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TRADING SYSTEMS

Now With Less Lag

Zero-Lag Data Smoothers

Her€ satechniquethat canreducelagtonearlyzero.

causal filter can never predict thefuture.
As a matter of fact, the laws of nature
demand that al filters must have lag.
However, if we assume steady-state
conditions— that is, no new, disturbing
events— there are techniques we can useto reduce
thelag of thesefilterstonearly zero. It turnsout that
such filters are useful for technical analysts with
whichto smooth data, and perhapscreate somefast-
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actingindicators. Thisispossi blebecausethesteady-
stateassumptionsarea most, but not quite, satisfied
intheshort run. Thesetechniquesarenot applicable
to longer moving averages, because steady-state
conditions do not continue over along time span.
There are superior techniques for creating longer-
term averages, such as nonlinear filters or by
removing undesirable cycling components from a
composite price waveform.

Engineers would describe the zero-lag process as
the placement of azero in thefilter transfer response
suchthat therate change of phase at zero frequency is
zero. Traders, on the other hand, would understand
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the zero-lag effect as a relationship between the lag of a
moving average and momentum.

InFigure 1, the solid line represents asteady-state price
movement, and thedashed linerepresentsamoving average
of thepricelagging by N bars. Thelagisthehorizontal span.
An N-bar momentum has the vertical span as shown. By
addingtheN-bar momentumtothemovingaverage, youcan
recreate the original price movement. In thisway, you can
create a zero-lag moving average.

APPLYING FILTERS

Lag compensation can be applied to either finite impulse
response (FIR) filters like simple moving averages or to
infinite impulse response (lIR) filters like exponential
moving averages. | will apply the lag compensation
technique to both types of filters, but first let’s review a
littlefilter theory. Thedataused intrading issampl ed data.
Thisdatais only received once an hour, once aday, once
aweek, and so on. One theory of sampled dataisthat the
highest frequency that can be analyzed is at half the
sampling frequency. If you are using daily bars, then the
shortest period or the highest frequency isatwo-bar cycle.
This highest frequency is called the Nyquist frequency,
and it is convenient to normalize all analysis to this
frequency. Thegeneralized equationrelatingthenormalized
frequency to cycle period is:

Freq =2/ Period
or, conversely:
Period = 2/ Freq

Hence, atwo-bar cycle hasanormalized frequency of one, a
four-bar cyclehasanormaizedfrequency of 0.5, aneight-bar
cycle has a normalized frequency of 0.2, and so on. An
exponential moving average works by taking afraction of
the current price and adding it to the quantity 1 minusthe
fraction multiplied by the previous filter output. The
equation for an exponential moving averageis:

Filt = o* Price + (1-0)* Filt[1]

where a is the fraction and [1] indicates that function of
one bar ago.

By writing it this way, you are assured that the two
coefficientswill sumto unity. The coefficient sumto unity is
mandatory if thefilteristoconverge. For example, assumethe
price has been zero for along time and then jJumpsto avalue
of 1. Thefilter output after thejump at theinput will be . on
thefirst sample. On the next sample thefilter output will be
a+o*(1- o). Eventualy, thefilter output will convergetobe
near unity.

MEASURING LAG
The lag of an exponential moving average is calculated
using the following formula:

Momentum Moving Average

FIGURE 1: STEADY STATE LAG COMPENSATION. Here you see the relationship
between price and moving average.
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FIGURE 2: EMA AMPLITUDE RESPONSE, oL = 0.2. The greatest lag occurs at zero
frequency.

4.5

Magnitude response (dB)
N
o

-5.0

0 041 02 03 04 05 06 07 08 09 1
Normalized frequency (Nyquist == 1)

FIGURE 3: EMA LAG RESPONSE, o = 0.2. Here also the greatest lag occurs at zero
frequency.

Lgg=1a-1

Supposea =0.2. Inthiscase, thelagisfour bars. Theequation
for the usual exponential moving average (EMA) is:

Filt = 0.2* Price + 0.8*Filt[1]
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To obtain zero lag, we must add a four-bar momentum to
the input because the lag of the original EMA isfour bars.
The equation then becomes:

Filt =0.2* (Price + (Price—Price[4])) + 0.8*Filt[1]
= 0.2*(2*Price — Price[4]) + 0.8*Filt[1]

Figure 2 displays the amplitude response of the original
EmA asafunction of frequency. Figure 3 showsitslag as
a function of frequency. Note the greatest lag occurs at
zero frequency. Lag at frequencies where the output
amplitude is attenuated is unimportant, because small
amplitudes make little contribution to the output.

In contrast, Figure 4 shows the amplitude response of
the lIR zero-lag data smoother and Figure 5 showsiitslag
as a function of frequency. The zero-frequency lag has
been reduced to zero. The gain, or amplification, of in-
band frequenciesisunavoidable. Thegain can bereduced,
but only at the expense of adding lag again. The gain
contributes to overshoot at turning points in price. You
will see that this small increase in gain is tolerable in
practical usage.

