M-I A i K i IR %K {f Ox 7FFF.

2.1.3.3 csi_abs_q31

void csi_abs_qg31 (g31_t *pSrc, g3l1_t *pDst, uint32_t blockSize)

BH:

*pSre: F8AHIA &
*pDst: F a4 i ) &
blockSize: [ EHHITER

R [BIE e
Jo
G L (AE W ST

BREBE IR ETE . Q31 HY{EA-1 (0x80000000) Iif £ (AN H K Y IE L Ox7FFFFFFF,

2.1.3.4 csi_abs_q7

void csi_abs_g7 (g7_t *pSrc, g7_t *pDst, uint32_t blockSize)

B

*pSrc: FRI AN &
*pDst: F a4 i ) &
blockSize: M EHMITER

R [BIE e

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 4
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Jo
SRR

iy AR buffer AR 32 X5,
iy e ISR WIE

BRI AN S . QT IOMEN -1 (0x80) I S My fR K HY) IE 4L fE OXTF .
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@ F4F EoE BAKEEY

2.2 AR LR

221 %k

o csi_abs_max_ql5 : Q15 [m B4 HE R K(E.
e csi_abs_max_qg31 : Q31 7] BTG 2% 48 S E A R AHL

222 TEHREW]

1) B R TCR IR, SR IR M AR IO (BRI E804/1805 JilA) .

*pDst = max (abs (pSrc(n])), 0 <= n < blockSize.

QL5 Q31 PIRMRALERME Tl iy R &K

223 pRERW]

2.2.3.1 csi_abs_max_ql5

void csi_abs_max_qgl5 (gl5_t *pSrc, gl5_t *pDst, uint32_t blockSize)

SHL:

*pSre: FIHIA &
*pDst: $§[aHAME
blockSize: [Aj&EFHITEL

B i
T
G BORTEE A T
PR AN A, Q1S BYMEN-1 (0x8000) I £ ML Ay e K IE AL {E OX7FFF.

2.2.3.2 csi_abs_max_q31

void csi_abs_max_g31 (g31_t *pSrc, g31l_t *pDst, uint32_t blockSize)

B

*pSrc: 5 Al E
*pDst: $§ R
blockSize: [HEPHIICE

BRI

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 6
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Ja
A JEORRR IR AR A7 A

PR AN . Q31 {E -1 (0x80000000) B 2 HEAI A i K 11 1 £k {H Ox7TFFFFFEF .
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2.3 Wk
231 %k

o csi_add_f32 : ¥ g ) RN
o csi_add_ql5 : Q15 [EANE.
o csi_add_g31 : Q31 [A & NYE.
e csi_add_q7 : Q7 [l &Y.

2.3.2 T EHRW]

PIAS T TR B

pDst[n] = pSrcA[n] + pSrcB[n], 0 <= n < blockSize.

NP, Q7, QI5, Q31 A FhIAUATIRAUL 1A R s %K.

233 PRV

2.3.3.1 csi_add_f32

void csi_add_£f32 (float32_t *pSrcA, float32_t *pSrcB, float32_t *pDst, uint32_t.
—blockSize)

BH:

*pSrch: f 5 — A &
*pSrcB: FRA)EE N A B
*pDst: 7 [l H ) i

blockSize: [a] & HAIICEEL

R [BIE:

Ja

2.3.3.2 csi_add_ql15

void csi_add_gl5 (gl5_t *pSrcA, gl5_t *pSrcB, gl5_t *pDst, uint32_t blockSize)

S

*pSrcA: f] S — AN &
*pSrcB: F{MHE AR &
*pDst: Fg1a) 4 ) &

blockSize: [AlHYITTEEL

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 8




@ F4F EoE BAKEEY

R [BIE :
Jo
i G M (SE WS E

PR TR EE. SR AR 1 QLS Y KL [0x8000 OX7FFE] M £ it FIALH.

2.3.3.3 csi_add_q31

void csi_add_g31 (g31_t *pSrcA, g3l1_t *pSrcB, g3l_t *pDst, uint32_t blockSize)

BH:

*pSrcA: 7 H— A &
*pSrcB: $§[H % A E
*pDst: ¥ mHi 1A

blockSize: & HITEEL

R
Jo
G M (SER WS

BRECBE MR RE. SR IRIE R Q31 i Kl [0x80000000 Ox7FFFFFFF] i} 2 e A AL 2E.

2.3.34 csi_add_q7

void csi_add_g7 (g7_t *pSrcA, g7_t *pSrcB, g7_t *pDst, uint32_t blockSize)

BH:

*pSrcA: F{ M — AN E
*pSrcB: 18 1) 5 AN A ) &
*pDst: $5 a4 i 17 it

blockSize: [mEHHICEE

R [RIME:
Jo
i HOoRER N AT R

PR AN RA. AR (R Q7 B [0x80 OXTF] I & B M RIAL P

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 9




@ F4F EoE BAKEEY

2°4 lﬂ%)ﬁm

241 %k

o csi_dot_prod_f32 : V¢ 15 R SRR,
o csi_dot_prod_ql5 : Q15 [A1E 1 S AH.
e csi_dot_prod_g31 : Q31 [P L
e csi_dot_prod_q7 : Q7 |aj & SR,

e csi_dot_prod_u64xu8 : Uint64_t, Uint8_t )3 S fH.

242 TEEW

WA T SR, [ B R TTERAMT, RIS (csi_dot_prod_u64xu8 {37 H} 1805) .

sum = pSrcA[0]*pSrcB[0] + pSrcA[l]*pSrcB[1l] + ... + pSrcA[blockSize-
—1]*pSrcB[blockSize-1]

NP, Q7, QI5, Q31 43 FhIAUATIRAUL T AR AY s %K.

2.4.3 BB

2.4.3.1 csi_dot_prod_f32

void csi_dot_prod_£f32 (float32_t *pSrcA, float32_t *pSrcB, uint32_t blockSize, .
—~float32_t *result)

BH:

*pSrch: F{ME A&
*pSrcB: $§A)55 N A &
blockSize: [A|EHFHIICELE
*result: iRk Bl g5 5

B

¥

2.4.3.2 csi_dot_prod_ql5

void csi_dot_prod_gl5 (gl5_t *pSrcA, gl5_t *pSrcB, uint32_t blockSize, g63_t *result)

BH:

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 10




@ F4F EoE BAKEEY

*pSrcA: F S — A ] &
*pSrcB: $§[H 5 N A E
blockSize: [M &P ICEEE
*result: i KR [l 455

PN
Te

A BN TN AR A T A
IR BRI FIE 2 115 x 115 =2.30 #53X, SAJR ARG R R ML~ 64 {7 34.30 A5 2E mifh. R
A 33ARYL, AR AT ARG R, PO S ML . R 45200 34.30 5K

2.4.3.3 csi_dot_prod_q31

void csi_dot_prod_g31l (g31_t *pSrcA, g3l_t *pSrcB, uint32_t blockSize, g63_t *result)

BH:
*pSrcA: 57— A &
*pSrcB: fF 5 A A &
blockSize: &P RITER =
*result: it g [B] 455
B
I
G TBOMES k47

TP IRAFIE R 1.31 x 1.31=2.62 43X, F Hafi i 57K 14 (ZARIKTIK 2.48. 2.48 HARIASE R RN —
A~ 64 47 16,48 #5 A E RiB. RINEERAT 1S DORYOL, MR AT AL, RO & B .
R [ 252 16.48 K.

2.4.3.4 csi_dot_prod_q7

void csi_dot_prod_g7 (g7_t *pSrcA, g7_t *pSrcB, uint32_t blockSize, g3l_t *result)

BH:

*pSrcA: 17— A &
*pSrcB: F{AE N A H
blockSize: [m&EFTCEEE
*result: i KR M5

BRI

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 11




@ F4F EoE BAKEEY

%
i HORIRE I 17 -
PSRRI IR 17 x 17 =214 f38, WIRTGRGREME A 18.14 HRE AL BILEIRAT 174
B RE, MU BRI R, R B . R4 R 1814 fL.

2.4.3.5 csi_dot_prod_u64xu8

void csi_dot_prod_u64xu8 (uint8_t *pSrcA, uint64_t *pSrcB, uint32_t blockSize, uint64_

—t *result)

SHL:

*pSrcA: H 5 — A ] &
*pSrcB: $§[H 5 A E
blockSize: [alE P ITEEE
*result: it R B 455

BRI
Jo
G AN (SE R WS

R IR FE T 2 64 (LN, BRI TR OL, FORBIAGT A, i s SRRl AR
THl, AR -

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 12
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2.5 ek
251 E%

o csi_mull_f32 : V55 AL YE.

o csi_mult_ql5 : Q15 [ HI:.

o csi_mult_g31: Q31 [a] &I

o csi_mult_q7 : Q7 Al IR

o csi_mult_rnd_gl5 : Q15 78y A Ja]| &I Ik,

e csi_muli_ql5xq31_sht : Q15xQ31 FFF&Av [a] EAH Ie.

252 Wi

AN B TCE B AR (csi_mult_rnd_q15 4 0 R Z#E E906/E907, csi_mult_q15xq31_sht 137 #F 1805) .

pDst [n] = pSrcA[n] * pSrcB[n], 0 <= n < blockSize.

WL Q7. QIS, Q31 AR T /RN B AL,

253 pRERW]

2.5.3.1 csi_mult_f32

void csi_mult_f£f32 (float32_t *pSrcA, float32_t *pSrcB, float32_t *pDst, uint32_t.
—~blockSize)

SR

*pSrcA: f7 I — AN &
*pSrcB: $§[AE A E
*pDst: Fg1a) 4 ) &
blockSize: FAmEINITTREEE

BRI

Ta

2.5.3.2 csi_mult_ql15

void csi_mult_gl5 (gl5_t *pSrcA, gl5_t *pSrcB, gl5_t *pDst, uint32_t blockSize)

SH:

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 13




@ F4F EoE BAKEEY

*pSrch: FEHE—AHA &
*pSrcB: $§[H 5 N A E
*pDst: 7 [l H )
blockSize: MmN ITTEL =

AL
T
A ORI HH R A T
PR PRI . 45 5 QIS (SR K FE [0x8000 OX7FFF] B £ H 1AL FHL.

2.5.3.3 csi_mult_q31

void csi_mult_g31 (g31_t *pSrchA, g3l_t *pSrcB, g3l_t *pDst, uint32_t blockSize)

B

*pSrch: F7 5 — AN A ]
*pSreb: F7 5 AN A &
*pDst: $5 )4 H 1] i
blockSize: FA M EMICEERE

pAIE
Jo
iy e W SRR
PR A . 455 8 Q31 A KE R [0x80000000 Ox7FFFFFFF] fif £k (A1 b 1.

2.5.34 csi_mult_q7

void csi_mult_g7 (g7_t *pSrcA, g7_t *pSrcB, g7_t *pDst, uint32_t blockSize)

BH:

*pSrcA: 17— A &
*pSrcB: FRAHE N A B
*pDst: &M%t &
blockSize: A =M TTRE =

ALY
7
oA IR ATk
BRECAE AN SAE. 45 Q7 MR KB [0x80 OXTF] B L2 H Al 2.

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 14
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2.5.3.5 csi_mult_rnd_ql5

void csi_mult_rnd_qgl5 (gl5_t *pSrcA, gl5_t *pSrcB, gl5_t *pDst, uint32_t blockSize)

SEL:

*pSrch: f|1H— A
*pSrcB: $§A)5E N A &
*pDst: 7 [l Hh 1)
blockSize: 4‘[’@%%7@?@(%

B
M

G TBORE AT A
BRECBE T TR . S A T QLS 9 ARV [0x8000 OX7FFF] st~ 9iitufil, HAEMWAZ /Y, 45R%
B, AT HEAIETLTF A .

2.5.3.6 csi_mult_q15xq31_sht

void csi_mult_glb5xg31l_sht (gl5_t *pSrcA, g3l1_t *pSrcB, uint32_t shiftValue, uint32_t.
—blockSize)

BH:

*pSrch: Fi 5 — A I &

*pSrcB: 15 A IR R R
shiftvale: HiH#5RBAME, TRTHTO
blockSize: BAM ] EM TR EH

R [BIE:
J
GilgoRni: ATk

SR T IR S ERR T Q31 Y AL YIS [0x80000000 Ox7TFFFFFFF] s £ H (R, FLYE AN B,
LR AH shiftValue.

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 15
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2.6 )i AH R AL

261  E%

o csi_negate_f32 1 i Tl I A TC R BUMT AL
e csi_negate_q15 : Q15 [T TCRBUN AL
* csi_negate_g31 = Q31 [} &) A TC IR R AL
o csi_negate_q7 : Q7 [nj s fTAE TCE U AL

2.6.2 T EEW

BENPEEPIVEN e

pDst [n] = -pSrc[n], 0 <= n < blockSize.

X LR BT DAYE IR BT AR, ke dt, SRR A e BB ) A ] b
MR, Q7, QI5, Q31 FhIAVAIRMUL 1A [ R %L

2.6.3 pR%iW]

2.6.3.1 csi_negate_ 32

void csi_negate_f£f32 (float32_t *pSrc, float32_t *pDst, uint32_t blockSize)

SH:

*pSrc: FRIAHA &
*pDst: & M4t &
blockSize: WP RITCEEE

B M

¥

2.6.3.2 csi_negate_q15

void csi_negate_qgl5 (gl5_t *pSrc, gl5_t *pDst, uint32_t blockSize)

BH:

*pSrc: 5 Al &
*pDst: ¥ F 4 H 1)
blockSize: [T ER =

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 16




@ F4F EoE BAKEEY

pEAELE

v
3R LA P LS

i AFN% S buffer FiE 32 X 5%
oA IR ATk

BREBE MR RE. QLS IMEH -1 (0x8000) I & YAk fi K i IE XU {H OXTFFF.

2.6.3.3 csi_negate_q31

void csi_negate_g31 (g31_t *pSrc, g31_t *pDst, uint32_t blockSize)

BH:

*pSrc: g Al
*pDst: $§ [[4i H a5
blockSize: [ HFRICELE

R Il :
I
GTBOMES kA4 T

BRECBE MR E. Q31 BYEH -1 (0x80000000) i £x 1A Ay i KA IE £ OX7TFFFFFFF.

2.6.3.4 csi_negate_q7

void csi_negate_g7 (g7_t *pSrc, g7_t *pDst, uint32_t blockSize)

BH:

*pSrc: FRIa A &
*pDst: &M%t &
blockSize: [a]EHHITEEE

B
%

i BRI I 47
R SRRV, Q7 HOLEH -1 (0x80) &A1 Bk ) IE S OXTE.

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 17




2.7 e

270 %

o csi_offset_f32 : VE R RS IN— AN EUREL &
o csi_offset_ql5: Q15 [ IN—A~H BUmAS =
o csi_offset_g31 : Q31 [ EIFIM—HE s =
s csi_offser_q7 : QT [ R I— A HURFS &

272 TEEM

W R LR BN — R EUm R

BoE EFBFEH

pDst [n] = pSrc[n] + offset, 0 <= n < blockSize.

X LR BT DAYE IR BT AR, ke dt, SRR A e BB ) A ] b

NP, Q7, QI5, Q31 4G FhIAVARMUEL 1A Y s %K.

2.7.3 Bl

2.7.3.1 csi_offset_f32

void csi_offset_f£f32 (float32_t *pSrc, float32_t offset,
—blockSize)

float32_t *pDst, uint32_t.

B4

*pSrc: fR1a4H A b F

of fset: YRS =
*pDst: F 1A%t ) &
blockSize: [a] & IIITEEL

B

J‘Ij‘

2.7.3.2 csi_offset_ql15

void csi_offset_qgl5 (gl5_t *pSrc, gl5_t offset, gl5_t *pDst, uint32_t blockSize)

BH:

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved.
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*pSrc: F8 A M &
offset: MMM &
*pDst: &% &
blockSize: [EHHIICE

BRI
Jo
iy e W SRR
BRECBE MR RE. SR Q1S Ay RTE [0x8000 OX7FFF] I 2 Bt A AL 2E.

2.7.3.3 csi_offset_q31

void csi_offset_g31 (g31_t *pSrc, g3l_t offset, g3l1_t *pDst, uint32_t blockSize)

B

*pSrc: FRI AT &
offset: FMNFIRA &
*pDst: F a4 i ) &
blockSize: [AlEH Y ITTEEL

B M
7o
G BORTEE A T
PR AN SRA. SR Q31 BB KIEHE [0x80000000 0x7FFFFFFF] Ihf 2 Hi ftd Al AL H.

2.7.3.4 csi_offset_q7

void csi_offset_g7 (g7_t *pSrc, g7_t offset, g7_t *pDst, uint32_t blockSize)

BH:

*pSrc: fRIa A i
offset: MMM &
*pDst: 7 [l i A
blockSize: [ & HHITEE

BRI
7o
iy e M SRR
PRECBE MR RE. SR T QT MY RE ] [0x80 OXTF) I i ftd ik #iL.
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2.8 E4AK

281 H%k

* csi_scale_f32 : 5[] 4A L.
e csi_scale_ql5 : Q15 M4
* csi_scale_q31 : Q31 IR
o csi_scale_q7 : Q7 [A] 47T

2.82 TEERM

R IR AR (H. WHF Bk, BRI

pDst [n] = pSrc[n] * scale, 0 <= n < blockSize.

TEE S ERE Q7, Q15 M1 Q31 H, scale R A — 4Ty scaleFract Fl—ANE AL shift. Z WAL SO VFGEIERAER) 3
i1

pDst[n] = (pSrc[n] * scaleFract) << shift, 0 <= n < blockSize.

PV s S R 1 E A 7

scale = scaleFract * 2”shift.

X 28 o BT DATE S (B SOV 5, @l SR VRN H A ) B R B A e

283 pRERW]

2.8.3.1 csi_scale_f32

void csi_scale_f32 (float32_t *pSrc, float32_t scale, float32_t *pDst, uint32_t.
—~blockSize)

BH:

*psre: fREEIA R
scale: g LB

*pDst: 5 i i &
blockSize: [a] & HIICEEL

R

Ta

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 20
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2.8.3.2 csi_scale_ql15

void csi_scale_qgl5 (gl5_t *pSrc, glb5_t scaleFract, int8_t shift, gl5_t *pDst, uint32_
—t blockSize)

S

*pSrc: fRIAHIA ]
scaleFract: /NG44 LI
shift: KRB A %L
*pDst: 15 i A
blockSize: [A &I ICEEL

B M
%
A BORRE G A T
i NEiHs pSre I scaleFract J2 1.15 #. AR P S5H2 2.30 4%, ARIEMUEAIFS LR 1.15 4%

2.8.3.3 csi_scale_q31

void csi_scale_g31 (g31_t *pSrc, g3l1_t scaleFract, int8_t shift, g31_t *pDst, uint32_
—~t blockSize)

B

*pSre: F A M &
scaleFract: /NFE I L BI{E
shift: FFEERIE AL AIEL
*pDst: F 1%t ) &
blockSize: [a] & AIICEEL

R [BIE:
Jo
M N (SE RS

i NHdi pSre Ml scaleFract 52 1.31 42 MIFRMHIRIZERE 2.62 #3K, MM AR 1.31 4K

2.8.3.4 csi_scale_q7

void csi_scale_g7 (g7_t *pSrc, g7_t scaleFract, int8_t shift, g7_t *pDst, uint32_t.
—~blockSize)

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 21
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SHL:

*pSrc: fR14 A b &
scaleFract: /NGB0 ELBIME
shift: FEERI AL (%K
*pDst: 1% i ) &
blockSize: [a] & HITCEEL

B
Je
A ORI ISR A7 A :
i ANKids pSre Al scaleFract i 1.7 #3. AHFRAGPESEAUE 2.14 480, ARSI ARS 23] 1.7 45K

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 22



—_— e

@ F4F EoE EANSEN
29 mEBAL

291 E%k

o csi_shift_ql5 : Q15 [ SR FTAH TCEBNLE E M AL
o csi_shift_q31 : Q31 [ ERHTH JCEBNLTE E AL
o csi_shift_q7 : Q7 MBI FTE TTRBALTE %L

29.2 T

FE R TR R AR E R AR AP AL, Q7, QLS, Q31 AFFPISAUARFR L T [ i R L. G A SRR

pDst [n] = pSrc[n] << shift, 0 <= n < blockSize.

A2 shift ZIERL, W B ICR RSO MR shift 2 6080, W] B ICR A RSN

XL R O] DR B B0 3, @il SR VRN H B9 1 e S A A R

29.3 BB

2.9.3.1 csi_shift_ql15

void csi_shift_gl5 (gl5_t *pSrc, int8_t shiftBits, gl5_t *pDst, uint32_t blockSize)

BH:

*pSrc: fRIAHIA ]
shiftBits: BAIRECE. IEEUR e, MBURAT.

*pDst: 3w =
blockSize: [ & ILEMNEE

BRI
J

iy e S ER R
PRECBE MR RE. SR T Q1S Y KYEH [0x8000 OX7FFF] I 2> He A AR 2.

2.9.3.2 csi_shift_q31

void csi_shift_g31 (g31_t *pSrc, int8_t shiftBits, g31_t *pDst, uint32_t blockSize)

BH:

23
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*psre: fREEA I E

shiftBits: BALECE. IEEUR AR, B0 HTE
*pDst: 1 [ i ) &

blockSize: [ ITE L E

BN
T
G BRI A T
BRECAE AN SRE. S52R Q31 1R Kl [0x80000000 Ox7FFFFFFF] Hif £ Bt Al AL S

2.9.3.3 csi_shift_q7

void csi_shift_g7 (g7_t *pSrc, int8_t shiftBits, g7_t *pDst, uint32_t blockSize)

SR

*pSrc: fR A

shiftBits: BAIAEcE. IERUR AR, BURAH
*pDst: 1 &

blockSize: [ ICEIEE

BRI
Jo
I AETERE 251
i AR buffer #RE 32 F0FFF
G BORNEE R A T
BREOE IR RE. SR T Q7 YFIER [0x80 OXTF] I & (A 4k H.
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2.10 )ik
2101 F%k

- csi_sub_f32 : VAR
« csi_sub_ql5 : QIS kML,
e csi_sub_g31 : Q31 Al &
- csi_sub_q7 : QT ML

2.10.2 PR

PIAN T H A TC R B IRk

pDst[n] = pSrcA[n] - pSrcB[n], 0 <= n < blockSize.

NP, Q7, QI5, Q31 A FhIAUATIRAUL 1A R s %K.

2.10.3  pa%eW

2.10.3.1 csi_sub_f32

void csi_sub_£f32 (float32_t *pSrcA, float32_t *pSrcB, float32_t *pDst, uint32_t.
—blockSize)

BH:

*pSrch: f 5 — A &
*pSrcB: FRA)EE N A B
*pDst: 7 [l H ) i
blockSize: [ &HICEMNEE

R [BIE:

Ja

2.10.3.2 csi_sub_ql5

void csi_sub_qgl5 (gl5_t *pSrcA, gl5_t *pSrcB, gl5_t *pDst, uint32_t blockSize)

S

*pSrcA: f] S — AN &
*pSrcB: FEHH A A&
*pDst: 15 % ) &
blockSize: [ ICREIIEE
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R [BIE :
Jo
i G M (SE WS E

BREBE AL, SR T Q1S YHER [0x8000 Ox7FFF] I & H tE A AL RE.

2.10.3.3 csi_sub_q31

void csi_sub_g31 (g31_t *pSrcA, g3l_t *pSrcB, g3l_t *pDst, uint32_t blockSize)

BH:

*pSrcA: 7 H— A &
*pSrcB: $§[H % A E
*pDst: & Mm%t &
blockSize: [MEHILE N

R
Jo
G M (SER WS

PRACRE A RE. GBI Q31 AR IE R [0x80000000 0x7FFFFFFF] I & H I AIAL F.

2.10.3.4 csi_sub_q7

void csi_sub_g7 (g7_t *pSrcA, g7_t *pSrcB, g7_t *pDst, uint32_t blockSize)

BH:

*pSrch: FE M — A &
*pSrcB: 18 1) 5 AN A ) &
*pDst: $5 a4 i 17 it
blockSize: [mEPICENEE

R [RIME:
Jo
i HOoRER N AT R

PRECBE TR RIE. SR T QT I KSR [0x80 OXTF] It (A Ak P
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@ T4 BB EANERY

211 [ajaoRAl
2111 F%k

o csi_sum_ql5: Q15 )R AL

2112 W

] B R TTR B ARA (LR 1805) .

sum = pSrcA[0] + pSrcA[l] + ... + pSrcA[n], 0 <= n < blockSize.

N QLS RAUARMIE T %L

2113 BB

2.11.3.1 csi_sum_q15

void csi_sum_qgl5 (gl5_t *pSrcA, g63_t *pDst, uint32_t blockSize)

BH:

*pSrch: fE Al &
*pDst: 1 i ik
blockSize: [AE P ICEREE

BRI
Jo
2 M (OE R WS

BRABE I T 64 (LR mes, A 48 RIL, PR Sl AT AT IR P
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B B

XA KRR R . SRR TC R ASZ S Y 7 sUERAT (real, imag, real, imag, ---). 821 sRECH, i RUREARCR
SR BOCRIANEG T SR AR TR ) B

3.1 RHALHE

301 s

o csi_cmplx_conj_f32 : VGRS
e csi_cmplx_conj_ql5 : Q15 434

o csi_cmplx_conj_g31 : Q31 F ¥ ILHE

3.1.2 W

SRR BT LR S
pSrc [ JEEHE, pDst $5 745 5 AR H AYHhE. numSamples 1558 & BUTERIANEL, B2 < #07 sURAE

(real, imag, real, imag, ---). &M HHE—3 A 2*numSamples {MH.

U R =RV I

for (n=0; n<numSamples; n++) {
pDst[(2 * n) + 0)] = pSrc[(2 * n) + 0]; // real part
pDst[(2 * n) + 1)] = -pSrc[(2 * n) + 1]; // imag part

HPF AL, QIS I Q31 =P JEHUARFR L T4 [7] (¥ bR 4K

3.1.3 Bl

3.1.3.1 csi_cmplx_conj_f32

void csi_cmplx_conj_£32 (float32_t *pSrc, float32_t *pDst, uint32_t numSamples)

BH:

28
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*psre: fREEA I E
*pDst: fi [l 1]
numSamples: [i] IR BOTR AL

R [BIE:

Ja

3.1.3.2 csi_cmplx_conj_q15

void csi_cmplx_conj_qgl5 (gl5_t *pSrc, gl5_t *pDst, uint32_t numSamples)

BH:

*pSrc: FRIa4HA F &
*pDst: F 1% H ) &
numSamples: & HEHITTENE

BRI
Jo
GBORTEE A T
PRECBE MR E. QLS (IME N -1 (0x8000) I 2 A1 Ay fre K 14 TE XU {E OXTFFF.

3.1.3.3 csi_cmplx_conj_q31

void csi_cmplx_conj_qg31 (g31_t *pSrc, g31_t *pDst, uint32_t numSamples)

BH:

*pSrc: FRIaHA &
*pDst: 1% H ) &
numSamples: & HHEEHITENE

RInH:
Jo
G N (SE R WS

PR BE P RN, Q31 [ -1 (0x80000000) Ak 21l k#5114 1F £i{ii Ox7FFFFEFF.
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3‘2 ﬁﬁ}n{im

3.2.1 A%

o csi_cmplx_dot_prod_f32 : ¥ i EEUSFH
o csi_cmplx_dot_prod_ql5 : Q15 S H 5 FH
e csi_cmplx_dot_prod_g31 : Q31 S HEFH

3.2.2 T EHRW]

RPN B B . R TRE R, RS2

pSrcA T8 —ANE A A 0 i, pSrcB F8 n1 55 AN B A Tl it numSamples 52 HOTE WAL, BEEIRER
A5 AR (real, imag, real, imag, ). 4 1A 5 —2LF 2*numSamples MH.

BEHRRIEITT:

realResult 0;
0;

imagResult
for (n = 0; n < numSamples; n++) {

realResult += pSrcA[(2 * n)+0] * pSrcB[(2 * n)+0] - pSrcA[(2 * n)+1]* pSrcB[(2 *_
—n)+1l];

imagResult += pSrcA[ (2 * n)+0] * pSrcB[(2 * n)+1] + pPSrcA[(2 * n)+1]* pSrcB[ (2 *_
—n)+0];

}

APF AL, QIS Al Q31 =P SEHUARFL AL 1A [l i b 4K

3.2.3 PR

3.2.3.1 csi_cmplx_dot_prod_f32

void csi_cmplx_dot_prod_£32 (float32_t *pSrcA, float32_t *pSrcB, uint32_t numSamples, .
—float32_t *realResult, float32_t *imagResult)

SH:
*pSrch: F{ME AR &
*pSrcB: $§A)55 N A &
numSamples: W%*E’JE@ZTB?@(%
*realResult: Z5HH)SEE
*imagResult: 5 EHR

IR [BIE:
7o
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3.2.3.2 csi_cmplx_dot_prod_ql15

void csi_cmplx_dot_prod_gl5 (gl5_t *pSrchA, glb5_t *pSrcB, uint32_t numSamples, g31_t.
—*realResult, g31_t *imagResult)

BH:

*pSrcA: ]S — A &
*pSrcB: $§A15E N AR B
numSamples: m%*mﬁﬁﬁ%@(%
*realResult: ZEHEAYSLHR
*imagResult: Z5H ) HEER

BRI
7

g @R M EFW S

PREA S ) T — AN PR 64 47 Z2omas. 1.15 #5200 115 kg 2UR e i Hr ) 25 SR A2 0 1, 72 AE 2.30 4%
LR, 64 RLR Mg FFAE R Z ML 34.30 #NMME. ST, RIMEREE S 8.24 #5531 M1 4531 realResult
F1 imagResult 2 8.24 #%={.

3.2.3.3 csi_cmplx_dot_prod_q31

void csi_cmplx_dot_prod_g31l (g3l1_t *pSrcA, g3l_t *pSrcB, uint32_t numSamples, gb63_t.
—*realResult, g63_t *imagResult)

BE:
*pSrch: fF AN &
*pSrcB: $§[H 5 A E
numSamples: & HFHEFICESE
*realResult: §5RILED

*imagResult: ZERMHEHR
B i

7o
A JEORRR IR IR A7 A

PRRSEBURE I T — ARG 64 RLR NS 131 A% URT 131 A5 CHITRIAEAE 64 (KGR, BRI 16.48 4%
A PSSR A S R R A A9 #R 2 16.48 455X, H % numSamples /0T 32768, Mkt A s, it
AT EARIRAE. AR [0 457 realResult Al imagResult 52 16.48 3. TG 25 A T 47K
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e csi_cmplx_mag_f32 : B 5 A EIE
o csi_cmplx_mag_ql5 : Q15 g &

e csi_cmplx_mag_g31 : Q31 IR E

e

5

3.32 Wi

IR RN TCRAIRE.

3.3 SEBIE R

B=E EREH

pSrc F IR, pDst 45 25 RS ARl numSamples 15 5 A TR BOCE ML, RS 7 A RATF

[f¥) (real, imag, real, imag, ---). i A [f]F—3LF 2*numSamples ~MH; i H 7] &= —35 4 numSamples {MH.

(EIEDEE RSN

for (n=0; n<numSamples; n++) {

pDst [n] = sqgrt (pSrc[(2*n)+0]"2 + pSrcl[(2*n)+1]1"2);

PR, QLS A Q31 = FhIAUATFRAL T AR R 4K

3.3.3  pREW]

3.3.3.1 csi_cmplx_mag_f32

void csi_cmplx_mag_£32 (float32_t *pSrc,

float32_t *pDst, uint32_t numSamples)

B

*pSre: R KA
*pDst: 1 [k i i &

numSamples: #ij A M BEHE BOTE S

R [BIE:
I

3.3.3.2 csi_cmplx_mag_ql5

void csi_cmplx_mag_gl5 (gl5_t *pSrc, gl5_t *pDst,

uint32_t numSamples)

BH:

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved.
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*psre: 1 K A B
*pDst: fif [l i 1] i
numSamples: ¥ A6 &R HOTR N

B i
Jo

iy el S ER IR
PRACSEEL LIS A LAS fafesk, dfimd kA 2.14 4%, Y SCETRIE AR )& 0x8000 I, Hh )i 7 ] fiE i
e

3.3.3.3 csi_cmplx_mag_q31

void csi_cmplx_mag_qg31l (g31_t *pSrc, g31_t *pDst, uint32_t numSamples)

bl

*pSrc: 752 K A i 5
*pDst: $g a4 th 1) &
numSamples: i A [n &R BT E 5L

B
7o
G BORTEE A A T
BRECSEIL 131 R 131 3fevk, iy I 45 R 2.30 14X AN TR B 1) R 4L
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3.4 SRR Ji
341 FH

o csi_cmplx_mag_squared_f32 : ¥ 5 B00R ESE
o csi_cmplx_mag_squared_ql5 : Q15 IR
o csi_cmplx_mag_squared_g31 : Q31 IR -

3.4.2 W%

VHA AR B TR AR 7

pSrc FRMVEEE, pDst #8M 53R 5 ARgHINE. numSamples 15 HOTEM AL, B HEIEEZE T X RAFH (real,
imag, real, imag, ‘). #ij A 112 i 345 2*numSamples 4ME; &y 1 [ A 25 numSamples ME.

I SR

for (n = 0; n < numSamples; n++) {

pDst [n] = pSrc[(2 * n) + 0] ~ 2 + pSrc[(2 * n) + 1] *~ 2;

PR, QLS A Q31 = FhIAUATFRAL T AR R 4K

3.4.3 RS

3.4.3.1 csi_cmplx_mag_squared_f32

void csi_cmplx_mag_squared_£f32 (float32_t *pSrc, float32_t *pDst, uint32_t numSamples)

B

*pSre: 15 AH AR K &
*pDst: F5 14 H AT ) 5
numSamples: i A i & HIE BEE

R [BIE:
I

3.4.3.2 csi_cmplx_mag_squared_ql5

void csi_cmplx_mag_squared_gl5 (gl5_t *pSrc, gl5_t *pDst, uint32_t numSamples)

BH:
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*pSrc: A AR E I E
*pDst: F5IA % H A1) 5
numSamples: i A 18 H YR BEE

B i
Jo
iy el S ER IR
PRECSEBL T 115 I 115 (ORI, a RFai il 3.13 R .

3.4.3.3 csi_cmplx_mag_squared_q31

void csi_cmplx_mag_squared_g31l (g31_t *pSrc, g31_t *pDst, uint32_t numSamples)

BH:

*pSrc: 5K AR EE
*pDst: FHIA % H A1) 5
numSamples: i A 18 H YR BEE

Bl
%

i BRI 4 7
WSO T L1 131 [0k, BOREEHR 3.20 KestA . AR S R4
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3.5 HBLREBAIR

351 s

o csi_cmplx_mult_cmplx_f32 : ¥ 52 B
o csi_cmplx_mult_cmplx_ql5 : Q15 S EFH3k
o csi_cmplc_mult_cmplx_g31 : Q31 S EFH3k

3.5.2 T

R DRGNS, ARG R R R SR I SRR (real, imag, real, imag, -).
Z % numSamples F/REHOCE B, ZH8E B IE 2*numSamples ME

(EIEDEE RSN

for(n = 0; n < numSamples; n++) {
pDst[(2 * n) + 0] = pSrcA[(2 * n) + 0] * pSrcB[(2 * n) + 0] - pSrcA[(2 * n) + 1]_

(2 * n) + 171;

2 *n) + 1] = pSrcA[(2 * n) + 0] * pSrcB[(2 * n) + 1] + pSrcA[(2 * n) + 1].

