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Introduction to TestDevLab

o 10 yearsin business

o 500 employees, 8 offices across 4 countries (Latvia, Estonia, North Macedonia, Spain)
e Clients include both startups and Fortune 500 companies

o Products that we test are being used by 4.5 billion people every day

e We offer QA services, testing labs (such as Audio/ Video quality testing) and products
e ISO 27001 certified

o >2500 actual devices to test against

Trustedby:  B° Microsoft @ WorldRemit Gm@ .E. Telefénica ) twilio and others



What we could offer

e Functional/Regression Testing
o  Accessibility tests

e Performance Benchmarking (Battery/CPU/GPU/RAM/)

o Load Testing

e VOIP communications

e Video Conferencing/Streaming/VOD (video on demand) Testing
e IOT (internet of things)

e Automation / manual testing



Benchmark Program Goals

o Benchmark api Mind quality vs Google Meet & Jitsi

o Review behavior in different network conditions (Changing BW, Changing PL, Changing Latency &
Jitter)



Three participants
connect to he call.

Playback of reference
Soen s files(audio and video)
start on the sender side.

Ethernet cable cable

Playback of files (audio
and video) start on both
receiver sides.
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Testing process & Schema



Benchmark Test Scope

. L. Network
Applications Platforms .
PP Constraints
Sender:
None
Sender: ;
Receiver:
api Mind WinChrome Changing
Bandwidth tests
Google Meet : Unlimited->2M->500K->200K
Recelver: ->500K->2M->Unlimited
Jitsi Changing Packet
WinChrome |oss tests
Unlimited->10%->20%->20%->20%->1

0%->Unlimited

Test
device/app
versions

Katana GF66
TTUD i7-11800H,
8GB,
512GB SSD,
GeForce RTX
3050 Ti 4GB

Google Chrome
126.0.6478.127



Metrics explanation

Audio metrics

POLQA - (Perceptual Objective Listening Quality Analysis) Full reference audio quality
measurement standard in MOS scale. Documentation link

Audio Delay - End to end latency between the audio signal being sent and getting received
VISQOL - (Virtual Speech Quality Objective Listener) is an objective, full-reference metric for
perceived audio quality. It uses a spectro-temporal measure of similarity between a reference and a
test speech signal to produce a MOS-LQO (Mean Opinion Score - Listening Quality Objective) score.
Documentation link

Audio and Video Synchronization - The difference in milliseconds between audio and video
signals being received that were sent at the same time.



http://www.polqa.info/information/faq.html
https://github.com/google/visqol

Metrics explanation

Video metrics

VQTDL - NO-REFERENCE ALGORITHM FOR VIDEO QUALITY ASSESSMENT DEVELOPED BY
TESTDEVLAB. Video Quality Testing with Deep Learning—or VQTDL—is a no-reference algorithm
for video quality assessment. This solution produces image quality predictions that correlate well
with human perception and offers good performance under diverse circumstances, such as various
network conditions, platforms and applications.

Full reference metrics:
VMAF - full reference video quality metric developed by Netflix
PSNR - Peak signal to noise ratio Documentation link
SSIM - Structural similarity index measure Documentation link
FPS - Frames per second, shows how fluid the video is
Video Delay - End to end latency between the video frames being sent to them getting received.
Freezes count - The count of each individual freeze that appears.
Freezes between - The average time between two freezes.
Freezes total time - The sum of values from all freeze's length.
Freezes average time - The time calculated by (Freezes total time/Freezes count)



https://www.mathworks.com/help/vision/ref/psnr.html
https://www.mathworks.com/help/images/ref/ssim.html

VQTDL - our own machine learning
algorithm

VQTDL

VQTDL.: is based on a convolutional neural network with
Video is very clear.

Resnet50 as a backbone. Which is a 50 layer neural

network with very rich feature representation. Moreover it Video looks fairly good,
, _ 3.6-4 although it's not great in most
uses a transformer encoder to handle different resolutions cases

which translates into a much more robust algorithm for Video will have many artefacts

IQA. Prediction values are more stable and closer to the and low resolution.

subjective than BRISQUE. Scores from 1to 5 Poor video quality

Very bad, not acceptable in
most cases.

