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Design of a S Band USB Transponder Based on ZYNQ 7000
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Abstract: The purpose of the article is to design a small S—band USB transponder on the basis of ZYNQ to reduce the size of the

(Shanghai Institute of Space Electronic Technology, Shanghai

transponder and ruduce the power consumption of the transponder; This paper firstly introduces the advantage of ZYNQ, and puts
forward the design scheme of a standard USB transponder based on ZYNQ 7000, and discusses the key technology and the principle of
modulation and demodulation of the transponder. The working process of the transponder is as follows: when the satelite enters the
on—orbit flight stage, the transponder receives the uplink remote control subcarrier signal transmitted from the ground monitoring
station, and after demodulation, transmits the remote control PCM sream to the relevant equipment through the interface with other
satellite subsystems; the transponder receives the uplink ranging signal transmitted from the ground monitoring station, the ranging
baseband signal is transmitted to the ground after local frequency upconversion; the PCM remote data is received through the UART

serial port, and the modulated telemetry data is sent to the ground station through the telemetry subcarrier; the internal telemetry

information is sent to other subsystems through the serial port.

modulate remote control commands and transmit telemetry subcarrier in non spread spectrum mode; The transponder’

That is, the transponder has the functions of transmit distance, de-

S up conver-

sion part and down conversion part use the integrated chip, to simplify the circuit. The use of the ZYNQ and the integrated chip

greatly reduced the volume of the transponder and ruduce the power consumption of the transponder.

Keywords: ZYNQ; USB; transponder

0 5|5

SR S R A N B A CANRERE 7 N U 3
B, DESFGHIGEEm/NtE, RIhFE. &% A7 1
KB, T ZYNQ 7000 (1 S B USB R 25 HL7E B T 75 5
J7 1 EEAFE LT LR

D AR AR B F g (COTS) i,
3 A F R A TR B L T o0 A O T S R Y T
N AP RAR

2) LR TCL 2R BT, G R B 5 3 b

BRAE AR B 7 F R WA R, 7R R B AT AR 4 A TR T 1)
Al T SR R AT AN [ 2 B 4 B O 0 4 N R T BT

Lo

Wi HHI:2018-01-24; {EEHHF:2018-08-09,
EEBN 0K #1989 ), & By B TR Wi+, EENHET
238 {5 75 1 R

1 Zynq & 9v
Zynq J& Xilinx 24 @ #E B 1T 5 — AT A BT &
BENUIMEE ., RES @Eﬁﬂﬂu&IrazﬁJﬂc%ﬁﬁm
AN FAER At MERB AL B A . N ol S ARM
Cortex A9 Kb P 2% 5 28nm {IK T #E 1] 4 B 2 4 U5 25 4 WU E —
B, URIRGEREIT SR AXREFRANRY R, &
RS A
Zyng s BN ER AT LAy S W84y . PS (Processing Sys-
tem) F1 PL (Programming Logic), L PS 34y F13 5@ 1)
ARM H 'k —#, ¥ CPU ¥, EIEIN#E. #aisid. 77
REPE R . ARS8 D AN L B GPIO Ah %455 ﬁﬁPLi;s
LRGSR E LM FPGA; PL Ml PS 2 (8] 38 1 P9 &8 & i 2
2 (AXD HIEE,
ZYNQ 7000 37 # AXI4, AXI—Lite. AXI—Stream3 F
Mgk, PL3 R ik, PS R Hraiwifl; Hopof 6



. 276 TR AL I 5 s il

BRI AR AXT— Lite 4k, A X R G mES
{fi | AXI— Stream a2k,

AT A Xilinx 24 7 B XC7Z2045 SOC itk A, Z A
¥ FPGA 5 ARM mEZAE L, RORMBAR /N T RLEHLA AR 5
[Fl B %ot B 32 FF Linux, Retems S5 #:{E R 4. X Fh 42 44 Bk
fem TR MERE, WAL T RS, RN RAE T 268
) 2%
2 EHZEY

brife USB L 2 HL# (R ek dn el 1 s
TIIhE:

(1D SRl i BT 98 2. & T ARBUE AR S 3
BB P, & AD RAEJS . A SOC HEAT AR IE  fif
VG B BEE UART & i

(2) %t 47 DPSK i i 2 J 2P 5 %% A DA, £ |
AW K U S AR R S P

(3) H Wt i P 4% 0 & B 0 EATMBE R 5, ARAE BAT
TE S S KA ARG 1 I BE L AT S R AT A bR A S X
Kk

FELHLL

T

=23
x

A QSPI-Flash
XC72045 H

UARTH: [

o it
b Eid

JTAG

B 1 pRiE USB % HLEE 1 28y

2.1 ADC RE It 5EE TEM

P AL ICE 1 B AT R S T R — DA A AR I S
H AU E . A Bt ook 5 T 8 R AR B AY 4 1
RCREER . AT 70 MHz FBJifE = . RISRHT 40MSPS R ke
FRENAT A5 B0 SR T AT LARRAR X AD &8 1R 25K
[ i T LA S5 3 A TR A9 14 [ S A 38 0 T AR AL

