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A	low	cost	acous:c	disdrometer	as	ci:zen	sensor	for	rainfall	measurements		

INTRODUCTION	
In	the	last	decades	the	increasing	occurrence	of	extreme	weather	events	in	urban	areas	has	highlighted	some	weakness	and	gaps	of	the	observing	network	systems	used	by	
civil	protec:on	organiza:ons.	More	specifically,	the	precipita:on	parameter	is	characterised	by	very	high	spa:al	and	temporal	variability	so	that	the	measurement	networks	
fail	to	monitor	it	with	the	necessary	precision	to	provide	meaningful	informa:on	at	urban	scale.		
Furthermore,	 the	 measurement	 networks	 are	 rarely	 able	 to	 dis:nguish	 the	 type	 of	 precipita:on	 with	 resolu:ons	 that	 significantly	 can	 impact	 on	 the	 urban	 areas.	
Polarimetric	weather	 radars	 are	 instruments	 that	 can	extract	 informa:on	about	 the	 type	of	precipita:on,	but	 they	are	expensive	and	oBen	 characterized	by	difficul:es	
during	installa:on	procedures	(obtaining	authoriza:ons,	risk	for	popula:on	exposure	to	electromagne:c	fields,	etc.).	Disdrometers	are	able	to	characterise	the	precipita:on	
type	also	on	the	different	height	levels	of	the	ver:cal	atmospheric	profile	above	their	installa:on	sites.	

The	 second	 processing	 algorithm	 is	 in	 the	 frequency	 domain:	 Short	 Time	 Fourier	 Transform	 (STFT)	 was	
performed.	 The	 preliminary	 STFT	 analysis	 in	 the	 frequency	 domain	 shows	 very	 clearly	 the	 impact	 of	 the	
hydrometeors,	as	the	signal	consists	of	a	wide	spectral	dynamic.	The	selected	case	study,	rela:ve	to	a	short	
:me	 period	 in	 which	 eight	 hydrometeors	 impact	 the	 sensor,	 shows	 that	 the	 eight	 drops	 can	 be	 clearly	
recognized	 in	 the	 frequency	domain	but	not	easily	 in	 the	:me	domain.	 This	behaviour	persists	 even	 in	 the	
quan:ta:ve	analysis	of	 the	signal,	as	 the	 frequency	domain	 is	more	sensi:ve	and	can	more	directly	extract	
informa:on.	 For	 this	 case,	 a	 short	 :me	 interval	 (1	 s)	 has	 been	 chosen	 to	 avoid	 too	 many	 impacts	 of	
hydrometeors,	a	circumstance	that	would	make	unclear	the	example.	
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The	instrument	is	an	acous:c	disdrometer	working	with	the	same	principle	as	an	ordinary	microphone	that	converts	sound	waves	
in	electric	signals.		
A	piezo	detector,	fixed	to	the	boNom	layer	of	the	acous:c	disdrometer,	converts	the	vibra:ons	caused	by	the	drops	impac:ng	
the	instrument	to	an	electric	signal,	which	is	the	input	for	data	logger	and	processing.	
The	disdrometer	 (see	Figure)	was	 realised	by	assembling:	a	sheet	of	glass	mounted	on	a	wood	 frame;	a	piezoelectric	element	
(used	as	a	contact	microphone)	fixed	 to	 the	boNom	 layer	of	 the	glass;	a	bipolar	cable	connected	 to	 the	bipolar	output	of	 the	
sensor.	 In	 the	proposed	prototype	 implementa:on,	 the	sound	card	of	a	personal	computer	was	used	as	 the	signal	acquisi:on	
system.	 The	 limited	 sampling	 frequency	 of	 the	 sound	 card	 (44kHz)	 is	 sufficient	 to	 extract	 the	 needed	 spectral	 and	 amplitude	
informa:on	:ed	to	precipita:on	occurrence.	