3-3.6

Documentation link



https://www.testdevlab.com/blog/vqtdl-no-reference-algorithm-for-video-quality-assessment-developed-by-testdevlab
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FPS QR codes - used to

calculate FPS

FPS: calculated using QR codes - the
combination of gr codes is changing
30 times per second




VMAF Image Evaluation

Full Reference

Represents the quality difference between
two videos

Developed and maintained by Netflix

VMAF
_ Excellent
60-80 Good
40-60 Fair

Documentation link

Original

Image
evaluation
area

Degraded
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https://github.com/Netflix/vmaf

12

Full reference metrics explanation

o Full reference Video Analysis compares the original reference video with a degraded one to get
different video quality metrics

MSE=309, SSIM=0.987

(© (d)

MSE-=313, SSIM=0.730 MSE=309, SSIM=0.560
(@) (f) @) ) Original PSNR=26.547 PSNR=26.547 PSNR=26.547

SSIM=1 SSIM=0.988  SSIM=0.840  SSIM=0.694

MSE=308, SSIM=0.641 MSE=694, SSIM=0.505



Metrics explanation

Network metrics

Sender trace
Receiver trace

Performance metrics

CPU Utilization - Percentage of total CPU used by the specified process.
GPU Utilization - Percentage of total GPU used by the specified process.
RAM Utilization - Total Memory used by the specified process.



Changes vs 2023




Scenario changes

o Packet loss scenario
> Previous packet loss scenario (each condition 60 seconds)

O

®  0->10->20->45->20->10->0
New packet loss scenario (each condition 60 seconds)

o)

= 0->10->20->20->20->10->0
o Marker change (to be able to analyze apiMind - sides cut off)

e 3 Usersin call (Instead of 2)

o Extra users send audio during call (lower amount of audio quality data points)



Changing bitrate changes (1)

o Better bitrate handling when going to 2M limitation (minor impact)
o Worse handling when going to 500k and 200k

o Slower FPS recovery when bitrate is enabled again

Changing BitrateVideo FPS

== apiMind2023 == apiMind2024

Changing BitrateVideo Delay

== apiMind2023 == apiMind2024
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Changing bitrate changes (2)

Individual results show that on 200k the bitrate handling 2/4 tests was similar as 2023

However other 2/4 tests had much worse handling with delay going over 30 seconds

To note - 200k delay going up to 15 seconds is also not good

[apiMind_2023] Changing Bandwidth - Video Delay
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[apiMind_2024] Changing Bandwidth - Video Delay
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Video Delay: Api mind (Changing Bandwidth)
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Changing bitrate changes (3)

o For VMAF it looks like there are more quality levels that were used at start

o On VMAF side recovery seems similar to 2023 (reminder that FPS recovery was slower)

Changing BitrateVideo VMAF

== 2piMind2023 == apiMind2024
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Changing packet loss changes (1)

e NOTE: In 2024 tests we don't have 45% packet loss limitation - instead 20% packet loss is

used at that point.

e Even taking in account changes in condition - frame rate and delay stability is better in 2024

Packet Loss Video FPS

== apiMind2023 == apiMind2024
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Changing packet loss changes (2)

e NOTE: In 2024 tests we don't have 45% packet loss limitation - instead 20% packet loss is
used at that point.

e Video quality during packet loss has increased

Changing Packet Loss Video VMAF
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Changing packet loss changes (3)

e NOTE: In 2024 tests we don't have 45% packet loss limitation - instead 20% packet loss is used at that point.
e Audio quality has increased at 20% packet loss (POLQA changes become noticeable <~3.7 POLQA score)

e Audio delay baseline also is lower and stays lower during the call

Changing PacketLoss POLQA (Audio Quality)

== apiMind2023 == apiM
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ind2024

S

10% 20% 45%

20%

Unlim

35

20% 10% Unlim

Changing PacketLoss Audio Delay (Audio Quality)
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Changing latency/jitter (1)

e Slightly earlier impact on FPS, however Latency behavior very similar (it takes time for latency t
decrease even after limitation is removed)
Changing Latency FPS Changing Latency Delay
== apiMind2023 == apiMind2024 == apiMind2023 == apiMind2024
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o/0 10/30 500/90 1500/270 500/90 10/30 o/0



Changing latencyy/jitter (2)

e Video quality impact very similar and starts already at 10ms jitter and 30ms delay.
e Worth noting that delay and jitter should not directly affect video performance, however it is

heavy indication on overall network performance

Changing Latency Video VMAF

== apiMind2023 == apiMind2024
100

75
50

25

0 60 120 180 240 300 360 420
o/0 10/30 500/90 1500/270 500/90 10/30 o/0



Competitive analysis -
Key findings




Summary of findings

#1: Video quality under unconstrained
network conditions

#2 apiMind Low FPS with 200k network

#3 Jitsi turns off video in bad network
conditions

#4 Meet low FPS in Jitter/Latency condition
#5 apiMind does not recover to original
quality when user has Unlimited network