L3 IE 5SS N AR AR BT R U S ik BS B kA,
XF 1Q 5 5 #E47 16 i, 133 40/16=2. 5 MHz RHF
W IERLFES.
2.2 EIRFEIR KRG

D FFT fii#fhit.

X A2 B I il UG B 65 S M 1024 g0 FET. B 5K
B

2.5 MHz/1024=2441. 40 Hz

# I NCO #ii 235 # &= Few _ carrier (NCO H ] 32bit
Fhma

_ Few

) - 32
Irxeo = % X F.=>Fcw _loop = %

# FFT By &5 index iy X (0<CX<C1023), FFT fifiit

%27 6
15 2 1 5% ¥ ol
-~ X

fo= Tz F

N, AR AL TR SR I NCO 1 55 8 458 il 7 %
B

] 7}'(><2327 X 27327X><2327 2
Few _loop = F 771024><F’\><F\7 1024 = X X2

B 56 FET Wl 5 ) Index 225 22 {7,

2) BB

X PM A5, 240 48 B K, A AT RE B R 2
BN RERFH B RMEI . Hrr, ZIHLA T 584
Blife FET 3 (W (AL . 1 — BLR A #5900 JG 3k 1F o i A
WARS . LT B Bl A B T 28 D 3 A0 AR B IE B T
PAPR B

R B N = A 0 R T N = T, 2
YA B e 3 T A AT (B RE A 0T, AR B 0
I B I RE B K T 6dB, WHRW R IR, WAl LA
hy B 1 W R IR 2R

MR BRI K (— A 1.5 rad) B, Hl
EE R SNl N s A = 1 O P B L B R A €SN
W, FTREAEAE 2 Nk 3 A RE R S R (R R 48 0 AN 4.
B

(1 RAEZ &SN BRI {E 8/ B s 1 3 A&
SCHEAT X BR R A3 BT A0 T R Al R 3 A R SR X Bk D
WU EA Ay v ) 450 3 a5k 2RI BE 0

(2) RIS R/ MREFEDL: PMESRERIER
BRTFRIP LA TR S, XTI (E R B RS 3 AN
Bk G=1, 2, 3), 4RITE 3 AN SMEL S 511 Mg E
ZRIIFREGR 2, TR 2 fc /I a BV 48 00 0 A%
2.3 IRERIZIT

PLL ¥t a8 I SRR 3R .

L S AR OR FH IE 5% S A 2

PR8I 2 R R ER AR B A AR (B 1T E) AR,
1% 33 R AR -
1+ sz,

FIR “WRTE B LECFIE . A IE L
PRAH

H(z) = H(s) ‘_\,f.;—

H(s) =

7’I‘S.1+Z]+Tzi

S 2n 11— g

w _ Ts Ts

<Z‘1 2T1>+‘[‘1(1*ZI)
so1=oB I

T 2'[1 T
C2 1 K 1

I o =C _1K _
n, H (2 (1—.—1_2,1 Kf\z_l(f\r_ 0 5+172 ]>

Horfre Ts JgRAEEMF BRI BE . 0 A RAEBUR ;BRI 43
N K=K/K,, Hif K, 8. Koo NCO M.



&1 kg, G

FF ZYNQ 7000 Ay S Bt USB [ & L% it . 277

W, = \/?’S = % \/?

w, A EETCRLE AR R . & A BHLE R
2.4 PM/f&iA

TERWBUEZ . BPTEMZEM L QFEFH—1
e BRSO AE . 0 TR AT PMOR R 5 2. T
BEXT I cos (@ (1)), QBEXTNL sin (@ (£)), PM {55 R
AR SR A 1) * Q BT X ML A5 S A @
3 RpskIEE

