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The Adaptive Two-Dimensional Time Delay Estimation
Algorithm of Passive Intermodulation Interference
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Abstract: Due to the effect of time-varying passive intermodulation on the performance of
communication receivers, the passive intermodulation interference was modeled based on power
series. Three adaptive two-dimensional time delay estimation algorithms were proposed according
to the practical engineering application. The time delay estimation implementation methods of
binary search, fast binary search and parallel search were described, simulated and compared.
The simulation results indicate that all the three search methods can work after different iterative
learnings. Among them, the two-dimensional time delay estimation algorithm based on fast
binary search is more suitable for hardware implementation with less resource and faster tracing
speed. The experimental results show that, the prototype with the two-dimensional time delay
estimation algorithm based on fast binary search can estimate the two-dimensional time delays
accurately and achieve a good performance.
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Fig. 1 Time domain waveform of PIM signal under different carrier delay
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Fig. 2 Time delay between receive and estimate PIM signal
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Fig. 3 Correlation value of two dimensional time delay
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Fig. 4 Schematic diagram of two dimensional time delay esti-
mation algorithm

T SZ B vy 2K I I SEE S AE — 5 3 [N A D
170 [ << Ttmax » Tima S AT BE AT TE 19 350 RRUER P B AE. hy
A5 2035 FH TR 4 52 004 B 3 AR SCXE 3 RO [ 1 44
ROITEVAT THEREDT B 5 e, 0y 335 G XU Ik it
HE 7, =80, PIM {55 B 4E 7, =60, B3 Sy SR A 1.

O ok KA 0 8 R R AU

— AR IEAE o BRI R B A DG 5 ok
*ﬁ)ﬁﬂl {E LE BTN B 2 T — B 220 22 500 ) o S

@ Pl A R PR T R
Y P A R B G 15, e » B KA R B Y B AN AH
DRV AEAH B LU AR /INI T —Fof 20 S AG I ) o A

© JEAT AR BB O T AR I8 R AL AR
i s 22 A BRI SE AR L R 4 B IFAT (R=4), &
AR BN R (AR OG0 (BUAR B LY 3 B K AH aﬂﬁé
8 B FAE A 1y BsF 22 G 2 B8 S T — B 20 A
M R A~ 3E .

3 HEEMMESNH®

TOMEAE R AL RE U Bl 5 RSk 1 AT LA
Bl 8 W R G » ok T HERSEAG AT LIAT

SRR 2R B W L L e 2 A A5 X2k ok R A A 82, it & AR
TE TR 20 .

1.4

—o WU 431k T eI AR 0GB
1.2 |— 4R RE R B R i ,/“

HHSRAE/107
e o o
b =) 0 (=}

o
o

(=4

50 100 150 2 250 300

BSO8R k(I HoR Z A

Fig. 5 Schematic diagram of the binary search algorithm
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Tab. 1 Dual carrier delay search by binary search algorithm
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Fig. 6 Schematic diagram of the fast dichotomy algorithm
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Fig. 7 Schematic diagram of the parallel algorithm
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Tab. 4 Comparison of three kinds of two-dimension time de-

lay estimation algorithms
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Fig. 8 Cancellation effects of LMS algorithm with or without

two-dimension time delay estimation

4 MEHILWESTMEE

Ry B UE S B A R AR SC L LR AE RGN
B P& A AF R B0 5. RE T A A& AT HE A
b R AT | 1 AT EE B A S T R A e JE iR
I T A5 R DU e K TG VR L 3 G X 9 R A HIL
AR HFEEINGEWMT.

O B0 TR bR AT BE BB i 7 A R 3 R
i@l

@ AU A TG YR L MR S 5 T g
fid & PIM {55 I %K.

© T U5 B I S 4 Y D RE.

