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Abstract:
The photometric redshift is an active area of research. It is becoming the preferred method for redshift measurement 
above spectroscopy one for large surveys. In these surveys, the requirement in redshift precision is relaxed in benefit of 
obtaining the measurements of large number of galaxies. One of the more relevant decisions to be taken in the design 
of a photometric redshift experiment is the number of filters since it affects deeply to the precision and survey time. 
Currently, there is not a clear method for evaluating the impact in both precision and exposure time of a determined 
filter partition set and usually it is determined by detailed simulations on the behavior of photo-z algorithms. In this 
note we describe GASDRA, a new method for extracting the minimal signal to noise requirement, depending on the 
number of filters needed for preserving the filtered spectrum shape, and hence to make feasible the spectrum identifica-
tion. The application of this requirement guaranties a determined precision in the spectrum measurement. Although it 
cannot be translated directly to absolute photometric redshift error, it does provide a method for comparing the relative 
precision achieved in the spectrum representation by different sets of filters. We foresee that this relative precision is 
close related to photo-z error. In addition, we can evaluate the impact in the exposure time of any filter partition set 
with respect to other

         

GASDRA: Analisis del Rango Dinámico del Espectro de las Galaxias  para la Optimización de la Partición de 
Filtros para Fotometría de Desplazamiento al Rojo

de Vicente, J.; Sánchez, E.; Sevilla. I.; Castilla, J.; Ponce, R.; Sánchez, F. J.
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Resumen:
El desplazamiento al rojo fotométrico es una area de investigación muy activa. Está convirtiéndose en el método de 
medida del desplazamiento al rojo por encima del espectroscópico para estudios de gran número de galaxias. En dichos 
estudios, el requisito de  precisión en el desplazamiento al rojo se relaja por el beneficio obtenido al realizar la medida 
sobre un inmenso número de galaxias. Una de las decisiones más relevantes a tomar en el diseño de un experimento 
de fotometría de desplazamiento al rojo es el número de filtros ya que afecta de forma importante a la precisión y al 
tiempo de exploración. Actualmente no existe un método claro para evaluar el impacto en la precisión y en tiempo de 
exposición de una determinada partición de filtros y normalmente dicha partición se determina mediante simulaciones 
detalladas del comportamiento de los algoritmos de fotometría de desplazamiento al rojo. En este estudio se describe 
GASDRA, un nuevo método para extraer el requisito de la relación señal/ruido necesaria para preservar la forma del 
espectro integrado por los filtros, y  hacer posible, de esta forma, su identificación. La aplicación de este requisito ga-
rantiza una precisión determinada en la medida del espectro. Aunque esta precisión no se puede traducir directamente 
en el error en la medida del desplazamiento al rojo, sí proporciona un método para comparar precisiones relativas 
alcanzadas por la representación del espectro con diferentes conjuntos de filtros. Prevemos que esta precisión relative 
está estrechamente relacionada con el error en la fotometría de desplazamiento al rojo. Además es posible evaluar el 
impacto en el tiempo de exposición de cualquier conjunto de filtros respecto a otro.  
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Abstract 

The photometric redshift is an active area of research. It is becoming the preferred method for 
redshift measurement above spectroscopy one for large surveys. In these surveys, the 
requirement in redshift precision is relaxed in benefit of obtaining the measurements of large 
number of galaxies. One of the more relevant decisions to be taken in the design of a 
photometric redshift experiment is the number of filters since it affects deeply to precision and 
survey time. Currently, there is not a clear method for evaluating the impact in both precision 
and exposure time of a determined filter partition set and usually it is determined by detailed 
simulations on the behavior of photo-z algorithms. In this note we describe GASDRA, a new 
method for extracting the minimal signal to noise requirement, depending on the number of 
filters needed for preserving the filtered spectrum shape, and hence to make feasible the 
spectrum identification. The application of this requirement guaranties a determined precision 
in the spectrum measurement. Although it cannot be translated directly to absolute photometric 
redshift error, it does provide a method for comparing the relative precision achieved in the 
spectrum representation by different sets of filters. We foresee that this relative precision is 
close related to photo-z error. In addition, we can evaluate the impact in the exposure time of 
any filter partition set with respect to other.   

Introduction 

The discovery of the accelerated expansion of the Universe using Type Ia Supernovae 
[1,2] has driven different ambitious galaxy surveys in the last decade, both terrestrial 
BOSS [3], DES [4], PAUS [5] and space missions JDEM [6], EUCLID [7]. The aim of 
these surveys is to produce an accuracy map of the visible Universe to characterize the 
postulated dark energy or to infer new physics laws at cosmic scales. 
  