(2 * n) + 0];

(

—* pSrcB]|
pDst [ (

[

—* pSrcB
}

A, QLS A Q31 ZRhEAUERFL I 1 AN ] ) R KL

3.5.3 Rl

3.5.3.1 csi_cmplx_mult_cmplx_f32

void csi_cmplx_mult_cmplx_f£f32 (float32_t *pSrcA, float32_t *pSrcB, float32_t *pDst,.

—uint32_t numSamples)

BH:

*pSreh: FRIA S — AR
*pSrcB: f|[H A R
*pDst: f [t i)

numSamples: W%*H@Eﬁﬁ?ﬁ\ﬁz

R [BIE e

Ja
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3.5.3.2 csi_cmplx_mult_cmplx_q15

B=E EREH

void csi_cmplx_mult_cmplx_gl5 (gl5_t *pSrcA, gl5_t *pSrcB, gl5_t *pDst, uint32_t.

—numSamples)

BH:

*pSrchr 15 55— A ]
*pSrcB: F{MH A AN &
*pDst: F5 )4 7] &

nunSamples: & PR HOTEANEL

R [BIE:
Jo

iy e M SRR

PRECEBL T 115 il 115 sk, S Ja iSRRI 3.13 MU .

3.5.3.3 csi_cmplx_mult_cmplx_g31

void csi_cmplx_mult_cmplx_g31 (g31_t *pSrcA, g3l_t *pSrcB, g31l_t *pDst, uint32_t.

—numSamples)

BH:

*pSrchr 17 55— A ] i
*pSrcB: F{MH A AN &
*pDst: F5 a4 7] &

nunSamples: & PR HOTEANEL

R [BIE:
J

iy @ M SRR

PRECEEL T 131N 131 sk, feJa & REgHch 3.29 AUt AT B R 4K
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3.6 BB

3.6  Ek

o csi_cmplc_mult_real 32 : 7 m5 152 UM S BRI
o csi_cmplx_mult_real_ql5 : Q15 I HFSLEFH 3k
o csi_cmplx_mult_real_g31 : Q31 I HFSLE A3

3.6.2 T W

PR E S AR AR, IR AR R . S AR S A RAERY (real, imag, real, imag,
-+). Z%% numSamples FER IR EHOCE SR . EHU0E A A 2*numSamples ME , S8k 4 45 numSamples MHE .

(EIEDEE RSN

for (n=0; n<numSamples; n++) {
pCmplxDst [ (2*n) +0] = pSrcCmplx[ (2*n)+0] * pSrcReall[n];
pPCmplxDst [ (2*n)+1] = pSrcCmplx[(2*n)+1] * pSrcReal[n];

NP, QIS I Q31 =P JEHUARF L T4 [a] (¥ bR 4K

3.6.3  PRELW]

3.6.3.1 csi_cmplx_mult_real_f32

void csi_cmplx_mult_real_£f32 (float32_t *pSrcCmplx, float32_t *pSrcReal, float32_t.
—*pCmplxDst, uint32_t numSamples)

SH:

*pSrcCmplx: $§ 1A M 0 &
*pSrcReal: i H AR S ) 5
*pCmplxDst: Fg % i Em
nunSamples: )& PITCRE =

R

Ta

3.6.3.2 csi_cmplx_mult_real_ql5

void csi_cmplx_mult_real_gl5 (gl5_t *pSrcCmplx, gl5_t *pSrcReal, gl5_t *pCmplxDst,.

—uint32_t numSamples)
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SHL:

*pSrcCmplx: F5 T4 A M Em &
*pSrcReal: $ [ AR S ) &
*pCrplxDst: F§ 4 152 5w &
numSamples: [f& P HITEL =

R [BIE:
I
L DN (SE RSB

BREBE MR RE. SR Q1S Y RYER [0x8000 Ox7FFF] I & Bt A AL HE.

3.6.3.3 csi_cmplx_mult_real_q31

void csi_cmplx_mult_real_g31 (g31_t *pSrcCmplx, g31_t *pSrcReal, g31_t *pCmplxDst,.

—uint32_t numSamples)

SHL:

*pSrcCmplx: i [k AR L &
*pSrcReal: FgIaHI AN S50 &=
*pCmplxDst: 1 [k Y= 4 &
numSamples: [i&FHITCELE

BRI
I
G TBOMES k4T

BRACRE A RE. G2 Q15 AR CIE R [0x80000000 0x7FFFFFFF] I & H I AIAL HE.
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SR AL PR

4.1 PID HipLFEil

411 E%

o csi_pid_f32 1 3% 5 PID FEHI AL BE R L
* csi_pid_q31: Q31 PID Fi il A AL BH e %X
o csi_pid_gl15 : Q15 PID $s#lfr b1 ok %k
s csi_pid_init_f32 : P# i PID $5 i BRI i 0 R £L
* csi_pid_init_g31 : Q31 PID 5l ()46 b R KL
s csi_pid_init_q15 : Q15 PID 5l KT i L R 4K
o csi_pid_reset_f32 : J5 i, PID $5 1 1) B pR 4
o csi_pid_reset_g31 : Q31 PID 5 #il i) 1 & iR 4k
o csi_pid_reset_ql15 : Q15 PID #5s il i) 55 B B %k

4.1.2 WY
HC RS i (PID) sl i 2Rl i SRR BB, |32 B2 A Toll F AR e« PID g s Wi )R
Pt 2 2.

1 QI5, Q31, VERRALIIL TR PID FE g ph A pRACER IR B E— AR, FFIR ] — AL BRZER S 45
] —> PID 4% il Bm 45 i 5 Bl in 24 A RIREAEE , pRAGR [l 4 i 45

Bk

=r
p=t:

y[n] = y[n-1] + A0 * x[n] + Al * x[n-1] + A2 * x[n-2]
A0 = Kp + Ki + Kd

Al = (-Kp ) - (2 * Kd )

A2 = Kd

S Kp RHCOIROAL Ki BUMEH, Kd 2B

PID Fil 2SI I 2% 40 A2 W22 L1 2% (. Felas Sl AT BB A MU i
7 . WBIEMSEA S HIR2E R OB, U ERMRROE R 92" AWOREL, BOMERS 1%
AU
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Proportional
Retference Integral Measured
input -+ v output
I
- .
() < +
—
Derivative
N S
Kl 4.1 HBIRR o o2 il 2%
gkl

PID il )3 an AO, AL, A2 FIMRESAZRHRATAERARETAYIBI T o REAS PID 45 IERLAA E A E s
FRSEG] . SRR QLS, Q31 FIFE sUX =M B AL, - HIFe it 7 S5 A SL Bl i s o

GINCNCiE g
WA R RSB IE TR S R, RIS
EIL XAz

AN TE B R TR AL TRE R PRI IR L BB . R AR BB B DA A
M Kp, Ki, KdHigi, #IIG1K A0, A1, A2 3475
* JEZIRFS buffer .

SR SRR R BB, HER I AL R B 3L

LT
(o PR R RUBCAS ) PID il R RSORS00, FEBEAS R b G ) s i L AT,
W IEE . B BRI E U SO
4.1.3  pR%RW]

4.1.3.1 csi_pid_f32
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float32_t csi_pid_£f32 (csi_pid_instance_£32 *S, float32_t in)

BH:

*S: PID 5l 25 H g S5
in: fy AAEHRREAS

BRI

i AR AR AL B AR

4.1.3.2 csi_pid_q31

g31_t csi_pid_g31 (csi_pid_instance_g31 *S, g31_t in)

SH:
*S: PID $5 | 25 F ) S 91
in: By AAL BRI REAR
BN
i Y PO R AL LS
G BRI IR A7 A
)

MBI T A N EBRG 64 LR NAT . BNERH 2.62 4530, ded T R SRESS RSB, B2
JURBE TS, Bk, ZBgmpgsRasii b el (BERHAS0) . P EEAEHm, A
THiksEaRE (ESE P, MG SO N4 AL FEITA M RELERAHS , 2.62 #52
TS ANEEmTy 1.32 s, ARG EMERTR 1.31 g,

4.1.3.3 csi_pid_ql5

gl5_t csi_pid_gl5 (csi_pid_instance_qgl5 *S, gl5_t in)

BH:

*s: PID 54l 25 #5051
in: F AL PR

BRI
Tyt AR AR b PG SR

iy @ M SRR
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BRECRBL R T T — ARG 64 (LR N, AR RS 115 A% (30K, MIRAILEHE 2.30 A%,
2.30 4R IS RAE 64 7 R s LRk 34.30 Mo XAy BT Pyt th i WUz, I HLREBRAF T AT
AP SERARE I . FERINSENS . R 1S GaTh 34.15 #53. Flm, RMEHMURAMLE, 55 115
VIR

4.1.3.4 csi_pid_init_f32

void csi_pid_init_f£f32 (csi_pid_instance_£f32 *S, int32_t resetStateFlaqg)

BH:

*5: PID {5 il 25 ¥4 S 1
resetStateFlag: HELRSIMARENL 0= AUARE; 1= HERES

BRI :
"
[EERTAR

resetStateFlag 452 &7 B RESH 0.
PR LB AT (Kp), BUrHE5E (KD i ibas (Kd) iR EMETFE: A0, AL A2, I BHXRRESTES
HREHN 0,

4.1.3.5 csi_pid_init_q31

void csi_pid_init_g31 (csi_pid_instance_qg31 *S, int32_t resetStateFlag)

BH:

v5: PID i hIE I3
resetStateFlag: EEMRSHIRENL. 0= AUADRE: 1= EERSES

IR [BIE:
Jo
T

resetStateFlag 15 & &5 HEEIRESH 0.
MR LS5 (Kp), Flaras (Ki) Fifdr e (Kd) SR TE: A0, A1 A2, I HRPIRSAE R4
HRE R 0.

4.1.3.6 csi_pid_init_q15
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void csi_pid_init_gl5 (csi_pid_instance_qgl5 *S, int32_t resetStateFlag)

BH:

*S: PID 5l 25 H g S5
resetStateFlag: HEREMARENL 0= ARZRE; 1= HERE

BRI
I
T B :

resetStateFlag 5 & 275 T ERSH 0.
PR L3RS (Kp), BUHEEE (KD i hss (Kd) TR 5MIAFE: A0, Al A2, HHRPRESLE RS
TRE A 0,

4.1.3.7 csi_pid_reset_f32

void csi_pid_reset_£32 (csi_pid_instance_£f32 *S)

BH:

*s: PID il 25 # i) S5 i

AT
Jo
TR SEEY:
PR R ELIRAS buffer 24 0

4.1.3.8 csi_pid_reset_q31

void csi_pid_reset_g3l (csi_pid_instance_qg31 *S)

B

*S: PID 5l 25 H g S5

R
Ja
(R AUH
PRACE ELIRAS buffer 2y 0
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4.1.3.9 csi_pid_reset_ql15

void csi_pid_reset_gl5 (csi_pid_instance_qgl5 *S)

SEL:

*5: PID il 25 #y i) S5 1

R
M
) 2B
PRI ELRAS buffer 2 0
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4.2 Clarke 354

4.2.1 P
e csi_clarke {32 : ¥ /5 clarke 255
e csi_clarke_g31 : Q31 clarke 254
422 fEBE

IE 1] clarke A8 R BRI 5E T AR AR R I () R AS B XA AR ) i, BIAE abe ALRBRFEA N of AbR. —#, clarke 248
Fe T 24T = Ta, To Al Te SRR Rl IR IE 22 E 54l Talpha Fl Tbeta. 24 Talpha 41 N B AITE Ta L}

-~

), =3

Bl 4.2: 5 TSR R B R (ab)

H 24 Ta + Ib + Ic = 0, fif A Talpha F1 Ibeta A DAL F Ta 1 Tb 1250 H1.
PRE— IR AL B~ BRSO B R AR FEZE IR . Sl Q31 I s B 8 34 SR AL T R[] A R 4L

ik
plalpha =1Ia
plheta = (13 ) Ta+(2043) Ib

Forr Ta A0 Tb SRR 52 T4, plalpha 11 pIbeta g ik [A] AN 22 Y 9~ AT A A i)
W RAT R

T Q31 JiiAs clarke A8 bR AT BERL . FRRIEBEH T8, TEAE ek B A G ) i e iR AR T . B
RSB A BRI 1 1 SCREFIE B
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4.2.3 BB

4.2.3.1 csi_clarke_f32

void csi_clarke_£f32 (float32_t Ia, float32_t Ib, float32_t *plalpha, float32_t.
—*pIbeta)

BH:

Ta: Hi A =AHARRT a

Ib: i A=A AR b

*plalpha: $§ )4t AW AH IE A2 5 4 alpha
*pIbeta: J8 )i i A HAH IE 22 K &4 beta

R [BIE:
I

4.2.3.2 csi_clarke_q31

void csi_clarke_g31 (g31_t Ia, g31_t Ib, g3l_t *plalpha, g3l1_t *plbeta)

B

Ta: H A =AHARRT a

Tb: i A =AHARAR b

*pIalpha: $g[a%i 1 F A IE A K &% alpha
*pIbeta: i [l H Y PIAH IE A % Gt beta

R [BIE:
I
2 G M (OE R WS E

PRBISE BB T T AN 32 f7 Bt SRMERZERY 1.31 M5, ZFrrhIIRIAEE R 2.62 MU {R 32 fiz. AMIfN
B IEATSE, BreA A&t .
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4.3 im] clarke 28 Hi

431 %k

o csi_inv_clarke_f32 : ¥ 1535 clarke 75t

iy

e csi_inv_clarke_q31 : Q31 j¥i[A] clarke 254

iy

4.3.2 T

S 1] clarke AEA A [ ANAE XA B i) SN BRI AE A1, RIHE of ARFRFARK abe ARt
PRAC U — A UM B R A, AR T ELRGR BIAL FREE . Pl Q31 FF s IS 2 A3 i f it
T AN R

pla = Talpha
plb = (—1/2) Talpha + (+/3/2) Theta

Hor pla Fi1 pIb ZBENE T4H, Talpha Fl Ibeta ;2 i A ASAE (Y XLAR AR ] &
ENATH
fEH Q31 it clarke A8 4 BT B . AR B 18, FEERA- RN i A ) e it B R AAT . H
RS R BB B B SCRY R 6
4.3.3 R

4.3.3.1 csi_inv_clarke_f32

void csi_inv_clarke_£32 (float32_t Ialpha, float32_t Ibeta, float32_t *pla, float32_t.
—*pIb)

SR

Talpha: i AR IEAS 5% &l alpha
Ibeta: Hii A MM IE A K Al beta
*pla: §i ) =HALAE a

*pTo: Kt =AHAR b

R [RIME:

M
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4.3.3.2 csi_inv_clarke_q31

FUE BHERER

void csi_inv_clarke_qg31

(g31_t Ialpha, g31_t Ibeta, g3l_t *pla,

a3l_t *pIb)

SEL:

Talpha: fii ARYPIAIIE S K &l alpha
Ibeta: fil AR IE S K Bl beta

*pla: §i ) = HALAR a
*pIb: HiH = A AR FR b

R Il :
I

G TBORE AT A

BB T — P 32 A R s, RMNER4ERF 131 #a0, ZFEPkE R 2.62 Ho Mk 32 (oA

HBRIEATTR, BreAh &t .
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4.4 Park 254

4.4.1 W%

e csi_park_f32 : V5 park A5 i
e csi_park_qg31 : Q31 JiuASHY Park 25

4.4.2 iRy
TE T Park ASHeRH ARSABAR R B @ B AR B, BIHE op APRFed )y dq AbAr. Park 28 Heml AKE

TR 1L Talpha I Tbeta 25 2, $eEIRE S5 R, AN0E TR BRI TRIBER R ZSE] KR
RNV R T TREGERY d B, R TEAOHE EIER T 2 BT T RIS 2 R Z I K AR

Bl 4.3: & TR R R RNETE (ab) WAL, PAKAE dq it 2% &

BRECF U AN BRE AR, T FAF U I #RIR WAL BEES R . ol Q31 AV sl JE 243 IR A [l Y

pld = lalpha * cosVal + Ibeta * snVal
plg = - Talpha sin'al + Theta * cos'Val

Fr Talpha il Ibeta j& 7€ SCE 1o htsr ik, pld 7l plq /2% 7c it/ ft, JFH cosVal il sinVal j& 0 (%% 1 f%
FiE) HARTZANIESZ(E.

AT A

(P E A Park S He s BTR ZERE . FERE BB, AEREAS RBP4 SR i AN RANA T . RAAS
A BRSO SCREA G BT
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4.4.3 BB

4.4.3.1 csi_park_f32

void csi_park_f£32 (float32_t Ialpha, float32_t Ibeta, float32_t *pId, float32_t *plqg,.
—~float32_t sinVal, float32_t cosVal)

BH:

Talpha: i ABIPIAH 5 AL AR alpha
Ibeta: fii ARYPIHTIE AL AR beta
*pld: fem i rEEF R d
*pIq: I TSE R q
sinval: Jig#Efa 0 1IEIX

cosVal: e 0 fI&RTX

BRI

Ta

4.4.3.2 csi_park_q31

void csi_park_g31l (g31_t Ialpha, g31_t Ibeta, g31_t *pId, g31l_t *pIg, g3l_t sinval,.
—g31l_t cosVal)

B

Talpha: % ARYRIH ) AR R alpha
Ibeta: fij ABTPIAH A B AR beta
*pld: M TS E R d
*pIg: I TSH R q
sinVal: Jigh f 0 BIEFX

cosVal: Jigh&fh 0 4%

R [BIE:
I
G M (OE W ST

PRECSC BB TS NG 32 LR s B2 131 M, ZFH T ARSI 31 60, hnikA
PBIR I B T ARANTEE, BT DABEA fi Y XU«
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4.5 i) park 28t

451 E%

o csi_inv_park_f32 : V7 5535 [H) Park 25
o csi_inv_park_g31 : Q31 JRAS[Y U [A] Park ZF

4.52 W

Wi 1] Park ASHCRH AP REFERIF R RO DAL PR ) . RIHE dq ARFREEHCN of ARFR.
PRRC U BRSO REA R, I ELAS IR AR [ A BREE R . 0l Q31 IR s B 2 2 2 SR R [ Y

IR/

plalpha =Id * cogVal - I * sin'Val
plbeta =Id * sinVal + Ig * cosVal

A plalpha Fil plbeta /& & TR H40H, Id fil 1q 25 TR/, cosVal fll sinVal J& 0 (3 TREGENIE) M4
ZAIIE XA

ERATH
(P E A Park S He s BRE 2R FERE BB, AEREA R P (0 4 SR i L AN RANA T . RAE S
A BRI BRSSO L
4.5.3  PRBEEW]

4.5.3.1 csi_inv_park_f32

void csi_inv_park_f£f32 (float32_t Id, float32_t Iqg, float32_t *plalpha, float32_t.
—*pIbeta, float32_t sinvVal, float32_t cosVal)

ZH:

1d: 8757 RN AL d

Iq: #1527 R0 LT q
*pTlalpha: FiAHIE R[] &l H alpha
*pIbeta: PWAHIERZ ] Ah# H beta
sinval: Jig%efh 0 IYIETZ

cosVal: Jighhf 0 BIRIL

BRI
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Ja

4.5.3.2 csi_inv_park_q31

void csi_inv_park_g31 (g31_t Id, g31_t Ig, g31_t *plalpha, g3l1_t *pIbeta, g3l_t.
—~sinVal, g31_t cosVal)

SH:

1d: #1757 RN AL d

Tq: #1527 RN LLE q
*plalpha: FiAHIE RS [A]& -l H alpha
*pIbeta: PAHIERZ ]34 H beta
sinval: Jie%Efh 0 IYIEGZ

cosVal: Jighkf 0 BIRIL

IR Il :
I
GTBOMES IR 4T A

PBRECRIUBE I T 32 A B s, RANER4ERF 131 M3, ZFEPakgi R 2.62 Ho Mk 32 (oA
MR IEATTR, BreAh &t .
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4.6 ESEASE

4.6.1 pR%

o csi_sin_cos_f32 : PRI IEZ A IZ R
o csi_sin_cos_q31 : Q31 1IE8X 4% kAL

4.6.2 T W]

S — R ARG, R =MIEZARTZ . 8 Q31 FIE B R AR AL TR R BRI 7 A
H AR LABE R ERAL, E A Q31 MU AR HOM ST E [-180 +180] FEAY [-1 0.9999].
T S BRSO SRR — IR R B A AR X R 0 A BB, R R 2 T LA S M R TV S R R Ay A{EL3] [-180 180]
TG .
VR SEHLELT 360 DRI L MABE. SR L RN

NN N2 ST EOL LY E 2 G N

2. IR AR/ NS (fract).

3. HiHEERS ] index MIEFLFRH AN R yO FIZRT| index+1 XFI 1 yl.

4. TEFZ{H T psinVal = y0 + (fract * (y1 - y0)).

5. MRS ] index WA LR K BUXT R yO FIZE 5| index+1 XfIV1# yl.

6. 439%{E1THE pcosVal = y0 + (fract * (y1 - y0)).

4.6.3 PR

4.6.3.1 csi_sin_cos_f32

void csi_sin_cos_£f32 (float32_t theta, float32_t *pSinval, float32_t *pCosVal)

BH:

theta: fgﬁﬁ/\ﬁ
*pSinVal: $5 ] IE5% 4 H 4553
*pCosVal: FgIa) 4% H 45 %

R [BIE:
I

4.6.3.2 csi_sin_cos_q31

void csi_sin_cos_g31 (g31_t theta, g31_t *pSinval, g31_t *pCosVal)

BH:

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 54




(@ FsLE ZUE BNEHEY

theta: BEHUHAE
*pSinval: $§[a)1F %4 H 45
*pCosVal: F8 M AR TR 4R

R [BIE:
Jo

note:

Q31 f AHITERELZ [-10.999999] , SR TGRS 21 i X il 2 [-180 179].
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Hhw PO BCE R

XA PRBAR P T — P PRESRARIETL , RIEAPF I HGERMER I3k . 5 CSIDSP A RS BOHAM R EOAR ], P s %L
HEfE—AME, AR (R AL S QLS, Q31 HNF s BRI AL/ HIFR Bt TR Wi ek 4K

51 &%

511 %

o csi_cos_f32 1 VB = AL E PRI
e csi_cos_ql5: Q15 = AAIL U UE R Bk
o csi_cos_qg31 : Q31 =MA4IZATIT ME Pk Bk

5.1.2 TSR]

ERAERE R IR = ARTZR A i QLS, Q31 ANF R AU FL I T R . ¥ A HUCA P i A fELIT 194
FEIUE, QIS Al Q31 M A 2GS [0 +0.9999], BREFE [0 2*%pi), & miEHIHPEEAEHG 2%pi, 2%pi 24E[MIF] 0.
SRR ST 256 ARINARANLMATRH . L HRATF:
L MR N EIRE R RS H
2. IR RG I/ (fract) #5>

3. FJEIEE SR 4T (1.0f - fract) * a + fract * b;

o

b=Table[index+0];

c=Table[index+1];

5.1.3  pRERW]

5.1.3.1 csi_cos_f32
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float32_t csi_cos_£f32 (float32_t x)

BH:
x: i AR
R I :

cos(X).

5.1.3.2 csi_cos_ql5

gl5_t csi_cos_gl5 (gl5_t x)

SH:

x: M AR AR
B

cos(x).
Ei @ INEH IR EFPE

QIS H AMEAE [0, 1) BRI, WREFEHIEZ Y X[ 2 [0, 2*pi).

5.1.3.3 csi_cos_q31

g31l_t csi_cos_g31l (g31_t x)

SH:

x: B A AE
PRI :

cos(x).
A BORTRE NG A T

Q31 M AEMTERE [0, 1), BUNHITERE [0, 2*pi).
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52 1F%%

5.2.1 PA%EL
o csi_sin_f32 1 VR BT IE B S (VB p i
o csi_sin_ql5 : Q15 JF A=A TX RO B PRl Bk
o csi_sin_q31 : Q31 7 p AR = A IE 5L AT {ME B Bk

5.2.2 T EHRW]

MERAIHE R TR = ARTZR A b QLS, Q31 ANF iR BUM P I 7 A IFI X R . ¥ A5 HCAR 1 i A fELIT 174
AU, QIS Al Q31 M A R4S [0+0.9999], BREFE [0 2*%pi), & AT PEEAEHE 2%pi, 2%pi ¢ [mIF] 0.

SRR SEILEL T 256 NRIARFMA N LPRAT:

L I RER N R i B RR S

2. VRGN (fract) 7>

3. WA ISR AT (1.0f-fract) * a + fract * b;

Hrp

b=Table[index+0];
c=Table[index+1];

523 ARV

5.2.3.1 csi_sin_f32

float32_t csi_sin_£f32 (float32_t x)

BH:
x: B AR BEAE
IR [BIE:

sin(x).

5.2.3.2 csi_sin_ql5

gl5_t csi_sin_gl5 (gl5_t x)

BH:

x: i AR (E
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pEAELE
sin(x).
iR IR ATk

QIS M AEMYERZ [0, 1), BUNATERE [0, 2*pi).

5.2.3.3 csi_sin_q31

g31_t csi_sin_g31 (g31l_t x)

S

x: input value in radians.
BRI

sin(x).
oA ATk

Q31 AMELTERE [0, 1), BRESHYFERLE [0, 2%pi).
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53 PR

531 %

o csi_sqrt_ql5 : Q15 PR R %N
o csi_sqrt_g31 : Q31 AR K EN.

532 MigRm

IR S QLS, Q31 SLBL T AR %L, 24 CPU A FPU I, 54 fsqrts HOADRITRER, M4ich

FPU I}, Ak RIA T RIS E2R . R SA A A

x1 = x0 - £(x0)/f'(x0)

o x1 2 HIfHHE, x0 2 E—RAHE, £ x0) J2& f0 7£ x0 G 38, XTFIrikei %, Skt

x0
x1

in/2 {55 0 B9 7 M )
1/2 * ( %0 + in / x0) BN E X AN

533 B

5.3.3.1 csi_sqrt_ql5

csi_status csi_sqgrt_gl5 (gl5_t in, gl5_t *pOut)

S8
in: Hi AfH pout: i AMERI -5 iR

BRI

LIRS TRV (RPN S| CSKY_MATH_SUCCESS, 141 it #ii A /2 f %, W 3% [

CSKY_MATH_ARGUMENT_ERROR. X} a4tk A, iR [lf#¥Z:%L *pOut = 0.

5.3.3.2 csi_sqrt_q31

csi_status csi_sqgrt_g31 (g31_t in, g31_t *pOut)

SHL:
in: By AfH pout: By A(ERIF IR

BRI

LIRS RV (RPN S S| CSKY_MATH_SUCCESS, 141 i #ii A /& f %, W & [

CSKY_MATH_ARGUMENT_ERROR. %t it A, &[0 f 2% *pOut = 0.
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Note

HEIF AR fsqrts B, KBRS EE 2 AN 3 LSB [ 5] 7 LSB. A HIX > ek & AH % e it 2 At o
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6.1 P IXIIIR JEP: 2%

6.1.1 %k

» csi_biquad_cascade_df1_f32 : T A, Wy UE WA A0 B R
« csi_biquad_cascade_df1_g15 : Q15 —WySRIEIE WA 04 TE B B
« csi_biquad_cascade_df1_g31 : Q31 —WySRIEIE WA AL TE B B

« csi_biquad_cascade_df1_fast_q15 : Q15 -SRI BB 10 BB B
esi_biquad_cascade_df1_fast_g31 : Q31 v S Bk 2214 4b T R
csi_biquad_cascade_df1_init_f32 - Y15 W IR IE A IR 16 L B8
esi_biguad _cascade_df1_init_q15 : Q15 — W FIHuE L SL1 BT MR 5L
esi_biguad_cascade_df1_init_q31 : Q31— FIFUEIE SLI BT MR KL

6.1.2 i E
BERRASIIL T RN (IR) BECA . DEUEHERE th — W HAC Biquad UL, 24 QLS, Q31 FIE AUKCHE 20
BROE T BRAC

BRECDA TR B (7 B A A S o s VR ] B 00 3 AR AL B blockSize MHEAR . pSre F5 1) i ARZLK , pDst i
ti) i R . PR L 75 blockSize M.

Bk
AT BET BB 22 0 T RE S B A B g

y[n] = b0 * x[n] + bl * x[n-1] + b2 * x[n-2] + al * y[n-1] + a2 * y[n-2]

L T RUAEAB B S AR 4 DRSS

AR 00, b1 Fl b2 S LGS x(n] #i3e, HHPFWRITRL. FEal M a2 SHHES yinl M5k, I Hk
PR B 2 KL

i B R A RS A BB TR 22005

y[n] = b0 * x[n] + bl * x[n-1] + b2 * x[n-2] - al * y[n-1] - a2 * y[n-2]
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& 6.1: Single Biquad filter stage

EAMEDL T, SRS al F a2 FE( ] CSIDSP FERIHEE, DA R E
O IR A A IR M BT SCEE . numStages FREMH T2 BB tban, 5 8 B4y 2 num-
Stages=4 #J KB,

B 6.2: 1 —HrEBkns 8 Birukias

5 9 BrigBoas nl AR numStages=5 1) BB, FRRECE N F—Hr (62=0 Fl a2=0).
pState 5 PR H L. A "B BeA 4 MRS x(n-1], x[n-2], yin-11, Fl y[n-2]. JREALBEHHSITE
pState :

{x[n-1], x[n-2], y[n-1], y[n-2]}

Brie 1 RITReg 4 ASRESAS R, BB 2 [ IORAY 4 RS R, ISHE. IR BRI A
4*numStages ME. MY B FOFRIRESAS R, A EHR R

DBt ) A TR AS AL AR ORAFAE BB S5 o B DM UEDASHR LA — A B 25 A (RS R T g
A PATEUASSEBI L S, (HRAS AN REIL . SRR 3 BB SR o SOR R B 454 (A S 31 8 284,

LR IAEEE
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T FPEE S BUHA A B BT A AL R B . WD AR 1L R AL 3 DA 4
o WEBIRGWFBE
o JEZTIRS buffer E. AT WAL RS, T-EhAbBx Lo il | 2 B 45 H PR 5L B I AR B num-
Stages, pCoeffs, pState. - pState )i {HE O
SE TR AR ECR AR, (H2, MR AR R B, WSSAE IR SE AN R CTE o S B B . AR
SRR LB AR B, M TSR G A G5 M RS2 B . ZERR SR Z T, JeHIRAS buffer Hhir){H
B0, THMUEER TH#SPIIRM 3 TPOR FERSS BN I8 il 25 1 45 14 (4 S5

csi_biquad_casd_dfl_inst_£32 S1 = {numStages, pState, pCoeffs};
csi_biquad_casd_dfl_inst_gl5 S2 = {numStages, pState, pCoeffs, postShift};
csi_biquad_casd_dfl_inst_g31 S3 = {numStages, pState, pCoeffs, postShift};

H: P numStages 2 JE #5 H B B B iR pState 2R buffer [jHdiE; pCoeffs J& £ %% buffer ¥ #bik; postShift
AL

AT A

) QLS I Q31 MUAS ) Wy RIKDE L bR BT 2 IIVE R . TR 278 DA )

© REHIGRIK

o IR

o Ji AR
BRI EN A R RN /INEME, I BARBIREITE [-1 +1) BRI 8. 2 SR — MM g 24
postShift , T Z5uE A8 RECHOR N [+1 -1) JEfE . JEEERM RN LR — A ARy, 4R BE)
postShift {17,

pastShill

xIn} s @ yind
» bl »
I~ - P
2'1 z'1
x[n-1] » b1 al |« y[n-1]
L 4 k4
21 1

_ -
2 | I 5 e yin-2)

K 6.3: % S W B

XA RFIE A A R A T 2 postShift £ FAN, O TR FREL

{1.5, -0.8, 1.2, 1.6, -0.9}

] A & pCoeffs £2H K-
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{0.75, -0.4, 0.6, 0.8, -0.45}

H Hi%& & postShift=1

IRV RS AR: I IR P AR Y 2 SR A — S R AL G DR AR R I A ] BT 1.0, XA R IR
N T FLER IR . XA TR EE/NT 10 M ALG S W RE S B T 1.0, BRI E TR AR S8,
XEAF S BB . S TR MAT R, RN TR B L4/, A AR /N T 1.0, Bk
MNES WAL BIGR/N, DA A SRR 25 I 2 AN 2 Ui

i AR X5 T QIS I Q31 AR, FE4& H BRI LI SRS 43 il i o

6.1.3  PRZEW]

6.1.3.1 csi_biquad_cascade_df1_f32

void csi_biquad_cascade_dfl_£f32 (const csi_biquad_casd_dfl_inst_f£f32 *S, float32_t.

—*pSrc, float32_t *pDst, uint32_t blockSize)

BH:

BSR4 L R 3 SR AR

*psre: 1 A LR

*pDst: 8 4 H A

blockSize: HANHT LA IR FRE AL

B

¥

6.1.3.2 csi_biquad_cascade_df1_q15

void csi_biquad_cascade_dfl_qgl5 (const csi_biquad_casd_dfl_inst_gl5 *S, glb5_t *pSrc,.

—ql5_t *pDst, uint32_t blockSize)

BH:

* St R —A> B IS AL S

*pSrc: 7 ABEER

*pDst: 7 )4 1 Hdha e

blockSize: B MR EAL B AL &

R [BIE:
Jt
GilgoARE AT
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BRBCEBLE I T — AR 64 LR INds . RECHUREASBARA 115 #%3050R, MIaRIE5HE 2.30 4%, 2.30
ResCR P S5 —A 64 (i) Fmas R ag 34.30 HApEER . X AT AR PS5 RIS, I HAZ
. FRIGIETR, WA 115 #%5.