#8: High device performance usage
on Jitsi

Performance

Video

#6 apiMind drops audio in 200k condition
#7 apiMind has highest receiver bitrate on
unlimited network
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Video

#1: Video quality under unconstrained network conditions

GoogleMeet
Te st1g36th sec App Comparison (Unlimited network)

VMAF - 88 B apiMind [ Google Meet Jitsi

VQTDL - 3.95
28.33
FPS 28.36

27.5
apiMind —
VMAF - 86 84.52

VQTDL - 3.43
3.41
vaTbL = 3.92

0 25 50 75 100
Test] 36" sec
VMAF - 84
VQTDL - 3.88 Under unconstrained network conditions,

the video quality in apiMind, Google Meet & is similar.




Video

#2 apiMind Low FPS with 200k network

FPS Overtime: App comparison (Changing Bandwidth) Video Delay: Api mind (Changing Bandwidth) Video Delay: Api mind (Changing Bandwidth)
= Testil = Test2 i=Tesh3 &= Tesid =AVG — Test1 = Test2 — Test3 — Test4 = AVG

80000

(AR = Api_mi 60000
WJWN] wm w = Meet
60000

Jitsi
40000

Tt v

20

Framerate

40000

/ 20000
20000
—~\4

0 60 120 18020 300 360 420 L
Time, sec o 3 r LV . N !
FPS vl e Meet Jitsi %Link: Vleo del® freezlsee 3ttna0sFhinaods° 420 0 - 120 180 240 St

Unlimited 28.33 28.36 27.50

2mbps 27.35 27.18 27.37

500kbps 13.85 20.86 26.52

200kbps _ 17.83 4.66

500kbps 7.73 22.57 18.34

2mbps 17.05 27.28 27.63

Unlimited 24.87 28.62 27.62

In changing Bandwidth when limitation switches to 200k, apiMind FPS drops to ~5 and
viewer suffers constant freezes. It is the same for .
Google Meet handles the limitation the best with ~17 FPS.


https://drive.google.com/file/d/19HaEl9Pq6VSFjTCg2D4XM7r0xle5nNBu/view?usp=sharing

Video

#3 Jitsi turns off video in bad network conditions

POLQA: Jitsi (Changing Jitter/Latency)

= Test1 == Test2 Test3 == Test4 = AVG

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

turns off video when it detects low network. This is the screen the viewer sees under:
1) Changing Bandwidth - 200k
2) Changing Jitter/Latency - (500/90, 1500/270)

Audio passes through, but ~3s of 12s sample is dropped.



Video

#4 Meet low FPS in Jitter/Latency condition

FPS: App Comparison (Changing Latency/Jitter)

30.00

20.00

10.00

0.00

FPS Overtime: App comparison (Changing Latency/Jitter)

30 i
‘M?M'WWW ':]\g L_mi

= Meet
Jitsi

B Api_mind W Meet Jitsi

20

Framerate

0/0 10030 50000 1508270 506600 1600 " ey,
0 60 120 180 - 240 300 360 420
FPS Api_mind  Meet Jitsi s
0/0 28.05  27.68  26.90
100/30 2134 1353
500/90 8.64 -
1500/270 463 -
500/90 7.74 -
100/30 9.28 -
0/0 21.81 1217
When lJitter/Latency is applied, Google Meet FPS significantly drops.
It is similar for , where video is dropped.

apiMind handles the limitation the best.



Video

#5 apiMind does not recover to original quality when user
has Unlimited network

Receiver Bitrate: Api mind (Changing Bandwitdh)
= Test1 = Test2

4000

3000

2000

1000

VMAF: Api mind (Changing Bandwidth)

Test3 = Test4 = AVG = Test1 = Test2 Test 3 = Test4 == AVG

100

75

50

25

% 60 120 180 240 300 360 420 ° 0 60 120 180 240 300 360 420
VMAF Api_mind Meet Jitsi
Unlimited 84.54 88.21 84.52
2mbps 76.24 88.15 84.04
500kbps 55.88 72.90 69.62
200kbps 43.46 46.39 20.11
500kbps 43.33 67.40 42.09
2mbps 48.88 77.98 79.31
Unlimited 64.98 81.57 82.68

In changing Bandwidth when limitation switches back to Unlimited network, only 2/4 tests

recover to original quality.

