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SYSTEMS AND METHODS FOR SELF-TEST 
OF A RADAR ALTIMETER 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to co-pending US. patent 
application Ser. No. 11/306,185. The contents of Which are 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Frequency Modulated/ Continuous Wave (FM/CW) Radar 
Altimeters need Ways in Which to verify proper operation. In 
current radar altimeters, self-testing is performed in a system 
that uses a Bulk Acoustic Wave (BAW) device that is rela 
tively expensive. These systems fail to accurately detect 
improper system operation. 

Therefore, there exists a need to replace expensive BAW 
devices and to implement a self-test that more effectively 
identi?es When the radar altimeter is performing outside of 
acceptable limits. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides systems and methods for 
testing a signal generated by a Direct Digital Synthesizer 
(DDS) in a radar altimeter. In an embodiment of the method, 
a voltage signal derived by comparing a ?xed reference fre 
quency to a ramped frequency signal generated by the DDS 
based on a clock-based reference signal is generated. The 
generated voltage signal is integrated over a prede?ned num 
ber of clock signals. The integration is sampled at a previ 
ously de?ned clock tick. The sample is compared to a 
desired value and an indication that the radar altimeter is 
malfunctioning is provided if the comparison exceeds a pre 
de?ned threshold value. 

The radar altimeter system is deactivated if an indication 
that the radar altimeter is malfunctioning has been provided. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The preferred and alternative embodiments of the present 
invention are described in detail beloW With reference to the 
folloWing draWings. 

FIG. 1 is a block diagram of an example radar altimeter 
formed in accordance With the present invention; 

FIG. 2 is a How diagram of an example process performed 
by the system shoWn in FIG. 1. 

FIG. 3 illustrates components of the system shoWn in FIG. 

1; 
FIGS. 4A-D illustrate timing diagrams of signals pro 

duced by some of the components shoWn in FIG. 3; and 
FIG. 5 illustrates exemplary details of one of the compo 

nents shoWn in FIG. 3. 

FIG. 6 illustrates components of the system shown in FIG. 
I; and 

FIG. 7 is a ?ow diagram of an example process performed 
by the system shown in FIG. I. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates an example radar altimeter 20 for per 
forming self-tests of the component of a transmission signal. 
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2 
The radar altimeter 20 includes a transmitter 24 coupled to a 
Programmable Logic Device (PLD) 26 and a receiver 25, 
both coupled to an antenna 28 via circulator 30. The trans 
mitter 24 or the PLD 26 performs self-testing during normal 
transmit and receive mode of operation of the radar altimeter 
20. The radar altimeter 20 Will go off-line if it is determined 
that during self-testing certain components of the transmis 
sion signal are out of limits. 

FIG. 2 illustrates a How diagram of an example process 50 
performed by components of the transmitter 24 and/or the 
PLD 26. The process 50 begins at decision block 52. At the 
decision block 52, the process 50 determines if the radar 
altimeter 20 is in the normal mode of operation. The radar 
altimeter 20 is in the normal mode of operation When the 
aircraft is airborne and Within a certain altitude above the 
ground. If the radar altimeter 20 is determined not to be in 
the normal mode of operation, the process 50 returns to deci 
sion block 52 until the radar altimeter 20 is determined to be 
in the normal mode of operation, at Which time the process 
50 continues to a block 54. At the block 54, an integration of 
a phase/frequency output voltage curve between a turn 
around point and a clock tick that is prede?ned to be associ 
ated With a test frequency value is performed. Next, at a 
block 58, the process 50 compares the detected integration 
value to a reference voltage value. At a decision block 60, 
the process 50 determines if the difference as determined at 
block 58 is greater than a threshold value. If the difference is 
not greater than the threshold value, the process 50 returns to 
the decision block 52. If the difference Was determined to be 
greater than the threshold value, then the process 50 takes 
the radar altimeter 20 off-line at a block 62. 

FIG. 3 illustrates an embodiment of the transmitter 24 
from FIG. 1. In this embodiment, the transmitter 24 includes 
a Direct Digital Synthesizer (DDS) 100, a poWer divider 
102, a mixer 104, a digital phase lock loop 106, a clock 108, 
a frequency divider 112, a phase/frequency detector 114, an 
integrator 118, a Band Pass Filter (BPF) 110, a comparator 
120, and a sample and holding device 124. During the nor 
mal mode of operation, the DDS 100 generates a signal, such 
as signal 180 shoWn in FIG. 4A, and sends it to the mixer 
104. The DDS 100 receives a clock signal from the clock 
108. The clock 108 also sends the clock signal to the mixer 
104 and the frequency divider 112. The poWer divider 102 
splits the signal sent from the DDS 100 and sends the split 
signal to the mixer 104 and the phase/frequency detector 
114. The phase/frequency detector 114 also receives a signal 
from the frequency divider 112 that is a reduced frequency 
version of the clock signal. The mixer 104, forms a reference 
frequency by summing the frequency of the clock signal and 
the frequency of the DDS 100 and sends it to the digital 
phase lock loop 106. The digital phase lock loop 106 gener 
ates a radar signal by multiplying the mixer output reference 
frequency by an integer number and sends it through the 
BPF 110 for transmission via the antenna 28. 
The output of the phase/frequency detector 114 is inte 

