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ACCUMULATING ALTIMETER WITH
ASCENT/DESCENT ACCUMULATION
THRESHOLDS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to altimeters, and in
particular, to accumulating altimeters which selectively
accumulate total altitude gains or losses for ascents or
descents, respectively, for a selected period of time.

2. Description of the Related Art

With the development of solid state altimeters, such
as those using piezoelectric or piezoresistive elements,
use of altimeters for various activities has grown. One
such use is for bicyclists to record altitude gained or lost
during a bicycle trip. In particular, those who train and
compete in bicycle races often wish to know the alti-
tude gain or loss during a training ride. This helps pro-
vide an insight to the training regimen and whether it is
correct for the event for which they are training.

Conventional accumulating altimeters can provide
information regarding altitude gain or loss. For exam-
ple, U.S. Pat. No. 4,694,694 discloses an altimeter which
accumulates and displays total altitude gains or losses
over a selected interval of time. If set to accumulate and
display total gains in altitude, any and all altitude gains
are accumulated and displayed.

However, such indiscriminate altitude accumulation
may not be meaningful and can be misleading. During
virtually any bicycle ride, slight undulations in terrain,
including grade separations at railroads and highways,
as well as transient barometric pressure variations can
cause the altimeter to mistakenly detect that it has
gained or lost altitude. This causes the accumulated
altitude (gain or loss) to increase, although no net
change has occurred. In other words, even though the
instrument may have detected a number of altitude
changes while traversing a number of rises or depres-
sions in the roadway, such changes do not correctly
represent the work or effort put forth by the rider.

For a cyclist, ascents and descents of grade separa-
tions are of no interest. If the accumulating altimeter
accumulates all altitude gain or loss, however small, the
cyclist will not receive meaningful information regard-
ing the effort put forth, and therefore the training value
of the ride.

Furthermore, the altimeter is subject to mechanical
vibration and electrical noise within its own circuits.
These also can cause the altimeter to accumulate further
altitude gains or losses. The errors introduced from
these effects can be substantial. For example, typical
altitude measurement errors can be on the order of
10-20 feet due to mechanical vibration or electrical
noise within the altimeter.

Therefore, it is desirable to have an accumulating
altimeter which can selectively accumulate altitude
changes such as gains, while selectively ignoring some,
but not all, opposing altitude changes such as losses. In
other words, it would be desirable to have an accumu-
lating altimeter that can selectively ignore insignificant
altitude changes, due to such things as mechanical vi-
bration, slightly rolling terrain or highway overpasses,
while at the same time being capable of recognizing
significant altitude changes, due to such things as nding
over a hill or into a valley.
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SUMMARY OF THE INVENTION

An accumulating altimeter in accordance with the
present invention has selective ascent and descent accu-
mulation thresholds which allow it to initially ignore
altitude gains or losses below predetermined amounts,
while accounting for altitude gains and losses exceeding
the predetermined amounts. )

The present invention accepts a signal representing

the presént altitude. If the accumulator is enabled, it
first determines whether the altitude has changed, and if
so, whether the altitude change is in the direction of
interest and is greater than or equal to a first accumula-
tion threshold. If it is, the accumulztor begins to accu-
mulate altitude changes in the direction of interest.
* However, if the altitude change opposes that which
the accumulator is programmed to accumulate, e.g. the
present altitude is decreasing when the accumulator is
programmed to accumulate increases in altitude, one of
two things happen. If the opposing change in altitude
does not meet or exceed a second accumulation thresh-
old, it will simply be used to offset non-opposing alti-
tude changes, i.. altitude changes in the direction of
interest. On the other hand, if the opposing change in
altitude does reach the second accumulation threshold,
a new reference altitude is established and all further
non-opposing changes in altitude will be accumulated,
once they in turn meet or exceed the first accumulation
threshold. The first and second accumulation thresh-
olds can be different or equal, as desired..

Therefore, the present invention allows for selective
accumulation of either gains or losses in altitude, while
selectively accounting for opposing changes in altitude,
thereby giving a more meaningful indication of total
altitude gain or loss. In other words, non-opposing alti-
tude changes are accumulated in accordance with a
selectively preset first accumulation threshold, while
opposing altitude changes are used in accordance with
a selectively preset second accumulation threshold to
selectively offset, resume or restart accumulation of
non-opposing altitude changes.

These and other objectives, features and advantages
of the present invention will be understood upon con-
sideration of the following detailed description of the
invention and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a functional block diagram of an accumulat-
ing altimeter in accordance with the present invention.

FIG. 2is a graph illustrating exemplary altitude gains
and losses over an arbitrary distance and the resulting
accumulated altitude change with the present invention
selectively set to accumulate altitude increases.

FIGS. 3A-3C are flow charts representing the opera-
tional steps of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, an accumulating altimeter 10 in
accordance with the present invention includes a pres-
sure sensor 12, an analog-to-digital converter 14, an
accumulator 16, a display driver 18 and a display 20.
The pressure sensor 12 can be of any type commonly
used for altimeters. Preferably, a solid state pressure
sensor, or transducer, such as an integrated circuit hav-
ing piezoresistors implanted within the semiconductor
material, is used for greater sensitivity and reliability.
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