For tests that did not recover - Receiver Bitrate also did not go back to original values.



Audio & Network

#6 apiMind drops audio in 200k condition

Audio Delay: Api mind (Changing Bandwidth) POLQA Overtime: App comparison (Changing Bandwidth)

= Test1 == Test2 Test3 == Test4 = AVG
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In Changing Bandwidth condition when limitation switches to 200k, apiMind drops entire
12s audio sample, and viewer does not hear what other user is speaking.
Google Meet & does not have this issue.



Audio & Network

#7 apiMind has highest receiver bitrate on unlimited
network apiMind Google Meet

Receiver Bitrate: App comparison (Changing Bandwidth)
M Api_mind B Meet Jitsi
2500.00

2000.00
1500.00

1000.00

500.00

809.35
. 639.17
J44 7482488
208207212 jﬁ" |

0.00 —
Unlimited 2mbps 500kbps 200kbps 500kbps 2mbps Unlimited

In all scenarios when limitation is "Unlimited’, apiMind has the highest Receiver Bitrate.
Possible reason - receiver is watching two videos, which is not the case Google Meet &



Performance

#8: High device performance usage on Jitsi

CPU Sender Overtime: App Comparison (Changing Bandwidth)

bt bt d L e
AN

Overall, in all scenarios

CPU Receiver Overtime: App Comparison (Changing Bandwidth)

10

8

A,,,MMW

ki

0 60 120 180 240 300 360 420

Time, sec

apiMind - the lowest.
Google Meet - in the middle.
For receiver it is similar across all apps.

= Api_min
d

= Meet
Jitsi

exhibits the hightest utilization of sender device performance.



apiMind performance against Google Meet

Windows platform

. . . Changing
hanging Bitrate hanging Packet Loss .
Changing Changing Jitter/Latency
r .
Lowerff§ Lower[f} Higher[fJ
. . FPS - 28% FPS - 1% FPS + 83%
Video quality VQTDL - 17% VQTDL - 8% VQTDL - 1%
VMAF - 20% VMAF - 9% VMAF + 3%
Video Delay - 1115% Video Delay - 27% Video Delay + 96%
r r
: : Lowerlf§ On par 4= Lower[}
Audio quality POLQA - 25% POLQA - 1% POLQA - 3%
Audio Delay - 1036% Audio Delay - 90% Audio Delay - 31%
- r
On par 4= Higher [f Higher
Network P 9 .

Receiver Bitrate - 1%
Sender Bitrate - 1%

Receiver Bitrate + 61%
Sender Bitrate - 2%

Receiver bitrate + 95%
Sender Bitrate - 2%




apiMind performance against Jitsi

Windows platform

. . . Changing
hanging Bitrate hanging Packet Loss .
c ging ¢ ging Jitter/Latency
Lower[f§ Higherlkd Higherlkd
. . FPS - 22% FPS + 48% FPS + 165%
Video quality VQTDL - 10% VQTDL + 12% VQTDL + 237%
VMAF - 10% VMAF + 33% VMAF + 170%
Video Delay - 98% Video Delay + 73% Video Delay +99%
- (4
. . Lower[f} Higherld Lower[f§
Audio quality POLQA- 17% POLQA + 30% POLQA - 5%
Audio Delay - 359% Audio Delay - 78% Audio Delay - 232%
Higher [ Higher [ Higher [
Network 9 . g . 9 .

Receiver Bitrate + 68%
Sender Bitrate + 142%

Receiver Bitrate + 467%
Sender Bitrate + 134%

Receiver bitrate + 43%
Sender Bitrate + 132%




¢ TestDevlab

Full Result
Summary



CHANGING BANDWIDTH




Changing Bandwidth Test Process

Sender creates a room

Receiver starts recording the screen and performance/delay data
Sender starts playing the video on OBS

Audio script along with network trace capture and “Changing Bandwidth” script are executed with
conditions:

Unlimited limitation enabled for 1 minute

2 Mbps limitation enabled for 1 minute

500Kbps limitation enabled for 1 minute

200Kbps limitation enabled for 1 minute

500Kbps limitation enabled for 1 minute

2 Mbps limitation enabled for 1 minute

Unlimited limitation enabled for 1 minute

5. Test ends when the sender video reaches blue screen, delay video recording and network trace
capturing is stopped

Receivers leave the room/call

Sender disconnects from the room/call and the chrome browser is restarted

APUEN -
NOUAWNN

No



POLQA comparison

POLQA Overtime: App comparison (Changing Bandwidth) POLQA: App comparison (Changing Bandwidth)
B Api_mind B Meet Jitsi
5 L
== T = Api_min 5.00
. d 4 14.75]
g i = Meet 4.00
é 3 Jitsi 300
% 2 2.00
g1
1.00
00 Unlim 2 2m4 500k 7 200k 9 500k bY ] 14nlim 16 0.00 = A

