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[57] ' ABSTRACT 

A method and apparatus‘ for the detection of flaws in 
pieces of lumber or like material in which there may 
be wide variations in density within each piece, or‘ 
among the pieces being examined. Lumber being pro 
cessed is moved past two adjacent microwave detec 
tors positioned to receive microwave radiation trans 
mitted through the moving lumber from a conven 
tional microwave source, and the outputs from the de 
tectors are ampli?ed and compared in a differential 
ampli?er, the presence of ?aws resulting in difference 
signals which are used to generate pulses for control 
ling a lumber processing device or for storage in a 
memory device and use in‘ subsequent processing 
steps. 

28 Claims, 2 Drawing Figures 
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1 
FLAW DETECTION SYSTEM USING 

MICROWAVES 

BACKGROUND OF THE INVENTION 

This invention relates generally to systems for the de 
tection of flaws in lumber and, more particularly, to 
lumber flaw detection systems using microwave radia 
tion. Such systems are used to supply information for 
automatically marking or cutting ‘the lumber into de 
sired lengths‘free of flaws. ‘ 

In the prior art, short'wave electromagnetic radia 
tion, widely known as microwave radiation, has been 
used to detect flaws or non~homogeneous zones in elec 
trically non-conducting material, particularly glass. 
The microwave radiation is either transmitted through 
or re?ected from the material being examined, and a 
microwave receiver is used to detect variations in the 
transmitted or re?ected-radiation caused by ?aws in 
the material as it is moved past the receiver. 
Common defects in lumber, such as knots, pitch, and 

wind shake, are non-homogeneous zones which can‘ be 
readily detected using. a microwave technique. How 
ever, because lumber is not, in general, as homogene~ 
ous as many synthetic materials, such as glass, prior art 
microwave techniques are not directly transferable to 
lumber flaw detection systems. Because of the widely 
varying moisture content of lumber, the density of the 
lumber may vary widely within a single piece as well as 
from piece to piece. These density variations show up 
as variations in the received microwave radiation, 
making the detection of flaws in the lumber ,very dif? 
cult, if. not impossible, using prior art methods. One 
possible solution to this problem is to ?lter out the den 
sity variations, which will generally be more gradual 
than the variations due to flaws, by employing, for ex 
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ample, some form of capacitance coupling in circuitry ' 
associated with the receiver.-This is not a completely 
satisfactory solution, however, since the speed of the 
lumber with respect to the receiver then becomes a 
critical factor in the use of the technique. 

Ideally, a flaw detection system for'lumber should be 

40 

insensitive to normal variations in density of the lumber _ 
from piece to piece and within single pieces, while still 
remaining sufficiently sensitive to ‘changes in density 
due to flaws in the lumber. Furthermore, this insensitiv 
ity to normal density variations should not be achieved 
at the expense of a lower processing speed. The present 
invention meets all of these needs. 

SUMMARY OF THE INVENTION 

The present invention resides in an improved method 
and apparatus for the detection and location of flaws in 
lumber and like material, using microwave radiation. 
Basically, the apparatus of the invention includes a 
source of microwave radiation, at least two microwave 
detectors, a differential ampli?er for detecting a differ 
ence in output between the detectors, and a means for 
coupling the differential ampli?er to a control or stor 
age device used for subsequent processing of the lum 
ber. i 

Normal variations in the density of the lumber, be 
cause of their gradual nature, will generally have equal 
effects on adjacent detectors and will produce very lit 
tle difference signaLSmall flaws such as knots, on the 
other, hand, will affect the output of only one detector 
at a time, and will result in a momentary difference sig 

2 
nal which can be used to operate a lumber marking or 
cutting device, or stored for subsequent use in process 
ing the lumber. 
The method of the present invention basically in 

cludes the steps of transmitting microwave radiation 
through the lumber, measuring received radiation at at 
least two adjacent positions, sensing differences in the 
measured radiation at the adjacent positions, and gen 
erating therefrom control signals for use in processing 
the lumber. , ‘ 

