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1. INTRODUCTION 

In recent years, a number of 3D audio formats have 

gained popularity including the NHK 22.2, Auro 3D, 

and Dolby Atmos. Much of the literature relating to 

recording for these formats has focused on microphone 

arrays that are optimized for ambience recording and 

live broadcast [1]. Commercial music recording in 

surround has largely stayed in 5.1 despite the rising 

popularity of the more extended formats.  

Research has shown that the use of height channels in 

music recording improves the sense of listener 

envelopment and depth [2]. It has been found that the 

use of omnidirectional microphones for height channels 

yields a signal which is too correlated to the direct 

sound from the main layer which results in elements of 

the image being pulled upward [3]. This study aimed to 

compare the use of omnidirectional and cardioid 

microphones for use in height channels in order to see if 

findings similar to those of Richard King were 

observed. Different recording techniques were also 

explored for use in surround channels in order to 

propose a recording technique optimized for the Dolby 

Atmos bed format (7.1.2). 

2. TEST RECORDING 

The test recordings were made at the Eckhardt-Gramatte 

in the University of Calgary during a dress rehearsal of 

the University Chorus. It was decided that a surround 

Decca Tree would provide a suitable result for use in 5.1 

and 7.1 formats. The Decca Tree was positioned with a 

capsule height of 3.05m. In addition to this, a pair of 

omnidirectional ambience microphones were placed out 

in the hall for use in surround channels. Two pairs were 

set up at 3m from the edge of the sides of the Decca 

Tree with a capsule height of 4.62m for use in height 

channels. These microphones were facing upwards with 

a cardioid and omnidirectional microphone on each 

side. Audio was recorded to Logic at 44.1kHz/24bit.  

Position Microphone Preamp 

Decca L DPA 4003 Millenia HV-3D 

Decca C DPA 4003 Millenia HV-3D 

Decca R DPA 4003 Millenia HV-3D 

Decca Ls Oktava Mk-012 - Cardioid dbx 786 

Decca Rs Oktava Mk-012 - Cardioid dbx 786 

Height L 1 AT4051 RME UFX 

Height R 1 AT4051 RME UFX 

Height L 2 AT4049 RME UFX 

Height R 2 AT4049 RME UFX 

Ambient L AKG C414 - Omni dbx 786 

Ambient R AKG C414 - Omni dbx 786 

 

Table 1: Microphones and preamps of test recording 

 

Figure 1: Overhead layout of test recording 
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Figure 2: Surround Decca Tree for test recording 

 

Figure 3: Surround Decca Tree and Height Mics 

3. 3D AUDIO CONTROL ROOM 

All audio playback took place in the author’s private 

studio in Calgary. The system consisted of 13 discreet 

speakers (Dynaudio and JBL) arranged to accommodate 

the Dolby Atmos format. The studio fulfills the standard 

Dolby recommendations for 7.1.2 playback. Playback 

and mixing was done in Nuendo 7.  

 

Figure 3: Control Room 

4. LEVEL MATCHING 

Level matching was done to the channels being 

compared for each test. This was accomplished by 

listening only to the channels in question with balancing 

done until the pairs were perceived as being of equal 

loudness. Evaluation of the setup was performed only 

once levels were matched. 

 

Figure 4: Speaker layout for listening tests 

5. LISTENING RESULTS 

Test 1. This test compared the effectiveness of various 

microphone techniques for use in the surround channels 

for a 5.0 channel setup. Example Set 1 consisted of only 

the 5 Decca Tree microphones with each routed to a 

discrete channel. Example Set 2 features the ambience 

hall mics used in the surround channels instead of the 

surround microphones from the Decca Tree. The author 

found that the Decca Tree microphones provide a high 

amount of listener envelopment and a great sense of 

authenticity in the recording. The ambience 

microphones provided a more decorrelated signal from 

the front channels which removed some of the realism 

from the Decca Tree setup. Example Set 2 had a longer 

and more distinct reverb tail in the surrounds which 

created a sense of listening out in the audience. It was 

found that both techniques proved to be effective.  

Test 2. This test compared the effectiveness of the same 

microphones as in Test 1 but for use in a 7.0 setup. 

Example Set 3 consists of the Decca Tree surrounds 

being routed to both the side surround and rear surround 

channels. The levels were adjusted so that the surround 
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channels had an equal perceived loudness as to those in 

Test 1. This is typically done in theaters equipped with 

7.1 playing back 5.1 material. The author found that this 

made little difference to the 5.0 setup with no increase 

in listener envelopment. Example Set 4 features the 

Decca Tree surround microphones sent to the side 

surround channels and the ambience surround 

microphones sent to the surround rear channels. This 

setup resulted in having positive qualities from both of 

the configurations from Test 1. The side surrounds 

provided an authentic sonic representation of the Decca 

Tree position in the hall while the rear surrounds added 

a pleasurable reverb tail. 

Test 3. This test compared the use of cardioid and 

omnidirectional microphones in overhead channels. The 

overhead channels were added onto the 5.0 channel 

configuration from Example Set 1. Example Set 5 uses 

the pair of height cardioid microphones. The effect of 

adding these height channels is similar to that of adding 

surround channels to a stereo system in that it greatly 

increased the sense of depth and reproduction of a sonic 

space. Example Set 6 uses the pair of omnidirectional 

height microphones. The author found that these 

microphones sounded too closely correlated to the 

signals from the front microphones of the Decca Tree 

and the image pulled up off of the front speakers. This 

agrees with Richard King’s findings.  

 Example Set 7 features a suggested mix for the Dolby 

Atmos (7.1.2) based on the finding from Tests 1 – 3. 

This consists of the surround Decca Tree microphones 

being used for the 5.0 channels, the ambience 

microphones for the rear surround channels, and the 

cardioid height microphones for the overhead channels.  

Test 4. This test was identical to Test 3 but it used front 

height channels instead of overhead channels. The 

cardioid version can be found in Example Set 8 and the 

omnidirectional in Example Set 9. This configuration 

can be found in the various Auro 3D formats and can be 

used for the object based panning of Dolby Atmos. This 

test yielded similar findings to those in Test 3. The 

omnidirectional microphones similarly pulled the image 

up. While this setup did not create as much listener 

envelopment as the overhead channels, it presented a 

life-like recording of the frontal plane.  

Example Set 10 uses both the overhead and front height 

channels. Although the cardioids were used for both 

pairs of height channels, the image pulled up more than 

when only using a single set of height channels. This 

only marginally increased the listener envelopment 

compared to using a single set of height channels. Using 

a separately placed set of microphones for each set of 

height channels, resembling the standard Auro 3D 

recording setup, would likely provide enough 

decorrelation between the channels so that the main 

image does not drift upwards while increasing the 

listener envelopment.  

6. SUMMARY 

One of the goals of this study was to propose a 

recording technique for Dolby Atmos. The listening 

tests resulted in a proposed configuration for immersive 

capture. It was also found, in agreement with Richard 

King’s publications, that cardioid microphones were 

more suited for use in height channels.  
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