One of the most common estimations of distance of galaxies is the redshift. While 
spectroscopic redshift provides high precision on distance measurements, it requires 
large amount of time to cope with a modest number of galaxies. In the last years it is 
gaining acceptance the photometric redshift (photo-z) technique for measuring the 
distance of large number of galaxies up to different precision degrees depending on the 
specific scientific goals of the survey.  

 
Photo-z technique is based on identifying galaxy spectrum templates displaced in 

wavelength. A key question is how many filters are needed to identify the spectrum 
efficiently. Although the number of filters will be determined by the precision required 
by photo-z, the impact in survey time of any filter partition selection must be evaluated.  



 
There are different surveys using photo-z strategy with both large bands filters as 

SDSS [8] and medium bands filters as COMBO17 [9] and ALHAMBRA[10]. These 
surveys have extensively used the photo-z method for redshift measurement and object 
classification. New projects as PAU [11], intends to go one step beyond in photo-z 
resolution with narrow band filters.  

The aim of this study is to determine the relative precision on the representation of 
the spectrum for different filter partition sets rather than the absolute one. We assume 
that this value is directly related to photo-z error. Thus, while there are many factors 
that can affect to the absolute photo-z error, the relative spectrum precision, and 
probably the relative photo-z error, depends only on the spectrum and the filter 
partitioning, providing a directed element for comparison among different filter 
partition sets.  On the other hand, we are interested in evaluating the relative exposure 
time among the different filter partition sets for a determined precision requirement. 

 
In this note we describe the Galaxy Spectrum Dynamic Range Analysis (GASDRA), 

a new method to compute the relatives signal to noise, precision and survey time for a 
filter partition and a specific galaxy template spectrum.  All these parameters are 
extracted from the dynamic range of the filtered-spectrum. Although it is not possible to 
recover all the information of the spectrum from the filtered spectrum, it should be 
preserved the relative form of the filtered spectrum. This goal can be reached by a 
proper definition of its dynamic range, which can be derived from the analysis of the 
filtered-spectrum. Thus, the dynamic range in GASDRA is defined ensuring that at least 
one sample of the component of the filtered-spectrum with less probability will be 
detected.  

 
The comparison between spectrum time and spectrum precision graphs generated by 

GASDRA provides complimentary information to more detailed studies. Thus, it helps 
to draw a more complete view of the tradeoff between survey time and information loss 
by filter partitioning in photo-z determination. 

2. Filter partition optimization 

This section is divided in two parts. The first one describes the mechanism used for 
generating the spectrum signal distribution derived from any filter partition. In 
subsequent section, this distribution is used for computing both the relative exposure 
time and the precision of the filtered spectrum.    

2.1 Galaxy spectrum template probability distribution derived from any filter 
equi-partition 

Let S={S1(λ1), S2(λ2), …,SM(λM)} be a normalized galaxy spectrum template (Fig. 1). 
Assuming the wavelength λ={λ1,λ2,..,λM} to be a random variable, the spectrum can be 
considered as a discrete probability distribution, where Si is the probability of receiving 
a photon in a wavelength range centered on λi of size (λi+1- λi). 



 

Fig. 1. Galaxy spectrum templates (SDSS) 

 

On the other hand, let F(n)={F1, F2, … , Fn} be the equi-partition of λ in n filters (n>1) 
being 

퐹 = (λ′ , λ′ )    (푘 = 1, 2, . . . ,푛)      (1) 

where 

 λ′ = λ + k         (푘 = 0, 1, . . . ,푛 − 1)    (2) 

 

Let SF(n)={SF1, SF2, … , SFn} be the discrete normalized probability distribution 
generated by the integration of S in F(n), where SFk=S(Fk), where  

 

푆(퐹 ) = ∑ 푆(λ )       (3) 

 

Note, that we are not interested in energy but only in flux. Thus, we do not compute the 
expected value of energy from the corresponding wavelength on the Fk range. Instead, 
the integration process consists only on the sum of the flux. 

 

2.2. Galaxy Spectrum Dynamic Range Analysis 

The signal to noise relationship (S/N) may affect deeply to the instrument construction 
and survey planning. It also may limits the magnitude depth reached on the budget time. 
The S/N requirement depends on the specific scientific project. In the case of photo-z 
survey it should be derived from the photo-z problem analysis.  



