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Design and application of PFM neural network VLSI

LU Chen, WANG Gui-zeng
(Deptartment of Automation, Tsinghua University, Beijing 100084. China)

Abstract: This paper presents an improved pulse frequency modulation (PFM) neural network VLSI circuit for fault diag-
nosis in order to improve the software — based fault diagnosis approach and to give full play to the merits of neural network VLSI
circuit. By using the single-level perceptron network and the field effect transistor circuit, a new digital/analogue based synapse
multiplier/adder is designed so that the threshold of the synapse need not be adjusted by learning and hence the circuit becomes
less complicated. Based on this circuit, a neural network fault detection system is designed for the noise based fault diagnosis of
main bearing. Through signal processing, extraction of fault feature, and neural network computation for the original noise signal
containing fault information, the output capacitor voltage value of the VLSI circuit is derived. This value, representing the Eu-
clidean distance between the template fauit signal and the signal to be recognized is used to detect the fault. The simulation test
shows that the recognition capability of the hardware-based diagnostic system is close to that of a software-based one.
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Fig. 1| Single-level perceptrons network

3 BkiH i 22 it FE 2§ (Pulse stream synapse cir-
cuit)
3.1 3% =S (Synapse multiplier)
WIS — M, LU A S SR k88 3%
HEERE, B mAE 2 FEUR, AHBNE M1, M2
HRTESRESEHEE. RN EREERT
RRMAEIE Vi BT, ERARERE V, B
TV, BB PPM Bk of ), 38 i FF 36 5580
M3 TR i . 58 Ao E — 1 SR X A O
MR BRI IRAE T,V e G, KBRS 28 (VCO)
X BT AR B L B 5 RO B o
RALRIIEFT A 2% LT MOSFET B4 KX
() Ios TRERMREY HHBRIT

Vbs
Ins = Bl Vs Vps - VTVDs—-z“]- (2)
Vs BB BMK- BRABE, Vs 5N B

- BARHIE, Ve BRSBAE BRI

Fad

2 RpRILS
Fig. 2 Synapse multiplier

KRB T, BT Vs Vs TN EH L
WM. 5 M2 22 —HBE ISR E
M1, 8 FDR TE BRI 26T g (2) BB T =
TREAERHb I SR, I R B Y Vs 1 Vy B
AR SR, REATEEAA Vg FTF Vg, fH
B E M1 M2 AR Vs, BTN, B
IRy BEFE TR I 1R K T] . A TR rEAY 14
M A RITE, FI R ENZER KA 0.2 V.HILE
5% b g e L e T AR A R

L = BL((Vgs1 = V) = (Vo = Vo)) Vis ).
(3)

DR 1, BEEE FRBE((Vey - Vi) -
(Vg - Vo)) FeLh Vs 28 B T RMATHZEREE
SR, XN AP B SRS E R L
BRI BRI, AR Vs fBEN % Hom R s
Vs (IS fib B9A(E) AT EDX & FE TR 0
B}, Voo BRAE Vpg RME. 2 Veo > Vg B4 ME
(Bp—MEMREMBUA T,) ; A% HN =AM
(B 7). B M1/M2/M3 o8 B8 B 2 — 5B
B, K E RO IELE T Vi, T B B4R
FWIEL T V. Ty SUEBREFEERE L, @
D/ AR 28 R b g /15 RAM kil 5 .

i 3 fos, MR F B S RMYHET, HET
“Ta=" o8 B RS MR IR % 28 (VCO) 4
AR BU AR 5 B S R L T B
B BEMERRHLTEERE KRG, LB E
el B Sigmoid # # R A VCO M B IR

FERAN— SR, B3P AETLS SN
IR A — N R TT L T A2 SR N AR
AI— 2T, L R EERME T 5 A LB I


http://www.cqvip.com

176 B o6 ®

5 M A B2 %

Stk M TE AL 0 B B T RA B
Vi = 1), BRARIT B T — AR ZTE —
AR ZE LB LA T — N T BT R B V,
SEE Vi, BRBERRE S 1, A SRS

~— VCO H]

B3 seERpa ik
Fig. 3 Integrated synapse circuit
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Fig. 5 Pulse stream neuron circuit
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