Unlimited 2mbps 500kbps 200kbps 500kbps 2mbps Unlimited
Samples (1 sample = 12 seconds)

apiMind has poor POLQA when limitation is 500k and 200k, but recovers at 2mbps.
apiMind & has muffled audio in the first audio sample.
Google Meet has excellent POLQA on all limitations.



Audio Delay comparison

Audio Delay Overtime: App comparison (Changing Bandwidth) Audio Delay: App comparison (Changing Bandwidth)

B Api_mind B Meet Jitsi

20000 - 11997.45
= Api_mi 12500.00
nd
z 15000 - Maet 10000.00
£ Jitsi
> 7500.00
& 10000
[a]
‘-g 5000.00 R2lely 3306.65
S 5000
= 2500.00 .
345748117 535687 27754 482.00 36341 77458, 435775
0 000 —=m——  mm__ L m P
O yniim 80 am 120 goq 181_ 200k 240 5ok 300 5y 360y, 420 Unlimited ~ 2mbps ~ 500kbps ~ 200kbps  500kbps  2mbps  Unlimited
ime, sec

apiMind has high audio delay in 500k and 200K limitation periods.
audio delay increases in 200Kk limitation period.
Google Meet audio delay slightly increases in 200K limitations.



FPS comparison

FPS Overtime: App comparison (Changing Bandwidth)

WY

N

\ = Meet

WWWMW? e

Jitsi

Framerate

v

0 Unlimg 2M 120 500kqgQ 200kp40 500k3pg 2M 3gQ Unlim 450
Time, sec

apiMind is on-par with Google Meet &

FPS: App comparison (Changing Bandwidth)

M Api_mind M Meet Jitsi
30.00

20.00 20.86) o
10.00

0.00

Unlimited 2mbps 500kbps 200kbps 500kbps 2mbps Unlimited

in Unlimited & 2mbps limitation periods.

apiMind & FPS drops when network is limited by 200k, but apiMind recovers slower.




Video Delay comparison

Video Delay Overtime: App comparison (Changing Bandwidth)

40000 . .
= Api_mi

nd

< 30000 W = Meet
=
> Jitsi
& 20000
a
o
[}
S 10000
> \‘
0 o~ M
0 Unlim g0 2M 120 500k 180 200k 240 500k 300 2M  3QUnlim 420

Time, sec

Video Delay: App comparison (Changing Bandwidth)
B Api_mind %94MA§1e7t Jitsi

20000.00
15000.00
10000.00
5574.44 5409.86
5000.00
3752011; 61275%, (478 590.28) (471.81 669475, 35137123;

Unlimited 2mbps 500kbps 200kbps 500kbps 2mbps Unlimited

apiMind has the highest video delay.
apiMind & start to have freezes in 500k & 200k limitations.
Google Meet has the lowest video delay across all limitations.

in the middle.



Audio and Video synchronization
comparison

AV Sync Overtime: App comparison (Changing Bandwidth) AV Sync: App comparison (Changing Bandwidth)
M Api_mind B Meet Jitsi
25000 = Api_min 12500.00
d

20000
R R 10000.00
£ 15000 Jitsi 7500.00
o
7 10000 5000.00

e ‘:l_‘ - 2500.00

) | |
O Unlim 60 2M 120 500k 180 200k 240 500k 300 2M 360 Unlim 420 0.00

Time, sec

apiMind & struggling in 500k & 200K limitations.
Google Meet has stable audio/video synchronization across all limitations.



VMAF comparison

VMAF Overtime: App comparison (Changing Bandwidth) VMAF: App comparison (Changing Bandwidth)
M Api_mind M Meet Jitsi
- 100 - Ap, - 100.00
§ ‘“wa‘ v—-« (y—
O M‘”' — Meet 75.00
g W Jitsi
g 50 50.00
12
E 25 25.00
[T
<
= 0 - - 0.00
o UMm o M 420 S0 qgp 200k 349 SO0 300 2M 3™ 420 ' Unlimited ~ 2mbps  500kbps  200kbps  500kbps  2mbps  Unlimited
Time, sec
apiMind is on-par with Google Meet & in unlimited network.

apiMind has lower, but stable video quality at low bandwidth periods & never recovers to original quality.
turns off video in 200K limitation.