THE	ACOUSTIC	DISDROMETER	

THE	METHODOLOGY	
The	signal	processing	is	composed	of	two	analysis	algorithms;	the	first	one	is	in	the	:me	domain,	where	the	
signal	amplitude	can	be	easily	managed	and	the	waveforms	caused	by	the	raindrop	are	characterised	by	an	
ini:al	 peak	 followed	by	 damping	oscilla:ons	 due	 to	 the	 relaxa:on	of	 the	piezo-element	 to	 the	 equilibrium	
state.	The	hydrometeors	impac:ng	the	sensor	are	dis:nguishable	by	displaying	their	amplitude	versus	:me,	as	
the	amplitude	of	the	ini:al	peak	is	much	greater	than	the	background	noise.	The	peak	amplitude	is	correlated	
to	the	size	of	the	 impac:ng	drop,	as	well	as	the	transient	:me.	The	number	of	raindrops	falling	 in	a	certain	
:me	 interval	 is	 correlated	 to	 the	 rain	 rate	 in	 the	 same	:me	 interval.	 The	 chosen	:me	 interval	 is	 1	minute.	
Some	analysis	limita:ons	are	due	to	the	background	noise	amplitude	introduced	by	the	cable	and	the	sensor	
and	 the	 external	 acous:c	 noise	 (i.e.,	 air	 condi:oning	 machines	 in	 proximity	 of	 the	 sensors,	 traffic	 noises,	
airplanes,	etc.)	

SENSITIVITY	TESTS	
Some	 laboratory	 tests	 were	 conducted	 in	
order	 to	 inves:gate	 acous:c	 disdrometer	
sensi:vity	 to	 raindrop	 diameter.	 Raindrops	 of	
1,	 3	 and	 5	 mm	 diameters	 were	 falling	 down	
from	a	height	of	18m	(the	roof	of	a	building)	in	
order	 to	 reach	 their	 terminal	 velocity	 before	
the	 impact	 with	 the	 instrument,	 thus			
simula:ng	a	real	rainfall	drop.		

Raindrop	
diameter	
[mm]	

TIME	 N°	of	drops	 Mean	
dura:on	

[s]	

Normalized	
Mean	

amplitude	

1	 16:05:35	 13	 0,017	 0,13	
3	 16:01:11	 56	 0,039	 0,43	
5	 15:44:52	 27	 0,046	 0,76	

The	 results	 show	 clearly	 the	 capability	 of	 the	
system	in	dis:nguishing	different	drop	sizes.		

The	 algorithm	 implemented	 for	 drop	 analysis	
provides	 as	 output	 the	 drop	 dura:on	 and	
maximum	amplitude,	together	with	the	number	
of	detected	drops	in	a	:me	frame	of	55s.	

In	the	Table,	the	signal	due	to	the	various		drop	diameters	differs	
significantly	for	dura:on	and	amplitude.			

1mm	

3mm	

5mm	

CONCLUSIONS	and	FUTURE	WORKS	
The	preliminary	results	are	encouraging	versus	a	reliable	use	of	this	low	cost	instrument;	
its	sensi:vity	to	drop	diameter	is	promising	in	detec:ng	different	precipita:on	regimes.	
Very	preliminary	comparison	with	raingauge	(:pping	bucket	resolu:on	0.2mm	sampling	
:me	1m)	have	been	made	for	calibra:on	purposes.	An	extended	dataset	with	various	
rainrate	intensi:es	is	needed	for	obtaining	a	calibra:on	rela:onship.		
Future	developments	are	aimed	to	refine	the	algorithms	using	different	piezoelectric	
sensors	in	different	sites	under	various	precipita:on	regimes.		
Finally,	also	hail	par:cles	will	be	inves:gated.	

Some	sta:s:cal	analyses	during	the	first	two	months	
of	 2016	 were	 performed	 in	 order	 to	 verify	 the	
system	rain	rate	es:ma:on	capability,	using	a	:pping	
bucket	raingauge	as	reference.	
The	 figures	 show	 the	 histograms	 of	 the	 number	 of	
detected	drops,	drop	signal	dura:on	and	normalized	
amplitude	 for	 a	 rainrate	 of	 1.2	 mm/h	 (a	 :pping	
bucket	of	0.2mm	in	1	minute).	
The	histograms	can	provide	informa:on	about	most	
recurrent	values	to	be	used	for	calibra:on	purposes.		

As	further	parameter	
the	 sum	 of	 absolute	
values	 of	 samples	 is	
provided.	