More speci?cally, in a presently preferred embodi 
ment of the invention, two microwave detectors are 
employed, the output of each being amplified and fed 
to a variable gain differential ampli?er, the output of 
which is proportional to the difference between the 
outputs of the two detectors. Since the detectors are 
positioned close together, gradual variations in lumber 
density produce no difference signal, or a negligibly 
small difference signal, but small flaws in the lumber 
produce substantial difference signals at the output of 
the differential ampli?er. An absolute value circuit is 
included, following the differential ampli?er, in order . 
that both positive and negative difference ‘signals will 
bedetected. Then, a level sensing circuit serves a filter~ 
ing function by rejecting difference signals below a cer 
tain level, and passing othersion to a trigger circuit 
which, in cooperation with the level sensing circuit, 
produces pulse signals‘to be stored or used to operate 
lumber processing equipment. 

It can be readily seen that the invention provides a 
new and useful tool for the detection and location of 
flaws in lumber. The invention overcomes the'disad 
vantages of prior art microwave flaw detection systems 
as applied to lumber and like materials, in that small 
?aws can be conveniently distinguished from normal 
?uctuations in density without imposing any limitation 
on lumber processing speed. Other aspectsand advan 
tages of the invention will become apparent from the ‘ 
following detailed description taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG..1 is a block diagram of a flaw detection system 

embodying the invention; and 
FIG. 2. is a more detailed electricalschematic dia 

- gram of the system shown’ in FIG. 1. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT - 

As shown in the drawings for purposes of illustration, 
the invention is embodied in an improved system using 
microwave radiation for the detection of flaws, such as 
knots, pitch, and wind shake, in lumber. It will be un 
derstood that, while the invention is particularly well 
suited for the detection of flaws in lumber, it could also 
be used for the detection of flaws in other like materi 
als, lacking perfect'homogeneity. 

In accordance with the present invention, as illus 
trated in FIG. 1, a piece of lumber 10 being examined 
for ?aws is passed between a microwave oscillator 
source 11 and two microwave detectors l2 and 13, the 
outputs of which are amplified by two corresponding 
ampli?ers l4 and 15, and connected to a differential 
ampli?er 16, which produces an output proportional to 
the difference between the outputs of the two micro~ 
wave detectors. Since the detectors 12 and 13 are dis 
posed close together in the line of motion of the lumber 
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l0, gradual density variations along the length of the 
lumber will generally affect both detectors equally, and 

. will result in a negligibly small difference signal, if any, 
at the output of the differential ampli?er 16. A small 
?aw, on the other hand, such as the one shown at 17, 
will affect the output of only one of the detectors 12 
and 13 at a time and will produce a relatively large dif 
ference signal at the output of the differential ampli?er 
16. Thus, the system is capable of detecting flaws in 
material having normal inherent density ?uctuations. 
More speci?cally, the microwave oscillator 11 is a 

conventional microwave source, of either the klystron 
or the solid state diode variety, generating microwave 
radiation having a wavelength typically in excess of one 
centimeter. Flaws detected by the system are typically 
larger than one-eighth inch (approximately 3 mm) in 
diameter. The microwave detectors 12 and 13 are posi 
tioned adjacent to each other in the path of the radia 

. tion transmitted through the lumber 10, and include 
microwave horns and diode detectors of conventional 
design. 1 

The ampli?ers 14 and 15, to which the outputs of the 
detectors 12 and 13 are connected, are single-ended 
operational ampli?ers. Since these devices have a char 
acteristically high input impedance and low output im 
pedance, they serve the dual function of ampli?cation 
and impedance transformation. The differential ampli 
fier 16 is also an operational ampli?er, connected to 
have a variable gain so that the sensitivity of the detec 
tion system may be varied. 
The output from the differential ampli?er 16 is con 

nected to an absolute value circuit 18 providing a posi 
tive output signal equal in magnitude to that of its input 
signal but without regard to the sign of the input signal. 
The output from the absolute value circuit 18 is, in 
turn, connected to a level sensing circuit 19, which 
serves a ?ltering function in that it rejects difference 
signals below a certain selectable threshold value. Dif 
ference signals of sufficient magnitude to activate the 
level sensing circuit 19 are conveyed to a trigger circuit 
20, which, in cooperation with the level sensing circuit, 
produces signals in‘pulse form to operate a lumber 
marking‘device 21, or other'lumber processing device, 
or to be stored in computer memory and logic elements 
22 for subsequent use in processing the lumber 10. 
Referring now to FIG. 2, there is shown by way of ex 