6.1.3.3 csi_biquad_cascade_df1_q31

void csi_biquad_cascade_dfl_g31l (const csi_biquad_casd_dfl_inst_g31 *S, g3l_t *pSrc,.
—~qg31_t *pDst, uint32_t blockSize)

BH:

* St AR — A T gUBRE 4 5L

*psre: Rl A LR

*pDst: fif ) i Rtk

blocksize: f N RTGEAL B FEA KR

R [BIE:
Jo
GilgoRRE AT

PRECSEBUET T AES 64 (LR MR . BIaee 2.62 #a, ZEfr TR IR IR, (2 AR
L. L, ARBRMNGSERE Y, ST AL, MRS A TH R, ARSI 2 L,
AiiE [-0.25 +0.25) [XJa]. FEALTE S MHIRLTRBEMZ G, 2.62 FIN#Rt23) postShift fi7, HHEF7k 32 fir,
REAEREMTN 1.31 155K,

6.1.3.4 csi_biquad_cascade_df1_fast_q15

void csi_biquad_cascade_dfl_fast_gl5 (const csi_biquad_casd_dfl_inst_gl5 *S, glb5_t.
—*pSrc, gl5_t *pDst, uint32_t blockSize)

BH:

* St R — A B IS AL S

*pSrc: 7 i A B

*pDst: 7 4 A

blockSize: BT EAL B AL &=

R [BIE:
Jo

A ORI AT A
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PO RAE ] —A> 2.30 #X A 32 L2 ds . BNEsdERs T A S R AR, (H2 UH —sr L.
Hi, WERBMAREERG L, KA AEE, MAZEN . H TR RS, SWAGS LA/ AL,
#J [-0.25 +0.25) {5l . 2.30 R Z5 R A% ) postShift 7, FHEA R ZFE 16 7, Bk 1.15 4%
275 i $lcsi_biquad_cascade_df1_q15() T 64 SR MERSLBL T — A SR HY AR 1-K5BE K« 2RI
RRAAE T AH RN SRR S . B8 esi_biquad_cascade_df1_ql15() ¥IEEAIE IR 284514

6.1.3.5 csi_biquad_cascade_df1_fast_q31

void csi_biquad_cascade_dfl_fast_g31l (const csi_biquad_casd_dfl_inst_qg31 *S, g31_t.
—*pSrc, g3l_t *pDst, uint32_t blockSize)

BH:

REEE =1 S M3 2 S PR

*psre: i AR E G

*pDst: fif [ i Bk

blocksize: fRTGEAL B FEA LR

R [BIE:
Jo
GilgoRgE AT

RRR BT XTI T T Ak, W T AR BEA R ARG B 31T 131 ARSI A 2.30 #5X. X
SO RISERATINE] 4> 2.30 Bmat. Fn, FBMERAGT B 131 fZ2R . POl AR HA ShRER A
SR AT, (AR R RAAG I, PN E ZFF ARG RAIR 32 (0. N TR, fAE S
WA/ NAE, 3 [-0.25 +0.25) Jull o B RIARAL R Kesi_biquad_cascade_df1_init_q31() ANUGAUEDARES
FaIA.

AR R esi_biquad_cascade_df1_g31() ;2XAREA— NI SEB, A RGN T —A> 64 AL R INgE
18 FEA PR R AR B TR R A 25 A o (8] e Besi_biquad _cascade_df1_init_q31() RAIGACIE B AR EEHE
1£.

6.1.3.6 csi_biquad_cascade_df1_init_f32

void csi_biquad_cascade_dfl_init_£32 (csi_biquad_casd_dfl_inst_£f32 *S, uint8_t.
—numStages, float32_t *pCoeffs, float32_t *pState)

BE:
* S G 1) M D A A5 AL (AR S 15
numStages: JEH#H BB EE
*pCoef fs: F{MIPEN 7 R EELL
*pState: FHHPIRSEA

BRI
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7e
FBONR B NF7:
FBHE AT T ERATAERLAL pCoeffs :

{b10, bl1, bl2, all, al2, b20, b21, b22, a21, a22, ...}

Horpr bIx Ml alx 22— N Bef Z %0, b2x Al a2x 258 —ANHr BU R K, MUK . pCoeffs ZALEIEA 5*num-

Stages M 41{H .
pState RARFRASHUANHE. 65 i BR 4 RAASE xin-11, x[n-2], yIn-11, 71 yin-2]. A ReHER e
pState A AT :

{x[n-1], x[n-2], y[n-11, y[n-2]}

AT 55— B Bty 4 RS AR i, SRR 5 TR By 4 SRS R, RIS RS HALE SR 4*numStages
ANEUE. REE BRI B 2 JE R, RECR 2T

6.1.3.7 csi_biquad_cascade_df1_init_q15

void csi_biquad_cascade_dfl_init_gl5 (csi_bigquad_casd_dfl_inst_gl5 *S, uint8_t.
—numStages, gl5_t *pCoeffs, gl5_t *pState, int8_t postShift)

b

*s: A1) TR IR AR A PR S Bl
numStages: JEH A KB B HE
*pCoeffs: it mUEH A A HEA
*pState: fFPIRSH

postShift RMAEE R AIEL

R [BIE:
JE
RBHIR B

ARHLVA T AR AR pCoeffs :

{b10, 0, bl1l, bl2, all, al2, b20, 0, b21, b22, a2l, a22, ...}

o blx il alx 255 —Fr B 22550 b2x Fl a2x J2 55 I BR it 22585, MRk et . pCoeffs 4 6*numStages “MH. bl
F1 b2 HrEIHFERY 16 A1) 0, 28 Tk REHENS 32 fiXd5F.

RSB BEIRAFAELUH pState. T BT 4 A-REZE R x[n-1], x[n-2], y[n-1], F y[n-2]. RSB EHESAE
pState FZH P TEA AT

{x[n-1], x[n-2], y[n-1], y[n-2]}

BrEe 1 BT IR 4 RS, BrBe 2 S FORAY 4 MRS &, IRV, RESHELE LA 4¥num-
Stages M. B NERAL IS TR B, AL TR
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6.1.3.8 csi_biquad_cascade_df1_init_qg31

void csi_biquad_cascade_dfl_init_g31 (csi_biquad_casd_dfl_inst_g31 *S, uint8_t.
—numStages, g3l_t *pCoeffs, g3l_t *pState, int8_t postShift)

BH:

* St G 1] I IR AR A R S B
numStages: JEPE AT BB EcE
*pCoef fs: ) PR AT RECKA
*pState: fAPIRESHA

postShift: BRNEREERIFNIEL

PN
¥

Coefficient and State Ordering:

RAFAERIA pCoeffs (AR, 2 IEPA R HES:

{b10, bl1l, bl2, all, al2, b20, b2l, b22, a21, a22, ...}

Ferb bIx Ml alx J2 5 —Pr B R &L, b2x Al a2x S22 BB R AL KU . pCoeffs 21 S LA S*numStages
Mi-

pState 7 FPARELRLH . A "B 4 MIREZE x[n-1], x[n-2], yIn-1], Hl y[n-2]. REZLELELEH
pState 1 HES I

{x[n-11, x[n-2]1, yln-11, y[n-2]}

Brie 1 ERITIRI 4 MIRSAE R, BrEe 2 BT ORI 4 RSB, KO, RS EHE B
4*numStages M. - NHEERAL S EHARE L&, AEH R
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6.2 P11 IIR JED: %S

6.2.1 pR%L

o csi_biquad_cascade_df2T_f32 : I piG S EH e 0B W LI IE I 2 AL P ek 4

o csi_biquad_cascade_df2T _init_f32 : JF pEE B EH: 1B I g0 U8 B0 i 1b pR 5K

* csi_biquad_cascade_stereo_df2T_f32 : % % B A 3 T " Br U DR 45 AL BH R 5L

* csi_biquad_cascade_stereo_df2T _init_f32 : J- p % B % T2 B SRIBC IR 01 1A 1 BRI K

6.2.2 i 50

X SRR B T B I AR A SO TAE R (LR) & . DEDd i h K #IT Biquad ZLIKSE I
SHEZ TR, XL BRReTE T LT .
SRR R R

BRI LA B B AR i A 1 R U P e G e DR AR AL B blockSize AMEEA . pSre Fi 1 i AR, pDst fi
te i R . PR 55 blockSize M -

X7

BEA B BeAR A 22 0 D5 AR S B — A T BriE

y[n] = b0 * x[n] + dil
dl = bl * x[n] + al * y[n] + d2
d2 = b2 * x[n] + a2 * y[n]

o d1 A d2 FORMARESAE

o P R P L RS A B B i A T -

AR 00, b1, il b2 S ALES xn] e, HHPFOIRIIAL. AEal fla2 Skl 55 yin] A3, I Hak
PR R T 2R R BT S . Ao TR ZE T

y[n] = b0 * x[n] + di;
dl = bl * x[n] - al * y[n] + d2;
d2 = b2 * x[n] - a2 * y[nl;

XAMEDL T, SR al #1 a2 7E(H 1] CSIDSP FERYIMR, W25 .

T B A B B BOCSE L. numStages FREM 72 BB AN, 5 8 Brigidt e num-
Stages=4 1) “FrfrBt. 59 M?ﬁ?ﬁ%%ﬂ%%ﬁi numStages=5 () “FrirBe, REECE N —Fr (b2=0 F1 a2=0),
pState 5 [FPREALREAL. B TBBrBoA 2 IRESAE R dL A d2. RIS RAHESAE pState 17

{d11, diz2, d21, d22, ...}

Horp dix 20— TBr BrB RS AL B, d2x 2 AN T B A B, RS B B A 2*numStages
AME. BB AL LS BOFRIRS AR, A E R

CSI PR AL 4E 7 Bk T AV B i e T A BB T AR, W T MR S A e . X el
a8 TRERALT Q1S Al Q31 Bl AU ek Bl . o —J7ihl, FeE E% I 2UE5H), 208 s ST fR
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A
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AT

AR dLAd2. R, CSTZE HARGNE AR 2 I 2R K. B WAL, BB RG24
AR

RS

pS

DB ) A BAREAL BARRAAAE BRSPS B b o N UB D AT TG B SR 25 R RS0 . R B
DAL SE B s, (RS B A ARG =

LR AEEEA

FEPE— DX WAL BB . B AR L BRI 41 A -
o BEEATRNTBIYE
* i ZRES buffer FIEAM TR LR, TP L HAf, F2BLE AR SLHINAY AT 7B num-
Stages, pCoefTs, pState. *kf pState %) T4 {E. & 0.
S MR IR A RO T e (E, SR TIRIAG LB, MIS5HA (RS B RERIITE 3 SR B . A0k
SERIR SO S B B, W AT SR W IR AL Z5 M A SE i) . TERSHIIRILZ BT, SEHLIRAS buffer i {E
B O. HA, WA RSB -

csi_biquad_cascade_df2T_instance_£f32 S1 = {numStages, pState, pCoeffs};

Hirp numStages fEUEEAF N K B B SCR; pState 2R ES buffer fHbsik. pCoeffs f2 224 buffer FHbtk .

6.2.3  pR%ELRW]

6.2.3.1 csi_biquad_cascade_df2T_f32

void csi_biquad_cascade_df2T_f32 (const csi_biquad_cascade_df2T_instance_£f32 *S, .

—float32_t *pSrc, float32_t *pDst, uint32_t blockSize)

S

5 $E IR P 9
*psre: HRmH AL

“pDst: JH 1T AR
blockSize: AbFEHIHEA L&

BRI

Ta

6.2.3.2 csi_biquad_cascade_df2T _init_f32

void csi_biquad_cascade_df2T_init_f£f32 (csi_biquad_cascade_df2T_instance_f£32 *S, uint8_

—t numStages, float32_t *pCoeffs, float32_t *pState)

SHL:
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*S: 48 IS AR AR S5 44 A S
numStages: JEE#AF T KB B AR
*pCoeffs: F5 g A8 REL
*pState: FGIAPRTEH

R [BIE:
Jo
RBRIR BN

PRAFAERI A pCoeffs FREIREL, 12 FAINFHES:

{b10, bl1l, bl2, all, al2, b20, b2l, b22, a21, a22, ...}

Forb bIx Al alx 255 —BrBeit) 4L b2x Fll a2x J2 5 B R AL, IR . pCoeffs £41 S 3L4 S*numStages
L

pState ZIF PR MITEE . B ZHrBrBof 2 ASIREAS R d1, Al d2. BB | S EITIR Y 2 A IREA &
BB 2 4 ORAY 2 MRS E, REHE. RSB A 2*numStages AME. 5B AL HE 2 ST
WA, AL AL

6.2.3.3 csi_biquad_cascade_stereo_df2T_f32

void csi_biquad_cascade_stereo_df2T_£f32 (const csi_biquad_cascade_stereo_df2T_

—instance_f£32 *3, float32_t *pSrc, float32_t *pDst, uint32_t blockSize)

BH:

* St 8 ] I I A AR 4 e S )
*pSre: Fg I AL

*pDst: H [l &
blockSize: AbBEFYREAR B

R [BIE:

¥e

6.2.3.4 csi_biquad_cascade_stereo_df2T_init_f32

void csi_biquad_cascade_stereo_df2T_init_f£f32 (csi_biquad_cascade_stereo_df2T_instance_

—f32 *S, uint8_t numStages, float32_t *pCoeffs, float32_t *pState)

BH:

* St G T A AR 2 ) (R S 151
numStages: JEIF#H BRI E
*pCoeffs: F5 UGN A8 REL
*pState: T‘érﬂhﬁéﬂzéﬂ
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R [BIE :
Jo
SRR B2

PRATAERA] pCoefls W R KL, # N HIFHES:

{b10, bl1l1, bl2, all, al2, b20, b21, b22, a21, a22, ...}

Forp blx Al alx 25— B R4, b2x Fl a2x 255 B R, MK . pCoeffs £41E LA S*numStages
AN

pState ;27 PIRASEEALIIFEEE . A TBrPrBoA 2 MIRESAS R d1 RN d2 . BB L RIT R 2 MRS
BrBe 2 ST ORAY 2 RESASE, REHE. RSEALE IR 2*numStages AME. 4B AL P 2 T

WEAR, AR
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63 G

6.3.1 pR%

o csi_conv_f32 1 IF BT HIIAETA

o csi_conv_q31: Q31 JFHHYER

* csi_conv_ql5: Q15 FHIER

* csi_conv_q7 : QT JFFI B

o csi_conv_fast_g31 : Q31 FHIEAN

o csi_conv_fast_ql5 : Q15 JFFH AT

o csi_conv_fast_opt_ql5 : Q15 JFH| LR
o csi_conv_opt_ql5 : Q15 FEFHIRER

o csi_conv_opt_q7 : QT FEHEFH

6.3.2 TSR]

AL — TP AT R 1) A Bl — A BR 1) B R B . BRI TR 0T, 288 e DA . €SI
DSP EALfE T Q7, Q15, Q31 AN s i I B B B RR AL -

ik
% aln] 7T bln] 5 S sreALen I srcBLen iy FEA 1. MR
c[n] = aln] * b[n]
L
stehlen
c|n]= ; alk|p[n—k]

R cln] I EESZ srcALen +sreBLen - 1, 3 HFEIX [ n=0, 1,2, -, srcALen + srcBLen - 2 [A]. pSrcA f& %3
—/N A K & srcALen , pSreB 8 10]58 N A K B ] & sreBLen. i H 2555 A pDst , I8 H sREUA
Jy gt 43S srcALen+srcBLen-1 N1 45 6] o

W& b, HWA~E"S aln] F1 bn] B, (55 bn] 4 a[n] Fig3h. X T48AWE n, aln] F1 bn] HESH
IR FEARINAE—E o

W, BRI A BRI

aln] * b[n] = b[n] * a[n].

RERE A A FI B SRR XA R R 15 o
BT

GRBAES R R PSR I, Q7, QLS Fl Q31 Ay AR WU . SE 444 A
P SCRYTE R, A SRR R A O
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P i A
Q31 1 Q15 STRFPHR A . PHA TR EN B D, (HRFEAEAMGS, FIRA L5 T E i
Opt it A&
Q15 #1 Q7 F Opt A Bt il B buffer b F AP AL . X LA THE, (HRIHFEE S
AT o
6.3.3 PRI

6.3.3.1 csi_conv_f32

void csi_conv_£32 (float32_t *pSrcA, uint32_t srcAlen, float32_t *pSrcB, uint32_t.
—srcBLen, float32_t *pDst)

BH:

*pSrcA: FEmEH— AT

srcALen: 55— PEIAFIIIIKIE

*pSrcB: f{ M AN A FY)

srcBLen: 55 MR

*pDst: fgnH AL, K2 sccALen+sreBLen-1

R Il :

Ta

6.3.3.2 csi_conv_ql5

void csi_conv_gl5 (gl5_t *pSrcA, uint32_t srcAlen, gl5_t *pSrcB, uint32_t srcBLen,.
—ql5_t *pDst)

BH:

*pSrcA: FREH— AT

srcALen: %*/[\%/\F?WE/JKE

*pSrcB: K HE A AT

srcBLen: 35 AN AP K E

*pDst: FgnH gAML, K2 srcALen+sreBLen-1

BRI
Jo

SO AT A
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BTG T AP 64 (T BUMES . H AR M 115 Bk, ARG A 230 Feakl. 230 g h il
16 3430 B3y 64 BINBE BN, A 33 S, FIOAR R 2 it 34.30 #UM0SFR E 780 15
iz, I 3415 Heat, SRIGTHOAIY 115 Feat,

i 8iesi_conv._fast_ql5() Je—AMBGEIRA, (HREK T ELIHIE,

i 8csi_conv_opt_q15(0) 2~ HGEIA , (T T HSMIGHT A2

6.3.3.3 csi_conv_q31

void csi_conv_g31 (g31_t *pSrcA, uint32_t srcAlLen, g31_t *pSrcB, uint32_t srcBLen,.
—g31_t *pDst)

BH:

*pSrcA: AT

srcALen: Sf— AP KE

*pSrcB: /M A AT

srcBLen: 2 /M AFAIRIK

*pDst : FE[H 45 R Hhk, K52 sccALen+srcBLen-1

R [BIE:
Jo
Gl ARE AT

PRASEILE TN 64 RL BN . BINAR A 2.62 AgaU4E R I i I SRE S R RS R, (HR R —
AR R ISR A AR R B AR, SERFS A, HhE R . FI, fAG S HES)
B 1 o AR YRS AR i 22 &4 min(srcALen, sccBLen) YRBE(, FTDA, #5 A S5 E45 /)N log2(min(srcALen,
srcBLen)) (log2 /& 2 XD ki Ik h . 2.62 iUy By, %% 31 iz, FRRAA I 1.31 #Un
JEEER

csi_conv_fast_g31() —APRERAS, HRERTEZNEE.

6.3.3.4 csi_conv_q7

void csi_conv_g7 (g7_t *pSrcA, uint32_t srcAlen, g7_t *pSrcB, uint32_t srcBLen, g7_t.
. *pDst)

BH:

*pPSrcA: ?EI‘EJ%’%~/|‘$§‘MT?§U

srcALen: (F— A AFFSIIYKE

*pSrcB: f{HE AN A FY)

srcBLen: 2B "M A TSI E

*pDst : Fg[aH &R nHilk, K B2 sccALen+srcBLen-1
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R [BIE :
g
iR AT

BRECE TSR 32 (2 B o B AER T 17 MR, MRMAEHE 2.14 45 30. 2.14 1y h 45 2R4E 18.14
TR 32 LB g B, BT 17 SEPAL, BREIE max(srcALen, srteBLen) KT 131072, A2
18.14 A% USSR AR 7 A, #MTH 18.7 #X, SRIGHHEAIR 1.7 #X.

B csi_conv_opt_q7() X R B — AP iR AR

6.3.3.5 csi_conv_fast_opt_ql5

void csi_conv_fast_opt_gl5 (gl5_t *pSrcA, uint32_t srcAlLen, gl5_t *pSrcB, uint32_t.
—srcBLen, gl5_t *pDst, gl5_t *pScratchl, gl5_t *pScratch2)

BH:

*pSrcA: fEH— AT

srcALen: SF—HAFFSIIYKE

*pSrcB: /W A AT

srcBLen: 2 /A FANRIK

*pDst: {4 H &R HE, 32 srcALen+srcBLen-1

*pScratchl fEAlEE; buffer, K/]N2 max(srcALen, srcBLen) + 2*min(srcALen, srcBLen) - 2
*pScratch2 fE[alfERf buffer, K/]NZ min(srcALen, srcBLen)

B

Jo
PR

WA R A S XEFE U5, A, H, I buffer, HRZ02 32 I 5F
GBORNE: AT A

AP AE 6200 2.30 (19 32 (R Inas . BngedeRy T AR R AR, (R A4
BABL. AR IRIEBCA MOREEVE, FroA, SNgsanfus imis, SAFS0mh, gL,

G5 T AR B kR EE R s . R, #Z AT REFA min(srcALen, sccBLen) 4~ P ESINTETENT , T DA
AT ZLH K log2(min(srcALen, srcBLen)) (log2 2 2 A IRIGXTED £5. 2.30 %=X R4 # 15 67, 7 HAf
] 1.15 kg2 R R A 255

B Resi_conv_q15() @— IS, (T 64 LRI, KRBTSR ER.

6.3.3.6 csi_conv_fast_ql15
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void csi_conv_fast_qgl5 (gl5_t *pSrcA, uint32_t srcAlen, gl5_t *pSrcB, uint32_t.
—srcBLen, gl5_t *pDst)

BH:

*pSrcA: FEmE— AT

srcALen: (F—HAFFSIRYKE

*pSrcB: {8 AN A FY)

srcBLen: 38 AN AT E

*pDst : FgEN g S pgHhE, K srcALen+srcBLen-1

R Il :
I
TG AT A

AR A — A5 2.30 19 32 (LR M. B InaedEss 7P ARG R PR E, ERRA—1
BRI OIS WANERE, BTUA, Sar iRt Hiih, SRS, Mg

i AME S T AR kR AR . D, B2 ATREA min(srcALen, sreBLen) NN EIINESESE , BT DA
AT E4 I log2(min(srcALen, sreBLen)) (log2 J& 2 SAHJRAYAEO 5. 2.30 Mg Rmas 8% 15 £, FF HARA
B 115 AU R G ISR .

PR Resi_conv_q15() @— A1l SC B, (T 64 LRI, KRB ISR Z K.

6.3.3.7 csi_conv_fast_q31

void csi_conv_fast_g31 (g31_t *pSrcA, uint32_t srcAlen, g3l_t *pSrcB, uint32_t.
—srcBLen, g31_t *pDst)

BH:

*pSrch: fREE— AT

srcALen: (F—H ARSI KE

*pSrcB: f{n5E AN A JFY)

srcBLen: 25 AN AFA B EE

*pDst: FgAH &R n bk, K B2 sccALen+srcBLen-1

B
M
A ORI AT A

RRR BT R EEHEAT T Ak, AP T RORS BEATR H . A1 131 131 MIRAYSSAEMNT N 2.30 #4a. iX
SO RIZR DA 2.30 M A —A 32 (L fras P 2. Fn, RMEHEAERy 1.31 4558,
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PRI R A BAT S FRHERCAS A e AT (EERIEB IR EE . POAE B3 N IRIAS R IR 32 1128 T3k
Yl ittt , BAMG TGN PR, BZTEEA min(srcALen, stcBLen) AN ESIITARERL, I DA AT ZE 41K
log2(min(srcALen, srcBLen)) (log2 J& 2 “NIRAIXTED 5.

Wesi_conv_q31() , EAEECR—AMZELI, BT 64 R MdR, RPsILREER.

6.3.3.8 csi_conv_opt_ql15

void csi_conv_opt_gl5 (gl5_t *pSrcA, uint32_t srcAlen, gl5_t *pSrcB, uint32_t srcBlen,
— ql5_t *pDst, gl5_t *pScratchl, gl5_t *pScratch2)

SHL:

*pSrch: AT

srcALen: S— N AFIIKE

*pSrcB: fRMEE AT

srcBLen: 2N ATHIK S

*pDst: Fglnky &5 Ak, K2 sccALentsrcBLen-1

*pScratchl FE MG buffer, K/NE max(srcALen, srcBLen) + 2*#min(srcALen, srcBLen) - 2
*pScratch2 fEAER; buffer, K /]N2 min(srcALen, srcBLen)

BRI :

7o
P i

AR R ARG XEFF UL, S, ik, IS buffer, #M %2 32 XI5
Ei N HEFPIE

PBRECR BB TSP 64 RLNFEBER I . S AR 1.15 M5, HIRe4EHE 2.30 4%, 2.30 ] 459
64 ir Z AN A 34.30 A RTF . XA SRH T 33 PRI, PRI R A XU . dRJ, 34.30 Ui
SEREFHR LS AIETN 34.15 M, ARJSIAIAL 115 Ml aiiat .

S csi_conv_fast_ql5() , FE—APoH, HREEAR TR L BRA.

6.3.3.9 csi_conv_opt_q7

void csi_conv_opt_g7 (g7_t *pSrcA, uint32_t srcAlen, g7_t *pSrcB, uint32_t srcBLen,.
—q7_t *pDst, gl5_t *pScratchl, gl5_t *pScratch?2)

BH:

*pSrch: AT
srcALen: FH— AR AFFI K
*pSrcB: [ A AT
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srcBLen: {5 /N AT K
*pDst : FG [ 4 H 45 R bk, K2 srcALen+srcBLen-1
*pScratchl Fg MR buffer, K/NE max(srcALen, srcBLen) + 2*min(srcALen, srcBLen) - 2

*pScratch2 $§ IR} buffer, /g min(srcALen, sccBLen)
BN

T
P

WA R A SR XIFF UM, A, Hii, IR buffer, #PMIZRE 32 X5
SO AT A

BB 7 32 L R AR . WAERFRE LT R, AHARSRE 2.14 M. 2.14 B R

TE 18.14 #5004 32 (i Bmgs 2 n. B TH 17 A~5F9 7, BRIE max(srcALen, sccBLen) KT~ 131072, A A
2. 18.14 MM R E TR 7 60, Bk 18.7 #4:0, RE LR 1.7 #53K,
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6.4 &R

6.4.1 pR%

e csi_conv_partial_f32 : 3% AR TR

e csi_conv_partial_q31 : Q31 FEAH T4 FR

e csi_conv_partial_gl5 : Q15 FEAAFE 41

e csi_conv_partial_q7 : Q7 JFHRFE -4 FH

e csi_conv_partial_fast_g31 : Q31 A HIER 45 FH

e csi_conv_partial_fast_ql5 : Q15 A IER 4 FH

e csi_conv_partial_fast_opt_ql5 : Q15 JEH| A1
e csi_conv_partial_opt_ql5 : Q15 FEH|IER AN

* csi_conv_partial_opt_q7 - QT JFAIER R

6.4.2 R BEH]
MR ERAEM T E R, R i AR BB T4 BB NN S 4. firstindex 157 4 AR A

T EFHIETFS . numPoints & FF LT i B AR AR R sRBO T B B B AR [firstIndex, -+, firstindex+numPoints-1].
i %4 pDst £U35 numPoints /M.

Ak Y i Y5 I AE [0 srcALen+srcBLen-2]. WARFERMW A DI REX A, W HR [E
CSKY_MATH_ARGUMENT_ERROR. 7 | 5 ${03% [f] CSKY_MATH_SUCCESS.

ERAT R
ERAT S BR.

PR A
Q31 F1 QIS5 M/ AU P A . PR T ZM RN 2, (2, BT ES A G S9E AL R
TR A A

Opt Jli A&

QIS5 F1 Q7 4 Opt A Beit {1l N buffer RIAFN T AFRIMLAMR . REERRAAL T L, (EUZARRT A
FEHEZ AT -

6.4.3  pRERW]

6.4.3.1 csi_conv_partial_f32

csi_status csi_conv_partial_ £32 (float32_t *pSrcA, uint32_t srcALen, float32_t *pSrcB,
— uint32_t srcBLen, float32_t *pDst, uint32_t firstIndex, uint32_t numPoints)

BH:
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*pSrcA: FREE— AT
srcALen: S— M AFHIKE
*pSrcB: K EE A AT
srcBLen: & /Nt AJF AN K E
*pDst : R [k 4 R Ak
firstIndex: fithFEAREIRZRT]
numPoints: HiHFEARIEE

IR [BIE:

ISR R

PRBCE A 5E R [B] CSKY_MATH_SUCCESS , Ui R T8 H JEE [0 sccALen+srcBLen-2], iR [1]

CSKY_MATH_ARGUMENT_ERROR ,

6.4.3.2 csi_conv_partial_q31

csi_status csi_conv_partial_g31 (g31_t *pSrcA, uint32_t srcAlen, g3l1_t *pSrcB,
—t srcBLen, g31_t *pDst, uint32_t firstIndex, uint32_t numPoints)

uint32_

BH:

*pSrchA: fi AP
srcALen: S— AT RE
*pSrcB: F{EEE A AT
srcBLen: 55 /Nt AJFAIRG K E
*pDst : g5 45 R Ak
firstIndex: fiiiFEAIIEIGRT]
numPoints: ¥l FEARREE

BRI

PRBIEH 58 itk M) CSKY_MATH_SUCCESS , 55K 158 H i [0 srcALen+srcBLen-2], I3 [H]

CSKY_MATH_ARGUMENT_ERROR,

6.4.3.3 csi_conv_partial_q15

csi_status csi_conv_partial_gl5 (gl5_t *pSrcA, uint32_t srcAlen, gl5_t *pSrcB,
—t srcBLen, gl5_t *pDst, uint32_t firstIndex, uint32_t numPoints)

uint32_

BH:

*pSrcA: FRmE— AT
srcALen: S— A AFHIKSEE
*pSrcB: {8 nH AN A FY)
srcBLen: 2B A A TSI E
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*pDst : F5 [ H 4550 ik
firstIndex: HiiFEARIRIGRS]
numPoints: ¥ AR EE

BRI
PR B IE A 5 R 1] CSKY_MATH_SUCCESS |, U5 R #) F 448 IR [0 srcALen+srcBLen-2], JUJ3R [1]

CSKY_MATH_ARGUMENT_ERROR

6.4.3.4 csi_conv_partial_q7

csi_status csi_conv_partial_g7 (g7_t *pSrcA, uint32_t srcALlen, g7_t *pSrcB, uint32_t.
—srcBLen, g7_t *pDst, uint32_t firstIndex, uint32_t numPoints)

BH:

*pSrcA: F7 AT
srcALen: S—PHAFFSIRIKIE
*pSrcB: F{EEE AN AT
srcBLen: 28 "M AFSIRIKE
*pDst @ f5 [k 45 R bk
firstIndex: #ijthFEAMRIART]
numPoints: fj AR

PEAELE
PR BCE A 52 R [B] CSKY_MATH_SUCCESS , R R T4 JEH [0 srcALen+srcBLen-2], W3 [1]

CSKY_MATH_ARGUMENT_ERROR

6.4.3.5 csi_conv_partial_fast_opt_ql5

csi_status csi_conv_partial_fast_opt_gl5 (gl5_t *pSrcA, uint32_t srcAlen, glb5_t.
—*pSrcB, uint32_t srcBLen, gl5_t *pDst, uint32_t firstIndex, uint32_t numPoints, gl5_
—t *pScratchl, gl5_t *pScratch2)

ZH:

*pSrch: F7 AT

srcALen: SF— AP

*pSrcB: /M A AT

srcBLen: 55 A A JFH K EE

*pDst : F5 [k 45 R bk

firstIndex: #ijthFEAMEIART]

numPoints: Hj RN EE

*pScratchl f{[A ANk, K/N A max(srccALen, srcBLen) + 2*min(srcALen, srcBLen) - 2
*pScratch2 FgaZfFEHE, /MK min(srcALen, srcBLen)
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R [BIE :

PRBCE A 58 R | CSKY_MATH_SUCCESS , R R F4E#8 H 5 H [0 srcALen+sreBLen-2], ik [H]
CSKY_MATH_ARGUMENT_ERROR

PR
WSS R ARSI, S, Hih, GRS buffer, R i%E 32 iXf5F.

6.4.3.6 csi_conv_partial_fast_q15

csi_status csi_conv_partial_fast_qgl5 (gl5_t *pSrcA, uint32_t srcAlen, gl5_t *pSrcB, .
—uint32_t srcBLen, gl5_t *pDst, uint32_t firstIndex, uint32_t numPoints)

BH:

*psrch: fRME— AT
srcALen: SB— AP E
*pSrcB: f{ M AN A FY)
srcBLen: 25 AN AFA B EE
*pDst: fﬁrﬂ%tﬂﬁ*%ﬂ@iﬂiﬁ
firstIndex: fitHEEARRRIGES]
numPoints: ¥ HFEARIEE

R [BIE:

PRBCIE A 5 R [ CSKY_MATH_SUCCESS , WHR KA F4E#8 H 5 H [0 srcALen+sreBLen-2], iR [H]
CSKY_MATH_ARGUMENT_ERROR

6.4.3.7 csi_conv_partial_fast_q31

csi_status csi_conv_partial_fast_g31 (g31_t *pSrcA, uint32_t srcAlen, g31_t *pSrcB,.
—uint32_t srcBLen, g31_t *pDst, uint32_t firstIndex, uint32_t numPoints)

BH:

*pSrcA: Tﬁrﬂ%ﬁ/l\%/\$ﬂ
srcALen: F— AT EE
*pSrcB: 7 A AT
srcBLen: 5 A A JFH K EE
*pDst : $g [k 45 R bk
firstIndex: fiHFEARIIEIGERT]
numPoints: i FEARMEE

R [RIE:

PR BCE 1A 52 R [B] CSKY_MATH_SUCCESS , UK i) 74248 75 [0 srcALen+srcBLen-2], iR [1]
CSKY_MATH_ARGUMENT_ERROR
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6.4.3.8 csi_conv_partial_opt_q15

csi_status csi_conv_partial_opt_gl5 (gl5_t *pSrcA, uint32_t srcALen, gl5_t *pSrcB, .
—uint32_t srcBLen, gl5_t *pDst, uint32_t firstIndex, uint32_t numPoints, gl5_t.
—*pScratchl, gl5_t *pScratch2)

BH:

*pSrcA: [ — AT

srcALen: S—PEIAFIIRYKE

*pSrcB: /M A AT

srcBLen: 2 /NI AFIIRIK .

*pDst : Jg[aH 45 Rk

firstIndex: fiHFEARREIARS]

numPoints: ¥ FEARY LR

*pScratchl MG AL, K/INVA max(srcALen, srccBLen) + 2*min(srcALen, srcBLen) - 2
*pScratch2 F{AIGEITELE, K/IA min(srcALen, srcBLen)

B

PR IE AR 52 iR [B] CSKY_MATH_SUCCESS |, 3R ik i 7428 1 J5 | [0 srcALen+srcBLen-2], W3k [A]
CSKY_MATH_ARGUMENT_ERROR

BR T«

WSS R A X FF U5, A, i, I buffer, FRN %R 32 X5

6.4.3.9 csi_conv_partial_opt_q7

csi_conv_partial_opt_g7 (g7_t *pSrcA, uint32_t srcAlen, g7_t *pSrcB, uint32_t srcBLen,
— g7_t *pDst, uint32_t firstIndex, uint32_t numPoints, gl5_t *pScratchl, gl5_t.
—*pScratch?2)

BH:

*pSrcA: fEmEH— AT

srcALen: S—MEIAFIIRYKE

*pSrcB: /M A AT

srcBLen: 55 /N AR A K.