grated by the integrator 118. The output of the integrator 118 
is compared at the comparator 120 to a reference voltage 
Vref. The output of the comparator 120 is sent to the sample 
and holding device 124 that retains the sampled comparator 
output until it is requested by the PLD 26. This permits the 
PLD 26 to operate asynchronously from the transmitter 24. 
The comparator 120 determines if the product of the integra 
tor 118 as compared to the Vref is outside of a threshold 
value as Was performed at the decision block 60 from FIG. 2. 
The DDS 100 and the integrator 118 are controlled by the 
PLD 26. 

FIGS. 4A-D illustrate examples of signals that are gener 
ated by the components shoWn in FIG. 3. FIG. 4A illustrates 
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a signal 180 that is generated by the DDS 100 and sent to the 
phase frequency detector 114 by the power divider 102. FIG. 
4B illustrates a signal 184 that shoWs output voltage values 
as generated by the phase frequency detector 114 When the 
output of the frequency divider 112 is used as a reference 
frequency. 

FIG. 4C illustrates a curve 186 that is the output of the 
integrator 118. The curve 186 is the integration of the signal 
184 as shoWn in FIG. 4B. FIG. 4D illustrates a pulse signal 
190 that is the clock pulse signal generated by the clock 108. 

Referring noW to FIG. 5 With reference back to FIGS. 
4A-D and FIG. 3. FIG. 5 illustrates an embodiment of the 
integrator 118. In this embodiment, the integrator 118 
includes a resistor 200, a charge sWitch 204, a capacitor 206, 
and a dump sWitch 210. The signal 184 generated by the 
detector 114 is received at the resistor 200. When the charge 
sWitch 204 is closed and the dump sWitch 210 is open, the 
resistor and capacitor together form a integration circuit With 
a time constant that is determined by the product of the 
resistance in ohms and the capacitance in farads. The resistor 
effectively sloWs the rate at Which the capacitor is charged or 
discharged by the polarity of the signal arriving at the input 
to resistor 200. The charge sWitch 204 and the dump sWitch 
210 are both controlled by the PLD 26. The capacitor 206 
and the dump sWitch 210 are coupled betWeen the output of 
the charge sWitch 204 and a ground reference. 

Referring back to FIG. 4C, at a point 192 (the initialiZa 
tion point), the charge sWitch 204 is closed and the dump 
sWitch 210 is in the open position. This causes the capacitor 
206 to charge up based on the received signal from the detec 
tor 114. At N-clock ticks, point 194, the charge sWitch 204 is 
put in the open position and the dump sWitch 210 remains in 
the open position. The N-clock ticks point 194 is the clock 
tick at Which it Was previously determined to be the point in 
time at Which the DDS curve 180 hits 96 MHZ. At this point 
the output of the comparator 120 is sampled by the sample 
and hold circuit 124 and retained for use by the PLD 26. One 
clock tick after the sample circuit 124 has sampled the com 
parator 120 output, the dump sWitch 210 is closed and the 
capacitor voltage is discharged to Zero for l-2 clock ticks. 
Then the dump sWitch 210 is opened and the charge sWitch 
204 is closed and the resistor 200 and the capacitor 206 
resume behaving as an integrator for the second half of the 
DDS frequency sWeep. At point 196, the charge sWitch 204 
is opened and the dump sWitch 210 is retained in the open 
position. The sample and hold circuit 124 samples the output 
of the comparator 120 and retains the result for the PLD 26. 
One clock tick later the dump sWitch 210 is closed and the 
capacitor 206 is discharged, thus performing a reset func 
tion. 

FIG. 6 illustrates an embodiment of the transmitter 24 
from FIG. I. In this embodiment, the transmitter 24 includes 
a Direct Digital Synthesizer (DDS) 600, a clock 608, a first 
component 614 con?gured to generate a voltage signal 
derived by comparing a fixed reference frequency to a 
ramped frequency signal generated by the DDS 600 based 
on a clock-based reference signal, a second component that 
is an integrator 618 configured to integrate the generated 
voltage signal over a predefined range of clock signals, a 
third component that 624 configured to sample the integra 
tion at a previously defined clock tick; a forth component 
that is a comparator 620 configured to compare the sample 
to a desired value, and a ?fth component 626 configured to 
provide an indication that the radar altimeter is malfunc 
tioning the comparison exceeds a predefined threshold 
value. 

FIG. 7 illustrates a?ow diagram ofan example process 
700. The process begins at 702 with generating a voltage 
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4 
signal derived by comparing a fixed reference frequency to a 
ramped frequency signal generated by the DDS based on a 
clock-based reference signal. The process proceeds to 704 
with integrating the generated voltage signal over a pre 
defined range of clock signals. The process proceeds to 706 
with sampling the integration at a previously defined clock 
tick and to 708 with comparing the sample to a desired 
value. T he process proceeds to 7 I 0 with providing an indica 
tion that the radar altimeter is malfunctioning ifthe com 
parison exceeds a predefined threshold value. 