ample and not by way of limitation, a detailed sche 
matic diagram of a presently preferred embodiment of 
the invention. The ampli?ers 14 and 15 and the differ 
ential amplifier 16 each include an operational, or d.c. 
amplifier having characteristically high gain, high input 
impedance, and low output impedance. Such opera 
tional ampli?ers are typically available in integrated 
circuit form. In a presentlypreferred embodiment of 
the invention, each of the three ampli?ers 14, 15 and 
16 utilizes one-half of a dual operational ampli?er inte 
grated circuit chip, device type MC1437L, manufac 
tured by Motorola Semiconductor Products, Inc., 
Phoenix, Ariz. 
The first operational ampli?er 14 has an inverting 

input terminal 25, a non-inverting input terminal 26, an 
output terminal 27, a 8+ ‘power supply terminal 28, a 
8- power supply terminal 29, two input lag terminals 
30 and 31, and an output lag terminal 32. The second 
operational ampli?er 15 has an inverting input terminal 
34, an non-inverting input terminal 35, an output ter 
minal 36, a 8+ power supply terminal 37, a B— power 
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4 
supply terminal 38, two input lag terminals 39 and 4t), 
and an output lag terminal 41. Similarly, the differen 
tial ampli?er 16 has an inverting input terminal 43, a 
non-inverting input terminal 44, an output terminal 45, 
a 8+ power supply terminal 46, a B- power supply ter 
minal 47, two input lag terminals 48 and 49, and an 
output lag terminal 50. 
Both the ampli?ers l4 and 15 are connected in a 

non-inverting con?guration, i.e., the output has the 
same sign as the input. The output of the ?rst micro 
wave detector 12 is applied between the non-inverting 
input terminal 26 of ampli?er 14 and ground, a variable 
feedback resistor R51 connects the output terminal 27 
to the inverting input terminal 25, and another resistor 
R52 is connected between the inverting input terminal 
25 and ground. In this con?guration, the closed loop 
gain, i.e., the ratio of the voltage at the output terminal 
27 to the voltage at the non-inverting input terminal 26 
is positive and is determined primarily by the values of 
the resistors R51 and R52. Power is'supplied to the am 
pli?er 14 through the power supply terminals 28 and 
29, and frequency compensation of the amplifier is pro 
vided by a resistor R53 and a capacitor C54 connected 
in series between the input lag terminals 30 and 31 and 
a further capacitor C55 connected between the output 
terminal 27 and the output lag terminal 32. 
The second ampli?er 15 is connected in a similar 

fashion, i.e., the output from the second microwave de 
tector 13 is applied between the non-inverting input 
terminal 35 and ground, a variable feedback resistor 
R56 is connected between the output terminal 36 and 
the inverting input terminal 34, and another resistor 
R57, is connected between the inverting input terminal 
34 and ground. Again, power supplied to the amplifier ' 
15 through the power supply terminals 37 and 38, and 
frequency compensation is provided by a resistor R58 
and a capacitor C59 connected in series between the 
input lag terminals 39 and 40, and a further capacitor 
C61 connected between the output terminal 36 and the 
output lag terminal 41. ‘ 
Output from the ampli?er 14 is connected from ‘the 

output terminal 27 through a resistor R62 to the invert 
ing input terminal 43 of the differential ampli?er 16, 
and output from the ampli?er 15 is connected from the 
output terminal 36 through a resistor R63 to the non 
inverting input'terminal 44 of the differential amplifier. 
A feedback resistance comprising two resistors R64 
and R65 in series is connected between the output ter 
minal 45 and the inverting input terminal 43. Another 
resistance consisting also of two resistors R66 and R67 
in series is connected between the non-inverting input 