VQTDL comparison

VQTDL Overtime: App comparison (Changing Bandwidth) VQTDL: App comparison (Changing Bandwidth)
W Api_mind B Meet Jitsi
= o - Apl mi 5.00
E 4 LAt *.mA;-A-w 4.00
b PARA = Meet ’
8 h\.w Mo
5 3 ol !"“ 2 ’VM Jitsi 3.00
lSl_)
[9)
z 2 2.00
2
a ! 1.00
-
g 0 —nii 2M 500k 200k 500k 2M Unli 0.00
o ™™ e0 120 189r_ 240 300 3607 420 Unlimited ~ 2mbps  500kbps  200kbps  500kbps  2mbps  Unlimited
ime, sec

apiMind has lower average VQTDL value in all conditions compared to Google Meet &
turns off video in 200Kk limitation.



Freeze count comparison

Freezes count Overtime: App comparison (Changing Bandwidth) Freezes count: App comparison (Changing Bandwidth)
B Api_mind B Meet Jitsi

108 = Api_min 1.00
d

0.75 = Meet 0.75
» Jitsi
N 050 5156
E 0.48]

0.25 " ﬂ “ 0.25

0.00 A Ll ! 0.00 % 1 ‘% e

0 uyniim 60 2m 120 590k 139|_' 200k 240 500k 300 M  360ypiim 420 Wriiited  CoRBps 500kbps  208RBps  508REps 2mbps %ﬁmted
ime, sec
apiMind & has some freezes in 500k limitation.

apiMind has frequent freezes in 200K limitation.



Receiver bitrate comparison

Receiver Bitrate Overtime: App Comparison (Changing Bandwidth) Receiver Bitrate: App comparison (Changing Bandwidth)
B Api_mind B Meet Jitsi

3000 AL i 2500.00
nd ,
Voot 200000  “p”

% 2000 - !

2 Jitsi 150050 1739.73 17367

@ 132947

_:g 1000 1000.00 uis7.78 1133.55

. Wi 809.35

S, et 639.17
e 7)o an ol 500.00 — o
0 | 205207 |
0 Uniim gg 2M 120 500k 180 200k 240 500k 300 2M  3g0Unlim 420 0.00

i Unlimited 2mbps 500kbps 200kbps 500kbps 2mbps Unlimited
Time, sec

apiMind has higher Receiver bitrate consumption at baseline compared to Google Meet.
has the lowest Receiver bitrate.



Sender bitrate comparison

Sender Bitrate Overtime: App Comparison (Changing Bandwidth) Sender Bitrate: App comparison (Changing Bandwidth)
B Api_mind B Meet Jitsi

4000 S — 2500.00
¢ 2000.00 5 H
. 3000 = Meet !
7]
2 Jitsi 1500.00
£ 2000
Q
8 1000.00
& 1000
500.00
unli 2M 500k 200k 500k 2M Unli 0.00
@ Onfim €0 120 18:_, 240 400 geguniim 420 Unlimited  2mbps  500kbps  200kbps  500kbps  2mbps  Unlimited
ime, sec

For all apps Sender bitrate does not adapt to Receiver bitrate and is constant throughout the tests.



CPU comparison

CPU Sender Overtime: App Comparison (Changing Bandwidth)

10 == Api_mind

* ( [ 1k q.‘ka'f"\l‘WM ‘b

00 Unlim ) 2M 120 500k 180 200k 240 500k300 2M 360 Unlim 420

CPU Receiver Overtime: App Comparison (Changing Bandwidth)
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CPU Sender: App comparison (Changing Bandwidth)
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GPU comparison

GPU Sender Overtime: App Comparison (Changing Bandwidth)

60

4

o

20

= Api_min
d

= Meet

i “l !'M" UL ””,l“ l|! ‘ 'l nal ok " l l'” | IM Jitsi

WWMMMW

00 Unlim 60 2M 120 500k 180 200k240 500k300 2M 360 Unlim 420

Time, sec

GPU Receiver Overtime: App Comparison (Changing Bandwidth)
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Memory comparison

RAM Sender Overtime: App Comparison (Changing Bandwidth)
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Resolution

apiMind changing Bandwidth sender webrtc

apiMind changing Bandwidth receiver webrtc
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Meet changing Bandwidth sender webrtc
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Meet changing Bandwidth receiver webrtc
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Resolution - UPDATED

apiMind changing Bandwidth sender webrtc apiMind changing Bandwidth receiver webrtc
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Audio bitrate
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Audio bitrate chart of one test. All tests showed similar trend