While the preferred embodiment of the invention has been 
illustrated and described, as noted above, many changes can 
be made Without departing from the spirit and scope of the 
invention. Accordingly, the scope of the invention is not lim 
ited by the disclosure of the preferred embodiment. Instead, 
the invention should be determined entirely by reference to 
the claims that folloW. 
What is claimed is: 
1. A radar altimeter system including a transmitter having 

a Direct Digital SynthesiZer (DDS) and a Digital Phase Lock 
Loop, the system comprising: 

a ?rst component con?gured to generate a voltage signal 
derived by comparing a ?xed reference frequency to a 
ramped frequency signal generated by the DDS based 
on a clock-based reference signal; 

a second component con?gured to integrate the generated 
voltage signal over a prede?ned range of clock signals; 

a third component con?gured to sample the integration at 
a previously de?ned clock tick; 

a fourth component con?gured to compare the sample to a 
desired value; and 

a ?fth component con?gured to provide an indication that 
the radar altimeter is malfunctioning if the comparison 
exceeds a prede?ned threshold value. 

2. The system of claim 1, further comprising a device 
con?gured to deactivate the radar altimeter system if an indi 
cation that the radar altimeter is malfunctioning has been 
provided. 

3. The system of claim 1, Wherein the second component 
includes a device con?gured to perform a reset function. 

4. A method for testing a signal generated by a Direct 
Digital SynthesiZer (DDS) in a radar altimeter, the method 
comprising: 

generating a voltage signal derived by comparing a ?xed 
reference frequency to a ramped frequency signal gen 
erated by the DDS based on a clock-based reference 
signal; 

integrating the generated voltage signal over a prede?ned 
range of clock signals; 

sampling the integration at a previously de?ned clock 
tick; 

comparing the sample to a desired value; and 
providing an indication that the radar altimeter is mal 

functioning if the comparison exceeds a prede?ned 
threshold value. 

5. The method of claim 4, further comprising deactivating 
the radar altimeter system if an indication that the radar 
altimeter is malfunctioning has been provided. 

6. The method of claim 4, further comprising performing 
a reset function. 

7. A method for testing a signal generated by a Direct 
Digital SynthesiZer (DDS) in a radar altimeter, the method 
comprising: 

activating the radar altimeter in a normal mode of opera 
tion; 
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integrating a generated voltage signal betWeen a turn 
around point and a clock tick; 

comparing a detected integration value to a reference volt 
age value; and 

deactivating the radar altimeter system if the comparison 
is outside a prede?ned threshold value. 

8. The method of claim 7, Wherein activating further com 
prises generating a voltage signal. 

9. The method of claim 8, Wherein generating further 
comprises generating the voltage signal derived by compar 
ing a ?xed reference frequency to a ramped frequency signal 
generated by the DDS based on a clock based reference 
signal. 

10. The method of claim 7, Wherein comparing further 
comprises sampling the integration at a previously de?ned 
clock tick. 

11. The method of claim 7, further comprising performing 
a reset function. 

12. A radar altimeter system including a transmitter hav 
ing a Direct Digital Synthesizer (DDS) and a Digital Phase 
Lock Loop, the system comprising: 

a first component con?gured to generate a voltage signal 
derived by comparing a fixed reference frequency sig 
nal to a ramped frequency signal generated by the DDS 
based on a clock-based reference signal; 

a second component configured to integrate the generated 
voltage signal over a predefined range of clock ticks; 

a third component con?gured to generate an output signal 
representing a comparison of the integration to a 
desired value; 

a fourth component configured to sample the comparison 
at a previously defined clock tick; and 

a ?fth component configured to provide an indication that 
the radar altimeter is malfunctioning ifthe comparison 
exceeds a predefined threshold value. 
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13. The system ofclaim 12, further comprising a device 

configured to deactivate the radar altimeter system an 
indication that the radar altimeter is malfunctioning has 
been provided. 

14. The system ofclaim 12, wherein the second compo 
nent includes a device configured to perform a reset func 
tion. 

15. A method for testing a signal generated by a Direct 
Digital Synthesizer, (DDS) in a radar altimeter, the method 
comprising: 

generating a voltage signal derived by comparing a fixed 
reference frequency signal to a ramped frequency sig 
nal generated by the DDS based on a clock-based refl 
erence signal; 

integrating the generated voltage signal over a predefined 
range of clock signals; 

generating an output signal representing a comparison of 
the integration at a previously defined clock tick to a 
desired value; and 

providing an indication that the radar altimeter is mal 
functioning the comparison exceeds a predefined 
threshold value. 

16. The method ofclaim ]5,further comprising deactivat 
ing the altimeter ifan indication that the radar altimeter is 
malfunctioning been provided. 

1 7. The method ofclaim 15, further comprising perform 
ing a resetfunction. 