The aim of photo-z is to measure galaxy redshifts. It is achieved by the identification 
of a galaxy spectrum template S displaced in wavelength, i.e. by cross-correlation of the 
spectral energy distribution (SED). The main challenge of photo-z is to achieve the 
identification in spite of the information lost due to the integration in the filter partition 
bands. Thus, for the identification to be successful this integration process should 
preserve at least the relative signal level among the different parts of the filtered-
spectrum.  

Although it is not possible to preserve the relative signal level of the spectrum 
template due to the loss of information by the integration on the filters, we do must 
preserve the relative signal level of the n-filtered spectrum, i.e. the spectrum integrated 
to the set of n filters. To achieve it we compute the spectrum dynamic range required to 
resolve among different signal levels of the n-filtered spectrum SF(n). Since S/N is 
closely related with the spectrum dynamic range, the less required spectrum dynamic 
range, the less S/N is necessary to be able to identify S. 

In the following section we perform four different analysis depending on how 
restrictive we are in defining the dynamic range: Maximum Dynamic Range, Spectrum 
Dynamic Range, Expected Signal and Expected Dynamic Range. Each analysis provides 
constraints to the minimum S/N, and predicts to relative spectrum precision 
representation and relative exposure time. 

 

2.2.1. Maximum Dynamic Range 

In this section we define the dynamic range of the n-filtered spectrum as the signal units 
(which is proportional to time) necessary for the less probable component of the 
filtered-spectrum to be detected. To compute the required dynamic range we analyze the 
necessary signal level for preserving the spectrum information. Thus, let SFk be the 
probability of the galaxy signal S to drop in the filter Fk. The required dynamic range of 
SFk will be DR(SFk)=1/SFk, e.g. if the probability of a signal is SFk=0.5, its dynamic 
range is DR(SFK)=2. For SFk=0.01, DR(SFk) is equal to 100, and so on. Since the goal 
of photo-z is to detect filtered spectra displaced in wavelength, the minimum dynamic 
range necessary to preserve the n-filtered spectrum information about flux will be the 
maximum among the DR(SFk) values. This value ensures that, on average, at least one 
signal level unit of each filter band is represented in the measured filtered spectrum 
(Fig. 2a).  

 

(S/N) = DR(SF(n))=max(DR(SFk))   (k=1..n)   (4) 

 

Assuming we are working in the shot noise regime, the relative required signal (Fig. 2b) 
can be computed from the S/N as, 

푆 ≃ (푆/푁) = (max(DR(SF )))     (5) 



Note that Sreq is not the real signal received by the detector but by the filter and can 
be directly translated to relative exposure time per filter assuming a flat response of the 
complete system (including the atmosphere) transmission. Since there are n filters, 
n·Sreq is the relative global exposure time T required by the n-filtered spectrum. Thus, T 
(Fig. 2c) will be then,  

 

푇 = 푛 · 푆 = 푛 · (max(DR(SF )))    (6) 

 
Evidently, it is not correct assuming a flat response of the whole system 

transmission, but it should be a goal to avoid spectrum distortion and can be achieved 
by assigning specific exposure time per filter in the survey planning. In any case, the 
assumption is valid for our purpose of comparing relative required times among 
different filter partitions since all partition sets are equally affected by the system 
response. We will denominate T as the spectrum time, since T is the time necessary to 
generate the n-filtered spectrum,  

 
In addition, since max(DR(SFk)) corresponds to the required dynamic range per 

filter, we can go one step beyond by defining the n-filtered Spectrum Dynamic Range 
as, 

 
 

퐷푅(푆퐹(푛)) = 푛 · max(DR(SF ))   (7) 

 

DR(SF(n)) is a measure of the dynamic range of the entire n-filtered spectrum. Thus, the 
relative precision P of the n-filtered spectrum will be (Fig. 2d), 

 

P(SF(n)) =
( ( ))

       (8) 

 

From now on we will denominate P(SF(n)) as spectrum precision. It depends on both 
n and the definition of the dynamic range, and it is reached by a relative exposure time 
given by the spectrum time. 

 

 

 

 



 

(a) Minimum S/N requirement 

 

(b). Minimum signal required 

 

(c) Spectrum time 

 

(d) Spectrum precision 

Fig. 2. Figures derived from the Maximum Dynamic Range 



Note that the precision of the n-filtered spectrum P(SF(n)) should converge to the 
precision of the spectrum P(S) when the number of filters grows up to the spectrum 
wavelength resolution (Fig. 3). 

 

 

Fig. 3. n-filtered spectrum precision  

2.2.2. Spectrum Dynamic Range 

In the last section we imposed a hard requirement about the definition of the dynamic 
range of the n-filtered spectrum. Thus, it was defined as the time necessary for the less 
probable component of the filtered-spectrum to be detected. In this section we define a 
new concept, the Spectrum Dynamic Range (D), and relax previous dynamic range 
requirement from this definition. 