' terminal 44 and ground, and a variable resistor R68 is 
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connected between the junction point of resistors R64 
and R65, and the junction point of resistors R66 and 
R67. In this con?guration, the differential ampli?er 16 
produces an output signal between its output terminal 
45 and ground which is proportional to the difference 
between the output signals of ampli?ers 14 and 15, and 
the variable resistor R68 operates to vary the gain of 
the differential ampli?er. As in the other ampli?ers, 
power is supplied to the differential ampli?er 16 
through the power supply terminals 46 and 47, and fre 
quency compensation is effected by means of a resistor 
R69 and a capacitor C71 connected in series between 
the input lag terminals 48 and 49, and a further capaci 
tor C72 connected between the output terminal 45 and 
the output lag terminal 50. 
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The absolute value circuit 18 utilizes an additional I 

operational ampli?er 74, which, like the others, has an 
inverting input terminal 75, a non-inverting input ter 
minal 76, an output terminal 77, power supply termi 
nals 78‘ and 79, input lag terminals 81 and 82, and an 
output lag terminal 83. A feedback resistor R84 is con 
nected between the output terminal 77 and the invert 
ing input terminal 75, and frequency compensation is 
provided by a resistor R85 and a capacitor C86 con 
nected in series between the input lag terminals 81 and 
82, and a further capacitor C90 connected between the 
output terminal 77 and the output lag terminal 83. 
The output of the differential ampli?er 16 is con 

nected to the absolute value circuit through a network 
including three diodes 87, 88 and 89, two resistors R91 
and R92, and a voltage divider consisting of an addi 
tional resistor R93 connected to the B+ voltage, and a 
low-resistance potentiometer R94 connecting the resis 
tor R93 to ground. 
The output terminal 45 ‘of the differential ampli?er 

16 is connected through the resistor R91 to the invert 
ing terminal 75, and is also connected to the anode of 
the first diode 87, the cathode of which is connected to 
the anode of the second diode 88. The cathode of the 
second diode 88 is, in turn, connected through the re 
sistor R92 to the inverting terminal 75. Finally, the slid 
ing contact of the potentiometer R94 is connected to 
the anode of the third diode 89, the cathode of which 
is connected both to the non~inverting input terminal 
76 and to the junction point between the ?rst and sec 
ond diodes 87 and 88. 

In a presently preferred embodiment of the inven 
tion, the feedback‘ resistor R84 is IOkO, and the resis 
tors R9 l and R92 are 10k!) and SkfLrespectively. With__ 
these values of resistance, the absolute value circuit 18 
acts as an inverter with a gain of unity when negative 
signals are presented to it, and as a unity-gain ampli?er 
for positive signals. For negative input signals, the only 
effective path is through the resistor R91 to the invert~ 
ing input terminal 75, since other possible paths are 
blocked ‘by the ?rst diode 87. The non-inverting, or 
positive terminal 76 is held as close to ground potential 
as possible by adjustment of the potentiometer 94, and, 
for negative input signals, the circuit is veffectively con 
nected in a conventional inverting con?guration for op 
erational ampli?er, the closed loop gain being primarily 
determined by the ratio of the resistances R84 and 
R91, i.e., —-l. > 
For positive inputs, there are three possible paths: 

through the resistor R91 to the inverting input terminal 
75, through the first diode 87 to the non-inverting input 
terminal 76, and through the ?rst and second diodes 87 
and 88tand the resistor R92 to the inverting input ter 
minal 75. Using familiar principles of superposition, the 
closed loop gain can be computed for each path sepa 
rately, and the values added to obtain the effective gain 
for positive input signals. For the ?rst path, through the 
resistor R91 to the inverting terminal 75, the gain is ~1, 
as was shown for negative input signals. The second 
path, through the ?rst diode 87-to the non-inverting 
input terminal 76, is effectively a conventional non 
inverting con?guration for operational ampli?ers, with 
the input connected to the non-inverting input termi 
nal, and the inverting input terminal 75 having a resis 
tance to ground comprising the resistors R91 and R92 
in parallel, i.e., a value of l0/3k1'l. 
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If the input voltage is designated e, and the voltage 

drop across the ?rst and second diodes 87 and 88 are 
designated ‘v, and v2, respectively, then the voltage ap 
plied to the non-inverting input terminal 76 through the 
second path is (el — v1) and the closed loop gain for this 
voltage is: l + (R84 + 10/3) = +4. 
For the third path, through the first and second di 

