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ABSTRACT -

Until now, AOCS SW has used FPU which is one of CPU resources for satellite attitude control. And most of the SW
Throughput was consumed to calculate Matrix Multiply. As SW throughput margin is decreasing seriously with shorter
control period and more computational burden at next satellite programs, a dedicated HW matrix multiplier is absolutely
required. This paper represents results of HW implementation & performance measurement and mentions several techniques
for performance improvement, further works.
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Description
- (M by M) * (M by K) Double Precision
Matrix Multiplier with variable Size
<M =1~6, M=1~6, K=1~6>
- Less than 150us for (6 by 6) ™ (6 by &)
Performance | 2| — Board Clock 80MHz
— Multiplier Core Clock 10MHz
Resource 3 |- Less than 50% Combinational Cell at RTAX20005
- A, B, C Matrix RAM Block
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) 5 +-Infinity, +-Denormalized>
Handling

- Double Bit Detection with First Occurred Position.
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for Fault Recovery
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(1A && B Matrix 227] AlZF: 2k 41 us ( > 63 us )
(] CorerAll AAXF AIZF: 2F 27 us (= 257 us )
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Update) 420 Cist s &3 Zot
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21 1 { templ = Ak) * Pk-1<3Z>) }

@ State Transition Matrix A(k)E 3Z Transpose.
(Transpose of <6 by 6>)

2] 2+ { temp2 = Transpose of A(k) }

@ @9 A7t @9 AHE P4 Fa7l.
(<6 by 6> * <6 by 6>)

2] 3 { temp3 = templxtemp? }
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d ¢S Covariance Matrix7-3}7].
(<6 by 6> + <6 by 6>)
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3. 0= Covariance A&2] @ ~ @ HW/SWSXt
Sub- .
Step Formula Operation
Step
1 SW Write A1 to 10
temp1 = Z SW Write B1 to 10

Al(ack=) X B1(P<k-12 E3) HW Multiplies A1 & B1 and
Store to C1 (temp1)

2 | temp2 = Transpose of A(k) | 1 | HW Transpose A1 to B1 (temp2)

1 HW Copies C1 to A1 (temp1)

HW Multiplies A1 & B1 and
Store to C1 (temp3)

3 SW Reads C1 from 10

3

3 temp3 = temp1*temp2 i
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