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» The Laplace transform enables

q(t) +aq(t) = bu(t), Vvt>0, (1)
y(t) = q(t), (2)
to be written as, or abstracted to
b
o) = (5 ) o) ®
G(s)

» As shown in Figure 1, (3) can be written in block diagram form.

u(s)—  G(s) —y(s)

Figure 1: Block diagram representation of y(s) = G(s)u(s).

» In general, G(s) could be any transfer function, not just a first-order transfer function, as in (3).

> When many systems interact, it's often convenient to manipulate the block diagram describing
their interconnection.

» The three most common block diagram interconnections are presented next: series, parallel,
and negative feedback interconnections. 2/9



Series Interconnection

u(s) —» Gi(s)

Ga(s)

—y(s)

Figure 2: Series interconnection of G1(s) and Ga(s).

> Consider the series interconnection in Figure 2.

> Mathematically,

y(s) = Ga(s)ua(s),

y(s) = Ga(s) (G1(s)u(s))
y(s) = (Ga(s)G1(s)) u(s).
» Thus, the block diagram of Figure 2 is equivalent to the block diagram of Figure 3.

u(s) —»

(;1(8)(;2(3)

uz(s) = y1(s) = Gi(s)u(s),

—y(s)

Figure 3: Series interconnection of G1(s) and G2(s) manipulated to one block.
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Parallel Interconnection

r(s) —— y(s)

Figure 4: Parallel interconnection of G1(s) and Ga(s).

> Consider the parallel interconnection in Figure 4.

> Mathematically,
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» |t follows that

1(8) + y2(s)
G1(s)r(s) + Ga(s)r(s)
(G1(s) + Ga(s)) r(s).

y(s) =

» Thus, the block diagram of Figure 4 is equivalent to the block diagram of Figure 5.

r(s) —— Gu(s) + Gals) —>y(5)

Figure 5: Parallel interconnection of G1(s) and G2(s) manipulated to one block.
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Negative Feedback Interconnection

r(s) —

Gi(s) > y(s)

GQ(S)

Figure 6: Negative feedback interconnection of G1(s) and Ga(s).

> Consider the negative feedback interconnection in Figure 6.
> Assume the negative feedback interconnection is well posed. Well posedness will be discussed in

later.
» Mathematically,

yi(s) = Gi(s)ua(s),

y2(s) = Ga(s)ua(s),

yi(s) = y(s) = ua(s),
ui(s) = e(s) = r(s) — y2(s)
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» |t follows that
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> Collecting like-terms in y(s),



» Thus, the block diagram of Figure 6 is equivalent to the block diagram of Figure 7.

G1 (8)

157G (5)Ga(s) >~ y(s)

r(s) —»

Figure 7: Feedback interconnection of G1(s) and G2(s) manipulated to one block.
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