odes 87 and 88 and the resistor R92, the effective input 
voltage is (el —‘ v1 —- v2) and the closed loop gain is 
-—R84/R92, or —2. Thus, the overall closed loop gain 
sums to +l , if v, = v,; and the absolute value circuit 18 
outputs ‘to the level sensing circuit 19 a positive signal 
equal in magnitude to that of the input signal. . 
The level sensing circuit 19 (FIG. 1) and the trigger 

circuit 20 (FIG. 1) include, as shown in FIG. 2, two uni 
junction transistors 96 and 97, two silicon controlled 
recti?ers (SCR’s) 98 and 99, a NAND gate 101, and an 
npn transistor 102. The output signal from the absolute 
value circuit 18 is applied from the output terminal 77 
through diode 103 and a resistor R104 to the emitter 
terminal of the ?rst unijunction transistor 96, the base 
one terminal of the unijunction transistor 96 is con 
nected to ground through a resistor R105, and power 
is supplied to the base-two terminal of the unijunction 
transistor 96 through a resistor R106. In a presently 
preferred embodiment of the invention, the first uni— ’ 
junction transistor 96 will be turned on when theout 
put from the absolute value circuit 18 is in the region 
of 50 to 80 per cent of the power supply (B+) voltage. 

Whenever the ?rst unijunction transistor 96 is turned ' 
on by a suf?ciently high output voltage from the differ‘ 
ential ampli?er 16, the ?rst SCR 98 is also turned on, 
since the base-one terminal of the ?rst unijunction 
transistor 96 is connected to the gate terminal of the 
?rst SCR 98, the anode terminal of which is supplied 
with power (B+) through a resistor R107, and the cath 
ode terminal of which is connected to ground through 
a resistor R108. A_ capacitor C109 is connected be 
tween the anode terminal of the SCR 98 and ground, 
so that, when the SCR 98v is non-conducting, the capac 
itortCl09 is charged from the power supply' When the 
SCR 98 is triggered, the capacitor C109 is discharged 
through the SCR 98 and through the resistor R108 to 
ground.‘ ' . ‘ 

The pulse generated by the discharge of the capacitor 
C109 is fed through a coupling capacitor C111 to the 
emitter terminal of the second unijunction transistor 
97, which has its base~one terminal connected to 
ground through a resistor R112 and its base-two termi 
nal connected to the power supply (B+) through a re 
sistor R113. In a voltage divider circuit consisting of a 
resistor R114 and a variable resistor R115 connected 
in series between the power supply (B+) and ground, 
the junction between the resistors R114jand R115 is 
connected to the emitter terminal of the second uni 
junction transistor 97, and the variable resistor R115 is 
adjusted so that a pulse from the capacitor C109 in the 
circuit of the?rst SCR 98 will, together with the volt 
age from the voltage divider circuit,‘ apply a high 
enough voltage to the emitter of the second unijunction 
transistor 97 to momentarily turn that device on. 
The second SCR 99 has its anode terminal connected 

to the power supply (B+) through two resistors R116 
and R117 in series, the resistor R117 being variable 
and connected to the anode. A capacitor C118 is con 
nected between the junction of the two resistors R116 
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and R117 and ground, the cathode of the SCR 99 is 
connected to ground, and the base-one terminal of the 
second unijunction transistor 97 is connected to the 
gate terminal of the second SCR 99. Thus, when the 
second unijunction transistor 97 is turned on, a pulse 
is applied to the gate terminal of the second SCR 99, 
which is turned on by the pulse. The capacitor C118, 
which is charged when the SCR 99 is non-conducting, 
is discharged through the resistor R117 and the SCR 99 
when the latter is triggered, thus momentarily lowering 
the potential at the anode of the SCR 99. 
The combination of they two unijunction transistors 