@ AHLAC 5 Fim , n] S PR AR ] RS s
B Ab HAE T fig

© A7 B R R I L T e

FEIBA S SR IE 5 PR,

JFAES



%09 TR A5 0 VR LR T 0 AR B AE 1 A R A A 1 949
F5 ESABRIEBMAUSEUE PIM JF%XWH'%I% AN 3 AN [7) f) — 4 B 42 4
Tab.5 Type and amount of main device of signal processing %'f%:{%ﬁ ﬁﬂ ’fﬁ E&/ \*ﬁ ﬁ%i'}f I JEHZU?L
board ﬁﬁ%fﬁ%ﬁ%ﬂmﬁ\%ﬂﬁYﬁ%\EﬁﬁfiETE#‘ﬁ REHE
BT A % B T I 2 A 0 T
FPGA Xilinx 24 7 Virtex-6 & 3! 1 . S S 3 \ e
e BEARST L BT £ 00 DU RO B U T e S £
Hg B R B 125 MSPS) ! THEIE WA RO, A SCER Y B3k 6 I8 R B T4
I 4 8 ADY640 UL i/ 0 B0 T vk B TR L
HB B e SRR AT 450 MSPS)
ADI781 (33 8 / 1 X
sk R RS L 500 MSPS) SE Xk
T 2% AD9778 (XU i/ [1] Lui P L. Passive intermodulation interference in commu-
e R 1 GSPS) ! nication systems[ ] ]. Electronics & Communication En-
Fsf A A RS AD9512 2 gineering Journal,1990,2(3):109 - 118.

R - 2 B S Ak 145 3] 0 B0 X AR b 7 4 PIM
THAFZ HAT B IE AZ IE G W15 5 3% 5 [ 18 N I8
. 19 FNIE 10 FroR A JC 4k FE AR TR b
PRGN H 3 NI P RCR A chipscope 52 £ , 1%
JE PIM Bl 7 By, Hod, B Hh 4 7R S B il 3
1) PIM {5 % . IR it LAk 5 1945 5, B2 0k PIM
51 PIM g 22{A. B 9 ki & RIE 5 2 6
M2 AH > RO B 2% 18 10 Rt i 2438 T 0,
NPT CRFAR . A 0L, PIM 78 B 5 4 He 1 fin A AT A
X PIM A5 5 A XHH RCR.

w‘“[‘{ 4‘,“3“ H‘.‘

|

l ik

B9 2 md S AL T X ROR
Fig. 9 Cancellation effect before two-di-

mension time delay estimation

L
M

Llh‘,.\‘l,]lul] hi .|JL1,‘ l.‘mull“lhm] |} Ll,ll

rﬂ'(‘y‘ r”rrf,""" ']rr‘.mmw]y”mm[‘n ’rm

10 Al T IS X i ROR
Fig. 10 Cancellation effect after two-di-
mension time delay estimation
A
L
5 44 EE Ta

P TIE T PIM 40 3 W I B 4 R
SEAETHE L X PIM T8 2 48 A5 A 19— 4k 10 SiE
Frfbat 5 A2 DU Bl 0 AG T B B 3 A% 1A Y

[2] Zhao P,Zhang X, Yang D. Analysis of passive intermod-
ulation generated by broadband signals[ J]. Electronics
Letters,2016,52(7) :564 — 566.

(3] whng, B85k 7, Fh B oy, 5. RIS 0T MR 58+

Yl AT, 2 ) T R 2013.1001) .75 - 83,
Ye Ming, He Yongning, Sun Qinfen, et al. Under the
condition of high power passive intermodulation interfer-
ence on [ J]. Space Electronic Technology,2013,10(1):
75 - 83. (in Chinese)

(4] Filg7, RN, TR, 5. @RS TR

TE I R ER R ) ], S0k 2, 2005 (3 ) 1) -1 - 6.
Wang Haining, Liang Jiangang, Wang Jiqin, et al. Study
on passive intermodulation problem under high power
microwave condition [ J]. Journal of Microwaves, 2005
(s1):1-6. (in Chinese)

(5] sktH 4, B )%, BES . SO A0 Be & Jg 4% il Al e v 5 e 1

gk = T R <0 7 i I IR 2 2
2002(4):26 - 30.
Zhang Shiquan, Ge Debiao, Wei Bing. Analysis and pre-
diction of passive intermodulation power level caused by
nonlinear contact of microwave frequency [J]. Journal of
Microwaves,2002(4) :26 — 30. (in Chinese)

[6] Keehr E A, Hajimiri A. Successive regeneration and adaptive
cancellation of higher order intermodulation products in RF
receivers| ] ]. IEEE Transactions on Microwave Theory and
Techniques ,2011,59(5) : 1379 — 1396.

[7] Li S,Wang M,Cheng J F. Dynamic cancellation of inter-
modulation interference; WIPO Patent 2012161632 P ].
2012 -11 - 30.

(8] LigAe g H A A B A G 4545 B i 8 U8 B 9% PIM +
PEHE I J7 vk B AH % E . b [, 201410522019, 2[P].
2015 -01 - 14.

The Shanghai Huawei Technologies Co. Passive inter-
modulation interference cancellation method and related
device of RF module: China, 201410522019. 2 [ P].
2015 - 01~ 14. (in Chinese)

(A% 8. %) 25)



