F17%  Hom AMERZS5BEFEREFER Vol.17,No.2

2019 4F 4 A Journal of Terahertz Science and Electronic Information Technology Apr., 2019

X EHE: 2095-4980(2019)02-0293-05

ETRUKEW FFT BE AR
A w2 o 3t x| ok o2l

(LIRIIR2E (5B TR, & Rl 518060; 2. RIIVEHL K F5E i EDA EM K=, & WYl 518057;
3Pk BTSSR TR, & M 510006; 4. R4 W0 HEIR%ER, J74& 7 510303)

B OE: AAERLHFAERINIEAGRAAEAXZAERAEY W, EHZRELHNTH
BEANTFEZMARTER ERETREREAREBEF R REFFNTEAFEREENER,
FREERTY A —REHRURIEHEEH, SHREREAAE I, AMAXAFEA, £ FFT B
H - R B HATRE, AR EREHAESR, RREROHERD . B L
RABRPHE MO RERERE MO EL T %, AT EMESIEN, LATHEETR L

JRLTF 4 o A AR
XA TEA; FFT; B#7 % AHKE
HE S %S TNI1L.72 XERIREAD : A doi: 10.11805/TKYDA201902.0293

Fault tolerant FFT based on residual number check

LI Hao'?, LU Xuming™*, LIU Jing', CHEN Xiang™’

(1.School of Information Engineering, Shenzhen University, Shenzhen Guangdong 518060, China;
2.EDA Key Laboratory, Research Institute of Tsinghua University in Shenzhen, Shenzhen Guangdong 518057, China;
3.School of Electronics and Information Technology, Sun Yat-Sen University, Guangzhou Guangdong 510006, China;
4.Department of Computer Science, Guangzhou University of Education, Guangzhou Guangdong 510303, China)

Abstract: Due to the influence of the space radiation environment, the satellite communication system
with on-board digital processing capability is prone to single-event upset and seriously affects system
reliability. The traditional Fast Fourier Transform(FFT) scheme based on the remainder check has a large
number of butterfly operations, and the rotation factor needs to be expanded by a certain multiple to
ensure accurate calculation, resulting in greatly increased complexity. In order to solve this problem, the
data is cut off in the middle stage of the FFT, and a single sampling decision module is added before
truncation to ensure correct data output. At the same time, a new simplification is proposed for the
modulus operation added in the above process. Through functional simulation and comprehensive proof,
the proposed scheme achieves an effective reduction of hardware resource occupation overhead.
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Fig.1 Fault-tolerant scheme structure of N-point FFT based on residue number check
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Fig.2 Fault-tolerant scheme structure of 64-point FFT based on residue number check
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Fig.3 Functional simulation of low cost modulus operation solution
Pl 3 ARFFEH U DI RE T B

DiRe i BIER 5, #imT DUFIA Vivado #EAT T 256, A& WIEITHY, JF 576 Verilog 2 )3 i H Al FH % B 45 L
B B PRI B AT X L o B TR T AREURC I (Y 64 51 FFT 28 F AL I8 A 0 Ho At A [W] 47 800 A 1455 B AT B
R, X A [ 57 250 F) IR T 4 JBORSE 5 58 00 98 LT i 15 A% 98 B 30 P QR JBUAE D7 126 Y W 50T 89 20 i) L 3R 1 A 2
H1 LUT:Look-Up-Table,10:InputOutput). XF Fb ] %1, 37 58k 6,16,49 A 1% -85 HORE J5 48 1) 0% 5 3 48 Lb L 42 1 FH 9 i
BT 1 (R BE PR T4 43 I B IR T 85.7%,65.0%,46.2%.  FH I AT, B4 0 A0 T 4 BURE 7 28 X6 T B A 9% R T Al i
AR

F 1 ARTFHIBUR T 225 IR 2 HERPELTT REVHIRIT 8
Tablel Resource overhead of low cost modulus operation solution Table2 Resource overhead of direct modulus operation solution
resource types bit width is 6  bit width is 16  bit width is 49 resource types bit width is 6  bit width is 16  bit width is 49
LUT 2 37 139 LUT 62 139 302
10 8 18 51 10 8 18 51

32 ETRHUKWH 64 = FFT REBEERIIBEFENES

X} 64 s FFT 245 R b 4 5 F2 8 AN AL 1, Jeiliat 64 /5 FFT A4S RIHL R 2380 i & 45 68 77, ] modelsim
HATOIREDT H., W 4. K5 1 SCRE A AR IR ADEHE . A5 R mul_r_o A1 mul_i_o, /& 64 g FFT BYZ45 7 245
FE oy, R SEER 5 AR . B 2 SR OU AR SO R IE AR, 5 2 SZER IS SR mul_r_o_xxx Fl mul_i_o_xxx,
J& 64 5 FFT WA T REM K y, (L E8 5 B . TURHEMEE A mofl my, J2& 64 50 FFT WIS T R4
R 8 r i S B, ri 5 oy 64 55 FFT WA T B REC r S8 S5 B3, rs 5 ry oy 64 55 FFT
() 25 55 7 S 45 R TR AR A 880 vy B S5 R R L A bR B B e R 25 SR mul_r_o_TMR 1 mul_i_o_TMR BE#5 2 ¥ 1z
B R AR Ay SRS . B bR BT, ISR 64 5 FFT 2SR AT H 2 3 40 IR AR S T AT — A 3
P IR, 64 s FFT 2 BT 30 A AR <t th IE BRI 45 21 y, X UE W] R BT B 45 5 g



%2 = HE ETREREMFFTAEAR 297

fri Zho | YZhz 7ho
fr2 Zho | TZhi 7ho
3 Zho | YZhz I 7ho
Jra Zho | YZhz I Zho
jmi Zho | [Zhz {2ho
Jmz2 Zho | VZhz I Zho
Jmul_r_o 45h... | [49h1fff934000000 | 49'hifefe0c000000 |
Jmul_i_o 45h... | {49'h00006c000000 | 49'h00101F4000000 |
Jmul_r_o_xxx 45h... | [49h1fff934000000 | 49'hifefe0c000000 |
Jmul_i_o oo 49h... | [49h1ff934000000 | 49hifefe0000000 |
Jmul_r_o_TMR 4gh... | {49h00044f000000 | 49'h1fF934000000 |
Jmul_i_o_TMR 4%h... | {49h000cSc4000000 | 49hifffS34000000

Fig.4 Functional simulation of the first comparison and decision module
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Fig.5 Functional simulation of the second comparison and decision module
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