96 and 97 and the two SCR 98 and 99 is designed to 
provide one short pulse to the NAND gate 101, which 
has one input connected to the anode terminal of the 
second SCR 99 and the other input terminal grounded. 
'The logic of the NAND gate is such that ground volt 
age'is a logical “ 1 ” and a positive voltage is a logical 
“0.” Thus,.the inputs change momentarily from “O” 
and “ l ” to “ l ” and “ l ,” respectively, when the anode 

potential of the SCR 99 falls, and the output of the 
NAND gate 101 momentarily changes from “1” to 
“0," i.e., a positive pulse is output. The output terminal 
of the NAND gate 101 is connected to the base termi 
nal of the npn transistor 102, the emitter terminal of 
which is grounded and the collector terminal of which 
is connected to the power supply (8+) through a relay 
119. When the NAND gate 101 is pulsed, the transistor 
102 is momentarily forward biased, and the resulting 
collector current operates the relay 119. As shown by 
way of. example in FIG. 2,’the relay 119 may operate 
a switch 121 in an a.c.'circuit 122 connected to supply 
power to the lumber marking device 21, or the opera 
tion of'the unijunction transistors 96 and 97 can be 
used to enter information into computer memory and 
logic circuits 22 (FIG. 1). 
Normally, the RC time constant of the trigger circuit 

20 is adjusted, using the variable resistor R117, to keep 
the transistor 102 switched on for long enough for a 
flaw to pass the second of the two detectors‘ l2 and 13. 
Thus, for a given maximum ?aw size and‘ lumber speed, 
only one pulse'would be generated during the transition 
of one flaw'past the detector system. For very large 
?aws, a second pulse will be generated as the last por 
tion of the flaw passes the second detector. This will 
usually be a desirable result, since a small flaw can be 
removed with a single cut of a double-blade saw, while 
a large ?aw will require two cuts. 

In a presently preferred embodiment of the inven 
tion, the following values of resistance and capacitance 
may be used. It will be understood by those of ordinary 
skill in the electronics art that the invention is not lim 
ited to circuitry using the speci?c values set forth 
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In the presently preferred embodiment, conventional 
components are employed throughout. As mentioned 
above, the operational ampli?ers used in the embodi 
ment are half-sections of dual operational ampli?er 
modules designated MC1437L. The SCR’s employed 
are designated 2N5060, the unijunction transistors 
2N4891, the diodes 1N34A, the NAND gate MC673P, 
and the npn transistor 2N4921. Again it will be under 
stood that the invention is not limited to the use of 
these speci?c components. 
From the foregoing, it can be seen that the invention 

as described in detail for purposes of illustration, pro 
vides a new and useful tool for the detection and loca 
tion of flaws in lumber and like material. Small ?aws in 
moving pieces of lumber can be reliably detected and 
located, and can be conveniently distinguished from 
normal fluctuations in lumber density-without imposing 
any limitation on processing speed. It will also be seen 
that, while a particular form of the invention has been 
illustrated and described, various modi?cations can be 
made without departing from the spirit and scope of the 
invention. Accordingly, the invention is not to be lim 
ited, except as by the appended claims. 

' We claim: 

1. For use with a system for detecting flaws in non~ 
conducting material having at least one widely varying 
physical characteristic affecting the attenuation of mi 
crowave radiation transmitted through the material, 
the combination comprising: 7 

at least two microwave detectors positioned to re 
ceive microwave radiation transmitted through and 
consequently attenuated by the material; ' 

signal difference sensing means responsive to differ 
ences in output signals from said microwave detec 
tors and non-responsive to variations in attenuation 
characteristics of the material affecting said micro 
wave detectors substantially equally; and 

electrical means for coupling said signal difference 
sensing means to means for controlling processing 
of the material, whereby'a flaw in the material pro 
duces a momentary difference in output signals 
from said microwave detectors as the flaw passes 
said detectors, and the difference signal is used to 
control processing of the material in such a fashion 
as to avoid the ?aw. 

2. A combination as set forth in claim 1, wherein 
there are two microwave detectors. 

3. A combination as set forth in claim 1, wherein said 
electrical means include level sensing means for reject 
ing signal differences below a selectable threshold 
level. 

4. A combination as set forth in claim 3, wherein said 
electrical means include trigger circuit means for gen 
erating control pulse signals in response to signal differ‘ 
ences above said threshold levelf ' 

5. A combination as set forth in claim 4, wherein said 
electrical means include absolute value generation 
means equally responsive to positive and negative sig 
nal differences. 

