Diagrams by Sean Montgomery

TRUTH MIEETIEER

COLLABORATE ON

Make:Projects|

makeprojects.com

“How do you feel Physical pinch

350
L Raw GSR / about your mother?” / (pain/startle)
g /
<
™ "Have you ever
100 cheated on a test?" ; ; \ ,
4} Truth Meter
Output
£
o -
> NN AA L
0 1 1 1 1 1 J
0 200 Time (seconds) 400 600

THE SWEAT RESPONSE

When you experience an arousing stimulus,
like an evocative question, a startling noise, or
even a disturbing thought, your body gener-
ates a variety of psychophysical responses.

One of these is micro-pulses of sweat
released after a 1- to 2-second delay from
apocrine sweat glands that are tied to the
arousal systems in your body via adrenaline
and other hormones. The reason your palms
might get sweaty during public speaking or
a job interview, for example, is because your
mind is on high alert and every small stimulus
generates one of these pulses.

Each pulse of sweat increases the electri-
cal conductance of your skin, and when this
conductance is measured and tied to arous-
ing stimuli, it's referred to as galvanic skin
response (GSR). The Truth Meter measures
GSR for display on an LED or for input to
a microcontroller. It's called a Truth Meter
because GSR is an important component of
lie detector (polygraph) tests used to assess
how nervous subjects are while answering
questions during interrogation.

So how do we measure GSR? The first step
is to understand the signal. With each pulse
of sweat, skin resistance decreases suddenly
and creeps slowly back up as the sweat evap-
orates. The Truth Meter circuit transforms
this pattern of drops and slow recoveries into

sharp spikes deviating from a steady baseline,

to light an output LED or trigger some other

A\ BIOSENSOR PRECAUTIONS
Human bodies are irreplaceable assets, so exercise care
when working with biosensors. Here are some guidelines:

Avoid using AC (wall outlet) power, and electrically isolate
electrodes and other parts in contact with the body from
any high-voltage power source. Use batteries if possible,
and an unplugged laptop instead of a desktop computer.

Sterilize electrodes and other biosensors with rubbing
alcohol before use. Don't penetrate or abrade the skin when
applying them or place them anywhere inside the body.
Follow manufacturer’s directions, and exercise reasonable
common sense when handling and placing biosensors.
action. Figure A shows Sean’s raw skin
resistance and Truth Meter output recorded
over a 10-minute period, during which friends
asked him questions and pinched him.

The resistance sensor itself is simply 2
metal cuffs attached around your fingers with
a piece of velcro (Figure B). Hypoallergenic
metals used in jewelry and those less reactive
with skin, such as stainless steel, are the
best, but any solderable metal will work. We
recommend copper or brass foil. Fingers are
a good place for measuring GSR because
apocrine sweat glands occur in very high
concentrations on fingers and palms.
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BIOSENSING

MATERIALS

Velcro tape, 34", 7" long

Insulated wire, 18 gauge, 10" lengths (2)

2-pin segments

Solderless breadboard such as part #276-001 from
RadioShack (radioshack.com), $20

Jumper wire kit RadioShack #276-173

Batteries, AA (4)

Battery holder, 4xAA

from Digi-Key (digikey.com)
Resistors, 4W: 2200 (1), 10k (1), 100k<2 (1),
1IMQ (1) 3.3MQ (2)
Capacitors: 10nF (1), 0.1pF (2)
Diodes, IN4001 (3) RadioShack #276-1653
LED, red

Copper or brass foil, 36 gauge (0.005") or thinner,
1" wide, 6" long available from hobby or craft stores

Headers, 2-pin (2) or male breakaway header cut into

Dual op-amp IC, MCP6002 part #MCP6002-1/P-ND

¢«  MAKE
I. « THE 2 SENSORS

1a. Cut some 34" velcro tape into a 3%2" piece
of loop (soft) side and a 34" square of hook

(rough) side (Figure C).

1b. Peel off the tape backing, and align and
stick the hook velcro, back to back, at one end

of the loop velcro.

1c. Cut a 10" length of 18-gauge wire and strip
15" off one end. Lay the stripped end of the

wire perpendicularly across the end of the

loop velcro's sticky side so that its stripped

portion hangs off the edge (Figure D).

1d. Lay a 1"x3" strip of copper or brass foil

over the sticky portion of the loop velcro and

wire. Press together firmly and evenly and
trim off the excess foil (Figure E).

1e. Fold the stripped portion of the wire back

over the foil and solder it in place. Try to

create a smooth, flat surface with the solder

that won't dig into your finger.
Repeat 1a-1e for the second sensor.

1f. Strip %" of the sensor wire ends and
solder them to a 2-pin header so they can

be inserted into the breadboard (Figure F).
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-) DISCLAIMER: The Truth Meter reveals changes in

arousal, but it's not really a “lie detector.” Even polygraph
tests, which measure GSR, heart rate, blood pressure, etc.,

are not admissible as evidence in many courts.
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? BUILD

- = THE CIRCUIT

The Truth Meter circuit is quite simple. The
schematic diagram in Figure H shows all its
electronic components and connections, and
Figure | shows them assembled using jumper
wires on a standard 830-hole solderless
breadboard from RadioShack (see makezine.
com/26/primer for a higher-resolution
photo). This section includes the “conceptual
steps” for building it, following the GSR’s
signal path from sensor to amplified output.

2a. The battery voltage connects to the
power rails along each side of the breadboard.
The sensor cuffs connect to V+ and V-, with

a high-resistance (IMQ) resistor between V-
and one cuff. This resistor acts as a voltage
divider, converting the resistance from the
sensor into a voltage. Using a high-value resis-
tor this way can introduce noise, but it has
the benefit of making the resistance-voltage
curve roughly linear over a wide range of skin
resistances.

2b. Skin resistance can vary greatly, depend-
ing on individual differences, weather, mental
state, etc., so our circuit needs to calibrate to
a steady baseline. To enable this, a resistor/
capacitor (RC) high-pass filter cuts out longer
frequencies under ~0.5Hz. This steadies the
signal to create a usable baseline while still
letting through the shorter GSR signals.

2c. Another RC circuit forms a low-pass filter
to remove frequencies above ~5Hz, thus filter-
ing out high-frequency noise such as 60Hz
originating from nearby AC power wires.

2d. A series of diodes sets the baseline volt-
age (from V=) at the op-amp’s input (+) pin to
about +1.6V, just below the threshold required
to light the red LED. Depending on the diodes’
current/voltage characteristics, this usually
requires 3 diodes. Put them in the circuit and
use a multimeter to test the voltage drop
between op-amp (+) and V-. Add a diode to
raise the drop or remove one to decrease it.
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2e. For final amplification, so that the output
voltage will cross the LED's threshold with
signal spikes, a 100kQ resistor sets the
op-amp's amplification very high. If the circuit
is too sensitive to GSR and the LED flashes too
often, swap the resistor between the amp's (=)
input and output for a 10kQ-20k<, or use a
potentiometer if you want more control.

‘_3 TEST YOUR

«+ « TRUTH METER

Insert your battery leads into the side rails of

the breadboard (check orientation, red = V+),
slip on the sensor cuffs (Figure G), and behold
your very own Truth Meter.

See what happens when someone asks you
questions or when you laugh or get surprised.
Note the response has a 1- to 2-second delay.

Everyone responds differently. See if you
can turn the LED on with your mind. Try it on
your friends, acquaintances, or adversaries.
It's a great way to get to know someone!
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