*pDst : R H 45 R p bk

firstIndex: HiHFEARKRIGRS

numPoints: fj A KE A

*pScratchl FE MG AL, K/INVA max(srcALen, sccBLen) + 2*min(srcALen, srcBLen) - 2
*pScratch2 F{AIGEITSELE, K/INA min(srcALen, srcBLen)
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R [BIE :

PRBCE i 52 R 1] CSKY_MATH_SUCCESS , R KA P48 H 5 [0 srcALen+sreBLen-2], iR [H]
CSKY_MATH_ARGUMENT_ERROR

PR

WA R A SR XIFF UM, A, i, I buffer, FN %R 32 X5
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6.5 Ao Hr

6.5.1 pR%

s csi_correlate_f32 1 JF s H A

o csi_correlate_g31 : Q31 JEHHIAH %

o csi_correlate_q15 : Q15 JFHHIAH %

o csi_correlate_q7 : QT JFH {3

o csi_correlate_fast_g31 : Q31 JFH I 5

o csi_correlate_fast_ql15 : Q15 [ IAH

o csi_correlate_fast_opt_ql15 = Q15 55 HIAH %
o csi_correlate_opt_ql5 : Q15 FEHfHIAH 3

o csi_correlate_opt_q7 : Q7 FEF HIHE 3

6.5.2 T 5

RIS —Fh S BRI B BRE—E, MIERAPINMES A — RS . MXRGRP B AR A
R, BT HA— M ALEEPUR R . A BRI PG S R I, 2 AR, S A
2R, CSLFEN Q7. Q15, Q31 ANF AU J AR AL S pR AL, Q15 Al Q31 4R T PR AR A BRI AL -

4> a[n] 1 b[n] 4372 £ & H stcALen i srcBLen 45741, iAMES-HIBTIFR N :

c[n] = aln] * b[n]

FH IR IILE I v — {55l -

c[n] = a[n] * b[-n]
TR E L
srecdlen
c[n] = Z alk] b[k — n]
k=0

pSrcA Fg I — AN AT, JFHKEEE stccALen , pSreB 51155 “ AN AT Y, JPAKEE/Z steBLen. £
c[n] MK JEE 2 * max(srcALen, srcBLen) - 1 |, JIrA 45 RE % FEIX 8] n=0, 1, 2, -+, (2 * max(srcALen, srcBLen) -
2) . Fth &SRS AR pDst , i I BREA 4 BT 2 * max(srcALen, srccBLen) - 1 AN FEARAESE R

R
pDst 7E( ] il 5 20 % «
W RAT R
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RSB REIE. i, Q7,QLS, Ml Q31 s W AE & A AR th A . 25 BRI SRy, T
PR T A SR TR S DL o

P A

Q31 1 QIS STHRPPRIEMUA . PRB R AT 2 AL, ER BT, B AG S 4N S5 a4
Al o

Opt it A&
Q15 il Q7 7k Opt JiiA . il BB E A7 R RBOE A AL SUR . XSS HRA AL TR, (L2 AR 3
FETELZMNAT (G .
6.5.3 %M

6.5.3.1 csi_correlate_f32

void csi_correlate_f£32 (float32_t *pSrcA, uint32_t srcALen, float32_t *pSrcB, uint32_
—t srcBLen, float32_t *pDst)

B

*pSrch: fFEE—MATS

srcALen: SF— AP

*pSrcB: /M AN AT

srcBLen: 55 /Ny AP ARG K E

*pDst @ FR[H HEPRAGHBIE, K2 2 * max(srcALen, srcBLen) - 1

BRI

Ta

6.5.3.2 csi_correlate_q31

void csi_correlate_qg31 (g31_t *pSrcA, uint32_t srcALen, g31_t *pSrcB, uint32_t.
—srcBLen, g31_t *pDst)

BH:

*pSrcA: i — AT

srcALen: SB—MHIAFIIRYKE

*pSrcB: /M A AT

srcBLen: 5 A AFIIIIKIE

*pDst : TG[aKI 45 R AL, KR 2 * max(srcALen, srcBLen) - 1

R [BIE:
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7e
A ORI AT A

BRI T —A~ 64 fLNFR R s . BRI 2.62 482X, 4Eky T h ks R TR, (HEHA—
AR BRI ERE . B, R B 1, XA SO S, i ER . WAG SR
JINTERT 1 A ) 55 i o R R INYE i 22 & 4 min(srcALen, sccBLen) YR BB, T DATEEE45 /Mg A 1/min(srcALen,
stcBLen) W7 1R i . 2.62 BNARAH 31 i, SRR RNCH 1.31 #5458 .

6.5.3.3 csi_correlate_q15

void csi_correlate_gl5 (gl5_t *pSrcA, uint32_t srcALen, gl5_t *pSrcB, uint32_t.
—srcBLen, gl5_t *pDst)

BH:

*pPSrcA: ?‘é]‘ﬁ]’éﬁ~’|\$ﬁ‘ﬁ/\f?ﬂ

srcALen: (F— P AFSIRYKE

*pSrcB: F8n5E AN A FY)

srcBLen: 25 AN AFH B E

*pDst : FGIAET S5 Hbk, K2 2 * max(srcALen, srcBLen) - 1

IR [BIE:
I
GilgoRR AT

PRACSC I T —A> 64 (LATRE AR . AR 115 #0, MFRREEHE 2.30 #5. 2.30 M 45RAE
34.30 #5310 64 LR R BT 33 P AL, AacA . 34.30 SN R Z AR 15 A7, #)
Wik 34.15 #55X0, SRJSFFIEAIR 1.15 45X,

6.5.3.4 csi_correlate_q7

void csi_correlate_qg7 (g7_t *pSrcA, uint32_t srcALen, g7_t *pSrcB, uint32_t srcBLen,.
—q7_t *pDst)

B

*pSrch: fFEE AT

srcALen: $H—MAFIIRIKE

*pSrcB: M A AT

srcBLen: BN AJFAIRKE

*pDst: FgIEy &5 RagHitE, K2 2 * max(srcALen, srcBLen) - 1

R [RIE:
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7e
A ORI AT A

BRECSE B T — AR 32 LB MR . M AR 17 #%30, Mg 2 2.14 #%3K. 2.14 #5045 4 18.14
KUl 32 2 mes En. HFA 17 AP, BRIE max(srcALen, sreBLen) KF 131072, WA S5 H
18.14 LR EFAR T Ar, Wk 1874820, HJEtfih 1.7 #55X.

6.5.3.5 csi_correlate_fast_opt_ql5

void csi_correlate_fast_opt_gl5 (gl5_t *pSrcA, uint32_t srcAlen, gl5_t *pSrcB, uint32_
—t srcBLen, gl5_t *pDst, gl5_t *pScratch)

BH:

*pSrcA: g H— AT

srcALen: F— M AFHIKE

*pSrcB: { M A AT

srcBLen: £ A AFFIKE

*pDst : FG[H H 45 Rk, KR 2 * max(srcALen, srcBLen) - 1

*pScratch FEMIGH 247, K/NE max(srcALen, srcBLen) + 2*min(srcALen, srcBLen) - 2.

BRI

T
L i

WSS ST, FA, fi, I buffer, #MZ%E 32 AXt5F.
SR AT A

RXAMPRBRRAG T —A 2.30 4% 32 (LR M. BImasdisd 7 kg R i, H2RA 14
PR r. R e b B AR, NI, WRBmEE, SHER. TR kP RgE R, 2
GNFATE T . ININEIRZ &4 min(srcALen, srcBLen) NHEA7, BFPA, i A G5 %5240/ 1/min(srcALen,
sreBLen) [ 113 o 2.30 #X R A A7 15 i, SRISRAMIZERL 115 15 as

PR §l(csi_correlate_q15() J23X A BRE) — Al A, B T —A> 64 (LM kB ki H o

6.5.3.6 csi_correlate_fast_q15

void csi_correlate_fast_qgl5 (gl5_t *pSrcA, uint32_t srcAlen, gl5_t *pSrcB, uint32_t.
—srcBLen, gl5_t *pDst)

B
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*pSrch: fERE—H A5

srcALen: S—MEAFIIRYKE

*pSrcB: FEINE AN AT

srcBLen: 55 /N AP ARG K E

*pDst : FGIAE 45 R A bk, K2 2 * max(srcALen, srcBLen) - 1

R [BIE:
Jo
GiigRIRE AT

AP AE F—A> 2.30 #5200 32 R MEF . B LERe TP ks R AT, HERA 1 MR
fr. B R ERRAE . B, R E R, SAHEER . R TRk P R AR Y, DN
MBS . W AINVEEZ 47 min(srcALen, srcBLen) N HE(7, FRPA, By A5 F 245/ 1/min(srcALen, srcBLen)
B ks . 2.30 s N B Na A A% 15 i, SRIEHRIAE K 1.15 iR Ja 45 R .

PR §l(csi_correlate_q15() J&3X A BRE) — MR AT, BT 64 (LR B 1k H o

6.5.3.7 csi_correlate_fast_q31

void csi_correlate_fast_g31l (g31l_t *pSrcA, uint32_t srcAlen, g3l1_t *pSrcB, uint32_t.
—srcBLen, g31_t *pDst)

BH:

*pSrcA: FEmH— M AT

srcALen: S—HAFFSIRIKIE

*pSrcB: 7 AN A FH)

srcBLen: £ " AMAFFIKE

*pDst : FE[HH S5 R HhE, K2 2 * max(srcALen, srcBLen) - 1

R [RIE:
Jo
GiigcoRIRR I AT

R BT X EE AT TR, R T RO RERING thORD . S 131 A0 131 SR SE RN 2.30 A%
HRISEIRTE 32 fr A frdn T R R 2.30 4V R . BE, BMASHEMEEY 1.31 BEER.

PO ASFIFRERRAS 1) i AT —FF, ik, ZFR32 6L, SEREELEAR. S Tl h g R b, fA
[E5 WHAE . RN 2 %4 min(srcALen, srcBLen) YR 3807, Fif DAZEEL4E /[N A 1/min(srcALen, sccBLen)
ey 1kt i

B Hcsi_correlate_q31() J&iX A BRI — MBHIRAS, (T 64 (2 I HE s m ks .

6.5.3.8 csi_correlate_opt_ql5
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void csi_correlate_opt_gl5 (gl5_t *pSrcA, uint32_t srcAlen, gl5_t *pSrcB, uint32_t.
—srcBLen, gl5_t *pDst, gl5_t *pScratch)

BH:

*pSrcA: FEmE— AT

srcALen: (F—HAFFSIRYKE

*pSrcB: {8 AN A FY)

srcBLen: 38 AN AT E

*pDst : FGIAEy 45 R A bk, K2 2 * max(srcALen, srcBLen) - 1

*pScratch f8MIGEHTSEAE, K/ E max(srcALen, srcBLen) + 2*min(srcALen, srcBLen) - 2.

B

Jo
PR

WA R AR XFF UM, A, i, I buffer, FN %2 32 XI5
GO AT A

PRECEBE I T — >R 64 RLR N . AR R LIS MK, ASRSEHRE 2.30 4%, 2.30 iy rh )45
1 34.30 #5511 64 AL 2 mas 2. di T 33 AL, AaA IR 34.30 HEI SR BRI 15 (i,
My 3415 %30, ARG A 1.15 4%,

6.5.3.9 csi_correlate_opt_q7

void csi_correlate_opt_g7 (g7_t *pSrcA, uint32_t srcAlen, g7_t *pSrcB, uint32_t.
—srcBLen, g7_t *pDst, gl5_t *pScratchl, gl5_t *pScratch2)

BH:

*pSrcA: 7 H— AT

srcALen: B AT E

*pSrcB: {HE A AT

srcBLen: 5B AN AFF B EE

*pDst : FG[)H H 45 Rk, KR 2 * max(srcALen, srcBLen) - 1

*pScratchl FE MG 24, K/ 2 max(srcALen, srcBLen) + 2*min(srcALen, srcBLen) - 2.
*pScratch2 f{AllER buffer, K /)NZ min(srcALen, srcBLen).

R [BIE:
¥
Fi i
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WA R AR XIFE U5, A, i, I buffer, FN %R 32 X5
A ORI AT A

BRECSE B T — R 32 LB AR . BAESERR N 1.7 4830, MIRMEEIE 2.14 #4530, 2.14 i al g5 R
1E 18.14 #%2UR 32 [ Bomes . hFH 17 57947, Bk max(srcALen, sccBLen) KF 131072, H A
Sl 1814 M MEEREFMC 7 AL, #Wrh 18.7 #30, ARG FHER 1.7 #5X.
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6.6 ATRLabimap; (FIR) IR

6.6.1 A%

o csi_fir f32: 7% i FIR JEH a4 BH R L

s csi_fir_g31: Q31 FIR JEJ A3 AL BH ek L

o csi_fir_ql5: Q15 FIR JEUE#S AP pR %L

e csi_fir_q7 : QT FIR JE AR Ab 3 pR %k

o csi_fir_fast_g31 : Q31 FIR JER #$A0 1 ik %k

o csi_fir_fast_ql5 : Q15 FIR J i 2L 4038 ph %k

o csi_fir_init_f32: ¥ 5 FIR JEIH a0 0A 0 R £
s csi_fir_init_g31: Q31 FIR JEH a0 I 1L R %X
e csi_fir_init_ql5 : Q15 FIR JEHEHEFHI I L sk £L
e csi_fir_init_q7 : Q7 FIR JRILAFHI IR 1L R £L

6.6.2 i HistW]

XLEPRESEIL T Q7, Q15, Q31 FIVE M AW AYA FRof a7 (FIR) JEE#s . 4 Q15 Al Q31 MPuliiiA . i
T2 PAB A B AR PR A A B 8, B U FH IR DR AR R B B blockSize AMFEAR. pSre £ pDst 8 ) AR A, fﬂ(éﬂﬁ
blockSize ™MH..

ik

FIR JEi s FE I e — RSN (MAC) #4FE2 L. S uBeas R4 bin] Fl— SRS BN, RS
AR5 Z BT AR x[n] AT

y[n] = b[0] * x[n] + b[1l] * x[n-1] + b[2] * x[n-2] + ...+ b[numTaps—-1] * x[n-—

—numTaps+1]

pCoeffs F8 1 REHH , FEH KNG numTaps. RECH DU FARFE

{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[1l], b[O0]}

pState 5 [FPARASEAL, FALRIK/INE numTaps + blockSize - 1. REHLAT R A GRAF T AT -

{x[n-numTaps+1], x[n-numTaps], x[n-numTaps-1], x[n-numTaps-2]....x[0], x[1],.

..., X[blockSize-1]}

R OIRS AR BT T R ML K blockSize-1. §REZ SRS LA, Wl DABESRIGER 41k,
HRH PRI . RERT-hk FIAE (40 FIR SRR —Fh T 0k 7550 RS A R ER BRAEZ JS 0, &
HORTEHT .

Hikytkgcpi

DB R BRSSO AE LIRS I S B o B NIRRT — A BRI 5 IR SE B . AR BB
RN AE LA SE B 2 )36 5, (R S AN REIE 2. S 30300 4 B R A3 e it 1R [l il 45
FPRSEBIRE A o
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2" 2 2] eoe —f ;!

S A RS

y[n]

Pl 6.5: A PR S R D A

LA

There is also an associated initialization function for each data type. The initialization function performs the following
operations:
* Sets the values of the internal structure fields.
» Zeros out the values in the state buffer. To do this manually without calling the init function, assign the follow
subfields of the Z5 4 AL numTaps, pCoeffs, pState. Also set all of the values in pState to zero.
Use of the initialization function is optional. However, if the initialization function is used, then the £%#4{&SZ 1§ cannot
be placed into a const data section. To place an Z5 A& 5L into a const data section, the Z5#414& 5245 must be manually
initialized. Set the values in the state buffer to zeros before static initialization. The code below statically initializes each
of the 4 different data type filter Z544 (A SE Bl s 4 Rh SO RPAY R JEBUAGL B T — MM AR I (LR K. D8R 1L
PRECAE PR ATS $R 4 :
o BCE NS AT B
s WERSEAPEMR TR, AT PR E, FERESMARSEPIPA T 7B num-
Taps, pCoeffs, pState. pState 5 F{ BT A5 {H - 0.
e GG AR AT . HR, T TRIRIL AL, WA BERF S A4 (A SE 00 o AR B . SRl
PRSEOICTE S R B, WAL T-Eh W I (R A A S i) . TERSHIIRILZ T, EH RIS T IEE &1
L. NHPES, b4 FORFEIRpED R, EESHIRIIGI T A RSB .

*csi_fir_instance_f£f32 S = {numTaps, pState, pCoeffs};
*csi_fir_instance_g31 S = {numTaps, pState, pCoeffs};

*csi_fir_instance_gl5 S = {numTaps, pState, pCoeffs};

*csi_fir_instance_g7 S = <{numTaps, pState, pCoeffs};

Hop numTaps S8 2 1 R B8R pState RS ZAT Y HuhE:; pCoeffs /2 R KA HuhE

BT
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(P G A FIR I pR TS BV R R BB R, AR AR~ R R B AT S it ARAN T . Bk S
A BRSSO 5

6.6.3 PRELI]

6.6.3.1 csi_fir_f32

void csi_fir_f32 (const csi_fir_instance_f£f32 *S, float32_t *pSrc, float32_t *pDst,.

—ulint32_t blockSize)

SR

*S: Hi1f) FIR kil 25450 S
*pSre: JHIH AL
*pDst: JHIA I HEE
blockSize: W ABHIRMIEE

BRI

Ta

6.6.3.2 csi_fir_q31

void csi_fir_g31 (const csi_fir_instance_g31 *S, g31_t *pSrc, g31_t *pDst, uint32_t.

—~blockSize)

SH:
*S: f§1n) FIR JEIE A8 4514 (4 5L
*pSrc: FEIHI AL
*pDst : FR[a)4 R
blockSize: # AEIRHIEE

R
Jo

SO AT A
BRBCEILEE N T — N 64 (LR mdr. MARIEFIR O 131 M. AR 2.62 AR N, 4
RAE 2.62 1300 64 LLR MR O HA —AMRIAL, FTUAT E40/ A GG SR BT IR I . 75 224070
log2(numTaps) A AT AGRUEBCA H o fede, 2.62 M AR 31 6, SRISHANA A 115 A% X455 .

PR Resi_fir_fast_q31() 23X A~ BB — MR A, B2 EK THEZIEE
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6.6.3.3 csi_fir_ql15

void csi_fir_gl5 (const csi_fir_instance_gl5 *S, gl5_t *pSrc, gl5_t *pDst, uint32_t.
—blockSize)

BH:

*S: 41 FIR SRR S5 T 1A 51
*psrc: & mH AL
*pDst : fi 4 A
blocksize: i ABIRIEE

R [BIE e
Jo
iR AT

BB T— N 64 LS. BAKSE LIS AR, kA nl 2.30 4551 . 2.30 #EaXHy ) 4504
34.30 4% 64 LR AR M. BT 33 AMRIAL, FrPARSA K. 34.30 BIS5REFAT 1S CLE
3415 4530, RIEHADICH 115 A% KRR .

PR Rlesi_fir_fast_q15() J XA BB — R A, HRER THEZHRE

6.6.3.4 csi_fir_q7

void csi_fir_g7 (const csi_fir_instance_g7 *S, g7_t *pSrc, g7_t *pDst, uint32_t.
—~blockSize)

BH:

*5 1 i) FIR PR P52 1
*pSre: HITHA KR

*pDst : H[H HYHCH:
blockSize: # ABHIRIIEE

BRI
Jo
GitgcoRIR AT

PRECR LI TP 32 (LR s - i AERR 17 4% 0, MIRAVSEHRZE 2.14 #63. 2.14 A% 45 HE 18.14
A% 32 (LER T E . T SE R oA i KU, T LT DAGR B A O« 1814 ISS R B FRAR T 4,
TR 18.7 %30, Hetamny 1.7 .
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6.6.3.5 csi_fir_fast_ql15

void csi_fir_fast_gl5 (const csi_fir_instance_gl5 *S, gl5_t *pSrc, gl5_t *pDst,.
—uint32_t blockSize)

BH:

*S: f51) FIR SR AR EEH 1
*psre: JHIEIH AR

“pDst s HI i R
blockSize: i ABHEHIEE

R [BIE:
Jo
GiigoRIRR IR AT

AP RAGE I —A> 2.30 #55XH 32 LR s . BN 4Eds 7 RISER IR RE , (2 U — MR L
PICA 7RG Ik, AR5 045 /] log2(numTaps) A7, )i 2.30 A% 2N by 2.15 #55X, F HARA
A 115 #%3K.

PR Resi_fir_q15() 23X A~ BB — MEHRA, S T —A> 64 AR AR, By ikia it o AR AP T
FHIA A SEF AR SE o T DA FH R K esi_fir_init_q15() WIRRHIEDASEAA 1A o

6.6.3.6 csi_fir_fast_q31

void csi_fir_fast_g31 (const csi_fir_instance_g31 *S, g31_t *pSrc, g3l_t *pDst,.
—uint32_t blockSize)

BH:

*S: fi ] FIR JEEAR S50 145201
*pSrc: fR I AR

*pDst : fi [k £
blockSize: i AZIEMIEE

R [BIE:
J&
GiigoRIRR IR AT

PRECH TIRALER RS, &0 17— RUREERIG HARD . A 131 Al 131 AHRAZS LB R 2.30 A5, X st
RIS RAE—A> 2.30 A B At . &5, BMSSEmEEcy 1.31 Mgk, BRI RHERAG —+F
MR AT R, AR T ARG R MK 32 2, FreAMA AL TSR RS . h TR IkdE L, WG
WhZ4E /)N log2(numTaps) M.

BB csi_fir_q31() @i A B — B EACA, (T 64 ARG, $RHE TSR . 2RI PR R
A TR R R S RSB . AT DAGE ] e &esi_fir_init_q31() WAL IRBEEF I ZE A 1.
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6.6.3.7 csi_fir_init_f32

BRE BEEH

void csi_fir_init_f£f32 (csi_fir_instance_£f32 *S,

—~float32_t *pState, uint32_t blockSize)

uintl6_t numTaps,

float32_t *pCoeffs, .

BH:

*s: 41 FIR JEBARE5H AL
numTaps: JE&%W%&?&%
*pCoeffs: RIJEN A RIUEAT
*pState: F{MAREEL
blockSize: i AZHRMEE

PN
M
) 2B
pCoeffs fi5 [ ISP R LCEAL, PRAFHIIF A E -

{b[numTaps-1], b[numTaps-2], b[N-2],

pState 35 AR AR T AU . pState 2 K & A numTaps+blockSize-1 fAEAS, H i blockSize 2% 1% % csi_fir_f32()

R AR AR

6.6.3.8 csi_fir_init_q15

void csi_fir_init_gl5 (csi_fir_instance_gl5 *S,

—t *pState, uint32_t blockSize)

uintl6_t numTaps,

gl5_t *pCoeffs,

gls5_

BH:

*S: 451 FIR JEBARE5H AL
numTaps : JEH N AL
*pCoeffs: fRmIENH & R
*pState: Tﬁrﬂﬂtﬁéﬁﬁ
blockSize: # ABIRMIEE

R [BIE:
I

T S

pCoeffs $i5 [ PR A R EEAL, RLRATHIWUTAIE :
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{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[1l], b[O0]}

TEE: numTaps AU ME, HHARTAET 4. SCBAr BRI AUEDEAS, WS numTaps il 1, AJ5HFRJG
AR 0. o, BBl —)E AR numTaps=3 , F%Ue:

{0.3, -0.8, 0.3}

PR numTaps=4 , i 250

{0.3, -0.8, 0.3, 0}.

KM, SEHEPIA RSB

{0.3, -0.3}

e numTaps=4 T F# 5K

{0.3, -0.3, 0, O}.

pState 5 RS EAIHAL. pState AK EE 2 numTaps+blockSize, H:H blockSize 1 ki AFEAS B E 1%
Yesi_fir_g31() .

6.6.3.9 csi_fir_init_q31

void csi_fir_init_g31 (csi_fir_instance_qg31 *S, uintl6_t numTaps, g3l_t *pCoeffs, g31_
—t *pState, uint32_t blockSize)

BH:

*s: 41 FIR JEBARE5H AL
numTaps: ﬁﬁ%m%ﬁﬁ%
*pCoeffs: RInJEN A RIUEAT
*pState: F{MAREHEL
blockSize: iy AZHRMEE

PN
M
) S
pCoeffs i [ B AR A UKL, REPRAFHITF AT -

{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[1l], b[O0]}

pState 15 PR BAYVEAL . pState 1)K & 2 numTaps+blockSize-1 , H:H blockSize 11 A% AREAS & Z
Acsi_fir_q31() »
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6.6.3.10 csi_fir_init_q7
void csi_fir_ init_qg7 (csi_fir_instance_qg7 *S, uintl6_t numTaps, g7_t *pCoeffs, g7_t._

—*pState, uint32_t blockSize)

4

*s: 41 FIR JEBARE5H AL
numTaps: ﬁﬁ%m%ﬁﬁ%
*pCoeffs: RIJEN A RIUEAT
*pState: F{MAREEL
blockSize: i AZHRMEE

PN
M
) 2B
pCoeffs 5[ IR #F RBHEAL, RELRAFHIUT AT :

{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[1l], b[O0]}

pState FEPIRSAZ B IIE4 . pState (1K )& numTaps+blockSize-1 , H 1 blockSize 1 h i AREAS BB AL

Acsi_fir_q7() »
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6.7 ATMnhiEmn; (FIR) HhES

6.7.1 A%

o csi_fir_decimate_f32 : % 55 FIR JhEUG 3 R %L

o csi_fir_decimate_g31 : Q31 FIR J b 3 56 £

o csi_fir_decimate_ql5 : Q15 FIR B 1 o5 5k

o csi_fir_decimate_fast_g31 : Q31 FIR JhEALBE pEEL

o csi_fir_decimate_fast_q15 : Q15 FIR il BUb B pF %L

o csi_fir_decimate_init_f32 : ¥ ri FIR $iliHCR) 4 1k e %
o csi_fir_decimate_init_g31 : Q31 FIR Sy dG 1k iR %k
o csi_fir_decimate_init_q15 : Q15 FIR I 4G 1k sa %k

B R

6.7.2 T S5

X 28 PR HCRT FIR JE B A M A ek . BTN TZERAGH, T HREESHRAERTIAG  ARERE. A
RS EVE, XL B [ R A HE I -

—» FIR — lM —>

& 6.6: Components included in the FIR Decimator pR#i
2 HHEF M I, G5 %8 UM BRI ICR e R AR g, PRSI E. MBI & iR g
EIE Ve

CSIDSP A FIR il 416 T FIR ERG A . A2t 4ah MY FIR JEcdsdi il £5F M-1, FOT5h
WA R A o pRALASROA P S A ARV %0 o pSre F A AL, ZRA1R/NE blockSize , pDst 455 ] fi i 44
B K /INE blockSize/M . o 1 HURFEE XA 4t FEAR blockSize | i AAAUR AN T M A EEE R EL.

S Q15, Q31 IR S 4 AIFAL T R A pR £
Wik
FIR 343 1By () AT 2 e s

y[n] = b[0] * x[n] + b[1l] * x[n-1] + b[2] * x[n-2] + ...+ b[numTaps—-1] * x[n-

—numTaps+1]

Forf, bin] EIEHAS N RAL.
pCoeffs 4416 RACHCAL, BAUK/IME numTaps. Z RN F IUTHER AT
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{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[1l], b[O0]}

pState F§ PR, B K/NZE numTaps + blockSize - 1. BEARYEARZEEAFHRAT I L7 A2

{x[n—-numTaps+1], x[n-numTaps], x[n-numTaps-1], x[n-numTaps-2]....x[0], x[1],.

..., X[blockSize-1]}

WS R LACF B PSR, RS .
Hikatk i

DRI Y R BRR S A S R EBARSS S B b o R IR R AL B — A5 RSBl . R B ]
AE R DATE LA S B2 a3 5, (HORR A BB A B /M BT . DA, Q31 AT QLS B A 2 A3 T4
[F] A R PR S B

EILHIACEEA S

TR AT — AL AR AR R . RIIAR I BB BE DA A -
o BB TR R B E
s HBREEAF
o HPRE AR RIS T B RS MR TSR e, AT AR LR, 7RSI8 Gt iR SL iy
PANZE:: numTaps, pCoeffs, M (31 HLA 1), pState. pState HFf{ AT A {E & 0.
GG AR AT . HR, S TR REL, WA BERF A (A SE e 3 B B SRSt
PRSEBITBAE SRR B, WAF S i A a5 R Se il . Ry, S 3 MRl R uE i, SRS an it

T EER AR

*csi_fir_decimate_instance_f32 S = {M, numTaps, pCoeffs, pState};
*csi_fir_decimate_instance_g31 S = {M, numTaps, pCoeffs, pState};
*csi_fir decimate_instance_gl5 S = {M, numTaps, pCoeffs, pState};

e MO SN F; numTaps 52 JEEAR H 9 R B0 B pCoeffs /2 RINEATHIHNE S pState JRARAEZ AT
Ibo FEMSHIIREZ T, RIS ZAPRECLHEE.

AT R
1 2 A FIR MU AR BETERE . MR 0, i A o0 BT 0 SR A i e AR T . R
2% BB 1 SRR P

6.7.3  HZLIEH

6.7.3.1 csi_fir_decimate_f32

void csi_fir_decimate_£f32 (const csi_fir_decimate_instance_£32 *S, float32_t *pSrc,.

—float32_t *pDst, uint32_t blockSize)

BH:
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*S: Ji7 1) FIR flE5H4 (R SL 0]
*pSrc: FEIaH AL
*pDst : i [l A
blockSize: # ABIERNIEE

R [BIE:
I

6.7.3.2 csi_fir_decimate_q15

void csi_fir_decimate_qgl5 (const csi_fir_decimate_instance_qgl5 *S, gl5_t *pSrc, glb_t.

—*pDst, uint32_t blockSize)

24
*S: Fg 1) FIR HELEEHE) A LA
*pSrc: AL
*pDst: g1k AR
blockSize: 5‘9’?/\?&%9’]?&%

B i :
Jo

GgORNE: AT A
PRERASC I T 2.30 #6HY 32 (2R s, RIMasLERs T RISRER AR, (2 A — MR L
AR B as i S R, A ERIGEER . N TRk, B AR SR 2 48/) log2(numTaps) {7 (log2 /2

2 JIERIREO e, 2.30 MK EFEAR 15 (LN 2.15, SRIGHANAR A 115 %X 4.
PR 8esi_fir_decimate_fast_q15() JeiX AR — A PUEICA, (HRERTEZHIRE.

6.7.3.3 csi_fir_decimate_q31

(const csi_fir_decimate_instance_g31 *S, g31_t *pSrc, g31_t.

void csi_fir_decimate_g31

—*pDst, uint32_t blockSize)

S

*S: fi[ FIR fili a1 (R s Bl
*pSrc: AL
*pDst : fi [k K
blockSize: M AZImAIEE

BRI

105
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7e
A ORI AT A

PRACEBLRE N T — AN ER 64 ALRMNgE. AR R 131 . IR AL 2.62 A% ai R, 4553
1 2.62 #5364 RER AR . A — DRI, B AT Z40 N AR SR BT Ik o PO IRE S
numTaps PMHFEBERL, FrPATEE 4N log2(numTaps) A ] AGRIESAT i o BRJ5, 2.62 M XA H 31 1, A5
TRAIZE A 1.3 1 A% 2

PR §l(esi_fir_decimate_fast_g31() J2iX AR —MPGEIRA, HRER T EZRIRE.

6.7.3.4 csi_fir_decimate_fast_q15

void csi_fir_ decimate_fast_gl5 (const csi_fir_decimate_instance_qgl5 *S, gl5_t *pSrc, .

—ql5_t *pDst, uint32_t blockSize)

B

*S: F 1] FIR iS4 {4 SE )
*pSrc: FEIaH AL
*pDst : i [l A
blockSize: # ABIERMIEE

IR [BIE:

T
P

WA R AR XIFE U5, WA, Hii, I buffer, HORZIE 32 X057
i R H IR PR

PRERA I T 2.30 %3080 32 (LR Inds. BME4ERs TR AR, A — MR L
PSR R nar iy 4 R e . SRR SER . TRk, BAE 57 240/ log2(numTaps) £i7 (log2 2
2 RIS feha, 230 Map ZFEAK 15 AT 215, SRIGHAIA AL 1.15 iRt

PR &csi_fir_decimate_q15() 52X AR —MEHMRAS, (AT 64 LR ASET kg, PRE TSR,
18 AN PRE A B AR Rl A A AR SE Bl (] e B esi_fir_decimate_init_q15() W] ARIIG BB AR A5 T 14 o

6.7.3.5 csi_fir_decimate_fast_q31

void csi_fir_decimate_fast_g31 (csi_fir_decimate_instance_g31 *S, g31_t *pSrc, g3l_t.

—*pDst, uint32_t blockSize)

BH:
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*S: Ji7 1) FIR flE5H4 (R SL 0]
*pSrc: FEIaH AL
*pDst : i [l A
blockSize: # ABIERNIEE

R [BIE:
I
G RTRR AT b

XABRECN TR, &5 T — L858 AUR BEAG AR 9 . 450 131 A 131 AR AYEE SR J2 2.30 A%, X &b
[AEERAE—A~ 2.30 RINGRATIN . fiefa B AR, 131 AZ5R . PUs AR BRAR R A (4 4 [ 14 i
A1k, T EF TR 32 (UAIREE AR, dEfE TS . TR kR BAE S0 7 B4/ log2(numTaps)
A (e log2 J2 2 SRR ED).

PR §l(csi_fir_decimate_q31() XA BREC) —AMREIRAS, ST —A> 64 (R s, RO THEZAORL. 12
AR A AR R S5 A AR S0 o i SR L esi_fir_decimate_init_q31() AT ARIIR AL IE B AR A 1 o

6.7.3.6 csi_fir_decimate_init_f32

csi_status csi_fir_decimate_init_f£f32 (csi_fir_decimate_instance_£f32 *S, uintl6_t.

—numTaps, uint8_t M, float32_t *pCoeffs, float32_t *pState, uint32_t blockSize)

BH:

*S: f 1] FIR iS4 {4 SE 1)
numTaps : JEHAF RE LR
M: FHHUA ¥

*pCoeffs: FRIAFENR REL
*pState: FHIREZEAF
blockSize: i AFEANEE

BRI

QR BR Hw) a4 S, Wk 8] CSKY_MATH_SUCCESS , IRt blockSize A2 M HEEEAE, IR Juf
CSKY_MATH_LENGTH_ERROR.

[

pCoefls i [l (UEB AR REEAL, PRAFIITAE :

{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[l], b[O0]}

pState  F5 AR ASAE B B4, pState YK E 2 numTaps+blockSize-1 4~5%, H H  blockSize 2 1% i
Wyesi_fir_decimate_f32() W AFEAREE. M 2HHEUA T

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 107




(@ FsLE BAE BREN

6.7.3.7 csi_fir_decimate_init_q15

csi_status csi_fir_ decimate_init_qgl5 (csi_fir_decimate_instance_qgl5 *S, uintl6_t.

—numTaps, uint8_t M, gl5_t *pCoeffs, gl5_t *pState, uint32_t blockSize)

S
*S: 41 FIR iS4 {4 SE )
numTaps: JEP A RBMEE
M: FlER AT
*pCoeffs: TRIAIEN#8 R AL
*pState: FRIIRSET
blockSize: iy AFEARIEE

RInlH:

QR B B a4 ), W 5] CSKY_MATH_SUCCESS , 2Rt blockSize A2 M HEEEAE, iR Juf
CSKY_MATH_LENGTH_ERROR.

[EETAR
pCoeffs F5 A1 A E AR REEAL, RAFHIIF AT :

{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[1l], b[O0]}

pState  F5 [ AR ASAE B4, pState YK F 2 numTaps+blockSize-1 4~5%, H H  blockSize 2 1% i

Y5 csi_fir_decimate_q15() W AREARS R, M 2HEUAH T

6.7.3.8 csi_fir_decimate_init_q31

csi_status csi_fir_decimate_init_g31 (csi_fir_decimate_instance_g31 *S, uintlé_t.