6. A combination as set forth in claim 4, wherein 
there are two microwave detectors and the material is 
lumber. _ - 

7. Apparatus for detection of flaws in moving lumber 
of widely varying density, said apparatus comprising: 

a source of microwave radiation positioned to irradi~ 
ate the moving lumber; 
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at least two microwave detectors vadjacently posi 
tioned to receive the radiation after transmission 
through the lumber and consequent attenuation 
and distortion by the presence of flaws; 

differential ampli?er means for detecting and ampli 
fying differences in output signals from said micro 
wave detectors, said differences being generated as 
a result of flaws passing‘ across one of said detectors 
and said differential ampli?er means being non 
responsive to variations in the output signals due to 
variations in‘ lumber density affecting said micro 
wave detectors substantially equally; and . 

electrical means for coupling said differential ampli 
?er means to means for controlling processing of 
the lumber in such a fashion as to avoid'the flaws. 

8. Apparatus as set forth in claim 7, wherein there are 
‘two microwave detectors. 

.9. Apparatus as set forth in claim .8, wherein: 
said source of microwave radiation generates electro 
magnetic radiation having a wavelength greater 
than 1 centimeter; and . , 

the ?aws to be detected exceed 3 millimeters in di 
ameter. ' 

10. Apparatus asset forth in claim 7, wherein said 
differential amplifier means, include rlevel sensing 
means for rejecting signal differences below a select 
able threshold level. . ‘ 

.11. Apparatus as set forthin claim 10, wherein said‘ 
electrical 'meansinclude trigger circuit means for gen 
erating‘control pulse'signals in response to signal differ 
ences' above said threshold level.‘ ’ 

12. Apparatus as set forth in claim 11, wherein there 
are two microwave detectors. 

13. Apparatus as set forth in claim 12; wherein said 
electrical means include absolute value generation 
means equally responsive to positive and negative sig 
nal differences. I ‘ t 

14. Apparatus as set forth in claim 13, wherein: 
said source of microwave radiation generates electro 
magnetic radiation having a wavelength greater 
than 1 centimeter; and ‘ 

the flaws to be detected exceed 3 millimeters in di 
ameter. ’ t ‘ . i 

15. Apparatusv'for detection of?aws in moving lum 
ber of widely varying density, said apparatus compris 
m : 

5 source of microwave radiation positioned to irradi 
ate the moving lumber; 

?rst and second microwave detectors positioned'ad 
' jacently in the line of motion of the lumber to re 
ceive the radiation after transmission through the 
lumber and consequent attenuationand distortion 
by the presence of ?aws; 

first and‘second single-ended operational ampli?ers 
for receiving and amplifying corresponding output 
signals from said first and second microwave detec 
tors; 

a differential operational ampli?er for detecting and 
amplifying signal differences between the output 
signals from said ?rst and second microwave detec 
tors, said signal differences resulting from ?aws 
passing across one of said detectors and said differ 
ential operational ampli?er being non~responsive 
to variations in the output signals from said ?rst 
and second single-ended operational ampli?ers due 
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10 
to variations in lumber density affecting said first 
and second microwave detectors equally; 

absolute value generation means for inverting nega 
tive signal differences but not positive signal differ 
ences; ‘ ' ‘ 

signal level sensing means for rejecting those‘ of said 
signal differences below a selectable threshold 
level and thereby rejecting variations in the output 
signals from said ?rst and second single-endediop~ 
erational ampli?ers due to variations in lumber 
density affecting said ?rst and‘ second microwave 
detectors substantially equally; and 

trigger circuit means for generating control pulse sig 
nals in response to those of said signal differences 
above said threshold level. i . 