Fl) 8 5 At ) R G T g AR RO R A TR L R
5 AL . L[] 20 T R H 2 B 4 A 38 7 300 1) B ol ol
B AR A O B R R A VUK S R 3
(7 450 ) T A St 2808 280 08 [ A0 A5 e (ol P A 28 R 38 5 A4 2
1o Q MR IER AR S AT R A A2 KA 5 B
L BERAEH] “[AH — P AR R AS A . R R PR
I E AT AL 2, W PCMR B AN ROl O, ¢
JERE o SR HEAT 2 43 0 A O . R 2 R B
XA G AR PR R 0T B B PR R AT T ek, (T R BRI AR &
WA O 2 U O . PRI B S R S T S B
P UE BRI B oy B WAL T B P IR R AT A AR T
BB SR A BE . S TR E . R GE R A A AE I T A
JIR

|

Eq

el ] | [ wm pou | POM
e i .
THAL e Il 2 ¥ i [l

P 2 3 Ak B T A &

3.1 EXHFTEIER

IEZEHCT T A B3RS YL E 5 1E 28 N ARSI B B R R R
R F AT H 18 il SRR BN PN A A T o R R AR
iy A BPSK {5 5 (1 1% 3 2 I8 fly BN N 4 09 A5 4, (A5
AR R B SRAE BRI O S R Y 16 A, 8 ST X Ry
AT DUEAT 8 25 10 TAE SRS v A8 6 R AR R
e ffi T CIC 1 FIR PR AR HEATIE R, B7 (55 MRS,
W BT A5 5 v B W e B B AR, T AR AR 2R 1Y 45 HE 1A
W PR

FIR{ .
X ko — ol —
PSK 28
k=% B
— -NCO Bl
Bk
FIR{ .
X sk — Rl —
o
Bl 3 W] g PR AT AR AR B S A B
3.2 RBIFEETESR
Tl 2 05 [ 20 B e R T gl i 19 Costas 35 R 70 ) 1 1

Wb UEAT BB R 2 . W TR ST 5 T 36 15 1L G B T A i A 1Y
D2 1TSS S AR AT 1 REFR I )5 5 Q SC % AR 3fe 35 44 A1

R (9« BB G S50 55 A L 16 5 0 B 07 8505 57 LA
SRBR IR F WA 5 T S0 AR MR DCIREE . R T
FEIRAE D

] { SIGN I Ii%‘%ii POUHL
- T PCMF 42
i |5 W ;
ER EE i PCMAG Rk | PO
e, 2| |mNco[T] B ® Neo' [ Weh i
®
| ' e

BRI

P4 R D ) 2 e 5 o7 [ 2 A58 e J B ATE 1%

Rl R 22 e 5

il A B B U o Y R B R IB R IR E R S P
Wiy I B PR AR S — AN R ICAZ . R T bR
P WP T 2 BT o AT DR B0 e bl s BT AR A S . BRI BR
BRRFVE « RRE 1R 2 R h B OB A D . R B R P 3R
BT HSCHE . TEIZ R JR A% o A T — B R B S ROnT IS A
HRABRR ) 0 g A o A8 15 22 0 ) 0 A O RE S AR O
TR IR SR AR B BRI R I AR 1 3 S ) A%

B EREC
F(o = 11
5
W AL e, O RR GRS
F&)zzwg\ﬁfﬁ%):<§?—§2>+
%(piﬂyza+glj{1

PR IR AR A AR 5 TR .

x(n) r A N y (n)
[ U

B 5 BREEIE I a 45 Y HE 18

N

H

3.3 Z@ES
B IEAT “ A A" SRS, i 6 B
ALY 4 ek th

6 L[] A T 45 R AE 4]

Bits TAERE NCO $% 18 16 45 9 5 1 5 gyt PCM i B
Al AH AR & 4 7 PCML IR i) b TR Ak 58 B — B 23 I3



. 278 TR AL I 5 s il

82T &

o BRI S 1/2 AR E . 7E PCM R R R
WAL SE ORI FE 08 % o S i D i Y T O R O v i A
il NCO (1% i AR 37 [ 25 20 10 B % 08 B8 b 45 4 A0 &R K0T
AL SR HME . R )5, NCO [ R 2y PCM
I pf s TR AR B 0 9 2 e B B A7 28 2o K] ple oA K e ) B
A7 F AR ) PCM B8
4 TITRES
41 EAHENLESES

AT A Ak PR A RS R DA B . B A N R
R R A R R AR 5 L S e o B £ B SRS (1
71 o H R I A R A R A S SR AL I B R
T b AT S T e S A A B

SRR ~
T s B
T
LT (i
i ; N Y werEs |
R (D e o BT
WM [
N /AT
EYE

Bl 7 AT S S i A5 A P

A 32 ) R 2 U R S 1) A A A T RN R
(1) = mcos(wt + 0,(2)) + m;cos(w;t)

Horr: meos(ar + 0,(2)) Sy 78 0 @ W, m Sy @ 0% I 6 45
B o NEIERPIE ; m;cos(w;t) HIPEE , m; S I PE 2% 58 )
B w, R A%,