—numTaps, uint8_t M, g31_t *pCoeffs, g3l_t *pState, uint32_t blockSize)

BH:

*S: 47 1) FIR FliE5H4 (R S0
numTaps : JEH#F R R
M: FHEUA ¥

*pCoeffs: FHIMUENAR AL
*pState: F{PIREESF
blockSize: M AFAIER

BRI

01 BB I AL BB, SR [ CSKY_MATH_SUCCESS . HISt blockSize /& M (4 Kfs, WE
CSKY_MATH_LENGTH_ERROR.
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L

pCoeffs $i5 [ S B AR RLCEAL, PRAFIIT AT -

{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[1l], b[O0]}

pState F5 AR ASAE B E 4, pState ¥ K FJ2 numTaps+blockSize-1 4~5, FH it blockSize J& 1% i
Ycsi_fir_decimate_qg31() B AFEAE . M Z4HEUA T

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 109



(@ FsLE BAE BREN

6.8 AP nhimin i (FIR) #2383 75

6.8.1 pRZ%L

o csi_fir_lattice_f32 : 7% i FIR A8 45 A0 BH R 5L
o csi_fir_lattice_g31 : Q31 FIR K&Z il 5 b T 55 0
o csi_fir_lattice_q15 : Q15 FIR K2y i 5 b T 55 0

o csi_fir_lattice_init_f32 : ¥ g FIR AR TR 2540 1A 10 R £
s csi_fir_lattice_init_g31 : Q31 FIR %248 4540) 2 1k B %5
o csi_fir_lattice_init_ql15 : Q15 FIR 20 38307 s 1k 1K %

PR
PR

%
PRAL

6.8.2 MW

XEERR BT Q1S, Q31 HIF AL iAT KR o b7 (FIR) A% g . M U e s B R4S b | T8 B AR WY 1 o D8
DA R H G, I FL bkt LA R L o R BASR A B 48 A A h 5, R JHT it o 50 72 blockSize
ANEEZR. pSre 1 pDst 45 [y A &AL, B2 4 blockSize M

i
faln] fuaa[n] y[n] = fuln]
F
x[n]
[ B N
- 2'1 E— 2'1
goln] gu-1[n]
Pl 6.7: A7 B o ifgomen b A% AU g8 e

SCIT AT R ZES TR
f0[n] = g0[n] = x[n]
fm[n] = fm-1[n] + km * gm-1[n-1] for m = 1, 2, M
gm[n] = km * fm-1[n] + gm-1[n-1] for m = 1, 2, M

y[n] = fM[n]

pCoeffs fi 1] SR A ECHAL, B R /IMVE numStages. S A EPRAFAI T 40T -

{k1, k2, ..., kM}

Hrh M 2B BT .
pState F3PIRASKAL, KLY K/ME numStages. JREEALH (¢ MR 4ERE T 2 RIREIA , HZDA R RIF PR A :

{g0[n], glln], g2[n] ...gM-1[n]}
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RS BAE DB AL PSR, RECASPOEH
Hikatkpi

UL A R BRSSO AERAR S SE ) o B MBI AR AL AR — A~ BRI S5 R TR SE 0 . ZRBCRK
ARTHER] ATE LA SE i 2 )36 =2, (R RAS S AN RE I 2. S 50300 3 MBI SR AL 3 i 1t 1A [l i 45
FPRSEGIRE A o

LR AEEEA

HAEF SRR B R B B T — AR R AG AL R . W AR (L R AL R DA B4 -
o BCE N EREE I AT B
o WBREEAPREARTIRLGA, AT PR LRE, FERESHERLGIR AT 7B num-
Stages, pCoeffs, pState. pState H 1 i {H 8 0.
SRRV AR ECE AR . E, SR TRIRR AL REL, A BERF S5 F (A S0 35 A B . A 454
PRSEGHCE & SR B, M T-E WA (L 45 M R L) . AERSHIIRILZ 1T, RS EAE T IEC &1
T TEAES, R 3 FORFEERAS, SRR T AL B .

*csi_fir_ lattice_instance_£f32 S = {numStages, pState, pCoeffs};

*csi_fir lattice_instance_g31 S = {numStages, pState, pCoeffs};

*csi_fir_lattice_instance_gl5 S = {numStages, pState, pCoeffs};

Hip 2 numStages I 2EPT B RS pState ZARTSE AT HuhE; pCoeffs 2 RENZAF A HLHE .
ENAT R
fifi i 5 s, FIR M U0 2 BR AR B 2. AR R 18, FEAR A s B0 (6 F i B e i s B A Rl . 2
RSB B H B SCRY R 6 RH
6.8.3 PRZLEW]

6.8.3.1 csi_fir_lattice_f32

void csi_fir_lattice_£32 (const csi_fir_lattice_instance_f£f32 *S, float32_t *pSrc,.

—float32_t *pDst, uint32_t blockSize)

BH:

*S 1§51 FIR kg B L5 1A SL A
*pSrc: fR AL
*pDst : F5 [k H &
blockSize: i AZIEAIE

BRI

Ta
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6.8.3.2 csi_fir_lattice_q31

BRE BEEH

void csi_fir_lattice_qg31 (const csi_fir_lattice_instance_qg31 *S,

—*pDst, uint32_t blockSize)

g3l_t *pSrc, g3l_t.

BH:

*S: Ji 1) FIR # US54 (RS0
*psrc: fi AL
*pDst : i [l A
blockSize: i ABHEIEE

R
Jo
GiigoRIRR IR AT

H TRk, BG4/ 2*log2(numStages) M7

6.8.3.3 csi_fir_lattice_q15

void csi_fir_lattice_qgl5 (const csi_fir_lattice_instance_qgl5 *S,

—*pDst, uint32_t blockSize)

gl5_t *pSrc, gl5_t.

B

*S: $7 1] FIR # BS54 (RS0
*psrc: fR AL
*pDst : J5 [k &
blockSize: #y ABHEHIEE

IR [BIE:
Jo

6.8.3.4 csi_fir_lattice_init_f32

vold csi_fir lattice_init_f£32 (csi_fir_lattice_instance_£f32 *S,

—float32_t *pCoeffs, float32_t *pState)

uintl16_t numStages, .

BH:

*S: 1) FIR M5 (RS0
numstages : JEHARHTBAR
*pCoeffs: I RETAT
*pState: Tﬁmﬁﬁéﬁﬁ
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IR Al :

Ja

6.8.3.5 csi_fir_lattice_init_q31

void csi_fir_lattice_init_qg31 (csi_fir_lattice_instance_g31 *S, uintl6_t numStages, .
—qg31l_t *pCoeffs, g31_t *pState)

BH:

*S: 1) FIR #7454 {550
numStages : JRHLFHTBEE
*pCoeffs: fi7m REGAT
*pState: Tﬁrﬂﬂtﬁéﬁﬁ

R [RIE:

M

6.8.3.6 csi_fir_lattice_init_q15

void csi_fir_lattice_init_qgl5 (csi_fir_lattice_instance_qgl5 *S, uintl6_t numStages, .
—ql5_t *pCoeffs, gl5_t *pState)

SHL:

*S: ] FIR A% 24 g5 44 {4 525

numStages: JEIIRIT SR

*pCoeffs: §IM REELT

*pState: Tﬁbflﬂ%ﬁ%ﬁ
ALY

Ja
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6.9 AP nhimin i (FIR) Bibi e % 4

6.9.1 A%

o csi_fir_sparse_f32 : ¥E s FREE FIR SR A AL PR X
o csi_fir_sparse_q31 : Q31 i FIR JEIE AL IR %L
e csi_fir_sparse_q15 : Q15 Fif FIR JEJ5 A AL FE bR 4L

o csi_fir_sparse_q7 = Q7 F5i FIR JE% A5 A3 R 4L

o csi_fir_sparse_init_f32 : VF i FIR JEI 254 46 1k e %L
o csi_fir_sparse_init_g31 : Q31 i FIR JEPBERVI R 1L REL
o csi_fir_sparse_init_q15 : Q15 Ffifi FIR JEBERAI IR0 K%L
o csi_fir_sparse_init_q7 : Q7 ¥ FIR JEI 25 HI46 4R %L

6.9.2 AL

XL pR RSB T M FIR 8 -

Mg FIR JESABRARIE FIR Q8BS AA L), R ERMRZHARLER 0.
PRI B A T P AE T A0 AR ) AR T

Q7. QI5, Q31 HIPF s KL HIHR ML 1A ] i R K -

PRI AR B O AL PR A s, T FLUE AR A YO AL B blockSize /AR, pSre il pDst 45 [ fi Afi 4L, %%
2H 43 149,25 blockSize ME

ik

WGSBS L R L BIE R B b 25, i —A3 5| pTapDelay KAt EE R A AL E . SEAN EARIE
FIR R m i S R, ARSI A T IR R RRE], A0 T RZ S 0 MR IR,

y[n] = b[0] * x[n-pTapDelay[0]] + b[l] * x[n-pTapDelay[l]] + b[2] * x[n-

—pTapDelay[2]] + ...+ b[numTaps-1] * x[n-pTapDelay[numTaps-1]]

pCoeffs $5 i) R EEA , B 1)K /N E numTaps; pTapDelay $ [ JEZE 25 1 504 , #4119 K /ML Z numTaps; pState
PRSI, B4 /)y maxDelay + blockSize, H: /i maxDelay &2 pTapDelay 3040 th i K n] &S ME. H
A b P R SR AR A — SR B ) B AT

gyl

DB AR R BOAR S A RO AT AE R A A B S B T o BRI UE DA AR — S BRI S5 (AR S . R B0
ARTHER] A LA SE B 2 1A 36 5, (EURR A SN REIL 520 S SCash 00 4 FhBIE R A3 IR 1t 1R [l il 45
P PRSEBIR A o

(L RIAEEEA S

AR SR B B A T M B BT T R AR . WA I PR B B DA R A
o B PR R B
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x[n]
4>| Circular state buffer |

Offset pTapDelay[D] | pTapDelay[1] pTapbelay[Z] pTapbelaynumTaps-1]

¥ ¥ ¥ ¥

VY F e P

<

yln]

el 6.8: Fiifi FIR JiEH 4% bln] FRiglas 24X

s EERSEATEMR TR, AT LEE, TR E SRS OINA T 7B num-
Taps, pCoeffs, pTapDelay, maxDelay, stateIndex, pState. pState (1 BT A {E & 0.
AR B T (E2, M THIARAL R, IR BERF S5 A MR S B TR e B B . 454
RSB BB, WAL FZhWII G R L) . TERSPIIRILZ T, LIRS EAE T AT &
L. FHPAES, 4 FORFEIRuEN R, BRSSPI T AR ILB .

*csi_fir_sparse_instance_f£f32 S = {numTaps, 0, pState, pCoeffs, maxDelay,.
—pTapDelay};
*csi_fir_sparse_instance_g31 S = {numTaps, 0, pState, pCoeffs, maxDelay, .

—pTapDelay};

*csi_fir_ sparse_instance_qgl5 S = {numTaps, 0, pState, pCoeffs, maxDelay,.
—pTapDelavy};
*csi_fir_sparse_instance_g7 S = {numTaps, 0, pState, pCoeffs, maxDelay,.

—pTapDelay};

A RAT R

(P AE U FIR S R SR Bl B T, e ek A 0D 1) R 3 tE AN ARANA T . H
RSB A s R I SCRERIE B -
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6.9.3 PRI

6.9.3.1 csi_fir_sparse_f32

void csi_fir_ sparse_£32 (csi_fir_sparse_instance_£f32 *S, float32_t *pSrc, float32_t.

—*pDst, float32_t *pScratchIn, uint32_t blockSize)

BH:

*S: FR G FIR S5 {4 SL )

*pSrc: R AL

*pDst : 5[4t E s

*pScratchIn: 8[AIGNSE1E, K/NE blockSize
blockSize: fRAIABLHH AMEALE

BRI

Ja

6.9.3.2 csi_fir_sparse_q31

void csi_fir_ sparse_qg31 (csi_fir_sparse_instance_qg31 *S, g3l1_t *pSrc, g3l_t *pDst,.
—qg31_t *pScratchIn, uint32_t blockSize)

B

*S: FMHET FIR Z544 {4 SL )
*pSrc: 5[ AL
*pDst : $5[a1 i 5
*pScratchIn: 8GN 4L, K/NE blockSize
blockSize: F§IaALIRIH AREAS S
BRI
Jo
g AT A

PRECSEBLE ] T AN 32 [ Bomgs. 1.31 F1 1.31 AHTRA L5 REWA 2.30 45X, HaTRyE R FE & 5 T
SHREEE, HHERAE—ACRIP AR B R 1, NSRRI, WRASF S0y Mt S TRk
WG58 F 2 E 45 /)N log2(numTaps) {i7.

6.9.3.3 csi_fir_sparse_ql5
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void csi_fir_ sparse_qgl5 (csi_fir_sparse_instance_qgl5 *S, gl5_t *pSrc, gl5_t *pDst,.
—ql5_t *pScratchIn, g31_t *pScratchOut, uint32_t blockSize)

BH:

*S: R HGE FIR G544k SLH)

*pSrc: R AL

*pDst : J5 [ &t

*pScratchIn: 8AIGINS1E, K/NE blockSize
*pScratchout : $§IAIEN 2847, K/NE blockSize
blockSize: fRIMAIIRIHIAREA LS

R
Jo
L AR H

PRI BUAE ) T — AP 32 (7 2 mas . 1.15 I 115 AL AR 2.30 ByZh5R, £52R9E 2.30 45 3R Bmas 2.
PR AR TS5 R ARG BEAR T DACR B, (ER S A — MR L. R BEmgsii s, ALMUamate,
RSN ME . A IARNRENE, 2.30 B2INAEN 2.15 #%X, KEERR 11540 AT
Bii ki i, i AMG S 8 R RLE /N log2(numTaps) {7

6.9.3.4 csi_fir_sparse_q7

void csi_fir_sparse_qg7 (csi_fir_sparse_instance_qg7 *S, g7_t *pSrc, g7_t *pDst, g7_t.

—*pScratchIn, g3l1_t *pScratchOut, uint32_t blockSize)

BH:

*5: FGIAHHT FIR 458 k5261

*psrc: fR AL

*pDst : i [l X

*pScratenlIn: HIIGHZEA, K/IMVE blockSize
*pScratchout : RGNS, K/ blockSize
blockSize: FgIALTER % AFEAEE

B
M
A ORI AT A

PRECSCILEE I T — DN 32 (LR s . REFREASRHN 1.7 MR, MBI 2.14 45254, 2.14 g
[AE5RAE 18.14 kg 32 (LR as R X LRVl DARB PrA S BE, IF AN 2ot 1 XU B 2 s
ZFART LN 18.7 #53X. dm, SEARFAIN 1.7 #K.
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6.9.3.5 csi_fir_sparse_init_f32

void csi_fir_sparse_init_£f32 (csi_fir_sparse_instance_£f32 *S, uintl6_t numTaps, .
—float32_t *pCoeffs, float32_t *pState, int32_t *pTapDelay, uintl6_t maxDelay, .
—uint32_t blockSize)

BH:

*S: R BT FIR S544 {5
numTaps: JEHA P ARE R LA
*pCoeffs: fi Uk REEH
*pState: FRHPIRSEA
*pTapDelay: 5IAmMFEELZH
maxDelay: SZFFHH KN
blockSize: APRAYEEASE

B :
Jo

T SE LW
pCoeffs {77 T UEHeAr A 4L, K BN numTaps. pState fRA7 T JEH AR B, KN maxDelay + blockSize,
Hrjr maxDelay /2 i SR HOAA . blockSize @ ABIREARRLEY, & Aesi_fir_sparse_f32() .

6.9.3.6 csi_fir_sparse_init_q31

void csi_fir_sparse_init_qg31 (csi_fir_sparse_instance_g31 *S, uintlé6_t numTaps, g31l_t.

—*pCoeffs, g3l_t *pState, int32_t *pTapDelay, uintlé6_t maxDelay, uint32_t blockSize)

BH:

*S: FRIAH BT FIR 25+ 1A S
numTaps: JEHE T ARERBAE
*pCoeffs: RGN A AL
*pState: FRMMRFEA
*pTapDelay: 7l 44l
maxDelay: RIS
blockSize: APRAREAL =

R [RIE:
T
[ERRTAR

pCoeffs fRA7 T IR A XL, KN numTaps. pState A7 T MRS ALHE, KJE N maxDelay + blockSize,
Horh maxDelay 2 {4 SRR B blockSize ZALPFEARR RS, & ALiesi_fir_sparse_q31()
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6.9.3.7 csi_fir_sparse_init_q15

void csi_fir_ sparse_init_qgl5 (csi_fir_sparse_instance_gl5 *S, uintl6_t numTaps, glb5_t.

—*pCoeffs, gl5_t *pState, int32_t *pTapDelay, uintlé6_t maxDelay, uint32_t blockSize)

SHL:

*S: FR MG FIR 4544 {4 5L
numTaps : JEHAHIEE REER
*pCoeffs: F5Im g #s REEH
*pState: FRIPIRAEA
*pTapDelay: FRIaMFEEZH
maxDelay: S K
blockSize: APRAIFEAS R

BRI
TG

T SE L]
pCoeffs fRA7 T UEMAR AXL, K numTaps. pState fRAF T IS AFAPIRASAL &, 1<% maxDelay + blockSize,
Hirft maxDelay 2w X HF i KAE . blockSize ZAMMALAWIE I, &AL csi_fir_sparse_ql5() o

6.9.3.8 csi_fir_sparse_init_q7

void csi_fir_sparse_init_qg7 (csi_fir_sparse_instance_g7 *S, uintl6_t numTaps, gq7_t.

—*pCoeffs, g7_t *pState, int32_t *pTapDelay, uintl6_t maxDelay, uint32_t blockSize)

BH:

*S: FRMHGE FIR 544K SLH]
numTaps: JEHE P AREREPAE
*pCoeffs: fi7 Uk REEH
*pState: F{APIRSHLA
*pTapDelay: il A4l
maxDelay: i K
blockSize: AFRMFEAEE

BRI
I
I

pCoeffs fR17 T JEAR A XL, KJEH numTaps. pState fRA7 TN HE, KJE N maxDelay + blockSize,
Herfr maxDelay Je i SCFF AR AH . blockSize Je ALBIREARRIER, 2 ABesi_fir_sparse_q7()
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6.10 A7RRapifminy; (FIR) (A IE Y 65

6.10.1 pR%L

o esifir_interpolate_f32 : 75 FIR R {H AT 54K
o esifir_interpolate_g31 - Q31 FIR i {H A3 %k
e csi_fir_interpolate_ql15 : Q15 FIR G {E AL T PR%K
e csi_fir_interpolate_init_£32 : ¥ p5 FIR ${EAI U510 BR%KL
e csi_fir_interpolate_init_g31 : Q31 FIR I {E W] 1510 BRI %KL
e csi_fir_interpolate_init_ql5 : Q15 FIR I{EA] 151V ER %L

6.10.2 WL

BB T — D RS (BT Ml FIR S8R0 -
RPN T ZHERRG S, AT AR BRI OL TSI E S 1 R
MR EF, X LT RESF [ TR MR HE ] -

—hTL—hFIR—h

& 6.9: FIR e a4 I 4L

I HE T LA RS, 7SR MR UL i IREE R g s, DACEIE BRATs g s aihs DL . ek
ST PR B 1) R KL

CSIDSP J () FIR 4 {E R EFRAL T 1 RAEGA FIR &R 80— A2l E . o REEEREA A T L-1
A 0. UEDHF BTN & X SRR R O AR, T LR, SRR AT AR R 80%, BT RE . BREA
Bk B A s . pSre $i5 1A — N R/NA blockSize T AKLAL, pDst 517 —4~K/INAy blockSize*L
LRV

DSP #2 Q15, Q31 HIF s MR AL 7 SR AL 1 AN Y R L

ik
R A2 AR D A 45 1A

y[n] = b[0] * x[n] + b[L] * x[n-1] + ... + b[L*(phaselLength-1)] * x[n-
—phaselLength+1]

y[n+tl] = b[1l] * x[n] + b[L+1] * x[n-1] + ... + b[L*(phaselLength-1)+1] * x[n-—
—phaseLength+1]

y[n+t(L-1)] = b[L-1] * x[n] + b[2*L-1] * x[n-1] + ....+ b[L*(phaseLength-
1)+ (L-1)] * x[n-phaselLength+1]
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XA A E IR, SRIGIR B RE AR . XAy AT D B TE FIR SRR /L.
pCoeffs Fifir)— A REEEAL, BAHA/NA numTaps. numTaps AUZIHEN T L R, I HSAERTIRIC
BORARA . PREATR 2 FIR B AR B B S R 1 S5 phaseLength=numTaps/L. ZEH GRAFIIUT 41
T

{b[numTaps-1], b[numTaps-2], b[N-2], ...

pState 5 EMRAHCAL, B NA blockSize + phaseLength - 1. RASZEAF PHORAZNF AN T

{x[n-phaselength+1], x[n-phaselength], x[n-phaselength-1], x[n-phaseLength-
—2]....x[0], x[1], ..., x[blockSize-1]}

RS BB IAE BRI eSS, BB S
Hikatk i

SETAR Y Z BRI A B R AL RSS2 01 . A5 A B AT — AR RS0 R
RETTDAZE JLANSE B2 B3, (KA BRI SR W, Q31 il QIS B4 HHRAL T
Rl Pk S B

L HIACEEA S

TR A — AL B) AR AR R RIIAR IR B B DA A -

o BCE N TREE I AT B

. RIS

o BHPRIRBER I I BRI B TR B R T dn bk, ORI WA (b ek g, FR2EdE e 45 s il

MIPA 7B L (G&@{E T, pCoeffs, phaseLength (numTaps / L), pState. pState W [{] A (H & O
AR BOR Tk (E2, MM THIARAL R, IR BERF S5 A TR S Bl TR S e B B . S 454
WA AR IR, W AT Shglia e s A se il . R Aas, 2 3 FoR gy, S8R eink
TEERRSED

csi_fir_interpolate_instance_f£f32 S = {L, phaselength, pCoeffs, pState};
csi_fir_interpolate_instance_g31 S = {L, phaselLength, pCoeffs, pState};

csi_fir_interpolate_instance_qgl5 S = {L, phaselLength, pCoeffs, pState};

o L 248 (E N 1; phaseLength=numTaps/L 2 FIR & & AR A SERER K, pCoeffs S REZATF Y
Jik; pState JRAREZAF R ML, FEFFSHIIRILZ /T, ZHRRESZA P IED 2EE.

AT A
(T AE A FIR SR {ELAIE D PR AT B R . R RS 25 T8, FEt > ek B B 1) S i3 e ANARANA T . H
RSB A B R O SCRERIE B

6.10.3 pRZie]

6.10.3.1 csi_fir_interpolate_f32
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void csi_fir_interpolate_f£f32 (const csi_fir_interpolate_instance_£f32 *S, float32_t.

—*pSrc, float32_t *pDst, uint32_t blockSize)

BH:

*S: 1) FIR fF{E 45 4 5051
*psrc: & mH AL
*pDst : fi 4 A
blocksize: i ABIREE

R [BIE

Ja

6.10.3.2 csi_fir_interpolate_q31

void csi_fir_interpolate_qg31 (const csi_fir_interpolate_instance_g31 *S, g3l1_t *pSrc,.

—qg31_t *pDst, uint32_t blockSize)

BH:

*S: F 1) FIR F{EE5H (R 501
*pSrc: FE I HI A LR
*pDst : F5 a4 H A
blockSize: iy AXRAYEE

B
Jo
GBORNE: AT A
BRECEBE N T — AR 64 fLR N . MABIEFR N 131 . P ekl 2.62 g, 45

e 2.62 A% K 64 RLZMAR R 0. PO RA—RIPGL, FreATRZ A/ NS 5ok ki . POARE Sf
numTaps/L ANESERL, BrATG 240/ 1/(numTaps/L) A [ DARIERA Wit o e, 2.62 W04 31 47, &

JEA A A 1,15 KR4t R .

6.10.3.3 csi_fir_interpolate_q15

void csi_fir_interpolate_qgl5 (const csi_fir_interpolate_instance_qgl5 *S, gl5_t *pSrc,.

—qgl5_t *pDst, uint32_t blockSize)

BH:
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*S: $17] FIR JE{H 254 {4 5L
*pSrc: FEIaH AL
*pDst : i [l A
blockSize: # ABIERNIEE

R [BIE:
I

A ORI AT A

PRECSCIL G T — TR 64 LR s . B AR 115 Mo whimsfek i i 2.30 A% 4EAR, 49R1E
34.30 15 r 64 LRI RN BUNA 33 (CL0RIAE, FrAA A T 0 U o[]S n] DAGRAT T 14 v ]
FE A RIREE . e, 34.30 MU £ F 1S LN 34.15, SRIGIAIAL AL 115 HUmaiiit.

6.10.3.4 csi_fir_interpolate_init_f32

void csi_fir_interpolate_init_f£f32 (csi_fir_interpolate_instance_f32 *S, uint8_t L,.

float32_t *pCoeffs,

—uintl6_t numTaps, float32_t *pState, uint32_t blockSize)

SH:
*S: F1) FIR JF{H 45 F4 fA S50
L: R T
numTaps : & REMEE
*pCoeffs: fi[n REGAT
*pState: FRMPRSERT
blockSize: AbFRAYH AREAL R

R [BIE:

TG

TR 2B :

pCoeffs & I A RECEEH , RAEHIIITHE

{b[numTaps-1], b[numTaps-2], b[numTaps-2], ..., b[1], b[0]}

TR AR K B numTaps DS FE(E F - L 1934
pState 35 [ALIRASAS 44 . pState B K EEJE (numTaps/L)+blockSize-1 . F AP blockSize J2A4b i iy AFEARSE

{45 csi_fir_interpolate_f32()

6.10.3.5 csi_fir_interpolate_init_q31
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void csi_fir_ interpolate_init_qg31 (csi_fir_interpolate_instance_g31 *S, uint8_t L,.

—uintl6_t numTaps, g31l_t *pCoeffs, g31l_t *pState, uint32_t blockSize)

BH:

*S: f§10) FIR ff{H 2514 1A S A

L: R T

numTaps : JEHE A RE R
*pCoeffs: fiu REZEAF
*pState: F{IPIREELF
blockSize: PR AFEAE &

BN

Jo

TR 3L

pCoeffs Fig UGBS REEAH, PRAFHIFUNF -

{b[numTaps-1], b[numTaps-2], b[numTaps-2], ..., b[1l],

PEPE AR EE numTaps AR (E A T L AREELRS.
pState 5 FPRSAS FE4H . pState (1K 2 (numTaps/L)+blockSize-1 . F:H blockSize &AL FR A iy AFEAE &,

&% csi_fir_interpolate_g31() o

6.10.3.6 csi_fir_interpolate_init_q15

void csi_fir_interpolate_init_qgl5 (csi_fir_interpolate_instance_gl5 *S, uint8_t L,.

gl5_t *pCoeffs, gl5_t *pState, uint32_t blockSize)

—uintl6_t numTaps,

ZH:

*5: $§1) FIR JE{H 451 5051

L: i REEH T
numTaps : JEHEASH REEE
*pCoeffs: fln REEAT
*pState: FRMPRSLELT
blockSize: AFEH AREAEE

B
Te
R BEW]:
pCoeffs 5[ IE 2L 2 BOHCH , RAFH T 1T F -
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{b[numTaps-1], b[numTaps-2], b[numTaps-2]1, ...,

UE W AR I numTaps LA AR B T L AR
pState 5 [FLRIRSAS B A4 . pState 141 & 2 (numTaps/L)+blockSize-1 . H:H blockSize &AL FR 1 AFEANEE:

t& 45 csi_fir_interpolate_ql5() .
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6.11  JoRRapiimin i (LIR) #4408 D% &5

6.11.1 pRZ%L

o csi_iir_lattice_f32 : 1% 55, TIR #8731 s 2 A0 1 bR 4
o csi_iir_lattice_q31 : Q31 TIR A&7 & J5 % b FHH o %5
o csi_iir_lattice_q15 : Q15 TIR A&7 & I8 % b FHH oK %K
o csi_iir_lattice_init_f32 : ¥F 15 TIR A4 Tk $8 01010 B %k
e csi_iir_lattice_init_g31 : Q31 IR &7 & ik 23 W A1k R 4L
o csi_iir_lattice_init_q15 : Q15 IIR &7 & i 2801 1A 1k sR 5K

6.11.2 W

IXLEPHELSEIL T Q15, Q31 FIF pi i JC R i, (IIR) A% A& I 2%, M5 BLE IS A 4P B IE M ae v o B
WEAREE I B BB U Ay, I B ki B2 JCRR K B . R DA A B RV far A B, VR B T A R A
AbFH blockSize FEAR. pSrc I pDst 5 [f) %y Ay H 404, $04H 6345 blockSize MH..

ik
fua[n] fln) fi[n] Py fo[n]
~eee —4) T
21 21 21 le—] goln]
Y Wy Y Vv
Y n
A A y[n]
' ) -
P 6.10: JoRRiriom b A% R b
N (n) = x(n)
fm-1(n) = fm(n) - km * gm-1(n-1) for m = N, N-1, ...1
gm (n) = km * fm-1(n) + gm-1(n-1) for m = N, N-1, ...1
vy (n) = vN * gN(n) + vN-1 * gN-1(n) + ...+ v0 * g0(n)

pkCoefts 5 ] S REEAH , FH K/ N numStages. U REERAERI NI T A0 «

{kN, kN-1, ....k1}

pvCoeffs Fg a6 TE R BB, $4 K/ (numStages+1). #6TE REELRAERIF A0 F -
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{vN, vN-1, ...vO0}

pState 35 [ARIRASEAL, Fi4l /N2 numStages + blockSize. AR HPIRSZE & (gfH) FRIFAE pState B4 Ik
BB AN IBIABGE R, RECREWFE .

itk

TE PR A RAAR AL RS ORAAAE B A A B LB T o AN UEDAR AR AT — D BRI S5 H RS0 . R ECRL
AITRE R ATEJLANSE P 2 [AISL 2, (RS A RE I . S m0 3 P SR A3 S Fe it 1 A [l i 45
PRSP o

L HIAEEE S

AR SR B R B AR B T — AR IR AL R B WA AL R AL B DA B4 -
o BB TR R B
s EERSEATENR TR, AR ERE, FERE SRR B num-
Stages, pkCoeffs, pvCoeffs, pState. pState ) filr 5 {E & 0.
e AR BOR ATk (E2, M THIARAL R, IR BERF S5 A TR S B TR s e B B . ST 454
WL R IRE, WMALHTF S I S5 RSB . FERFSHIIR L Z /T, SRR RE S PIEE &%
L. NHPAES, 3 FORFEIRpEN R, BESHIRIAGIL T A RSB,

*csi_diir_lattice_instance_f£f32 S = {numStages, pState, pkCoeffs, pvCoeffs};
*csi_iir_ lattice_instance_g31 S = {numStages, pState, pkCoeffs, pvCoeffs};

*csi_iir_lattice_instance_gl5 S = {numStages, pState, pkCoeffs, pvCoeffs};

HH numStages J& I8 A5 F B pState 15 RPRASZEATELL; pkCoeffs $5 ] ST R 582 pvCoeffs 4 4%
TR B

AT A
(P i TR S 2Rt R T 2T AR BB IR, e AR R K0Py BT SR i e AL AN AT o L
RSB A s RS A SCRERIE B
6.11.3 R

6.11.3.1 csi_iir_lattice_f32

void csi_iir_lattice_£32 (const csi_iir_lattice_instance_f£32 *S, float32_t *pSrc,.

—float32_t *pDst, uint32_t blockSize)

SH:

*S: f§1) IR #8 B G5 H (4 S5
*pSrc: JR AL
*pDst : F5 [k &
blockSize: iy AZIEAIEE
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R [BIE :

Ja

6.11.3.2 csi_iir_lattice_q31

void csi_iir_lattice_qg31 (const csi_iir_lattice_instance_qg31 *S, g31_t *pSrc, g3l_t.

—*pDst, uint32_t blockSize)

BH:

*S: f1] TIR 4 BS54 f S
*pSrc: fgIaH AR
*pDst : F5 a4 H A
blocksize: ¥y ABIERIER

R [RIE:
Jo
GilgoRIE th AT

PRBCEBLE I T — AR 64 RLR N FABEZA N 131 Mg Pa) Ry i 2.62 A% U228, 492RAE
2.62 13 64 (L ZMMAS R 0o A — AR, BT VAT B4/ N A 5ok B7 ki th - 8 TR Ik
idisN 2*log2(numStages) M. Ff, 2.62 KRS 31 AL, SAJGIRAIAAG 1.15 M4 .

6.11.3.3 csi_iir_lattice_q15

void csi_iir_lattice_qgl5 (const csi_iir_lattice_instance_qgl5 *S, gl5_t *pSrc, gl5_t.

—*pDst, uint32_t blockSize)

BH:

*S: F5 0] TIR R AU SEHY (R 5L
*pSrc: FRI AL
*pDst : $7 )4 i A
blockSize: i AZHEMIEE

R [BIE:
I
iR AT

PRACSEIRE I T AR 64 AL Ngs . RBCRARSARHZ RN LIS 4520, PlasRIAA i 2.30 X4
A, GERAE 3430 4% 64 LR MNER R . B 33 AR AL, FrUAA A R I o [R]IFIE il AGRAT
BT B RISRIR SR BOR EE . BT, 34.30 4R Z 5K 15 (Z4MT4 34.15, SRIGHIRIZ AL 1.15 A% N E5 2R .
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6.11.3.4 csi_iir_lattice_init_f32

void csi_iir_ lattice_init_f£f32 (csi_iir_lattice_instance_f£f32 *S, uintl6_t numStages, .

—~float32_t *pkCoeffs, float32_t *pvCoeffs, float32_t *pState, uint32_t blockSize)

BH:

*S: f1] TR & BS54 fA S

numStages : JERARHT B LR

*pkCoeffs: f5[M T REZELE, B K EE numStages
*pvCoeffs: F{AMHIEREELE, UM KIEZ numStages+1
*pState: IZIAPIRTSSELE, UMK E & numStages+blockSize
blockSize: APUAIREAS R

RInH:

Ta

6.11.3.5 csi_iir_lattice_init_q31

void csi_iir_lattice_init_qg31 (csi_iir_lattice_instance_qg31 *S, uintl6_t numStages, .

—qg31_t *pkCoeffs, g3l1_t *pvCoeffs, g3l_t *pState, uint32_t blockSize)

B

*S: Ji 1] TIR AU L5 (R 515

numStages: JEWEARITEIIEE

*pkCoeffs: TR I REELE, AN K E S numStages
*pvCoeffs: fRMMHIEREGA, FAHM KSR numStages+1
*pState: FFIPIRTSELE, MK ZF 2 numStages+blockSize
blockSize: AFRAIREALE

R [BIE:

Je

6.11.3.6 csi_iir_lattice_init_q15

void csi_iir_lattice_init_qgl5 (csi_iir_lattice_instance_gl5 *S, uintl6_t numStages, .