16. Apparatus as set forth in claim 15, wherein: 
said source of microwave radiation generates electro 
magnetic radiation having a wavelength greater 
than 1 centimeter; and ‘ ' 

the ?aws to be detected exceed 3 
ameter. ‘ _ a 

17. Apparatus as set forthin claim 15, wherein: 
said level sensing means includes at least one uni 
junction transistor; and j 

. said trigger circuit means includes at least one silicon 
controlled recti?er. ' ‘ j ’ 

, 18. A method for detecting flaws in moving lumber 
of widely varying density. comprising the steps of: 

transmitting microwave. radiation through the lum 
‘ber; ‘ I - e ‘ 

measuring received radiation at at least two adjacent 
positions substantially equally affected by attenua 

millimeters' in di 

tion variations caused by the widely varying lumber ’ 
density; . 

sensing signi?cantdifferences in the radiation mea 
‘ sured at said adjacent positions, said differences 
resulting only from the presence of flaws in the 
lumber moving through said, adjacent positions; 
and ' ‘ a ‘ I 

generating in response to said signi?cant differences 
control signalsfor use in processing the lumber. 

19. A method as set forth in claim 18, wherein said 
step of sensing signi?cant differences includes amplify 
ing said differences. . t . 

.20. A method asset forth in claim 19,‘wherein said 
step of sensing signi?cant differences includes sensing 
the absolute magnitude of said differences and reject 
ing those of said differences below a selectable thresh 
old level. ‘ 

21. A method as-set forth in claim 20, wherein said 
step of generating control signals includes triggering 
generation of control pulse signals in response to those 
of said differences above the threshold level. 

22. A method for detecting flaws in lumber of widely 
varying density, comprising the steps of: 

transmitting ‘radiation from a microwave oscillator 
source; - A, 

moving the lumber through the microwave radiation; 

receiving the microwave radiation at two adjacent 
microwave defectors after transmission through 
the lumber, the two detectors being substantially 
equally affected by variations in attenuation of the 
radiation due to the widely varying lumber density; ' 

detecting signi?cant difference signals between out 
puts from the two detectors, said signi?cant differ 
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ence signals resulting only from the presence of 
flaws in the lumber moving across one of the detec 
tors; and 

generating in response to said signi?cant difference 
signals control signals for use in processing the 
lumber. - 

23. A method as set forth in claim 22, wherein: 
said step of transmitting utilizes a wavelength greater 
than 1 centimeter; and 

the ?aws to be detected exceed 3 millimeters in di 
ameter. 

24. A method as set forth in claim 22, wherein said 
step of detecting signi?cant difference signals includes 
inverting all negative ones of the signal differences, 
thereby generating absolute values of the signal differ 
ences. 

25. A method as set forth- in claim 24, wherein said 
step of detecting signi?cant difference signals includes 
sensing the absolute values of the signal differences and 
rejecting those below a selectable threshold level. 

26. A method as set forth in claim 25, wherein said 
step of generating control signals includes triggering 
generation of control pulse signals in response to those 
of said signi?cant difference signals above the thresh 
old level. 

27. A method for detecting flaws in lumber with 
widely varying density, comprising the steps of: 

transmitting microwave radiation from a microwave 
oscillator source; 

receiving the microwave radiation at two adjacent 
microwave detectors after transmission through 
the lumber; ' 
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12 
moving the lumber between the microwave oscillator 
source and the two microwave detectors in a direc 
tion substantially at right angles to the direction of 
radiation; _ 

amplifying output signals from the two microwave 
detectors in two corresponding single-ended opera 
tional ampli?ers; 

detecting and amplifying in an operational amplifier 
difference signals representative of the difference 
between the two output signals, said difference sig 
nals resulting from the momentary presence of 
flaws in the lumber moving across one of the detec 
tors; ‘ 

disregarding gradual ?uctuations in lumber density, 
said ?uctuations resulting in practically equal ef 
fects on the microwave radiation received at the 
microwave detectors; 

inverting all negative ones of said difference signals, 
thereby generating absolute magnitudes of said dif 
ference signals; ' 

sensing the absolute magnitudes of said difference 
signals and rejecting those of said difference signals 
below a selectable threshold ‘level; and 

generating control pulse signals for use in processing 
the lumber, in response to those of said difference 
signals above the threshold level. 

28. A method as set forth in claim 25, wherein: 
said step of transmitting utilizes a wavelength greater 
than 1 centimeter; and 

the flaws to be detected exceed 3 millimeters in di 
ameter. 

,* * * * * 