Thus, let the n-filtered Spectrum Dynamic Range be the sum of the dynamic range 
extended to all filters,  

퐷 = 퐷푅(푆퐹(푛)) = ∑     (9) 

Since I correspond to the S/N of the complete spectrum, it can be divided by n to obtain 
the S/N per filter. Thus, equations become: 

a) Minimum signal to noise required      (푆/푁) =     (10) 

b) Minimum signal required         푆 =      (11) 

c) Exposure time: 푇(푆퐹(푛)) = 푛 · 푆 =      (12) 

Spectrum dynamic range 퐷푅(푆퐹(푛)) = 퐷      (13) 

d) Spectrum precision 푃(푆퐹(푛)) =        (14) 

 

Figure 4 represents these values as a function of the number of filters. 



 

(a) Minimum signal to noise required 

 

(b) Signal required 

 

(c) Spectrum time 

 

(d) Spectrum precision 

Fig. 4. Figures derived from Spectrum Dynamic Range 



2.2.3. Expected Signal 

In the last section we computed the signal to noise from the dynamic range of the 
spectrum. Nevertheless, we may first consider the expected signal per filter including 
the shot noise and derive latter the signal to noise relationship.  

If    is the required dynamic range or required S/N for the filter k,   is the signal 
required for this filter taking into account the shot noise. Computing its expected value 
we have the minimum signal required, 

< 푆 >=< >= ∑ = ∑ = 퐷    (15) 

In this case equations become: 

a) Minimum signal to noise required 

(푆/푁) = 〈푆 〉 = √퐷       (16) 

b) Minimum signal required 

〈푆 〉 = 퐷   (17) 

c) Spectrum time 

푇 푆퐹(푛) = 푛 · 〈푆 〉 = n · 퐷      (18) 

Spectrum dynamic range 

퐷푅(푆퐹(푛)) = 푛 · √퐷       (19) 

 

d) Spectrum precision 

푃(푆퐹(푛)) =
·√

      (20) 

  

Figure 5 represents these values as a function of the number of filters. 

 

 

 

 



 

(a)Minimum S/N required 

 

(b) Signal required 

 

(c)Spectrum time 

 

(d) Spectrum precision 

Fig. 5. Figures derived from the Expected Signal 



 

2.2.4. Expected Dynamic Range 

In the section 2.2.1 we defined the required dynamic range of the n-filtered spectrum as 
the maximum of the dynamic range in such a way the spectrum shape is preserved. In a 
less pessimistic approach, in this section we defined the required dynamic range by the 
expected value of the dynamic range of the n-filtered spectrum. Thus,    

〈퐷푅(푆퐹(푛))〉 = ∑ SF ·  = 푛        (21) 

In this case the S/N required, relative precision and relative exposure time are 
simplified and depend only on the number of filters n (Fig. 6). Note that by this 
definition disappear the dependence on the spectrum form. The relative dependences 
become: 

a) Minimum signal to noise required   (S/N) = n  (22) 
b) Minimum signal required   푆 = (푆/푁) = 푛    (23) 

c) Exposure time             푇 = 푛 · 푆 = n · n = n     (24) 
Spectrum dynamic range  퐷푅(푆퐹(푛)) = 푛 · 〈퐷푅(푆퐹(푛))〉 = 푛   (25) 

d) Spectrum precision    푃(SF(n)) =
( ( ))

=    (26) 
 

 

(a) Minimum signal to noise           (b) Minimum signal  

 

(c) Spectrum time    (d) Spectrum precision 

Fig. 6. Figures derived from the Expected Dynamic Range 



 

Conclusion  

This note focused on photometric redshift filter partition optimization. Currently it is 
not clear the benefits of narrow band photometric redshift in terms of the tradeoff 
redshift-accuracy vs. survey time.  

In this note we describe GASDRA, a new method based on the analysis of the 
galactic spectrum template to determine the dynamic range necessary to preserve the 
filtered spectrum shape. This dynamic range provides the information to extract some 
useful parameters related to the number of filters: the minimum signal to noise 
requirement and the precision in the spectrum representation that we foresee close 
related to the relative redshift error.  

In a further research we will investigate the redshift error produced by different 
photo-z algorithm constrained to the signal/noise requirement derived from GASDRA. 
In this way we pretend to confirm the foreseeable relationship between spectrum 
precision and the photo-z redshift error.   
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