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Decentralized calculation of neural network model for
electromagnetic object detection
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Abstract: Based on tensor splitting technique, a decentralized computing method of neural network
model for electromagnetic object detection is introduced. In this method, different tensor splitting
techniques are selected according to different hidden layers, and the weights are distributed to multiple
distributed nodes losslessly. The simulation results on Raspberry PI show that this method can decompose
and deploy the centralized detection model losslessly, and ensure the same accuracy as the original model.
And when the original model is too heavy to be loaded into memory for calculation, this method can still
complete the calculation properly.
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Tablel Comparison of input splitting and output splitting of fully connected layers

name #node calculation(per node) input communication output communication merge operation distributed activation
baseline 1 did, d; do N/A N/A
output splitting n di(do/n) nd; do Concat Yes
input splitting n (di/n)d, d; nd, Sum No

P b 4 1 42 SR ek 23 2T 1 AR 4R P ST B D7 R R D R BN Y TR AT RS A el gk Y 2
ST7 1 00— H B AR B A R RO A AE O SR R RS B ndi+d,, B 2R R0 EGE R A di+nd,,
A i A RS A A BRSO RO B, S W A O RSO R o (B TR O, i gk
3 34771 T LAAE T i DN B R P O ek R, T A 5K 2 T A e B T BT R A RS AT O, AN RE
TE 2 5 R L

2 BEREKREHSRITE
21 BREEEITH

GRE R — R IE 2 A, WA BB . TR AN S IR — 5 1 4 B A 5K i ) B B DA g B T A4S O )
s, 5 A C S8 %5 5% B BUE AT S s 5, K T i SR B AR INAR 2 — AN o B8 D AR R D
A NGRS, A9 E 5 AR E P — A PR BUE A0 S G RO 2 e D AR A

LG B AR R B SRR MK TR SRR A R IR . PR B RZ D, IR R A
sk & 10 B8 7 i S AT S RS, IR L — 2K R R AR S, T B S e A AR, P o — A0 eR
WA fEAS 2 24 F 2 A RRAE K o B B2 A0 T b R ACBOE 9 4 B R HixWixCy, 8 I 35 B 48 B R HexWexCexk, k HE
PR E, B 4 B R HoxWoxCo, I HARYE B FUE & XA 1 C=Ci, Co=k. HRZMIMH e — 108
PR TR A B (0 A A AT N R, A5 B0 45 SR 0 IR — 2 1 2 K DU A K 108 S LA R R B S O ) AT
B, B UCHT S H R BE B — UOB A N R T A B — AR RO K BT A A B A T A G R A B O S e
b AH A 2] — > F HRRAE AR B o 0 U D A AR X N — R AR B, OB I SRR AR R R S A — R AR 2R B T
R ERAR BRI A A TR AR BT, BRI A, SRTPERARERE, AR B RER
ik 53 2405 1k X 6 BUZ BEAT IR 40 o B U2 10 00 A 202 17 AT DUIE D 2% a0 BN R A B 4 A Rk R TR T A
L AR Ak Ay L 3 K 2N A ) i R A 2 R AR v R A BT SR RE
22 BHBKESH

AR5 6 B 0 8 U AR R A B O ATk i
2, WA B A BRI R R, RTHERAIT AR
HBRUZE B AR K w2 AR A 3 s, Hidr,
A B B 4 R HixW;xC;i. wER 3 P, LIgEEH
HexWexCex 1 BUUE I 25 A 01, A 3 90 ad, TEIE I & i
G371 T B FNE AR AR AR A SRR 3 A Fig.3 Filter splitting

Cs

X c. W= s [l
" m

T D
f

TS, A5 41 00 A O O 828 5 = 4 K 50 ) 8 IR

Bikrly C1,Co 1 Cy, C=Ci=Cy+Cyp+Cs, HMHRI; 415
BN ] S AT B BB . R T A K R U 28 oT
R AFAE— X — B X R O &, BB Ay i it
A . BE, W TSR RA AR, WX
JIT A % IO 1) 5K it TC R 6 A SR Rk A R . B
A T] 230, B R 4530 A T 4

2.3 BEHKENSH

MI"

Wo

14 BUR 0T 5101, 45 0RO T Fig 4 Channe pliting
B0 94 N 4 B B R AT 4 R

Pror o il 8 ik 2O TR T b, B RO R B R A B T RS BUZ B P A E S R — 4Ll s, JF A
P TRIB DE P 28 PEAT 3 . X —Or ik Bk I&] 4 pirzs o [ 4 b, JRUR S BUR — R0 kK DUEReds , varzin, &



%1 BEMS R : —FE ) BELIR AR B R S BT E 7% 25

A G BT KUY IINAT ko ko B0 ks IR B, o K=kotkotkeo #5719 AT — 0y 5 8 B S0 A B, M A9 S 40
A UE UL A7 o IS A A A B B AR O HoxWoxkie B, 8 TR EIRA S AR, B A
CREEERCINAIN L § =7 B S

2.4 ZBEKESHH

5 bR WA A SR BT R TR 2 [ 4 B Hi’i 4 / concat
DB SEATHR 45 . A0 2 1) Bk B4 2 H B ik, B A T v = ) 4
T A B A B P B — AN A X — T ” b -
[ C,‘ °
‘W

T, W AR PR S A B R O R S 4 — B, X

A AEIRAR Iy, B 5 fros. 7ER 5, H f
A FRZ i A KO 41 A0 5 A 2 R 3 ) D 2 Fig.5 Spatial splitting

K ) 5 23 [a)5Kk &2
W A KO — JE R4y B SR 4 YRR . R o

Sl — G A SRR 4 BUR 080 A X BT SRS . R B R 19 0 I 09K 36 D 7 51
G

AR R | S T R R A KO 10 52 B 5 0 A BRI 2 R S U 1 KNk B T K, T
DR P BB 2 A RO E) 25 A T VP, ORI A0 5 BT S AR Y 4 BRI L R
TR HxWxC, B MR BLAN 6 A 0 B0 T B AR R0 [(H, + W) £ — £2]C

25 EMEKEDRAEILL

GREANHEKESHE T ENEEXT g 2 . Hrp, S ARE 48 32 HixWixCy, JEIE 48 19 48 )% 2
HexWixCexk, Bt BUHE 19 48 5 2 HoxW,oXxCoo

2 BRZNEERE A, SRR S IR AR K R 2%
Table2 Comparison of channel splitting, spatial splitting and filter splitting of convolutional layers

name #node weights(per node) input communication output communication merge operation distributed activation
baseline 1 kxWixHexCi W;xH;xC; WoxHoxCq N/A N/A
channel splitting n (k/n)xWexHxC; n(Wi+H;+C;) WoxHoXC, Concat Yes
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filter splitting n kx(Ci/n)xHx Wy W;xH;xC; NWoxH,xC, Sum No
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Table3 Performance comparison of different calculation methods

total parameters calculation time communication

method (per node) (per inference) memory usage/% CPU usage/% accuracy/% (per inference)
centralized model 127 506 411 N/A 96 98 83.12 N/A

distributed model 31 858 050 8 seconds 49 40 83.12 6 471 376 byte
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