CHANGING PACKET LOSS




Changing Packet Loss Test Process

Sender creates a room

Receiver starts recording the screen and performance/delay data

Sender starts playing the video using OBS

Audio script along with network trace capture and “Changing Packet Loss"” script are executed with

conditions:

Unlimited limitation enabled for 1 minute

10% limitation enabled for T minute

20% limitation enabled for 1 minute

20% limitation enabled for 1 minute

20% limitation enabled for 1 minute

10% limitation enabled for T minute

Unlimited limitation enabled for 1 minute

5. Test ends when the sender video reaches white screen, delay video recording and network trace
capturing is stopped

6. Receivers leave the room/call

7. Sender disconnects from the room/call and the chrome browser is restarted
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POLQA comparison

POLQA Overtime: App Comparison (Changing Packet Loss) POLQA: App Comparison (Changing Packet Loss)
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apiMind is on-par Google Meet in all scenarios.
has fair score in 10% & 20% packet loss limitation.



Audio Delay comparison

Audio Delay Overtime: App Comparison (Changing Packet Loss) Audio Delay: App Comparison (Changing Packet Loss)
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apiMind has higher Audio Delay than Google Meet &



FPS comparison

FPS Overtime: App Comparison (Changing Packet Loss)
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apiMind is on-par with Google Meet in all conditions.
has issues in 10% & 20% packet loss conditions.

Unlimited



Video Delay comparison

Video Delay Overtime: App Comparison (Changing Packet Loss) Video Delay: App Comparison (Changing Packet Loss)
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Google Meet has slightly lower Video Delay than apiMind in all conditions.
Video delay increases for all apps in 20% packet loss condition, but for it is especially noticeable for



Audio and Video synchronization

compa rison
AV Sync Overtime: App Comparison (Changing Packet Loss) AV Sync: App comparison - (Changing Packet Loss)
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apiMind has better audio/video synchronization than Google Meet in all Packet loss conditions.
scored poorly after 20% Packet loss condition with video falling behind audio.



VQTDL comparison

VQTDL Overtime: App Comparison (Changing Packet Loss) VQTDL: App Comparison (Changing Packet Loss)
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Google Meet has higher image quality than apiMind.
apiMind is on-par with
Google Meet slightly drops quality in 20% Packet loss limitation.
switches the video on and off in 20% Packet loss limitation.



VMAF comparison

VMAF Overtime: App Comparison (Changing Packet Loss)
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VMAF: App Comparison (Changing Packet Loss)
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All three apps have similar score in beginning.
Google Meet scored the highest in all network conditions.

apiMind in the middle,

scored the lowest.

apiMind does not recover to original quality in the end.
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Freeze count comparison

Freezes Count Overtime: App Comparison (Changing Packet Loss) Freezes Count. App Comparison (Changing Packet Loss)
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has the most freezes in Changing Packet loss scenario.
apiMind has minimal freezes, but more frequent than Google Meet.



Receiver bitrate comparison

Receiver Bitrate Overtime: App Comparison (Changing Packet Loss) Receiver Bitrate: App Comparison (Changing Packet Loss)
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apiMind has higher average Receiver bitrate than Google Meet &



Sender bitrate comparison

Sender Bitrate Overtime: App Comparison (Changing Packet Loss) Sender Bitrate: App Comparison (Changing Packet Loss)
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All app Sender bitrate does not adapt to Receiver bitrate in Changing Packet loss scenario, similar like
in Changing Bitrate scenario.
Google Meet has the highest sender bitrate, but is only slightly higher than apiMind.



CPU comparison

CPU Sender Overtime: App Comparison (Changing Packet Loss) CPU Sender: App Comparison (Changing Packet Loss)
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GPU comparison

GPU Sender Overtime: App Comparison (Changing Packet Loss) GPU Sender: App Comparison (Changing Packet Loss)
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GPU Receiver Overtime: App Comparison (Changing Packet Loss) GPU Receiver: App Comparison (Changing Packet Loss)
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Memory comparison

RAM Sender Overtime: App Comparison (Changing Packet Loss) RAM Sender: App Comparison (Changing Packet Loss)
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Resolution

apiMind changing Packet Loss sender webrtc
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Jitsi changing Packet Loss
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Jitsi changing Packet Loss receiver webrtc
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Resolution - UPDATED

apiMind changing Packet Loss sender webrtc
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Meet changing Packet Loss sender webrtc
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Jitsi changing Packet Loss sender webrtc
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apiMind changing Packet Loss receiver webrtc
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Meet changing Packet Loss receiver webrtc
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CHANGING LATENCY AND JITTER