—qgl5_t *pkCoeffs, gl5_t *pvCoeffs, gl5_t *pState, uint32_t blockSize)

BH:
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*S: F§1n) TR 5 B4 45 4 (4 L5
numStages : JEEHR MBI
*pkCoeffs: F{ISURRMESF, AN K )E R numStages
*pvCoeffs: IGAIMEIE RENEME, BN K E 2 numStages+1
*pState: FFIAPIRTSSELE, UMK E Z numStages+blockSize
blockSize: ACHIFEARLE:
BRI
J&
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6.12 /¥y (LMS) DEBk5s

6.12.1 A%

o csi_lms_f32 1 3F 5 LMS JEPE AR IR L
o csi_lms_g31: Q31 LMS JE i 2% b F s B
o csi_lms_ql5: Q15 LMS i 2L Ab 3 pi 4
o csi_Ims_init_f32 : % 15 LMS JEW AR AL ER AL
o csi_lms_init_g31 : Q31 LMS JEU #3415 10 B %k
o csi_Ims_init_q15 : Q15 LMS JEE #0145t o X

6.12.2 %Ll

LMS gt t—R A gy, AR FB NSk, AR S22 R IE B A AL, Ik
)T — ORI ARy U H 1
FIE IS B 0 W A RS, 9fds, MR L.
CSIDSP [ A LMS g AR Q15, Q31 Rl m a2 .
PENHA T4k LMS 8, 111k LMS S8 A8 R EEE Y. 55 AG S E T X
—/> LMS JE 3 a3 45 AT iAo

o SR — M ARHERE ) FIR S8R 8.

o TR AR .
LMS JEB A A NG T —DREZNRMARES, H—MESERRAGS, BHWN ES, —e
FIR JER AN S, AP RSSFMAMLMIRERS T . IEEARE R NS H A Z ) Z (55
AR, HEF) FIR JERAS ) FIR SRS H RS % M AT . DSR2z g i VA At i 1 0.

x[n] = input y[n] = output

o -

+ d[n] = reference

 J

bueﬁicient
Update - l

Meachanksm

e[n] = error

Bl 6.11: f/ N7 BRI AR £ A

BRAC AT A AL PR , A VR B0 R B AL B blockSize MFEAR . pSre FE i A5, pRef $5 S5 (5
5, pOut FE [ {551 pErr §RIERER S . P HIAEIAE4E blockSize MH.
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PR AR BT A . DR #8 PI T ZR 2 bn] DAREAS A B0 ST
Wik

i 155 yln] i ARvE FIR g8 T4

y[n] = b[0] * x[n] + b[1l] * x[n-1] + b[2] * x[n-2] + ...+ b[numTaps-1] * x[n-

—numTaps+1]

REFSHETSHES din] FPEBA tH 92 (H:

e[n] = dln] - yIn].

IR MREFSHEMEARIG, ERS ALK DAEAS R SO 0T

blk] = b[k] + e[n] * mu * x[n-k], for k=0, 1, ..., numTaps-1

Horp mu @A, S R BOEOE R .
He . pCoeffs $i5 [ REKAL, K/ numTaps. RECGRAF I 40 F -

{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[1l], b[O0]}

pState f [FPARASKLAL, FA41R/IME numTaps + blockSize - 1. #EALERSZAT I ERAFIIT 2

{x[n-numTaps+1], x[n-numTaps], x[n-numTaps-1], x[n-numTaps-2]....x[0], x[1],.

..., X[blockSize-1]}

TR OIRESEAFI R DL T RO blockSize-1 AMEEAR. R AR AT T AR IUALSE FIR JE 3
RO IEIR T AL, AT R SR mE . RS AR AL B S T

ikt epi

DEIERS 1) R BRSSP RIRSE I SE B o o B M IEB AR AL AT — A S 5 F (A S 1 . AL
AR DATE LA SE B 2 [ 36 52, (EUR R S AR REIE 2. S S0asent 3 M R B3 Bl it 1R [ml i 5
PRSI RER o

LA

SRR SRR B BRI T — R AR R W IR L R B PR DA R B
o WE NG R T Bl
o WEEREEATEIR T IPEA, ARG RE, FEHE M ESERIRN AT num-
Taps, pCoeffs, mu, postShift (f32 ~NF54L), pState. pState H 1 TG {EHE: O
A AR ECR FTER . (E2, R TR REL, TR RERFEEAA (R S BtE B AR B . B4
TRSEHCE B AR B, WA TF B IR L G MR S . AERRSHIIR L2 BT, BRI ERIRSEA P I EE &
F. FHEAR, b3 FORERM SRS, SRS T S5 Ss).

csi_lms_instance_£f32 S = {numTaps, pState, pCoeffs, mu};
csi_lms_instance_g31 S = {numTaps, pState, pCoeffs, mu, postShift};
csi_lms_instance_gl5 S = {numTaps, pState, pCoeffs, mu, postShift};
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Horp numTaps 2 P89 s R AU ECE pState 2 ARASGAFA L pCoeffs J& R A ZEAFHY ML mu 2P HER/]N
postShift & F A% 4L

AT A

) QIS 1 Q31 AR LMS JE Y as AT 2E R . A i 2% &
« REGHR
o i A

BBk

TEWE AR BB N— A/ NEUE, BRBITERER (-1 +1) Z ). 5E SRR — DI iS5 postShift. &
A R e AR ALY A 7R, SRS postShift 7. BAC Rl KR Iy AR UL 2" postShift
FOVFRFIE RS I R BB I SR [+1 1), postShift [ {EARSE I PR G S 2 1800

it A

Q15 A1 Q31 HA it Hh FIRAI 7 BITEIATE A BR K4S H ) SR 7)o

6.12.3  pRBEW]

6.12.3.1 csi_lms_f32

void csi_lms_£f32 (const csi_lms_instance_f£f32 *S, float32_t *pSrc, float32_t *pRef,.
—~float32_t *pOut, float32_t *pErr, uint32_t blockSize)

ZH:

*S: fi1H] LMS S8 as 4544 (A 5L Bl
*pSrc: FRIaH AL
*pRef: $7INSHHIE
*pout : J5 [k &
*pErr: fRIaRELE
blockSize: AIPMFEAREE

R [BIE:

Ja

6.12.3.2 csi_lms_q31

void csi_lms_g31 (const csi_lms_instance_g31 *S, g31_t *pSrc, g31_t *pRef, g31_t.
—*pOut, g31l_t *pErr, uint32_t blockSize)

BH:
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*S: 1] LMS JEI% # S5 (4 55
*pSrc: FEIaH AL
*pRef: FRI0SHH
*pout : 5[] H EdRE
*pErr: fIARELE
blockSize: ALFRHIFEAAIEE

R [BIE:
J&
GilgoRE IR AT

PRECRBLE I TS 64 LRIy Rnang 2.62 4%, I B4R 7RG R AR, (B2 R
A—ARIL N TG IR, A SR04/ log2(numTaps) 7. 2555 A NAZGH/N LEFTA AR I
ARPRS, 2.62 AR Mg A, ARG RAIAE I 131 S m i b th A S MR iR (E 52 1.31 M.
RXANUEBEAS DR RS RIEHEAT R, I HARBCE R 2 A .

6.12.3.3 csi_lms_q15

void csi_lms_qgl5 (const csi_lms_instance_qgl5 *S, gl5_t *pSrc, gl5_t *pRef, glS5_t.
—*pOut, gl5_t *pErr, uint32_t blockSize)

B

xS FE1a] LMS JE 2845 ) (k52 i
*pSrc: FRIaH AL
*pRef: $RINSHHH
*pout = J5 [k i Zcdis
*pErr: fRIIRELIE
blockSize: ALFRIPFEA IS E

R [BIE:
¥
ORI AT b

PRACSC I T — A AR 64 (i Rt RECHUREAL BHIRR R 115 482K, A mIsRIA A i 2.30 A% Ry 4G
R, GIRAE 34.30 MK 64 LR MNARR . PN 33 LRI, FrPAA A R I XU [RS8 m] LAGRAT
A R IR S R . fR)m, 34.30 A% XA ZFRE 15 (LN 34.15, SRIGHANA A 115 A 428
XAEBA T, DR RS R ATE R, I LARRCE B R A .

6.12.3.4 csi_lms_init_f32
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void csi_lms_init_£f32 (csi_lms_instance_£32 *S, uintl6_t numTaps, float32_t *pCoeffs, .

—~float32_t *pState, float32_t mu, uint32_t blockSize)

BH:

*S: J1] LMS JE 3% #4544 (4R 55 51
numTaps : JEHA R L
*pCoeffs: F§In REELT
*pState: REREZAT

mu s 5 1 O 4 R BRI 2B R
blockSize: AFRAYREARMEE

BN

Jo

TR 3L

pCoeffs Hi ] P e AL EAH , PRAFAINTFANE -

{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[1], b[O0]}

WA AL UE AR R EUNE N B 38 B I8 I #4845 5 pState F§17)— K B4 numTaps+blockSize-1 #£44(2H, H
blockSize 2 AbHEA T AFREARE =, B AR csi_Ims_f32() »

6.12.3.5 csi_lms_init_q31

void csi_lms_init_g31 (csi_lms_instance_g31 *S, uintl6_t numTaps, g31_t *pCoeffs, g31_
—t *pState, g31_t mu, uint32_t blockSize, uint32_t postShift)

S

*S: 1] LMS JEI% # S5 4 (4 55
numTaps : JEHAT AL LR
*pCoeffs: F{RENGAF
*pState: F{MAREEL

mu s 55 R A AR BRI A RN
blockSize: ALFRIAMEA A E
postShift: REHIFLIEL

B
Jo
TR SE LW
pCoeffs fi5 [ B AR AL, PRAFRINR A -
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{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[1l], b[O0]}

PIUA AUEREAS R KRN A 18 BB DA AR 46 1 pState 11— KBl numTaps+blockSize-1 FEAKLA, Hrh
blockSize Je AL BRI AREAKR, 1% AR Bl esi_Ims_g31()

6.12.3.6 csi_lms_init_q15

void csi_lms_init_gl5 (csi_lms_instance_qgl5 *S, uintl6_t numTaps, gl5_t *pCoeffs, glb5_

—t *pState, gl5_t mu, uint32_t blockSize, uint32_t postShift)

BH:

*S: J7 18] LMS SR & 458 RS2
numTaps: JEM# R BEE
*pCoeffs: fiu REGAT
*pState: F{MAREHEL

mu s 5 R e R BRI 2B R
blockSize: AFRAYREARMEE
postShift: REIBNMIEL

R [BIE:
o
T

pCoeffs $i5 [ PR A R EIELAL, PRAFIINUF AT :

{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[1l], b[O0]}

FIAa USRS R TV A IE RS DR AR 46 50 pState 15— KN numTaps+blockSize-1 FEAELA, Horp
blockSize JZAL BRI AFEAKRE, 2 AR &Lesi_Ims_q15()
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6.13 14k LMS 3E¥: 75

6.13.1 pR%L

o csi_Ims_norm_f32 1 3% JH—4¢ LMS 8 A5 BH R L
s csi_lms_norm_g31 : Q31 JH—1¢ LMS J& Ak B ek %5
o csi_lms_norm_q15 : Q15 J3—4k LMS &I 7 AbHH bR 45
o csi_lms_norm_init_f32 : 3% 5 IH—4k LMS JEEERI IR0 R
e csi_Ims_norm_init_q31 : Q31 J3—4k LMS &I 2891 151k R
e csi_Ims_norm_init_ql5 : Q15 J3—4k LMS & 2891 151008

%
%
%

6.13.2 WL

AR ECE I T B B G R IR RS - I —4k LMS e/ )7 (LMS) H I8 RSB s i 5Ll L, B hn 7 #ioh
M4BT, B T IR F &Y RS . CSIDSP FENAYIA-—1k LMS JEI 2% R HF Q15, Q31 FlIiF A%
G IE
— A A d YT (NLMS) SR AR BLAE AR P ) .

o B e —MARERE ) FIR JEBGE -

o BRI e ARG -
JH—L LMS JEBAsA PIALE S . —DREZMAG S, A DESFRMAGS, MW ES, —
2 FIR JERE A RS, 7— DRSS HMAMIILIRER S . IEREHR B S % A Z a2 H
HHT AL, HF FIR JEMEHY FIR SRR RS H i AMAT . DRZEL B S IR T 0,

x[n] = input y[n] = output

{ e -

+ d[n] = reference

bueﬁicient
Update -+ l

Meachanksm

e[n] = error

P 6.12: IH—1k LMS J& i 45 H ] 2544

BRRC AR A LA PR , A VTR P B0 R AL B blockSize MFEAR . pSre F T A5 =, pRef $5 1S5 (%
5, pOut 5[ {5 5-H1 pErr 5 FIRZER S P rIREIA 45 blockSize MH.
BRECABR N B4 A . DI AR AR 0 bIn] DAREAS Ry B S «
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ik

i 5= yinl @ bnifE FIR JEAs 15

y[n] = b[0] * x[n] + b[1] * x[n-1] + b[2] * x[n-2] + ...+ b[numTaps-1] * x[n-

—numTaps+1]

REGTHFETZHES din] APERE i 22 {E:

e[n] = d[n] - y[n].

IR MREFE SR MEARS, IRBARRSZE R AR AE R

E = x[n]*2 + x[n-1]1"2 + ... + x[n—numTaps+1]"2.

B AT F KL BIK] DAREA Ny B T

blk] = b[k] + e[n] * (mu/E) * x[n-k], for k=0, 1, ..., numTaps-1

o mu SRR, Sl R RS R .
O, pCoeffs $ 1] R EELL, K/INE numTaps. RERAFHIITF AN

{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[l], b[O0]}

pState 5 [PRELAL, FAIR/ME numTaps + blockSize - 1. FEAFEAREZAT H LRI T2 -

{x[n—numTaps+1l], x[n—numTaps], x[n-—numTaps—-1], x[n—-numTaps—-2]....x[0], x[1],.

..., X[blockSize-11}

R ORESEAF KD T A HEE blockSize-1 AMHEA. MR AR ZAF KL T ABUCLSE FIR PSR
HEPEEATHE, R P mE L. R B e P A S ST -

ik tk i
DRI ) R BAARS AL BARAAAERAR SR LB b o N UED R L AT — > B S5 F A S 1. AR %L

IR ATEJ LA SE B 2 [AISL S, (RS AN RE I . S n0 3 P SR A3l fe It 1A [l i 45
F RSP R o

(L HIAEEEA S

A SR ER R BRI T — M N TR R BT . WIAR I R EAL B DA 4 -
o B NTREGE I A E B
o EERESEFTNENRFIIGEL, TATEHRAREE, FEHE SR ATFE: num-
Taps, pCoeffs, mu, energy, x0, pState. pState W[ i {EE 0. X Q7, Q15, F1 Q31 2H | "NH|FEr itk
¥tE4k: recipTable, postShift
SRR BIA R N & AR, M s B st e .

S RAT

) Q15 A1 Q31 FRAKIH— 1k LMS JE I bR Bl 2 L. R 8 M 0%
« RUGITH
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o i AA
REAI:

DB AT BB N A/, BERBIEVER -1 +1) Z 8] 5 S RO — I 4 S L postShift. &
T R g TR AL A ATAS, SR T postShift 7. FEA ERiKFIE B A R AL 2 postShift
FEVFIFIE B )RR BB IS [+1 -1). postShift F{EARE I - AR GUHEZLYT B Ay 344 i B E

i AR AN
Q15 1 Q31 HA K it Hh FIARAN 73 BIFIATE 251 B L2 H Y SCR 7)o

6.13.3 %L

6.13.3.1 csi_lms_norm_f32

void csi_lms_norm_f£f32 (csi_lms_norm_instance_£32 *S, float32_t *pSrc, float32_t *pRef,

— float32_t *pOut, float32_t *pErr, uint32_t blockSize)

BH:

*S: 45 1) LMS SR A £ H RS
*pSrc: J7 Ak AL
*pRef: fEISH
*pout : fi [k
*pErr: $7 )R
blockSize: ALHRMFEA S &

BRI

Ta

6.13.3.2 csi_lms_norm_q31

void csi_lms_norm_g31l (csi_lms_norm_instance_qg31 *S, g31_t *pSrc, g3l_t *pRef, g3l_t._
—*pOut, g3l_t *pErr, uint32_t blockSize)

BH:

*S: 5] LMS JE i 4540 (A sL
*pSrc: FRIaH AL
*pRef: RIS H
*pout : 5[]k i Fid
*pErr: fRIAIRZELEE
blockSize: ALFRHIFEAAIEE
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R [BIE :
g
iR AT

BB T— N 64 (LR . Rmasg 2.62 4%, I B4R TP RS R IR L, (H2 R
AL N TG IR, BSR4/ log2(numTaps) (7. 2555 AN ILG /N EFTA AR
WERE, 2.62 A X B AS, RIERAIEN 1.31 S5 i R (F S M iR fE 52 131 4%,
RXAUEBAS DR R RS RIREA T, I B AR He AY.

6.13.3.3 csi_lms_norm_q15

void csi_lms_norm_gl5 (csi_lms_norm_instance_qgl5 *S, gl5_t *pSrc, gl5_t *pRef, glb5_t.
—*pOut, gl5_t *pErr, uint32_t blockSize)

BH:

%5t 4816 LMS 13 35451 S
*pSrc: AL
*pRef: RIS HH
*pout = H [ fii th Bt
*pErr: RAIRIERE
blockSize: AW HEARREE

R Il :
I
G TR AT A

BRECRBLE N T — TR 64 L2 . RECAUREA BRI 115 4%, sk 2.30 A4
R, HRAE 34.30 MK 64 LR IARR M. UM 33 ALORIPOL, FrPAAN A I XU [R]38 m] LAGRAT
JIA R IR S R . ), 34.30 A% XA ZFRE 1S (LN 3415, SRIGHANAE A 115 A 428t
XAEB AR, R RS RIE AR, I HL AR B A .

6.13.3.4 csi_lms_norm_init_f32

void csi_lms_norm_init_£32 (csi_lms_norm_instance_£32 *S, uintl6_t numTaps, float32_t.

—*pCoeffs, float32_t *pState, float32_t mu, uint32_t blockSize)

BH:

*S: F§1a) LMS JE i 25451 1A S A
numTaps : JEHAE REIEE
*pCoeffs: F{NRIFES
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*pState: FRIPIREELF
mu: PSP AR R 2 RN
blockSize: AFRAIFEANIIE &
R [BIE:
¥
G OGS 84T
pCoeffs F5IR1 LI 48 REUMIEAL, PRAFHOIUF AN T -

{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[l],

WAL B A% 2BV R B 18 W IR #R L UG 45 . pState $8 17—~ B2 24 numTaps+blockSize-1 BEAEAH, H
blockSize JE AR AREAER, 8 A E csi_ims_norm_f32()

6.13.3.5 csi_lms_norm_init_q31
g3l_t.

void csi_lms_norm_init_g31 (csi_lms_norm_instance_g31 *S, uintl6_t numTaps,

g31_t *pState, g31l_t mu, uint32_t blockSize, uint8_t postShift)

—*pCoeffs,

SR
*S: J7 0] LMS JEH #4548 1452 1
numTaps: ﬁﬁ%%f&mfﬁ%
*pCoeffs: F§In REGELT
*pState: REREZAT
mu s 55 R A AR R A R
blockSize: HEMFEA AR
postShift: REAIFLAIEL

BRI
7e
A ORI AT A
pCoeffs fi5 [ JEHEAS A LR, PRAFHIITR AN -

b[N-2], ..., b[1l],

{b[numTaps-1], b[numTaps-2],

WAL UE I A% R EUE A B G R JE R R 4G 5. pState 5 [a]—~K & numTaps+blockSize-1 #4844, Hrp
blockSize AP AFEARSR, 15 A BR$csi_ms_norm_q31() »

6.13.3.6 csi_lms_norm_init_q15

141
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void csi_lms_norm_init_glb5 (csi_lms_norm_instance_qgl5 *S, uintl6_t numTaps, gl5_t.

—*pCoeffs, gl5_t *pState, gl5_t mu, uint32_t blockSize, uint8_t postShift)

BH:

*S: fig1n] LMS R an 4t (R 5L 51
numTaps : JEHAFREECE
*pCoeffs: fiIu REEA
*pState: FMAPREELA

mu s 5 ] I A AR R A ER
blockSize: ABEWFEAIE =
postsShift: RENHAIEL

B M
Jo
SO AT A
pCoeffs fi i JEHEAS AL, PRAFRIIF AT -

{b[numTaps-1], b[numTaps-2], b[N-2], ..., b[l1l], b[O0]}

BIAALIER A R BN B G R B 4R 1. pState $i7 ] —MK A numTaps+blockSize-1 FEAZLA, Horp
blockSize & AbFH Ry AREARSR, B A KB csi_Ims_norm_ql5() .
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XL PR RO B 08— HE A 4B SRVEARENAE— 4R, DU M A — 4R R

7.1 ZelEAhfE

700 %

o csky_linear_interp_f32 : ¥ p5 e MEAG (AL T R
o csky_linear_interp_g31 : Q31 L& 3a Ak P b
e csky_linear_interp_q15 : Q15 VL {E ALK
o csky_linear_interp_q7 : QT £ {E AL R 5 5k

%
%5
s

7.1.2 T

LR — AR 2 2 T fh UG TR . MR EEA SR REA Z (] — AR B2, Rk el Z EAYIE Y
4o

R T A B LA (EL R K0 R (L (), SE2ER (0 13 B IMERE A x0, xICR AERIREME) . AR50
P AE yO Ay 1 Chi (B A B 6D

Wik

y = y0 + (x - x0) * ((yl - y0)/(x1-x0))

where x0, x1 are nearest values of input x

yv0, yl are nearest values to output y

RAREELH T Q7, QIS, Q31 FIF MUE A A L MR (AL L. R — UK B — > B ) i, I FLA I
AR ]S B AL PRES R o S A 1) LRPEAR (ELpR BRI S R SE Bl x B AREARMEL, BRI (el £
SR x AT R AP, RVAGER R P — M, R x R R, R % e — M.
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Y- FS
3{1 |
Y » m—————

%0 X X1 X

& 7.1: Linear interpolation

7.1.3 Function Docmentation

7.1.3.1 csky_linear_interp_f32

float32_t csky_linear_interp_f£f32 (csky_linear_interp_instance_£f32 *S, float32_t x)

SEL:

* St P R TR (H A R S
x: T FEAL PRI i AFEA

R [BIE:

Bt 2 2R

7.1.3.2 csky_linear_interp_q31

g31l_t csky_linear_interp_qg31l (g31_t *pY¥Data, g3l_t x, uint32_t nValues)

ZH:

*pYData: JF KM {HE A BI
x: T BEAL PRy AR
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nvalues: FHEMER
BN

LT
TR BEN]:

BAREAS x J2 1220 %30, A4F T 12 FIA9RE5 PR 20 (Zrg/NEGR T o BRI RF I IRORFAVINVE 212,

7.1.3.3 csky_linear_interp_q15

gl5_t csky_linear_interp_qgl5 (gl5_t *pYData, g3l1_t x, uint32_t nValues)

B

*pYData: 15 5 4 A 45 14 1A 5Ll
x: FEALIRA 4 APEA
nvValues: F&H{HIIEEE

IR [BIE:
HyHigh R
[EETALR

AR x 2 12.20 4%30, AF T 12 FIA9RET PR 20 (Zr)/ NEGR T o PR RF IR AIVE 202,

7.1.3.4 csky_linear_interp_q7

g7_t csky_linear_interp_qg7 (g7_t *pY¥Data, g3l_t x, uint32_t nValues)

SHL:

*pYData: I AL HHHLEH
x: AT APEA
nvValues: F&H{HIIEE

R B :
HyHigh R
[EETAR

AR x 2 12.20 4%30, AF T 12 FIR9RET IR 20 (ZR9/NEGR T o BRECCRFIIIROR R AVIVE 212,
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7.2 WML

721 A%

o csky_bilinear_interp_f32 : VF BN ZNMIHE
o csky_bilinear_interp_q31 : Q15 I MEIT{H
o csky_bilinear_interp_ql5 : Q31 I MEIH{H
o csky_bilinear_interp_q7 - Q7 & NVEAHE

7.2.2 TS

MR R LM MRS B R, 2RI, y) FREC— AL MAE , SR e R (A B e e (VR AR
A PRI o AR PRI SF O T IR R, &552 x B, ARG y fll. XRMEAG(E & FI 2 B 1 A0 3
MR EE . CSIDSP EHEAL Q7, QI5, Q31 FIF s 2 IY i MLk M4

ik

XU MEATE R KA O S5 M R SE B A T — A i e . SHP TRkl S5 AR Sl LR :

typedef struct

{
uintl6_t numRows;
uintl6_t numCols;
float32_t *pData;

} csky_bilinear_interp_instance_£32;

HoAF numRows 5 EFEAIFTEL, numCols 355 FHIH) %L, pData 35[a]— K /NK numRows * numCols % 4H. %k
Pk pTable #ATHED , HBHUEZRS]. S2Ul, FIuE (xy) ¥7E pTable[x + y * numCols] , HH x fily 28
A (X, y) FEEEAREN A, e

XF = floor (x)
YE = floor(y)

S ELAY A TSR

f(x, y) = £(XF, YF) * (1-(x-XF)) * (1-(y-YF))
+ £(XF+1, YF) * (x-XF)*(1-(y-YF))
+ £(XF, YF+1) * (1-(x-XF))*(y—-YF)

*

+ £(XF+1, YF+1) (x—XF) * (y—YF)

R, AR (xy) BFRREEORINEGR 7 BERGHR i s (0 SR MIRRR 0, /INBIGHR 42 R (AL
AR (ey) i TRAVIDS, A PERESE SR 0.
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7.2.3 Function Docmentation

7.2.3.1 csky_bilinear_interp_f32

float32_t csky_bilinear_interp_£32 (const csky_bilinear_interp_instance_£32 *3,._

—~float32_t X, float32_t Y)

BH:

* 5t A I I {EL 45 F (R S
X: R fEARAR
Y AR {E AR

RAIE:

GHIERRES

7.2.3.2 csky_bilinear_interp_q31

g31_t csky_bilinear_interp_qg31 (csky_bilinear_interp_instance_qg31 *S, g31_t X, g31_t.
—=Y)

B

*pYData: i HE{ELTH A LB
X: 12.20 MR E AL R
¥: 12.20 M (E AL R

R [BIE:

EGHIEELES

7.2.3.3 csky_bilinear_interp_q15

gl5_t «csky_bilinear_interp_qgl5 (csky_bilinear_interp_instance_gl5 *S, g31_t X, g31_t.
< >Y)

BH:

*pYData: $§ [ fa {H 45 14 1A S
X: 12.20 A% IH AL AR
Y: 12.20 #5AHE AR

BRI

EGIIERAES
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7.2.3.4 csky_bilinear_interp_q7

g7_t csky_bilinear_interp_qg7 (csky_bilinear_interp_instance_g7 *S, g31_t X, g3l1_t Y)

SEL:

*pYData: i E{HLHA AL B
X: 12.20 FEAAE AL bR
¥: 12.20 MR E AL R

R [BIE:

ECHIEELES
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T ANCE A S

T 2]

IXZH PR T R AR PR E . R B DA MR 25 A N B E R IR A R o B, TR S R S A R i 2B
FESLUNTR

typedef struct
{

uintl6_t numRows; // number of rows of the matrix.
uintl6_t numCols; // number of columns of the matrix.
float32_t *pData; // points to the data of the matrix.

} csi_matrix_instance_£f32;

Q15 F1 Q31 i W Bt A th 21l
SRS IR E T HEMER AN, WA E T MRS . B A /NE: numRows X numCols , 4470
FEHER . B, R T G, ) A

pData[i*numCols + J]

(LR IAEEE

g T R I 0 5 ) R IS BT A — A B2 0 0 R A bR . 2R Ak bR B0 R S R YR B R B
csi_mat_init_f32(), csi_mat_init_q31() 1 csi_mat_init_q150) 43 FIXT ¥ &, Q31 A1 Q15 27,

TR R B TR . (B2 AN TR i 5, WIS AR SEBIA RE e o A B . AR &G
MRS & R B, W BT Ehp e b Bdugsitg . tan:

csi_matrix_instance_£f32 S = {nRows, nColumns, pData};
csi_matrix_instance_g31 S = {nRows, nColumns, pData};
csi_matrix_instance_gl5 S = {nRows, nColumns, pData};

S5 nRows $i5 744, nColumns 5 HI4K, pData LKL
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8.1 JhFEmik

8.1.1 %

o csi_mat_init_f32 : 5B ERIEG L
e csi_mat_init_qg31 : Q31 WA
e csi_mat_init_ql5 : Q15 FJEFERI AL

8.1.2 MW

WAL BRI 45 7. BRSO B A 45 R 7R 1Y numRows, numCols, Fll pData B¢

8.1.3 el

8.1.3.1 csi_mat_init_f32

void csi_mat_init_f32 (csi_matrix_instance_£f32 *S, uintl6_t nRows, uintl6_t nColumns, ..

—~float32_t *pData)

SR

* S 48 ] — AN P2 ) S 15
nRows: AT
nColumns: #i[EM51%L
*pData: Tﬁrﬂ%ﬁﬁﬁ}ﬁﬁ?ﬂ

R [BIE e

P

8.1.3.2 csi_mat_init_q31

void csi_mat_init_g31 (csi_matrix_instance_g31 *S, uintl6_t nRows, uintl6_t nColumns, .
—~qg31l_t *pData)

BH:

*S: ¥ ] — AN RE G R 1A S 1)

nRows: %E[@E‘ﬁ??&

nColumns: %EI@H’J@J@(

*pData: f§ A MEEH 4
BRI

Ta
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8.1.3.3 csi_mat_init_q15

void csi_mat_init_gl5 (csi_matrix_instance_gl5 *S, uintl6_t nRows, uintlé6_t nColumns, .

—ql5_t *pData)

BH:

* St 48 ] — AN HE PR A A S
nRows: FEFEAITTEL
nColumns: Hi[EM51%L
*pData: T‘érﬂ%ﬁ[@%ﬂ)ﬁ%&éﬂ

R [BIE:

Ja
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8.2 JHFEmik

8.2.1 %

o csi_mat_add_f32 : P R N
o csi_mat_add_g31 : Q31 E [k
e csi_mat_add_ql5 : Q15 FFENE

8.2.2 MW

WA BEFE .
fan  aiz  as bir b1z b3 | [ansbi1  @aizbiz  arsbis]
an az a=m + bzt bz b = ax+hz1  azebz  azbes
as  as  as: (bar bz bas | |as+ba  am:bsz  assbss)

& 8.1: /™ 3 x 3 %0 MEAH N

8.2.3  REIW]

8.2.3.1 csi_mat_add_f32

csi_status csi_mat_add_£32 (const csi_matrix_instance_£32 *pSrcA, const csi_matrix_

—instance_f£f32 *pSrcB, csi_matrix_instance_f32 *pDst)

B4

*pSrch: 75— A SRS
*pSrcB: F8 058 N AJE FEZE )
*pDst: $5 4 H AR FRLE 1

IR [BIE:
7o

8.2.3.2 c¢si_mat_add_q31

csi_status csi_mat_add_g31 (const csi_matrix_instance_qg31 *pSrcA, const csi_matrix_

—instance_g31 *pSrcB, csi_matrix_instance_g31l *pDst)
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SHL:

*pSrch: F§ I — N AR5
*pSrcB: $5[a) 58 4 A SR M2
*pDst: $§mH H HREZE

R [BIE:
o

A ORI AT A

PR R, 5 Q31 £k Fl [0x80000000 0x7FFFFEEF] )45 5 2 9 i Fl

8.2.3.3 csi_mat_add_ql5

SBINE JERERY

csi_status csi_mat_add_gl5 (const csi_matrix_instance_gl5 *pSrcA, const csi_matrix_

—instance_qgl5 *pSrcB, csi_matrix_instance_qgl5 *pDst)

BH:

*pSrch: $§ [ H— M A FEEEH
*pSrcB: 55 i A H R
*pDst: F5 )4 A RS 1Y)

RInIH:
Jo

A ORI AT A

PRECBE AT S id Q1S i KYER [0x8000 OX7FFF] 25 R 2 Yt Al .
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8.3 SBIhFE Rk

83.1 A%

o csi_mat_cmple_mult_f32 : FF 552 BOE R e vk
e csi_mat_cmplx_mult_g31 : Q31 & B 5 W ik
e csi_mat_cmplx_mult_gl5 : Q15 I 5 R ik

8.3.2 THRW]

A 2455 — AN RE R SRR S AN MR TBO SR e, 4 ] AU RO FE ey . Mx N ARSI N x P 4f
PRS2 — A M x P AR, YRR /MG, RSk

1. pSrcA Fl pSrcB [ R /& A AH %

2. 1) B RO @ A7 pSrcA Hil pSreB (TS5 A 25

8.3.3 AEEW]

8.3.3.1 csi_mat_cmplx_mult_f32

csi_status csi_mat_cmplx_mult_£f32 (const csi_matrix_instance_f£f32 *pSrcA, const csi_

—matrix_instance_£32 *pSrcB, csi_matrix_instance_£32 *pDst)

BH:

*pSrch: 75— A FELE 1
*pSrcB: 84 — AN A SR RSG5
*pDst: $§m)Hi L FELE

BRI

Ta

8.3.3.2 csi_mat_cmplx_mult_q31

csi_status csi_mat_cmplx_mult_g31 (const csi_matrix_instance_qg31 *pSrcA, const csi_

—matrix_instance_qg31 *pSrcB, csi_matrix_instance_g31 *pDst)

B

*pSrcA: TE@%*/I\%/\%E[@F%W
*pSrcB: #§ 5 N A RS
*pDst: F5 )4 1 HE 45

BRI
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7e
A ORI AT A

PBRACEIE I T — R 64 LR INgs . RINEE 2.62 MR ERy T P SRS, (B2 A — AR
fire FMMIREEA AR, EI R masi i Sl aR, F2a/ N LG5 R0 L PRI . PR
% 22 numColsA MHIREHENL, PrPAT: 224i/]s log2(numColsA) (4B 1hi t . 2.62 4% 2Upy Fmas A% 31 1,
SR B 1.31 AR U iR R 45 5

8.3.3.3 csi_mat_cmplx_mult_q15

csi_status csi_mat_cmplx_mult_gl5 (const csi_matrix_instance_qgl5 *pSrcA, const csi_

—matrix_instance_qgl5 *pSrcB, csi_matrix_instance_qgl5 *pDst, gl5_t *pScratch)

SH:
*pSrch: fg MM A RS
*pSrcB: F§ B 55 N AR FEZE
*pDst: 514 Hh AR L5 1
*pScratch: 7 AEFE R 455 i I eH
BRI :
Jo
e tEE R S 1k
A, Wiy, FIRAEHNTREE 32 ANt 5T
R«

WS AN SR 575, lsE %% UNALIGNED_SUPPORT_DISABLE [iiif, #A, fithi, Il buffer,
HRIV R 32 k5.

A ORI AT A

BB T — N 64 fLRms . BAKSE LIS AR, kAl 2.30 4551 . 2.30 #EaXH ) 4509
34.30 %30 64 LR MAR R M. BTA 33 AMRIAL, FreARNSA S KK, 34.30 BIS5REFAK 1S (LEHT
3415 4530, RSO 115 A% aNR4iR.