My favorite FIR filter is:

Filt = (Price + 2*Price[1] + 3*Price[2] + 3* Price[3]
+ 2*Price[4] + Price[5])/12

It'smy favorite becauseit nullsout thetwo-bar, three-bar,
and four-bar cycle components that are present in the
input price. Theamplituderesponseof thisfilter isshown
inFigure 6. An FIR filter isalinear phasefilter, and lag
is defined as the rate change of phase as a function of
frequency. Thismeansthat FIR filters have the samelag
at all frequencies, andthislagis(N-1)/2for an N-element
Firfilter. Sincemy favoritefilter hassix elements, itslag
is 2.5 bars.

My favorite filter is six bars long, and | prefer not to
extend itslength by another 2.5 barswhen the momentum
iscomputed. So, | will do the equivalent by multiplying a
one-bar momentum by 2.5. Thisis valid because steady-
stateconditionsare assumed. Weperformthecalculations
to compute the filter coefficients as shown in Figure 7,
which is equivalent to an Excel spreadsheet. Column 1
lists the coefficients of my favorite filter. Column 2
contains these same coefficients delayed by one bar.
Column 3 shows the one-bar momentum, obtained by
subtracting column 2from column 1 for rowsthat contain

The real test of the data smoothers
is how they perform on real data.
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FIGURE 4: ZERO-LAG IIR FILTER AMPLITUDE RESPONSE, a. = 0.2. The zero
frequency lag has been reduced to zero.
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FIGURE 5: ZERO-LAG IIR FILTER LAG RESPONSE, @ = 0.2. Here again, the zero
frequency lag has been reduced to zero.

Magnitude response (dB)
2 &

-80
0 01 02 03 04 05 06 07 08 09 1

Normalized frequency (Nyquist == 1)

FIGURE 6: SIX-ELEMENT FIR FILTER AMPLITUDE RESPONSE. This is a linear phase
filter that has the same lag at all frequencies.

Filt  FiltLagged Momentum 2.5* Momentum Zero Lag
Filt
1 1
2 1 1 2.5 45
3 2 1 25 5.5
3 3 0 0 3
2 3 -1 -2.5 -5
1 2 -1 2.5 -15
1 -1 -2.5 -2.5

FIGURE 7: COMPUTING ZERO-LAG FIR FILTER COEFFICIENTS. As you

can see, the calculations can be done on a spreadsheet.
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FIGURE 8: ZERO-LAG FIR FILTER AMPLITUDE RESPONSE. When the lag is reduced,
notch rejection of the cycles disappears, out-of-band attenuation decreases, and the
inband gain is increased.

Filt  FiltLagged Momentum 2.5* Momentum Zero Lag
Filt
1 1
2 1 1 1.5 3.5
3 2 1 1.5 45
3 3 0 0 3
2 3 -1 -1.5 5
1 2 -1 -1.5 -5
1 -1 -1.5 -1.5

FIGURE 9: COMPUTING MINIMUM-LAG FIR FILTER COEFFICIENTS.
Multiplying momentum by 1.5 will reduce the lag.
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FIGURE 10: MINIMUM LAG FIR FILTER LAG RESPONSE. Here you see the results of
reducing the lag to one bar.
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coefficientsincolumn2. Column4iscolumn3multiplied
by 2.5. Thefinal filter coefficients can be seenin column
5 as the sum of the filter and the multiplied momentum
(columns 1 and 4).

Several bad thingshappen to my favoritefilter whenwe
reduce its lag, as shown in Figure 8. First, the notch
rejection of the two-bar, three-bar, and four-bar cycles
disappears. Second, theout-of -band attenuationisgeneral ly
decreased. Third, there isasubstantial increasein the in-
band gain. This gain contributes to overshoots in the
transient areas, but this is the price that must be paid to
obtain zero lag.

From experience, | know that the in-band gain will
result intoo much overshoot. There are techniquesthat can
beusedtoreducein-band gain, but onceagain, they introduce
more lag. As an aternative, we can simply be alittle less
aggressive in the elimination of lag. If you multiply
momentum by 1.5 instead of 2.5, you will theoretically
obtain a lag of one bar. This calculation is displayed in
Figure9, andtheresponseof thisfilterisdisplayedin Figure
10. Note that by being less aggressive you have both
reduced thein-band gain and increased the rejection band
attenuation (but you have still eliminated the notching of
thetwo-, three-, and four-bar cycles). Figure 11 showsthe
zero-frequency lag is one bar, as predicted. The resulting
equation for the minimum-lag FIR filter is:

Filt = (Price + 3.5 * Price[1] + 4.5 * Price[2]
+3* Price[3] + 0.5 * Price[4] - 0.5 * Price[5]
- 1.5 Price[6])/10.5

The filter is divided by 10.5 to normalize its output
amplitude to the sum of the coefficients, providing zero
gain at zero frequency.

Thereal test of the data smoothersis how they perform
onreal data. In Figure 12 the average of the high and low
of each price bar issmoothed. The IR smoother is plotted
in red and the FIR smoother is plotted in blue. They are

FIGURE 11: LAG RESPONSE OF THE MINIMUM LAG FIR FILTER. The zero frequency lag
is, as predicted, one bar.
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virtual overlays in their performance. We know the
passband frequency is lower for the IR smoother by 122.00
comparingwheretheresponsescrosszerogainin Figures i
4 and 10. In addition, the 'R smoother has atheoretical
zero frequency lag. For these reasons, and becauseitis
easy tocalculate, thelirRsmoother isgenerally preferable.
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