AL I 5 W15 5 T3R8

spp (1) = Acos(mcos(wt +60,(2)) + m;cos(w;t))

Ze b BT IE A AR R R G S

s (1) = Acos(wt + mecos(at +0,(1)) -+ m;cos(aw;t))

Hob: o R FAT RS — A R
4.2 HFHEENXTHMEIME

{fi 5. USB WA HLZ KR AR S5 1/ T ARS8 AH iE#2 . SEat o
WA B ML Y RE . FEAM T TAEF T, m b F AR
PEEEMEAT Ry i, SEIREROIAE T 4% k. B R TSR 221/240,
AT R TAER T WERIE L. TAITE 5 MR A7
MTRFR, HILTEX R LIRS E W RIREHITBIE,

WHREM 5% Ry f, =10 MHz; R¥EH K& I 221/240,
W FATH SRR R £, = 221¢f, . FATSHMRS RN £, =
2408f 5 BIENLIRFRSE N [/ = fi+Af » K Aafoh

FAEE LS WA . WA VLB 5T AT M5 5
DR f, = 2215 0 + fa, » FoH fu, 2T HHE,
I S 55 BT A SR 2 A BTN Fr = of o » MZGST S
ARSI R R R 70 MHz H45_EATE S I HO SR .

for = fu—af s = 221¢fo + fup —afo —aAfy =

TfoF fap — S
B A/DRFESR Sy =9/ =9 (fitAfD

MR A7 0 SR A2 HE 485 R AR S5 A5 S A HR AT % R
fir = fo— fur = 9Cf0 FAF) — (T fo+ fap —aAfo) =
2f0 + O+ DAfo — fun
B EHT T AR AR #Y NCO B iR L= 26, = 2f,+

2A f,

HUL, Bk G SRR 2EN .
e= fir — fano = 2f0 + O+ Ao — fup — 2f0s — 2Afy =

T+ DAfo— fu

MM KB SR AT B S S T R R 5
FRE S, e S A R o KR 25 b 25 &, A B0 25 A
JEBEN RS S, &3 D/A B2 )5, mECE EAEie
A E 70 MHz PR 5T, BRI .

W IR R for » DREMEFE SRR Af =

# s e WAMESS HOBCT FIE SIEN o + A = fur

—240
221

&LP}JEJ:/EEEZ'K%}E@%E 7f/<) - fl)l - 7(fo +Afo) -
Sor o
My b bR S A S AR R AT AR SRR

— 240
f d—1F = f DI

W'€+7(fo —.—Afu)*fm =

. - — 240
7(jU+Ajo)ﬁ~s

1S LB L AW BRIA N By = B JHRIE §+7
— 2407 . AR E S AU 5 6 F 65 00055 0 o 5
#

ﬁ:ﬁw+Fw:ﬂﬂ+MU%%9w+ﬂﬁ+MU:
. .. — 240 . .
2000, +AF) Goal o (THDAf, — fu) =
240

240¢f, + ﬁfl,,,/,

I WER T S H R E AL I,
4.3 HEGCIAS

AHAE IR A 2k AR B AR A AH 7 R IE . R TR A R R,
AR AR RE L, R T B R

Cos I
FIRIHIA BHRRK
Sin
Pk Q

P8 A A A ] J A

4.4 EXETHM

B IEAS AR UR B AR 5 A2 = A, 454 e B A
LU

AR R IR e % TAR RS 45 . AT T
PERET . NCO MR g il 7 iR Z oy i, BRI
14 3 [R] IR S8 O J2E LR 22 i IR 22 AP



1

B a4k, S, EF ZYNQ 7000 [ S U B USB J & #L it .« 279 -

I
REFEBHTE TN cos

;}*mo P
- 1 1
sin

: 619

B9 IEAE BRI — 4 0% w3

BB
T /AR TR D)

IV ER) S8 U S Sl 1 S R o - s S ER L b A

10 fE )5 HE

5 Bz

Ba

e N Xilink Zyng 8 T RS0/ 28, T XC72045 2
T ARE USB AN IT TS, BN HT SHERES
BRI A, O TRESEIAR ML T EIS IE A . N AL
BUN, AIEEPES . IR HAE TR, Wit

BE

1] ke . WA AR SRE [J]. mREAR, 2009, 49
(6): 102 -106.

(2] ZAEe, Fefdam. AW R & WA et LI, 25 i) s 7 4
A, 2010, 2. 111 -114.

(3] ihmld, MEPSAE, M . S B A R ML %5 R A
[J]. BHE A, 2009, 49 (5). 38-42.