PR 8esi_mat_mult_fast_q15() & A eREEI— A POEIA, 2 ERELZHIREE
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8.4 JifoRi

8.4.1 %

o csi_mat_inverse_f32 : BAKE BE AR R4 SR 8.
e csi_mat_inverse_[64 - ROk FEERE R I,

8.4.2 W

THRAEFERY SRR, ZEIER 3R 1805 A AJERE 27 e B AR e (FroXdE %) A s SCEHRE . %
BRI RIS A A AR HH B2 15 S IR D T R/ ] o AR SR S ERURR, CSIDSP ST RRT s A M AR

$iik Gauss-Jordan J5 kTR, AR AT — ROV AR BT HRAE, B0 S AR I R AL B LA . A [
P BE AT B A e 5 B T R AR W e AR AR . i R AR R AT R, R R TR R I A AR S
CSKY_MATH_SINGULAR,

(a1 arz ail 1 0 0| K] 0 0 | xii X1 |
| |
| |

a»n azm 323| 0 1 0| = 0 1 0 | X1z X2 X2
| |

as a2z am| 0 0 1 0 0 1T ) x3 Xz Xas

Ais a 3 x 3 matrix and its inverse is X

&l 8.2: fii F§ Gauss-Jordan J5 3%} 3x3 40 F4EsR 1

8.4.3 AW

8.4.3.1 csi_mat_inverse_f32

csi_status csi_mat_inverse_f£f32 (const csi_matrix_instance_£f32 *pSrc, csi_matrix_

—instance_f£f32 *pDst)

B

*psre: R AR,
*pDst: $if [l i R RS,

R [BIE:

Ta
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8.4.3.2 csi_mat_inverse_f64

csi_status csi_mat_inverse_£f64 (const csi_matrix_instance_f64 *pSrc, csi_matrix_

—instance_f64 *pDst)

BH:

*pSrc: $§ [ A RELE).
*pDst: $§ [ AR LS.

Returns:

J‘Ij‘
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8.5 JilFiAfeik

8.5.1 A%

e csi_mat_mult_f32 : 7 55 RESRRTE
e csi_mat_mult_g31 : Q31 Hi[F3eyk:
e csi_mat_mult_ql5 : Q15 Hi Gk
e csi_mat_mult_fast_g31 : Q31 FH R yE
e csi_mat_mult_fast_ql15 : Q15 FE g3k

8.5.2 T HiiW]

PIAHEREARR PRI AS AN S FF 1805/C860.

an az a3 b1 b1z bis anxbutazxbx+aisxbs anxbiz+aaxbz+azxhzz anxbiztazxbzstasxbas
az az azz| X |bz1 b2z b = | aznxbi+azxba+azxbhx azxbiz+aznxbaz+azxhiz azxbiztazxbz+azxhas
a: a:z as bzt baz bas anxbu+azxbx+az:xbx asxbiz+asxbz+anxhiz anxbiz+azzxbzs+anxbas

& 8.3: W~ 3 x 3 S [ IR

PSR — AR SO 35 AN RERAT RO S i e, Al AR R . M x NOJEREAT N x P A EEAH o
SR 2 M x P il

853 rA¥LRW]

8.5.3.1 csi_mat_mult_f32

csi_status csi_mat_mult_f£f32 (const csi_matrix_instance_£f32 *pSrcA, const csi_matrix_

—instance_f£f32 *pSrcB, csi_matrix_instance_f32 *pDst)

BH:

*pSrcA: TE@%*/I\%/\%E[@%W
*pSrcB: T4 N A H RS
*pDst: 514 H AR L5

B

¥
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8.5.3.2 csi_mat_mult_q31

csi_status csi_mat_mult_g31l (const csi_matrix_instance_qg31 *pSrcA, const csi_matrix_

—instance_qg31 *pSrcB, csi_matrix_instance_qg31 *pDst)

BH:

*pSrch: |1 — P AR S5
*pSrcB: |71 H A ALY
*pDst: ) A L

BRI
Jo
GiigoRIRE IR AT

BRECRBLBE I T 64 LAY BRI . RIMAR 2.62 #63, 4EFR TR R R A R, (B2
AT VAR L. Zd R A AL EE, e i & BB R i, i g M A S, Bk
it PONIRZE 2 numColsA ASIIEDERL, i A% AR I 2240 /) log2(numColsA) Az, SR P Ikt - 2.62
R B IMERARE 3147, AR 1.31 a4 4.

8.5.3.3 csi_mat_mult_ql15

csi_status csi_mat_mult_gl5 (const csi_matrix_instance_qgl5 *pSrcA, const csi_matrix_

—instance_gl5 *pSrcB, csi_matrix_instance_gl5 *pDst, gl5_t *pState)

SHL:

*pSrchr 17 [ 5 — M AR 45
*pSrcB: 18 [ A AR LS
*pDst: $7 [k 1A FEZE
*pState: Ji7 [ PRAFHE 4RI BA

BRI
Jo
GiigcoRIgR AT

BRECR BB T 64 (A NS R N S AR 115 M6, RO ™ AR A2 R 2 2.30 #5. 2.30 fy 12
RAE 3430 MR R s R . PESEEHET 33 MR, B Al XUg . 34.30 IE R ZIFRE 15 4,
BT 34.15 A%, SIS 1.15 A%t a4

8.5.3.4 csi_mat_mult_fast_q31
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csi_status csi_mat_mult_fast_g31l (const csi_matrix_instance_g3l *pSrcA, const csi_

—matrix_instance_g31 *pSrcB, csi_matrix_instance_qg31 *pDst)

BH:

*pSrch: 75— AR
*pSrcB: $8 [ A AR LS
*pDst: H 1) 4 L A PR

R [RIE:
I
GitgcRIgR I AT

TEAS P IR A FN R Eesi_mar_mult_q31() B HIFET, PREAMER T —A 32 SR, TAZ 64 (71 2
M. B 1311 131 MFRAZAEMWTA 2.30 SR . PSR 2.30 #8301 32 (L ZFfras 2. a3
IS, 1.31 kU458

PR A ER AR A A AR R B i AT A, (ELR TR 1 4 O TR 45 R IR 32 32, BT DASR BEAY SEAR A
FE. RTR kg, B NRAGES . Bk Z 2F numColsA ANIIEIERL, i DA A M55 2245/ 1>
log2(numColsA) AN, K1k H .

BB csi_mar_mult_q31() ZiX A REUN— A, 1] 64 (7 R M AL o S ks

8.5.3.5 csi_mat_mult_fast_q15

csi_status csi_mat_mult_fast_gl5 (const csi_matrix_instance_gl5 *pSrchA, const csi_

—matrix_instance_qgl5 *pSrcB, csi_matrix_instance_gl5 *pDst, gl5_t *pState)

BH:

*pSrcA: 1 ) 55— AR S
*pSrcB: F51A) 58 N AR5
*pDst: 1 [l AR 451
*pState: 5ERAEHE 4R A

RIAIE:
o
SRR AT A

TEAS P IR AN R Eesi_mar_mult_q15() X HIFET, PREBSCAM R T—A 32 LRI, TAZ 64 (111 2
e e BAS LIS R 115 FFRA ST 2.30 SR . g5 RTE 2.30 /%3N0 32 (LA FAas 2 n. a3
ISR 1.15 MR 4R

PR A BR AR U RRCAS A AH [ B3R AT 2R, (ELR T TR A R A R AR 16 37, B DASRBE % SE AR b
Lo AT Bk, AR N AL S . R Z 24 numColsA AHINEIERL, Fiv DA% A M 75 2 451>
log2(numColsA) N7, KWk .

PR E Csi_mar_mult_q15() XA ERE— A, ] 64 7 FmASH i o e kg e
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8.6 P4 X

8.6.1 %

o csi_mat_scale_f32 : V% SR MEGR T
e csi_mat_scale_q31 : Q31 FH M4 i
e csi_mat_scale_ql5 : Q15 Fi FE4E T

8.6.2 LW
HPE SR RAR, AR BT R 5 — AV AR HA:

a1 aiz  ails anx K aizx K azx K
a» axz a: X K = |az1xK axnx K az=x K
a:x a: az: azix K az2x K a==x K

[ 8.4: 3x3 JHEFELE TN

Q15 1 Q31 1 7E AR, scale Form A—A~/NEReE scaleFract Fll—ANEEAL shift. Fo A7 ik 4 R A 34 2 w] DA
Bt 1.00 S EIR A B GR A F2 :

scale = scaleFract * 2”shift.

8.6.3 PRELILW]

8.6.3.1 csi_mat_scale_f32

csi_status csi_mat_scale_f32 (const csi_matrix_instance_£f32 *pSrc, float32_t scale, .

—csi_matrix_instance_f£f32 *pDst)

b4l

*pSre: F8 1§ ARG i
scale: gEIRHA T
*pDst: $gm) i 1 FE FELE ) 4

BRI

Ta
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8.6.3.2 csi_mat_scale_q31

csi_status csi_mat_scale_g31 (const csi_matrix_instance_g31 *pSrc, g31l_t scaleFract,.

—int32_t shift, csi_matrix_instance_g31 *pDst)

BH:

*pSrc: 7 [k A FEZEH (A
scaleFract: #iitHA T
shift: FPRIFEAECE
*pDst: 7 [k A FEEE A {4

B M
Jo
i @M HIERPIE
i NEHE pSre Hl scaleFract #Jg 1.31 #53X. EAIHIRA A 2.62 By RIS, RIEREAIAIAI 1.31 #5X

8.6.3.3 csi_mat_scale_ql5

csi_status csi_mat_scale_gl5 (const csi_matrix_instance_gl5 *pSrc, gl5_t scaleFract,.

—int32_t shift, csi_matrix_instance_gl5 *pDst)

BH:

*pSrc: 7 [k AR (A
scaleFract: AT
shift: FPRIFEAECE
*pDst: 7 [k A FEEE A {4

R [BIE:
J
GigoRni: AT

i N A pSre Al scaleFract #ije 1.15 4% BATHITRMA M 2.30 PS5, RIERALAIAIAG 1.15 #5X
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8.7 JhFERKIL

8.7.1 #A%

e csi_mat_sub_f32 : 3% 55 REA
e csi_mat_sub_q31 : Q31 F [EAH K
o csi_mat_sub_ql5 : Q15 %5 F4AH I,

8.7.2 TiZW

A BEAH I
E aiz a? E1 bz b? ;1-1}11 aiz- bz ais- b13_
ax az a=s - bzt bz bz = az1- bot azz- baz az3- bos
an  a:  as | | bsr b2 bss |az1- b azz- bz ass- bss |

K 8.5: T~ 3 x 3 4RI

8.7.3  PRELLW]

8.7.3.1 csi_mat_sub_f32

csi_status csi_mat_sub_f32 (const csi_matrix_instance_£32 *pSrcA, const csi_matrix_

—instance_f£f32 *pSrcB, csi_matrix_instance_£f32 *pDst)

SH:

*pSrch: 75— AN A KRS R K
*pSrcB: F8 A5 N A 454 4
*pDst: 151§ H A R A 1

BRI

Ja

8.7.3.2 c¢si_mat_sub_q31

csi_status csi_mat_sub_g31 (const csi_matrix_instance_qg31 *pSrcA, const csi_matrix_

—instance_g31 *pSrcB, csi_matrix_instance_qg31 *pDst)
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SHL:

*pSrch: F§ ) H N A 54
*pSrcB: $51a) 58 N ASE FEZE 1 i
*pDst: $§m) i H 5 B2 1A

R [BIE:
o

A ORI AT A

PRACRE AT 5. SR AR Q31 Y f K F] [0x80000000 Ox7FFFFFFF] 2 Al

8.7.3.3 csi_mat_sub_ql5

SBINE JERERY

csi_status csi_mat_sub_qgl5 (const csi_matrix_instance_gl5 *pSrcA, const csi_matrix_

—instance_qgl5 *pSrcB, csi_matrix_instance_qgl5 *pDst)

4

*pSreh: FR I — A A RS 14
*pSrcB: 17 A5 AN A TR S (A
*pDst: i [ AL ESE A 7

RInIH:
Jo

A ORI AT A

PRACRE AT . SRR Y QLS Ay f KL [0x8000 Ox7FFF] g A
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8.8 JhPiitw

8.8.1 %L
o csi_mat_trans_f32 : VS AHEREE
o csi_mat_trans_g31 : Q31 JE[FEEE
o csi_mat_trans_ql5 : Q15 JE[FEEE

8.82 ¥k

P BN BB M x N gl LR B Do A Gl i —> N ox MU

_ T _ _
an aiz aiz aii ax as
a» az az = aiz azz asz
a asz asz ais azs ass

HEE—A~ 3 x 3 4k

8.8.3 A%

8.8.3.1 csi_mat_trans_f32

csi_status csi_mat_trans_f£f32 (const csi_matrix_instance_£f32 *pSrc, csi_matrix_

—instance_f£f32 *pDst)

B

spSre: fITHI A K
*pDst: JiITHI A

BRI

Ta

8.8.3.2 csi_mat_trans_q31

csi_status csi_mat_trans_g31l (const csi_matrix_instance_qg31 *pSrc, csi_matrix_

—instance_g31 *pDst)
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SHL:

*psre: 1AM
*pDst: i A

RInIH:

Ta

8.8.3.3 csi_mat_trans_q15

csi_status csi_mat_trans_gl5 (const csi_matrix_instance_qgl5 *pSrc, csi_matrix_

—instance_gl5 *pDst)

B

*psre: 1AM
*pDst: fif [ i A

R

Ta
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9.1 IeKfH

9.1.1 F%k

o csi_max_f32 : A P RORME
e csi_max_q31 : Q31 B kA
o csi_max_ql5 : Q15 B kA
o csi_max_q7 : QT BT Il

9.1.2 iHW

%

B AR A PREGR B i KA BRI T A2 iF it Q31, Q15 Al Q7 i A 35

R NE

9.1.3  pRESW]

9.1.3.1 csi_max_f32

void csi_max_£32 (float32_t *pSrc, uint32_t blockSize,

—*pIndex)

float32_t *pResult, uint32_t.

BH:

*pSrc: FR1) AL

blockSize: ¥y ABHMKE

*pResult: 1R [\l KIH

*pIndex: iR [EIW KM ET]
pEAELE

Te

167




@ F4F ERE GitEN

9.1.3.2 c¢si_max_q31

void csi_max_g31 (g3l_t *pSrc, uint32_t blockSize, g31_t *pResult, uint32_t *plIndex)

SEL:

*pSre: Fg Ik AKEH
blockSize: My AZUZHRIKE
*pResult: &1 K AE
*pIndex: & MIMHRMEMET

IR Il :

¥

9.1.3.3 csi_max_ql5

void csi_max_gl5 (gl5_t *pSrc, uint32_t blockSize, gl5_t *pResult, uintlé6_t *plIndex)

BH:

*pSrc: ?ﬁf'ﬂf?ﬁ/\ﬁiﬂ
blockSize: My ABAIRIKE
*pResult: R&[E P HEKE
*pIndex: & MR ARENET

R

Ta

9.1.3.4 csi_max_q7

void csi_max_qg7 (g7_t *pSrc, uint32_t blockSize, g7_t *pResult, uintlé6_t *pIndex)

SHL:

*pSrc: ?E‘rﬂﬁ)\ﬁéﬂ
blockSize: ¥y ABUHM K E
*pResult: R A EKME
*pIndex: & MR RENET]

BRI

Ta
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9.2 /M

9.2.1 pR%L
o csi_min_f32 : ¥ BN F/ME
e csi_min_g31 : Q31 HH W)/ IME
o csi_min_qgl5 : Q15 $4H )/ IME
o csi_min_q7 : Q7 B e/ IME
9.2.2 W]
THAAFER B ) /ML eREIGR [l S/ IMEFH S/ MEAE SR R A B . 97 .Q31, Q15, Q7 4l T
[F] ) BRI
9.2.3 %]

9.2.3.1 csi_min_f32

void csi_min_£f32 (float32_t *pSrc, uint32_t blockSize, float32_t *pResult, uint32_t.

—*pIndex)

B

*psre: 18 A KA
blockSize: My ABAR K E
*pResult: & m 1 K AE
*pIndex: & BRI RS

B

Ta

9.2.3.2 csi_min_q31

void csi_min_g31 (g31_t *pSrc, uint32_t blockSize, g31_t *pResult, uint32_t *pIndex)

BH:

*pSre: Fg Ik AKEH
blockSize: i ABAIM K
*pResult: R A EKME
*pIndex: &M HEREMERET

BRI

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 169




@ F15 BAE StEN
7o

9.2.3.3 csi_min_ql15

void csi_min_qgl5 (gl5_t *pSrc, uint32_t blockSize, gl5_t *pResult, uintl6_t *pIndex)

BH:

*pSrc: $§ M AL
blockSize: ¥y ABHMKE
*pResult: &R AME
*pIndex: &\l HEIMEM RG]

R [BIE e

Ja

9.2.3.4 csi_min_q7

void csi_min_g7 (g7_t *pSrc, uint32_t blockSize, g7_t *pResult, uintl6_t *pIndex)

S

*psrc: AL
blockSize: My AZRZHRYK
*pResult: & [\l
*pIndex: iR BRI ET]

R [BIE:
I
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9.3 Pl

9.3.1 %

« csi_mean_f32 : VLA
« csi_mean_g31: Q31 KAl F-H3fi
« csi_mean_q15 : Q5 Bl F-3fi
« csi_mean_q7 : QT KA1

9.3.2 T EW]

RPN & RS W 4 BB S DI N R S W T DK R

Result = (pSrc[0] + pSrc[1l] + pSrc[2] + ... + pSrc(blockSize-1]) / blockSize;

AT RLQ3L, QLS I Q7 i AL A3 HIF Bt 1A [l i R KX

9.3.3 %]

9.3.3.1 csi_mean_f32

void csi_mean_f£32 (float32_t *pSrc, uint32_t blockSize, float32_t *pResult)

B

*pSrc: HE1a 4 AL
blockSize: iy ABHMK
*pResult: & [EH-FEE

R [BIE:

Ja

9.3.3.2 csi_mean_q31

void csi_mean_qg31 (g31_t *pSrc, uint32_t blockSize, g31_t *pResult)

A

*pSrc: $§ M AL
blockSize: ¥y AR KT
*pResult: & F-HE

R [PIE:
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7e

A ORI AT A
PRECRBLN T4~ 64 LLNERR I ARy 131455, Rhnariotg e 33.31. Bkl AR T A
AP SRR, Ao . fR)5, SR 1.31 #5X.

9.3.3.3 csi_mean_ql5

void csi_mean_qgl5 (gl5_t *pSrc, uint32_t blockSize, gl5_t *pResult)

BH:

*pSrc: TR AL
blockSize: ¥y ABHI K E
*pResult: & EWEHE

B
Jo

Ei N HIETPIE
BB — T 32 LR ES . AFORA LIS AR, 32 MLBmEsH 17.15 4. L nT DAL B BT
MREIE, At R, s, S tREs e w115 #maha.

9.3.3.4 csi_mean_q7

void csi_mean_g7 (g7_t *pSrc, uint32_t blockSize, g7_t *pResult)

BH:

*pSre: FgIa AL
blockSize: ¥y ABUHMKE
*pResult: R&[E - F-HE

B M
M
SO AT A

PRECSC BB 77— 32 (R gy BAZR N LT M, Rndsaoksale 25,7, (HULAT RAGR B PR A Y
ISR RE , AN . Bfs, S5 RBMR 1.7 #5:5X
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9.4 “FJiAI

94.1 FH%k

 csi_power_ini32 : 32 RrYEMUTAT TERIGTIr 2 R
 csi_power_f32 : TR AHRULP AT TEEI T
 csi_power_q31 : Q31 UL AT IEE 7
 csi_power_ql’s : QIS UL AT TLE T

« csi_power_q7 : QT BRI IER I T

9.4.2 TIZHW

TR AR TR AFJ5 Fil. o E906/E907 R S power_int32, FE3AHIR:

Result = pSrc[0] * pSrc[0] + pSrc[l] * pSrc[l] + pSrc[2] * pSrc[2] + ... +_
—pSrcl[blockSize-1] * pSrc[blockSize-11];

P RQ31, QLS. Q7 3SR TR R KL

94.3  PREW]

9.4.3.1 csi_power_int32

void csi_power_int32 (int32 *pSrc, uint32_t blockSize, g63_t *pResult)

4

*pSrc: 8 i A
blockSize: ¥y ABHMKE
*pResult: & E 1)

R
7o
Ei €N HIEFPIE
XA RE AR 32 CLBEAL, TCRPT R 64 AREL, AN T 64 RLRNAS . AHIMER SR,

G ERATE [0x0, Ox 7] 2 [, L, AR, SFEEEET.

9.4.3.2 csi_power_f32

void csi_power_f£f32 (float32_t *pSrc, uint32_t blockSize, float32_t *pResult)

bl
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*pSrc: FE A ASA
blockSize: ¥y ABHMK
*pResult: iR [\ F 5 Fl

R [BIE:

Ja

9.4.3.3 csi_power_q31

void csi_power_g31l (g31_t *pSrc, uint32_t blockSize, g31_t *pResult)

S
*pSrc: 7 ki AR
blockSize: ¥y ABHMKE
*pResult: & [EHF 5
ALY
I
A fgoRi: th AT A

BB T — N ER 64 fLRINgs. FAKUER R 131 M. IR AL AL 2.62 %30, AJEHEINTA
248 MR, SGRAE 16,48 A% Ry 64 LRI R UM 1S MRIP AL, FrOAR A7 i A 1]

I3 W] DAGRAT BT A A BRI G RIS L. B, IR IR 2 16.48 A% 3K

9.4.3.4 csi_power_ql5

void csi_power_gl5 (gl5_t *pSrc, uint32_t blockSize, gl5_t *pResult)

BH:

*pSrc: $§ M AR
blockSize: # ALK&
*pResult: kAP HI

IR [BIE:
Jo
GilgoRgE AT

PRECEBLA TSP 64 LL s . BABRZ RN 115 155 ralaRIA K 2.30 MUY 4E R, 4R
34.30 15X 64 (LRI RN BUNA 33 (CLORIAE, FTAAR A TR 0 U o (] 3 m] DAPRAT T 14 ]

FARLERIESE . e, R EIEER S 34.30 %K
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9.4.3.5 csi_power_q7

void csi_power_g7 (g7_t *pSrc, uint32_t blockSize, g7_t *pResult)

SEL:

*pSre: F A AZA
blockSize: ¥y ABHMK
*pResult: R[AIFTFF7HI

R [BIE:
J&
GilgARE AT

BRI BE T T — /N 32 (B . S ABURIR N 17 45k TR 2,14 Mok LE R, S5 ALAE
18.14 Fa kA0 64 (LB RN, DA 17 Goldhn, BTRAR S e i AR . RN T AR A v )
Teyk Lk AR RS, JEIZE AL 18.14 4.
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9.5 ¥Jjifl (RMS)

9.5.1 %
o csi_rms_f32 : JF R ITTE M AR
o csi_rms_g31 : Q31 FLHICE M TR
o csi_rms_ql5: Q15 B ICEMN TR
9.5.2 RIS

TR AR A LRI . BRI

Result = sqgrt (((pSrc[0] * pSrc[0] + pSrcl[l] * pSrc[l] + ... + pSrcl[blockSize-
—1] * pSrc[blockSize-1]) / blockSize));

IFL.Q31, QIS A HIFRHE T AR (¥ R 4K .

953 rREW]

9.5.3.1 csi_rms_f32

void csi_rms_£f32 (float32_t *pSrc, uint32_t blockSize, float32_t *pResult)

S

*pSrc: F8 AL
blockSize: ¥y ALY KT
*pResult: JR[E 3 AREE R

R [PIE:

Ta

9.5.3.2 csi_rms_q31

void csi_rms_g31 (float32_t *pSrc, uint32_t blockSize, float32_t *pResult)

BH:

*pSrc: TR AL
blockSize: ¥y ABHI K E
*pResult: JR[A Y AR, R

BRI
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7e
A ORI AT A

PRACEBLRE N T — AN ER 64 ALRMNgE. AR R 131 . IR AL 2.62 A% ai R, 4553
1 2.62 #5364 RER AR . A — DRI, B AT Z40 N AR SR BT Ik o PO IRE S
blockSize MINEHENL, I PATT 4] log2(blockSize) 74 ] PAGRUESAT U o ff, 2.62 #3078 311, K5

PRI A 1.15 AR 45

9.5.3.3 csi_rms_ql15

void csi_rms_qgl5 (float32_t *pSrc, uint32_t blockSize, float32_t *pResult)

BH:

*pSrc: FE A ASA
blockSize: ¥y ALK JE
*pResult: MR[E I REE R

R [BIE:
Jo
GilgoRE AT

PRBCEBLE I T — SR 64 RLR NG B AR 115 Mgk piE] Ry ng 2.30 AR U 2R, 492RAE
34.30 15 Xr 64 LR RN BUNA 33 CLORIAE, FTPAAR A TR A0 RS o [R] 3 m] DABRAT T A 4 v ]
TR RIOGIE . B, 34.30 UM R T 1S RLEMNT R 34.15, SRIGHRAIA AL 115 a2 .
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9.6 brifimZE
9.6.1 %L
o csi_std_f32 : T EBEHICE AR E (R 2
o csi_std_q31 : Q31 BH ICE bR 22
o csi_std_ql5 : Q15 BueH ICE bR 22

9.6.2 T 5w

TR A K TR B b i 2 6 O R N

Result = sqgrt ((sumOfSquares - sum2 / blockSize) / (blockSize - 1))

where, sumOfSquares = pSrc[0] * pSrc[0] + pSrc[l] * pSrc[l] + ... +_
—pSrc[blockSize-1] * pSrc[blockSize-1]

sum = pSrc[0] + pSrc[l] + pSrc[2] + ... + pSrc[blockSize-
‘>1]

R Q31, QLS KAy AR A ) R L

9.6.3 PRI

9.6.3.1 csi_std_f32

void csi_std_£32 (float32_t *pSrc, uint32_t blockSize, float32_t *pResult)

ZH:

*pSrc: ?E‘ﬁﬂﬁ)\ﬁéﬂ
blockSize: ¥y ALK JE
*pResult: & [\ FFRIERZE

IR [BIE:

P

9.6.3.2 csi_std_q31

void csi_std_g31 (float32_t *pSrc, uint32_t blockSize, float32_t *pResult)

B4
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*pSrc: FE A ASA
blockSize: ¥y ABHMK
*pResult: & B RFRIHERZE

R [BIE:
Jo
GilgoRgE i AT

PRBCEBLE I T — R 64 LR g BARIEZE SN LIVARL, RISRAL 8 (i, AR 1.23 4%, Hialsk
TR 246 M RSS2, 45RTE 18.46 155Uy 64 (LR MAS R M. FRAZIG, HIEPREZRE 18.46 #%3. &

Ja, 18.46 #3AFE 1S (7, SRIGHAIAE M 1.31 R4 2R

9.6.3.3 csi_std_q15

(float32_t *pSrc, uint32_t blockSize, float32_t *pResult)

void csi_std_glb

B

*pSrc: ?Ef"ﬂﬁ)\%ﬁliﬂ
blockSize: ¥y ALK JE
*pResult: & [EFFRIERZE

IR [BIE:
I

A ORI AT A
PRECSC I T — DR 64 AL Rt M ABIERTR N 115 M, Rk R 2.30 MU gir, 45049
34.30 15Xl 64 LRI RN BNA 33 (CLORIAE, FrAA A T 0 U o[]S m] DAGRAT T 114 v ]

FAREERMNGIE . )5, 34.30 A% ZFAK 1S AIRIET A 34.15, SRJEHURIA AL 1.15 R g
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9.7 JijE
9.7.1 Hi%

o csi_var_f32 : PEEEUHICE N T
o csi_var_g31 : Q31 BAH TR 2
o csi_var_ql5: Q15 BAHICEN 2
9.7.2  TRISBW]

WA AR CRA % . SRR

BRE HITEH

Result = (sumOfSquares - sum2 / blockSize) / (blockSize - 1)
where, sumOfSquares = pSrc[0] * pSrc[0] + pSrc[l] * pSrc[l] + ... +_
—pSrc[blockSize-1] * pSrc[blockSize-1]
sum = pSrc[0] + pSrc[l] + pSrc[2] +
1]

+ pSrc[blockSize—

NG, Q31 QLS 73 MR AN H] Y s AL

9.7.3 R

9.7.3.1 csi_var_f32

void csi_var_£f32 (float32_t *pSrc, uint32_t blockSize,

float32_t *pResult)

BH:

*pSrc: 15 W) ABL
blockSize: ¥y ALK JF
*pResult: iR [l {52

IR Il :

Ta

9.7.3.2 csi_var_qg31

void csi_var_g31 (float32_t *pSrc, uint32_t blockSize,

float32_t *pResult)

B
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*pSrc: FE A ASA
blockSize: ¥y ABHMK
*pResult: iR

R [BIE:
Jo
GilgoRgE i AT

PRBCEBLE I T — R 64 LR g BARIEZE SN LIVARL, RISRAL 8 (i, AR 1.23 4%, Hialsk
TR 246 M RSS2, 45RTE 18.46 155Uy 64 (LR MAS R M. FRAZIG, HIEPREZRE 18.46 #%3. &

Ja, 18.46 #3AFE 1S (7, SRIGHAIAE M 1.31 R4 2R

9.7.3.3 csi_var_ql5

(float32_t *pSrc, uint32_t blockSize, float32_t *pResult)

void csi_var_glb

B

*pSre: Fg I AZEH
blockSize: iy ABARY K E
*pResult: & [\H) )72

IR [BIE:
I

A ORI AT A
PRECSC I T — DR 64 AL Rt M ABIERTR N 115 M, Rk R 2.30 MU gir, 45049
34.30 15Xl 64 LRI RN BNA 33 (CLORIAE, FrAA A T 0 U o[]S m] DAGRAT T 114 v ]

FAREERMNGIE . )5, 34.30 A% ZFAK 1S AIRIET A 34.15, SRJEHURIA AL 1.15 R g
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10.1 g AL

10.1.1 %k

* csi_copy_f32 : SLHIF RUFEICE
* csi_copy_g31 : Bl Q31 [ ICHR
* csi_copy_ql5 : Bl Q5 HICHR
* csi_copy_q7 : &1l QT [ HILR

10.1.2 2y

BRI ] A A2 H A i

pDst [n] = pSrcln]; 0 <= n < blockSize.

HEFERL, Q31, QIS HI Q7 KB 7 AIHR A [l iy e 4o

10.1.3  eRZLisiW]

10.1.3.1 csi_copy_f32

void csi_copy_£32 (float32_t *pSrc,

float32_t *pDst, uint32_t blockSize)

BH:

*pSre: F A M &
*pDst: F§ Wt 2
blockSize: By A MBI ITTESZ

PN

¥

182




10.1.3.2 csi_copy_q31

B+E WBEH

void csi_copy_g31l (g31_t *pSrc, g31l_t *pDst,

uint32_t blockSize)

SEL:

*pSrc: 8 Al &
*pDst: $g F i H 1)
blockSize: fiy A &K ITTEHE

R [BIE:

Ja

10.1.3.3 csi_copy_q15

void csi_copy_gl5 (gl5_t *pSrc, gl5_t *pDst,

uint32_t blockSize)

BH:

*pSrc: Fi A A &
*pDst: fif [t 1]
blockSize: i Al TCR LR

RIA:

Ta

10.1.3.4 csi_copy_q7

void csi_copy_g7 (g7_t *pSrc, g7_t *pDst, uint32_t blockSize)

bl

*pSrc: F5 A M &
*pDst: ¥ FH e i
blockSize: My AN EWILELE

BRI

Ja
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10.2 jEisE

102.1 %k

csi_fill_f32: F&
o csi_fill_q31 : FE R Q31 [Hh:
e csi fill_ gl5: 5
o csi_fill_q7 @ I RIETE QT MjH v

10.2.2 2y

JA—AHEAEIRE H A

B+E WBEH

pDst[n] = value; 0 <= n < blockSize.

A, Q31, QLS A QT Kl I R HEA ] ) R %K

10.2.3  pRZLim]

10.2.3.1 csi_fill_f32

void csi_fill_f32 (float32_t value, float32_t *pDst, uint32_t blockSize)

SH:

value: ASREFEHIME
*pDst: ¥ mHi i e i
blockSize: it = TR L=

BRI

Ta

10.2.3.2 csi_fill_q31

void csi_fill_g31 (g31_t wvalue, g31_t *pDst, uint32_t blockSize)

BH:

value: fSREFEHIE
*pDst: ¥ mHi i 1A i
blockSize: it n =M TR L=

R

Ta
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10.2.3.3 csi_fill_q15

B+E WBEH

void csi_fill _gl15 (gl5_t value, glb5_t *pDst,

uint32_t blockSize)

SEL:

value: JISREFERIHE
*pDst: F5 4 i &
blockSize: fii [ B ITTHEE

R [BIE:

Ja

10.2.3.4 csi_fill_q7

void csi_fill_g7 (g7_t value, g7_t *pDst, uint32_t blockSize)

BH:

value: ASREFTEHIHE
*pDst: $§ 4 H [n) &
blockSize: i MR ITHEE

RIA:

Ta
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10.3  FeHriF sl s

1031 %k
o csi_floar_to_ql5 - 5 ARIRLITERFERE) Q1S it
o csi_floar_to_q31 : KT IR E Q31 kit
« csi_floar_to_q7 - AT AR TTRE] Q7 it

10.3.2 %L

10.3.2.1 csi_float_to_ql15

void csi_float_to_gl5 (float32_t *pSrc, glb_t *pDst, uint32_t blockSize)

BH:

*pSre: FRIAHARY i
*pDst: fif [ i Y i)
blockSize: fij A& TCR LR

R [BIE:
Jo
I

R 2 202

pDst [n] = (gl5_t) (pSrc[n] * 32768); 0 <= n < blockSize.

A ORI ISR A 7 A :
PRECBE MR RE. SRR QLS AYEH [0x8000 OX7FFF] &4 ifuAl

10.3.2.2 csi_float_to_q31

void csi_float_to_qg31 (float32_t *pSrc, g31_t *pDst, uint32_t blockSize)

BH:

*pSrc: F& AN ) &
*pDst: 35 [a) 5 H ) ) &
blockSize: fij A EHICEHE

R
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Jo
R BL:

Fepad R 2 2R

WBE R

pDst [n] = (g31_t) (pSrcln] * 2147483648); 0 <= n < blockSize.

iy @ M SRR
PR AN RE. SRR Q31 iy f KL [0x80000000 Ox7FFFFFEF] I £ 45 (A1l

10.3.2.3 csi_float_to_q7

void csi_float_to_qg7 (float32_t *pSrc, g7_t *pDst, uint32_t blockSize)

BH:

*pSrc: F& AN ) &
*pDst: 15[ 5 Hi ) 1) &
blockSize: fij A EHITCEHE

BRI
I
T B :

AL B 22 LI

pDst[n] = (g7_t) (pSrc[n] * 128); 0 <= n < blockSize.

A ORI IR R A 7 A :
PRABE A A, SR AR Q31 Ay KL [0x80 Ox7F] I S fu .
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104 G4 Q1S Ifi

1041 F%
o csi_ql5_to_float : $E4R Q15 [ R FTF 5 1A &=
o csi_ql5_to_q31 : FEH: Q15 [A L E S Q31 A&
e csi_ql5_to_q7 : ¥ Q15 [ IR Q7 ME
1042 FEEM

10.4.2.1 csi_ql15_to_float

void csi_qgl5_to_float (gl5_t *pSrc, float32_t *pDst, uint32_t blockSize)

BH:

*pSre: FRIAHARY i
*pDst: fif [ i Y i)
blockSize: fij A& TCR LR

R [BIE:
Jo
I

e ad R Ry 2 2R

pDst [n] = (float32_t) pSrc[n] / 32768; 0 <= n < blockSize.

