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Direct-Form Realization of Discrete-Time Systems

A causal, linear, time-invariant, diete-time gstem can be described by the diffnce equation:
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where x[ n] istheinputang[n] is the output. We can solve (1)yfpn] to obtain:
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which shows that the outpug[n] is a weighted sumxdih— K, k=0

, the inputs at present and past
times, minus a weighted sumoffin— K, k>0

, the outputs at past times.

Form (2) of the difference equation suggests an obvious realization of the system called Direct Form

Type |, which is shown in Fig. 1. The elements label&irepresent one-sample delays, and are realized
using shift registers.
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Fig. 1. Direct-form Type | realization of the system described by (1).
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We can observe that in Direct form Type I, the overall LTI systdm is formed as a cascade of a non-
recursive LTI systenH,; and arecursive LTI systéy . Since these two LTI systems commute, we can
reverse the orderdfl; and, , obtaining the realization shown in Fig. 2. Examining the system of Fig. 2,
we see that each pair of delay elements contains an identical signal, and can be replaced by a single delay
element. This leads to the Direct Form Type Il realization shown in Fig. 2. Fig. 2 has been drawn under the

assumption thald > M , in which case, the system requites delay elements. Thd eade is also pos-
sible. In general, the Direct Form Type |l realization requiraax(M, N) delay elements.
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Fig. 2. Realization of the system described by (1), obtained by
reversing the order of H; and H, in Fig. 1.
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Fig. 3. Direct form Type Il realization of the system described by (1),
obtained from system of Fig. 2 by merging delay elements.