4] & &, o & BT Zyng WEUE REREWBIR 5T
[J]. #FPEk. 2016, 22. 20 -21.

[5] % 8. FETHEKFE LM Zyng SoC 1T — 815 4T
g ra U], mFim, 2017, (7): 93-97.

[6] Sy, AR HT Zyng B9 AXT B2 BOHR 1% S 5 1t 1k
[J). @EHA, 2017, 50 (7); 1576 - 1580.

(7] e, @k, 8 K. Zynq— 7000 f/N RGEW I LT
DDR3 [Efkiz 17 [J]. FR 5 WM. 2017 (7): 136 -137.

[8] &AM, Bifisx, Ft e, %. BT Zynq ) NAND Flash 77
RGN [J]. BFaEE AR, 2014, 37 (12): 53 -57.

(9] & #0,; 11229, 3F ZYNQ—7000 DMA # %[ 48 ) UART
B feimr it 58 [J). R ARG TR, 2014, (9. 113
-114.

[10] fEXF, AW, 2 M, %. JEF ZYNQ #) CPFSK #(F
e Bk 5 e 1], R 8, 2016, 29 (10): 18
-21.

(117t 0§, BPE%, ZEHE. —F R RN S VLGS P
HHEAR [J]. #BWEE. 2007, 28 (5): 34 -38.

(120 B &5, ARAHT 9 4000 &k 1A okl 7 22 BL % 0 6 45 4 Ak s (],
HREE A . 2017, 57 (2). 157 - 160.

R39,239,299,239,099.999,239.099.939,239,999.299,239.093.239,099.999.939,299.993.239, 039,999,239, 999,999, 239,999.299.239.099.939, 239,999,299, 239,993,299, 099.999. 9399, 299.993. 239, 239999239, 099.239. 239,999,993

(L4555 270 5O
T 7 3 A DR R UG TR A R OR R M SR, HLOX AN ] Ok B AR
T a5 BR LA Sk,
5 SWRIE

FERUTE F0 4 S R 0 s R A e O R R
PEAT IR I 1 AT 4R A5, A SO IR R R R, B
FEGIT MRS, RAT MR, B TFRIT ke
RSN E ., VLA — Bk, 2 T RERLE
FPE P DT L Ak . O B R AR AR AT S IR IR IR, &
SRR UC I BEAE 64 ms 24T, WE R EE M. Spat
PEER, HFARREE SR IR R KT 95%,
Bk R, VCWCHEN . 7F R SE R o TR AR BE Y 2
K AR G T .

CEPY ¥

(1] drocoo. BT 3H 5 HULSE i 2k 8% 0 0 A B0 ik i 58 (D] AR
HE . VYT ACH K, 2014,

(2] £ &, 3k vk, BR8Z. T IR P AY S4B B
KRS D] IEHL TR, 2011, 32 (12): 4147 - 4150.

[3] Feng Hao, Jiang Zhiguo, Xie Fengying, et al. Automatic Fas-
tener and defect Detection in Vision— Based Railway Inspection

Systems [J]. Transactions on Instrumentation And Measure-

ment. IEEE, 2014, 4. 877 - 888.

(4] BRAME, BRXMN. IR, . BTl SRR AE 1) JORE B0 fn i
EMIT ¥ LI S HLI a5 6. 2018, 26 (5): 166
-169.

(5] 8%, 2T H 5 HLALAE 10 B 10 1 B 2 Rl 5800 s ¥k 0T 58
[D]. L. bigscimks, 2011

L6118 7%, BT MR8 B Fu ksl ba A I B AF 58 (D] R -
VU Rg SCiE R, 2012,

L7] BB, T HUE, gk, FEF 28 [ S0 AE U i UG f s i
fEVEBE 55 vk [JJ 358 LR A F 5%, 2016, 33 (12): 3868
- 3871.

L8] X547, ARt 35 SOR A h 2 T OB AR WF5T [DI.
RIBFE R, 2017.

[9] 84, BT 1H 5 WU AE 14 B 1 1 B e Do s 4500 5 ¥ T 5%
[D]. k. higsciKa:. 2011.

[10] Fishier M A, Boles R C. Random Sample Consensus: A para-

digm for Model Fitting with Applications to Image Analysis and

Automated Cartography [ J]. Comm. Assoc Comp Mach.
1981, 24 (6): 381 -395.

[11] B K. T IRKBEMEMRIC R 7 0F 58 (D] R st
TR, 2005.

[12] & . JE T Rp AiE 0 F0 05 (o) (o] 4 9 PR H AR DG I 5 4 0F 52
(D). L. LiEg# K%, 2015,