10.4.2.2 csi_ql15_to_q31

void csi_gl5_to_g31 (gl5_t *pSrc, g31_t *pDst, uint32_t blockSize)

BH:

*pSrc: F5 5 A R 7] &
*pDst: ¥ % A
blockSize: #y AW EMWILELE

BRI
Jo

RN
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pDst[n] = (g31_t) pSrc[n] << 16; 0 <= n < blockSize.

10.4.2.3 csi_ql5_to_q7

B+E WBEH

void csi_qgl5_to_g7 (gl5_t *pSrc, g7_t *pDst, uint32_t blockSize)

SHL:

*pSrc: fg AR A&
*pDst: ¥ Wi 1) &
blockSize: By A MBI ITTESH

R [BIE:
J
SRR

e ad Ry 2~ 2R

pDst [n] = (g7_t) pSrcn] >> 8; 0 <= n < blockSize.
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10.5 345 Q31 [fi

1051 i
o csi_q31_to_float : %3 Q31 [H R ICE BTF S 0 &=
o csi_g31_to_ql5 : FEH: Q31 [A LR S| Q15 A&
e csi_g31_to_q7 : ¥ Q31 [ IcE S| Q7 ME
10.5.2 pR&Liey

10.5.2.1 csi_q31_to_float

void csi_qg31_to_float (g31_t *pSrc, float32_t *pDst, uint32_t blockSize)

BH:

*pSre: FRIAHARY i
*pDst: fif [ i Y i)
blockSize: fij A& TCR LR

R [BIE:
Jo
I

e ad R Ry 2 2R

pDst [n] = (float32_t) pSrc[n] / 2147483648; 0 <= n < blockSize.

10.5.2.2 csi_q31_to_ql5

void csi_g31_to_gl5 (g31_t *pSrc, gl5_t *pDst, uint32_t blockSize)

BH:

*pSrc: F5 5 A R 7] &
*pDst: ¥ % A
blockSize: #y AW EMWILELE

BRI
Jo

RN
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S USUREHIDAW I

pDst[n] = (gl5_t) pSrc[n] >> 16; 0 <= n < blockSize.

10.5.2.3 c¢si_q31_to_q7

void csi_g31_to_g7 (g31_t *pSrc, g7_t *pDst, uint32_t blockSize)

SHL:

*pSrc: fg AR A&
*pDst: ¥ Wi 1) &
blockSize: By A MBI ITTESH

R [BIE:

Je

TRIZEBL]:

e ad Ry 2~ 2R

pDst [n] = (g7_t) pSrcln] >> 24; 0 <= n < blockSize.
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10.6  #:45t Q7 fiL

10.6.1 E%

o csi_q7_to_float : %4k Q7 [MEICE B F E I =
o csi_q7_to_ql5 : ¥ QT Mg TR E| Q15 [
e csi_q7_to_q31 : ¥ Q7 mEICE F| Q31 &

10.6.2  pRZLiEW]

10.6.2.1 csi_q7_to_float

void csi_g7_to_float (g7_t *pSrc, float32_t *pDst, uint32_t blockSize)

BH:

*pSre: FRIAHARY i
*pDst: fif [ i Y i)
blockSize: fij A& TCR LR

R [BIE:
Jo
I

e ad R Ry 2 2R

pDst [n] = (float32_t) pSrc[n] / 128; 0 <= n < blockSize.

10.6.2.2 csi_q7_to_ql5

void csi_g7_to_qgl5 (g7_t *pSrc, gl5_t *pDst, uint32_t blockSize)

BH:

*pSrc: F5 5 A R 7] &
*pDst: ¥ % A
blockSize: #y AW EMWILELE

BRI
Jo

RN
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S USUREHIDAW I

pDst[n] = (gl5_t) pSrc[n] << 8; 0 <= n < blockSize.

10.6.2.3 csi_q7_to_q31

void csi_qg7_to_qg31 (g7_t *pSrc, g3l_t *pDst, uint32_t blockSize)

SHL:

*pSrc: fg AR A&
*pDst: ¥ Wi 1) &
blockSize: By A MBI ITTESH

R [BIE:

Je

TRIZEBL]:

e ad Ry 2~ 2R

pDst [n] = (g31_t) pSrc[n] << 24; 0 <= n < blockSize.
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11.1 5% FFT g%

111 %k

"
"
"

o csi_cfft_f32: TR S FFT Ab3E R
e csi_cfft_ql5: Q15 &% FFT AL PR
e csi_cfft_q31: Q31 2% FFT A3 g

11.1.2 w2y

PR B AL e (FFT) f2— s U L2 (DFT) YPRERE. FFT W DFT SR LR, Froleat
BRI PSR R ER @A B R B, 3 A — AR A T TR B S 7 81

NP, QIS Q31 Zp BF it T A H 5k

FFT s it e . e il PRAFS A RS i) B i M AR BRAEXT ISR . S AR R 280, IF
HALHE 24 fftlen DMACHERECHE , WK

{real[0], imag[0], realll], imag[l],..}

FFT Rt 2 WS a8, 7+ HAUSE B A —FRr S8 750,
TR

P SLHCFFT ()RR AR . £ radix-8 S HRIRBLNY radin-2 80 radix-4 AP RAE . FEY
FHCE [16, 32, 64, -+, 40961, H HLAGFI 43 S AR IR et R 12

BRBCOE T R FFT X, 2430 s e b, 6 (BT B I fitLen, 30784 35— N4 1/fftLen
PERTHRE—FB 4, X ERECRHT P FFT & SUMIFF

T la AL BRSSP AL T e R TR B 32, #1E XAE csi_const_structs.h. W] DAYR A bR 250 T 09 & X3k
A, SRIRREHAE R B e esi_cffe_£32. -

csi_cfft_f£f32(csi_cfft_sR_f32_len64, pSrc, 1, 1)

T LR TR 64 RIS EGY FFT. MURESMBIIER &, Aoreit B ol M r B ai i m]
PMEZ AN IR A P B A ]

JE S0 R A AR 43 A P s BRI T radix-2 Fl radix-4 B35 . XS pRBIIAEARHEREM T o BT R BRI 3
e, WM.
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MR R — DR esi_cfft_£32 pREUHR SR 1G] :

const static csi_cfft_instance_£f32 *S;

switch (length) {

case 16:
S = &csi_cfft_sR _f32_lenlé6;
break;

case 32:
S = &csi_cfft_sR _f32_1len32;
break;

case 64:
S = &csi_cfft_sR _f32_len64;
break;

case 128:
S = &csi_cfft_sR_f32_ 1enl28;
break;

case 256:
S = &csi_cfft_sR_f32_1len256;
break;

case 512:
S = &csi_cfft_sR_f32_lenb512;
break;

case 1024:
S = &csi_cfft_sR_f32_1enl024;
break;

case 2048:
S = &csi_cfft_sR_f32_1en2048;
break;

case 4096:
S = &csi_cfft_sR_f32_1en4096;

break;

Q15 1 Q31

TESEBFFT (TR & REIE. 24 radix-4 S IERIBAA radix-2 B IF—BAEE . B HFHRE (16,32
64, -+, 4096] , I HA AR SR AL TERE IR 132 .

BRI T AR FFT 5@ 30, Y47 RIE A8 e iy e, % iR RIS flen o W2 46 T — 41K
UfftLen EAH 5, XERFCRHH A9 FFT & SR

SRR B SRS TR ORI 2R, 8 SUAES SO esi_const_structs.h. TT RAYRI e A5 LT A2 1
XA, ARG HAE IS E L4 csi_cfft_q31. -

csi_cfft_g31(csi_cfft_sR_g31_len64, pSrc, 1, 1)

e MUE T 64 YR RGN FFT, BnsSagiifE s, Aol Bics . M rgdhsgs
H AT ATEZ AN IE WA S B A2 (0T

Ft—5 THEH
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e ) 50 B AT 45 o A KRB T radine2 0 radin-d BE% . SESCoR BOAE R MR . 27 oA
Pe, BEE.
R 2 AW csi_cfft_q31 SR RLIY 701

const static csi_cfft_instance_g31l *S;

switch (length) {

case 16:
S = &csi_cfft_sR_g31_lenlo;
break;

case 32:
S = &csi_cfft_sR_g31_len32;
break;

case 64:
S = &csi_cfft_sR_g31_len64;
break;

case 128:
S = &csi_cfft_sR_g31_1l1lenl28;
break;

case 256:
S = &csi_cfft_sR_g31_len256;
break;

case 512:
S = &csi_cfft_sR _g31_lenbl12;
break;

case 1024:
S = &csi_cfft_sR_g31_lenl024;
break;

case 2048:
S = &csi_cfft_sR_g31_len2048;
break;

case 4096:
S = &csi_cfft_sR_g31_1en4096;

break;

11.1.3  eRZLisi]

11.1.3.1 csi_cfft_f32

void csi_cfft_f32 (const csi_cfft_instance_f£f32 *S, float32_t *pl, uint8_t ifftFlag,.
—uint8_t bitReverseFlag)

BH:

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 196




@ F4F E+— TREH

*S: #5415 CFFT 4544 {521

*pli fRIEEEIRGAF, K/NE 2*fftlen. J5THIAL Y

ifftFlag: WHEZIEN (ifftFlag=0) if /¥ (ifftFlag=1) A& He bR L

bitReverseFlag: BB K FI%E (bitReverseFlag=1) 5§ & A F%% (bitReverseFlag=0) fHRE 7

IR [BIE:

Te

11.1.3.2  csi_cfft_ql15

void csi_cfft_gl5 (const csi_cfft_instance_gl5 *S, gl5_t *pl, uint8_t ifftFlag, uint8_
—t bitReverseFlag)

BH:

*S: 41 CFFT 454 {4 524

*pl: R EEIRZEAE, K/ e 2 fitlen. AL

ifftFlag: WHEZIEN (ifftFlag=0) ifigi¥i[n (ifftFlag=1) Z& i bp L

bitReverseFlag: &M LA EI%E (bitReverseFlag=1) B\ & A~ El#% (bitReverseFlag=0) 557

IR [BIE:

Ja

11.1.3.3 csi_cfft_q31

void csi_cfft_g31 (const csi_cfft_instance_g31 *S, g31_t *pl, uint8_t ifftFlag, uint8_
—t bitReverseFlag)

BH:

*S: 4] CFFT £ {45245

*pl: R EEIRZEAE, K/e 2 fftlen. AL

ifftFlag: WHEZIEN (ifftFlag=0) ifgi¥[q (ifftFlag=1) 21 bpi iz

bitReverseFlag: W& # 1 (7Fl%E (bitReverseFlag=1) B\ & A HI% (bitReverseFlag=0) {47757

BRBIME:

Ta
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112 925 FFT s

11.2.1 %k

o csi_rfft_fast f32 3% B0 FET AT R 4L

o csi_rfft_ql5: Q15 S2%k FFT 4b R4k

o csi_rfft_g31 : Q31 5%k FFT 4 ¥k %k

o csi_rfft_fast_init_f32 : 3% 55EL FFT HIA6AL R 4L
e csi_rfft_init_gl5 : Q15 REFT/RIFFT )41k o %k

o csi_rfft_init_q31 : Q31 RFFT/RIFFT #J {54k K%K

11.2.2 Wil

CSIDSP J ki S BCie e 51 4 FFT S8 4RI A . FFT (5 SCRLEE T 8080, (HRRZ B
ASURTHL. SR FFT B XFRER AL, MR T A RO A %5 -

PR RFFT SR 400K FR & 56K CFFT, (HR2H/D 7Titi.

KEEN N (9 IE f S8 FFT FRail i S a2 3R -

RFFT
Input . Crutput
CFET N2 - Split RFFT

process

Pl L1 1 Sk fe HL A 4k

SHUTHIRIIR G, B CFFT [E $Ub I —FE. 2 )5, — MCHEBIRE s g, PRI Bomism —
oo BT HAREAECSE TP SEE XT0] A XIN/2], HABFTA B AR R R W AE L, SN
FEA AL T AN A

i REFT {5 A B 1Z R FFFTIE 0] REFT S5 R R A%, 5520 Ab 2P 3R 300 CFFT WAL ¥R .

RIFFT
Input . Crutput
Split RIFFT ol CIFFT N
process

1120 SRt ] s {5 LA 4
FEA, QIS A Q31 MBIAMCA AR, FAMRUHRIASATE
TR

F B REE osi_rfft_fast_32() F1 csi_rfft_fast_init_32().
—A~ N-s5 741 FET ZESUS2 BRI ARIN . BRI S — 2P S TR B0 58— n) Jh4e:

Copyright © 2021 T-HEAD Semiconductor Co.,Ltd. All rights reserved. 198



Ft—5 THEH

*X[0] - real data

*X[1] - complex data

*X[2] - complex data

*..

*X[fftLen/2-1] - complex data

*X[fftLen/2] - real data

*X[fftLen/2+1] - conjugate of X[fftLen/2-1]
*X[fftLen/2+2] - conjugate of X[fftLen/2-2]
*...

*X[fftLen-1] - conjugate of X[1]

X LR, AT PAGE 98 FFT 2

*N/2+1 samples:

*X[0] - real data

*X[1] - complex data

*X[2] - complex data

*...

*X[fftLen/2-1] - complex data
*X[fftLen/2] - real data

W4, SR AR RS, TN RIETE. B, FATATARE N S8y 20R (N/2+1)

SR

*X[0] - complex data, its image part is zero.
*X[1] - complex data

*X[2] - complex data

*

*X[fftLen/2-1]
*X[fftLen/2]

- complex data

- complex data, its image part is zero.

SR FFT eR RO 6 3 X oy 2o TE [ AZ 4 AT RO 2t e, 396 1) A 0T S ey i A ot
XA RIS T EAC PRI RIS, A S AR BB IR . eRBIEY [32, 64, 128, --,8192]

KEZHREAR.

TF [ M [ SEEC FRT pR SO ARHE FFT; IF [ A8 AT SR, 00 AR e 4i ik 1/TLlen .

Q15 f1 Q31

SRR 7 208 SRR, FFHIVAT (N2+1) SR
SRR e AR 4R 1E s A L IR AECSE T 1/ (fftLen/2).
A I AR S RSB, (R N T M LR R T A

L DIEN

REFT s PR R GEH J7 50, HER 7 TR L X W eR A, AT DA AR . IXREAL, BEWT A
T NAFRI B, BT ARG T 2K
T35 VTG EAE G HUR AR R ORI A6 AL R . RIAR L R BAL B ) A
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© BE NIRRT BE.

© VIR Y TR B R R

* WAL RIS KL FRT Hdingity.
PR AR 2R, AR, R R M SR SO C e Faiiah (e lr 7, W7 vk i 2
PRI IR A R T RO AR A . IR WRN T SEAR AT A, (R HEREG T 55— Fh o SR SC Bt Zan ~ 520
Ttht:

*csi_rfft_instance_qg31 S = {fftLenReal, fftLenBy2, ifftFlagR, .
—bitReverseFlagR, twidCoefRModifier, pTwiddleAReal, pCfft};
*csi_rfft_instance_qgl5 S = {fftLenReal, fftLenBy2, ifftFlagR, .

—bitReverseFlagR, twidCoefRModifier, pTwiddleAReal, pCfft};

Horp fitLenReal Jg SEHUAE M1 2 itLenBy2 S H A R K. ifftFlagR BEHEIE ) (=0) B (=1) A8
ft. bitReverseFlagR PEE4 (7 H1 % (=0) B it IEF T (=1). twidCoefRModifier figf [N 1 (2 77 .
XAMEET FFT KJ¥; pTwiddleAReal il fighs 240 A $4l; pCfit #7117 CFFT Z5# {56, CFFT 45K {4t
WARERIGACS RS AR SLBIRIR AR S csi_cfft_radixd_£32()

11.2.3  pRZLim

11.2.3.1 csi_rfft_fast_f32

void csi_rfft_fast_£32 (csi_rfft_fast_instance_£f32 *S, float32_t *p, float32_t *plOut, .
—uint8_t ifftFlag)

BH:

*s: {1 RFFT 4514k

*pr i A KE

*pout: fi [l &

ifftFlag: RFFT QIERARENLE 0, RIFFT QIERARE L 1

R [BIE:
Jo
HerE il i K

BRI, AT

csi_rfft_fast_f32(&csi_rfft_sR_f32_len32, pSrc, pDst, ifftFlag);
csi_rfft_fast_£32(&csi_rfft_sR_f32_len64, pSrc, pDst, ifftFlag);

csi_rfft_fast_f32(&csi_rfft_sR_f32_1en4096, pSrc, pDst, ifftFlag);
csi_rfft_fast_£32(&csi_rfft_sR_f32_1en8192, pSrc, pDst, ifftFlag);
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11.2.3.2 csi_rfft_ql15

void csi_rfft_gl5 (const csi_rfft_instance_gl5 *S, gl5_t *pSrc, gl5_t *pDst)

SEL:

*s: {1 —4> REFT £t {k
*p: FR I AKLE
*pout: i [l At

R [BIE:
J&
HerE il m i X

BRI, AT

csi_rfft_glS5(&csi_rfft_sR_gl5_len32, pSrc, pDst);
csi_rfft_glS5(&csi_rfft_sR gl5_len64, pSrc, pDst);

csi_rfft_glS5(&csi_rfft_sR_gl5_1en4096, pSrc, pDst);
csi_rfft_gl5(&csi_rfft_sR gl5_l1len8192, pSrc, pDst);

AR R X

T IRI TR A/ 2, AR 1E CFFT/CIFFT AR BRI . PRI, N IRl REFT KNk A% =R TR . A
Al K/ REFT g AR S, FRP 51T RFFT Ml RIFFT (450 i 4L :

RFFT K/ | SIAEX | fH#EsC | m By
32 1.15 5.11 4

64 1.15 6.10 5

128 1.15 7.9 6

256 1.15 8.8 7

512 1.15 9.7 8

1024 1.15 10.6 9

2048 1.15 11.5 10

4096 1.15 12.4 11

8192 1.15 133 12
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RIFFT K/ | AR | g | @ BB
32 1.15 5.11 0
64 1.15 6.10 0
128 115 7.9 0
256 1.15 8.8 0
512 115 9.7 0
1024 115 10.6 0
2048 115 115 0
4096 115 12.4 0
8192 1.15 133 0

11.2.3.3 csi_rfft_q31

void csi_rfft_g31 (const csi_rfft_instance_g31 *S,

g3l_t *pSrc,

g31l_t *pDst)

BH:

*S: 4[] —4> REFT £5#3 {4
*p: FR A H AL
*pout: i ) i t it

BRI
Jo
Hetr il i X

XA R EE, AR

csi_rfft_g3l(&csi_rfft_sR _g31_len32,
csi_rfft_g3l(&csi_rfft_sR_g31_len64,

csi_rfft_g3l(&csi_rfft_sR_g31_1len4096,
csi_rfft_g31l(&csi_rfft_sR_g31_1en8192,

pSrc,
pSrc,

pDst) ;
pDst);

pSrc, pDst);

pSrc, pDst);

i AR LR X

PRI AT AR/ 2, AR 1E CFFT/CIFFT ARBE A . PRI, IRl REFT KNk A% AR TR . A
[F] KN REFT g AR A4, "FP 51T RFFT fil RIFFT (40 (i 4L :
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RFFT K/ | NS | FiHaEs | @ ESRRAGE
32 1.31 5.27 4

64 1.31 6.26 5

128 1.31 7.25 6

256 1.31 8.24 7

512 1.31 9.23 8

1024 1.31 10.22 9

2048 1.31 11.21 10

4096 1.31 12.20 11

8192 1.31 13.19 12

RIFFT K/ | NS | FiHags | @ BRI
32 1.31 5.27 0

64 1.31 6.26 0

128 1.31 7.25 0

256 1.31 8.24 0

512 1.31 9.23 0

1024 1.31 10.22 0

2048 1.31 11.21 0

4096 1.31 12.20 0

8192 1.31 13.19 0

11.2.3.4 csi_rfft_fast_init_f32

Ft—5 THEH

csi_status csi_rfft_fast_init_£32

(csi_rfft_fast_instance_£f32 *S,

uintl6_t fftLen)

BH:

*s: fg i —> REFT Z54 {4

fftLen: SEEFHRIKE

IR Il :

WG Ak BT, WA Bl CSKY_MATH_SUCCESS

CSKY_MATH_ARGUMENT_ERROR

) SEE:

) ﬁ” % fitLen

AN ORI MR, AR (]

ZH fTtlen $4T RFFT/CIFFT ALK . FFT SC3FAK B2 32, 64, 128, 256, 512, 1024, 2048, 4096.
AR AT IR AL HERS Rl TR T BN (B e R M $5 4T
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11.2.3.5 csi_rfft_init_ql15

csi_status csi_rfft_init_gl5 (csi_rfft_instance_gl5 *S, uint32_t fftLenReal, uint32_t.
—~ifftFlagR, uint32_t bitReverseFlag)

BH:

*S: F5 11—~ REFT 4t {4

fftLenReal: FFT K&

ifftFlagR: ARG IEEEIE [ (ifftFlagR=0) & 3% 3¥i i (ifftFlagR=1) A5k

bitReverseFlag: FRiRfLesh i AL FH4% (bitReverseFlag=1) BU# A% (bitReverseFlag=0)

R [BIE e

PG A Zy, D) eR KR 18] CSKY_MATH_SUCCESS , 4R fitLenReal A2 SCHFAY R, MR (o]
CSKY_MATH_ARGUMENT_ERROR,

a2

Z4) fitLenReal 455 RFFT/RIFFT AbFHEKBE. 5 FFT KB4 32, 64, 128, 256, 512, 1024, 2048, 4096,
8192.

SR ifftFlagR 35 1E [ 50 1 B35 388 (=1) ifftFlagR 1155 RIFFT, 15 0314 RFFT.

Z4J bitReverseFlag 44 il 4 1 /& 1E 4 U7 5l & (LB Y . L (=1) bitReverseFlag , #i il 2 IR IWUF, 50,
fiy H R UL T R DU

BB A IR IERE R T3

1K
TAG AL BREHERA AN BT, W] DABE T =Sl s PR A S5 44 1A S 918 B2 8] ) PR esi_rfft_q150).

11.2.3.6 csi_rfft_init_q31

csi_status csi_rfft_init_g31 (csi_rfft_instance_g31 *S, uint32_t fftLenReal, uint32_t.
—~ifftFlagR, uint32_t bitReverseFlag)

SH:

*s: fg 1 —> REFT Z54 4

fftLenReal: FFT K &

ifftFlagR: bR HERRIE [ (ifftFlagR=0) 5 # i [f] (ifftFlagR=1) 75 ffi

bitReverseFlag: hRi (e h (%% (bitReverseFlag=1) Bl & RHiF4 (bitReverseFlag=0)

R [BIE:

Pl 4E AL ), WG ] CSKY_MATH_SUCCESS, 4%t  fftLenReal ) 1 B2 A S RF 19 fEL, WK []
CSKY_MATH_ARGUMENT_ERROR
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L

S fTtLenReal $1/7 RFFT/RIFFT AhBERGKBE. S 3En FET K EEAG 32, 64, 128, 256, 512, 1024, 2048, 4096,
8192.

SR fftFlagR $4 I3 1E [ 8k W A8 e . % (=1) ifftFlagR W14 RIFFT, 75 W3 144 RFFT .

Z4)( bitReverseFlag 2 il 4 42 1 WUT 808 CLEIAE 0T . 52 (=1) bitReverseFlag W4 i 2 IE# T, 500
o R SRS T .

PRECB AT R L ERS R 73

TR

TIURAC R BHER AN LG, AT A TSl i (A 25K (AR S5k B4 8 P R KK esi_rfft_q310).
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11.3 DCTIV %%k

11.3.1 g%k

o csi_dctd_f32 : 3% 55 DCT4/IDCT4 f-BH R
o csi_dctd_ql5 : Q15 DCTA/IDCT4 Ab Bk 5K
o csi_dctd_g31 : Q31 DCT4/IDCT4 Ab 3 R %K
o csi_detd_init_f32 : 3 15 DCT4/IDCT4 Y) bk R %k
%

o csi_dctd_init_gl5 : Q15 DCT4/IDCT4 ¥JtA 4k ek
e csi_dctd_init_g31 : Q31 DCT4/IDCT4 ¥JtA 4k eR %k

11.3.2 w2l

BRI 2840 (DCT) ] AR AN Hh B S A e el IS A i i o VR T DA B/ M BUEDOR 2 R
5, AELFRRIAGH R . PR 2 B E R S R ISR P . DCT 51 (DCT 2L 12,3.4) 24
CIFRZRFRI AR R . DCT R H (R RER MR, FE e Ae e 4 T «
DCT A% A4 5 5 R B MU LMt (DFT). 45 ABCIAY T 1 AR H5E DCT Ak it
B AN DFT, DLR R ARIE . DRI PR PE R T DA B DFT 33— o A
DCT &y,
DCT2 AL T LA e (s At (FFT) S8, 1 F AR 2940, PRI AT A G T 92 FFT 55
Y. DCT4 9B T DCT2, A SBUARMIL, H2E T —LE BB AL, DCT2 5Bl
DA A T2

RN

* $F5H FFT

« BCEFTAITH FET fith, I AP IRIG95
45 1 DCT4 AbJEIT DA AT HE P

e e e e e mamam e mmem e mmemame mmmmmmame s mmme—. e e ——————

DCT- 2
h 1 DCT4
Input : : Output
npu . : Re-ardering . ! Fost
—+=— Pre processing - F— Real FFT Fe— Multiplier v . ——
i Input H processing

Bl 11.3: YRR Z A - IV 1Y

ik

N-5 IV B DCT A3 & RS it e
LY\ m
Xe(k ‘1|" E |
(k)= z{n) cos [( )( +2)Nl
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Hn=0,12,.N-1

Ft—5 THEH

DCT4 @I VA sqrt (2/N) FEEEHIE 8534 (e ). 28l fri s m T
TE T A S A TS A DR A R Y . ERE, DCT4 filidi DCT4 p e BUR AR, AUk, e AR

HAT A AL P e

Rt S Hr I

HiT DCT4 AR S8 FET, & SCRPITA esirfft_fast_£320 SCRFIIIE. S Q1S, Q31 AIE s AR ME TR

[F] (Y R

gE s

SCHCFET A1 FFT 1566, AL ERANERE 1 R ATAE— DR A i Sl b R Nl e S —
B ARG R LB R SRR 3 RECE SR AR TR R A S A RSB

LD EMW

1 REFT e 8Rfel, DCT4 s St PR R AT 73, e TR R O B R B, AN R I w0 B Ak
PR XRRML, BERT DAY AP, il T ARG B 55
B R DRt G O IR VSR EIVATO TR SR ek G ) el sk A € LS S N E A (o

o BCENERGE I A B

o WIHALSEFFT 42y DCT4 NERGE A A AL e 4, PR )2 csi_rfft_fast_init_f32().
KPR A BRI, AFRZ, MRS A RSB C 2 T Ahia s 7, 5K
PRI AR R RBCIEA TR0 AR A . IR PRI IAAR AT A, (R R 55— Falibitn e st ik s iin

e

—pCEfft};

pCEft};

*csi_dctd_instance_£f32 S

*csi_dct4_instance_g31l S

{N, Nby2, normalize, pTwiddle, pCosFactor, pRfft,.

{N, Nby2, normalize, pTwiddle, pCosFactor, pRfft,.

*csi_dct4_instance_qgl5 S = {N, Nby2, normalize, pTwiddle, pCosFactor, pRfft, .

For N J& DCT4 (9K Ji; Nby2 2 DCT4 K JEf)—2F; normalize S (1A IA—L I 1, HF HAHSET sqri(2/N);
pTwiddle 4[] fig % X -1-2; pCosFactor 4[] 4x 7% [H 12 pRfft 4 [l Se 4 FFT s24i; pCft 4517 5 4 FFT 556;
CFFT fil RFFT 5t (A TG 2piiitnte, A OLS% TT9I ALY csi_rft_fast_f320).

ERAT R

B 5 DCTA Felfe i BTG 2R T . Rl 2% )8, AR e B0 B 9 SR i th AN AnA T . Rk
AR KRS B SO B
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11.3.3 %]

11.3.3.1 csi_dct4_f32

void csi_dctd4_£32 (const csi_dct4_instance_£32 *3, float32_t *pState, float32_t.

—*pInlineBuffer)

BH:

*S: § 1] DCT/IDCT4 Z#4 & 5 fl
*pState: FRMPREEH
*pInlineBuffer: $§ [ AR H Bl

B
Je

L5 X
PR, HIEmT:

csi_dctd4_f£f32(&csi_dct4_sR_£f32_lenl28, pState, pSrc);
csi_dct4_£f32(&csi_dct4_sR_f32_1lenb512, pState, pSrc);
csi_dct4d_f32(&csi_dct4_sR_f32_1en2048, pState, pSrc);

csi_dctd4_f£f32(&csi_dct4_sR_£f32_1en8192, pState, pSrc);

11.3.3.2 csi_dctd_ql15

void csi_dctd4_gl5 (const csi_dct4_instance_gl5 *S, gl5_t *pState, gl5_t.

—*pInlineBuffer)

B

*S: 48[ DCT/IDCT4 455 {4 5L 15
*pState: FEAPIRSELH
*pInlineBuffer: ¥ A%y AR $ 5

B i :
Je

L5
B, HIEmT:
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csi_dctd4_gl5(&csi_dct4_sR_gl5_lenl28, pState, pSrc);

(
csi_dctd4_glS5(&csi_dct4_sR_gl5_len512, pState, pSrc);
csi_dctd4_gl5(&csi_dct4_sR_gl5_len2048, pState, pSrc);
(

csi_dct4_qgl5(&csi_dct4_sR_gl5_1en8192, pState, pSrc);

i AR R

i NFEARTTEZG/IN 1 ARG IETE Q15 DCT AR AT, REFT Ab2H pr £ A Elki A B AR 1R
AN AL, HOBT 2SR/ ANTF] DCT RN A ks AN Lo, Gl R B A TR

DCT X/ | AR | g | @ LRI
8192 1.15 133 12

2048 1.15 11.5 10

512 1.15 9.7

128 1.15 7.9 6

11.3.3.3 csi_dctd_q31

void csi_dctd4_g31l (const csi_dct4_instance_g31 *S, g31_t *pState, g31l_t.
—*pInlineBuffer)

BH:

*S: 47 18] DCT/IDCT4 4544 (K50
*pstate: fRIPRSEA
*pInlineBuffer: $§[n)4 AR HHdE

B
Je

L5
FOMARAREE, HIEWT:

csi_dctd4_g31(&csi_dct4_sR_g31_lenl28, pState, pSrc);
csi_dct4_g31(&csi_dct4_sR_g31_lenb512, pState, pSrc);
csi_dct4_g31(&csi_dct4_sR_g31_1en2048, pState, pSrc);

(

csi_dctd4_g31(&csi_dct4_sR_g31_1en8192, pState, pSrc);

i AR R X

i NFEAT 45/ 1AM PT 1EAE Q31 DCT ARF L. [A M DCT2 #4625 DCT4 3 ) 3| — ik . RFFT
AP RS YR A B ARIT 3 o AR, HOBIT AR R/ AR DCT RN R A A%
W I VASOR 6 O 1)) QAR & d Sl A
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DCT X/ | A | g | @ BRI
8192 230 14.18 13

2048 230 12.20 11

512 230 10.22 9

128 230 8.24 7

11.3.3.4 csi_dct4_init_f32

csi_status csi_dct4_init_f£f32 (csi_dctd4_instance_f£f32 *S, csi_rfft_fast_instance_f32 *S_
—RFFT, csi_cfft_radix4_instance_f£f32 *S_CFFT, uintl6_t N, uintlé_t Nby2, float32_t.

—normalize)

BH:

*S: &[] DCT4/IDCT4 ik A 524
*S_RFFT: $&[i) REFT/RIFFT %54 {4 S 4]
*S_CFFT: $§[1] CFFT/CIFFT %544 {4 3 14
N: DCT4 & &

Nby2: DCT4 K FE I —2f
normalize: IH—{kLH T

R [BIE:

csi_status HISEHTRALILT), MIEHCE Il CSKY_MATH_SUCCESS , 113 fitLenReal S RS A8 ek e, 1)
i& 7] CSKY_MATH_ARGUMENT_ERROR

H—1E P 1
IH—4R R T4 sqre(2/N), 4 T4 /N N T EIRBER R DCT K/NKEE s —Ab 1

DCT %/ | lA—HEFHE
8192 0.015625

2048 0.03125

512 0.0625

128 0.125

R
WIIR A R BHERA AN EEA AT, ] DA F S an A b 254 (AR S 31 A EL e U ] R 4K esi_detd_£320).

11.3.3.5 csi_dctd_init_q15

csi_status csi_dcté4_init_qgl5 (csi_dcté4_instance_gl5 *S, csi_rfft_instance_gl5 *S_RFFT,
— csi_cfft_radix4_instance_qgl5 *S_CFFT, uintl6_t N, uintl6_t Nby2, gl5_t normalize)
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SHL:

*3: $8[i] DCT4/IDCT4 Lk {4525l
*S_RFFT: $&[i] REFT/RIFFT %544 {4 S 43
*S_CFFT: $&[i] CFFT/CIFFT %544 {4 SL 4]
N: DCT4 [

Nby2: DCT4 K I —2F
normalize: I—4kA T

R [BIE:

csi_status )44 ), WU eR HGR [n] CSKY_MATH_SUCCESS, #15f N R SZRpIASH I 2, W3k Ju]
CSKY_MATH_ARGUMENT_ERROR

H—fE P 1
IH—4R R T4 sqre(2/N), AR F AR A KN N IH— (b 72 115 #3X, TERBH THEAR DCT K/ N{E:

DCT X/ | 1A—WEFHIME (16 i)
8192 0x200

2048 0x400

512 0x800

128 0x1000

1K
FAG AL BREHERA N BT, T ABE T TS0 s P A S5 44 1A Sk B2 8 ) BR KK esi_detd_q150).

11.3.3.6 csi_dct4_init_q31

csi_status csi_dcté4_init_qg31 (csi_dcté4_instance_g31 *S, csi_rfft_instance_g31 *S_RFFT,

— csi_cfft_radix4_instance_qg31 *S_CFFT, uintlé6_t N, uintl6_t Nby2, g31_t normalize)

BH:

*S: &[] DCT4/IDCT4 454 1R 526
*S_RFFT: $5[i] REFT/RIFFT %5 {45215
*S_CFFT: $§[i] CFFT/CIFFT 4541452
N: DCT4 [y K JiE

Nby2: DCT4 py £ hg—2
normalize: J4—fLH T

R [RIE:

csi_status AR LK T, WK EGR ] CSKY_MATH_SUCCESS, #14t N A& ZHFpAs K 5, MR (b
CSKY_MATH_ARGUMENT_ERROR
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H—4E P+
PT—ALH T2 sqrt(2/N), KM T A i 8 N — (b H 72 1314858, FEF B T KRR DCT K/ MH{A:

DCT Size | 13—{LEFHIE (16 BtHl)
8192 0x2000000

2048 0x4000000

512 0x8000000

128 0x10000000

R
T UG A R BHER AN LG, AT AR TS s (A 25 K (AR S5k 468 JH PR KK esi_detd_q310).
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