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ICNI health control system based on SPI full duplex communication

Liu Wet

(Southwest China Institute of Electronic Technology,Chengdu 610036, China)
Abstract: The integration of the integrated communications/navigation/identification (ICNI) system for unmanned
aerial vehicles necessitates that the master control module of the ICNI performs functions such as system control and
data forwarding via multiple bus communications. This requirement imposes higher demands on the processing
performance and interface resources of the core processor. Consequently, there is a need for a more lightweight design
This paper presents a fully domestic CAN bus-based health
The FT-

2000/4 serves as the core processor, while the MCU acts as the coprocessor to implement the CAN bus interface unit.

for the health control system within the module.

management system designed using a CPU+ MCU distributed architecture within the main control module.

The two components facilitate application layer data exchange over the CAN bus through SPI full-duplex
communication, enabling the CPU to query the status and issue commands to each module/unit in the system, thereby
achieving effective health management. The system is capable of real-time monitoring of the health status of each
module. Notably, the circuit design utilizes only the SPI and GPIO interfaces of the core processor, without occupying
additional interface resources or programmable logic (FPGA) resources. This approach simplifies the hardware design
and alleviates the challenges associated with circuit layout and structural design. Furthermore. the cost of the health
management circuitry is at least 60% lower than that of other typical designs in the industry, addressing the need for
cost-effective solutions.
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Fig. 1 CAN bus network architecture within ICNI system
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Fig.4 Schematic diagram of SPI bus transmission
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Fig.5 Circuit design of CAN bus interface
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H B E a7 A7 2% 09 55 i ak i L 7% 3b 1k T 45 31 4%
SPI Uy e A FH G & 25 17 2% 19 Mo hik , 1) £5 27 47 25 19 A 3%
57 H B CRR R 4 T RE 5 (6L . BD AT 4 50l 4 i 4 AR SPT I
Uifig.

SPI W} #h £ A If b 2 1 FT-2000/4 f4 SPI B 4 Fi1 SPI
IR AE SR BAUDR By SCKDV 3 AU e 5E . SPI i 59



x| 4. A F SPIAMLiEfE6 ICNI RS K A%

5519 W

AT .
ssi_sck
SCKDV

ZGuah ssi_clk i 48 MHz, 2 G f#i FH # spi_sck B 4
4 8 MHz, F I TE 3K 3y v T 3 43 450 & 4 SCKDV 2l 6, R
P H & 5 BB SPI0 Ry 45 75 77 %% CTRLRO ik & TA4E
B, T B A i s ) I A0 ek 0 A A 6 D B A B
Hh.

2) SPI AL &

SPI 38 {55 1 Jy — Fifr 5 17 388 45 450 =X, 78 80908 4% i oo 2 o
T TR AE I b R0 BB 1 ST R 2B DA S B Y TG 25 A 1L
B, X W A A R A BERYY L AT S5 R B A 2R
HF R B R ), A BET v SPT SR A v 7 5 Xt A7 08 3 1
FT-2000/4 Zb¥EE5 >R FH ARM V8 4844, $2 fit 5l ) SPI
W, AT SPIo & il 4%, o Wi it ID O 50, 4
AL BEER R SPT 2 i 45 B 7 19 W7 A5 5 e, &b BE 2R 242 1k
MR TAE PR S Ab B W5 5 R 0 AR, B U ks
W TAE . SKEhR T ol e 1D 5 4H BE Y o I IR 55 72 )5
HEH L IR R e g e EALBEASN 3 B, 3R A
FAbFE SPT 5K A K SPT 04 38 5 A9 40 20k 55, 5 Hofh 4%
B A S b AT 45 Kb ik 5 A TR T,

spi_sck = (1)

6[5‘?%2%%%‘5%, SERAERER . % el

R PR R EE S E

t

SPIHR ISR, HRE P W R S
& #F SpimInterruptHandler

|

A R TSOR IR El , N RIE
Bifastx buff. Btk
#rrx_buff BL R BHE K B len

y

HALRESPIIE AR, Sl T
B PWAL; (RS

3 RIEIR S 1 BT

SPT G2k A B Wi 8 A A ) If B AT 5 BEAE — IR
r T AR 55 ek AR v IR B 58 Y T SPT B SO &% . CPU
el MCU % 1) 80405 B A2 38 3 % 2% T 2008 418 Ot B 2l 52
W, Bt SPT AR IR B AL, #2 AR Xy

FError FSpimTransferBylnterrupt(FSpim * instance_
p» const void * tx_buf, void "rx_buf, fsize t len)

Ho,instance_p i SPI 45 il 4% Bt B AJ#K , tx_buf N &
BRI EE  rx_bul Sy B CEURE 8 £, len S 1 YT 15 B4

CPU % ik Budfm b R 145 e B8 22 A7 ik A W& o
4 tx_buf 248, CPU 3 i {4 G I8 AL o W7 5 K fil %
Wi iR g5, B AR K Kk S Bt A R B IR 5 R B
FSpimInterruptHandler #, HH 7R 55 R 40P L AR 95 2 A &
K FIFO R M FIFO H 4R 2508 2R 48 7 77 3 ORI & 3%
SPT S 2 HUHE 08 BF b J v 7 B 31 © Ak P ECHE 52 75 H0GA 3
VR {5 75 SR & 2% 2 45 B Len, WA K LRG58 5UTE B &
HBAL B K% B WA R P W L 25 ORI IR %5 . CPU Rk
BRSOl i KRR len S TERAFFETT 0x0 BB, ML
FEIEER Y len A 571 R Sy 4 U0 2000 i 19 250808 R A7
Z rx_buf . YRR TAERARIE 6 Frs.

NG i T
FSpimInterruptHandler

R 24 TR FIFOS. R 30k

FAHx len, FEIHELESPIHL

WA, BUREAREHMEM
RifmE

L HI K IEFIFO; 3!
FHi B _len, PEIKAFR LR
G SPIHIERAER, KIBRLTF

TREHEAR B

Wi ARESPIATF7A%

BEROH R WTAL, K SPURZAS B
fLARX_DONE

v
( goRiwmy )

Kl 6 SPIJEJZEM A& IR 8 AR i e

Fig. 6 Workflow of the SPI underlying transceiver driver
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