Changing Latency and Jitter Test Process

Sender creates a room

Receiver starts recording the screen and performance/delay data
Sender starts playing the video on OBS

Audio script along with network trace capture and “Changing Packet Loss” script are executed with
conditions:

0/0 ms limitation enabled for 1 minute

10/30 ms limitation enabled for 1 minute

500/90 ms limitation enabled for 1 minute

1500/270 ms limitation enabled for T minute

500/90 ms limitation enabled for 1 minute

10/30 ms limitation enabled for 1 minute

0/0 ms limitation enabled for 1 minute

5. Test ends when the sender video reaches white screen, delay video recording and network trace
capturing is stopped

Receivers leave the room/call

Sender disconnects from the room/call and the chrome browser is restarted

APUEN -
NOUAWNN

No



POLQA comparison

POLQA Overtime: App comparison (Changing Latency/Jitter)
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POLQA: App Comparison (Changing Latency/Jitter)

B Api_mind B Meet Jitsi

LITTLY]

0/0 100/30 500/90 1500/270 500/90 100/30

5.00

4.00

3.00

2.00

1.00

0.00

apiMind is on-part with Google Meet & in Jitter/Latency limitation.
apiMind & has POLQA drop in 1500 Jitter/270 Latency limitation period.



Audio Delay comparison

Audio Delay Overtime: App comparison (Changing Latency/Jitter)
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Audio Delay: App Comparison (Changing Latencyl/Jitter)
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Google Meet has the lowest audio delay in all conditions.
apiMind has the highest.



FPS comparison

FPS Overtime: App comparison (Changing Latencyl/Jitter) FPS: App Comparison (Changing Latency/Jitter)
30 B Api_mind B Meet Jitsi
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Time, sec

When Jitter/Latency limitation is applied, all apps have FPS drop and it stays low until limitation is removed.
apiMind FPS average value is higher than Google Meet &



Video Delay comparison

Video Delay Overtime: App comparison (Changing Latencyl/Jitter)
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Video Delay: App Comparison (Changing Latency/Jitter)
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apiMind has the lowest video delay when Jitter/Latency limitation is applied in comparison with
Google Meet &



Audio and Video synchronization
comparison

AV Sync Overtime: App comparison (Changing Latency/Jitter) AV Sync: App Comparison (Changing Latency/Jitter)
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ime, sec

apiMind has the best audio/video synchronization when Jitter/Latency limitation is applied.



VQTDL comparison

VQTDL Overtime: App comparison (Changing Latency/Jitter) VQTDL: App Comparison (Changing Latency/Jitter)
B Api_mind B Meet Jitsi
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apiMind has higher VQTDL than Google Meet when Jitter/Latency limitation is applied.
soon drops the video after limitation is applied.



VMAF comparison

VMAF Overtime: App comparison (Changing Latency/Jitter) VMAF: App Comparison (Changing Latency/Jitter)
B Api_mind B Meet Jitsi
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All competitors drop VMAF when limitation applies.
apiMind has higher VMAF than Google Meet &



Freeze count comparison

Freezes Count Overtime: App comparison (Changing Latency/Jitter) Freeze count: App Comparison (Changing Latency/Jitter)
B Api_mind B Meet Jitsi
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When Jitter/Latency limitations are applied, apiMind has the least freezes.
Google Meet has the most freezes once limitation is applied.
drops the video, so no freezes are detected.



Receiver bitrate comparison

Receiver Bitrate Overtime: App comparison (Changing Latency/Jitter) Receiver bitrate: App Comparison (Changing Latency/Jitter)
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Participants drop their Receiver bitrate when limitation is applied.
apiMind has higher Receiver bitrate than Google Meet & in all limitation conditions.



Sender bitrate comparison

Sender Bitrate Overtime: App comparison (Changing Latency/Jitter) Sender bitrate: App Comparison (Changing Latency/Jitter)
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For all apps Sender bitrate is not affected by Receiver network limitation.
Google Meet has slightly higher Sender Bitrate than apiMind.



CPU comparison

CPU Sender Overtime: App comparison (Changing Latencyl/Jitter)
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CPU Receiver Overtime: App comparison (Changing Latencyl/Jitter)
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CPU Sender: App Comparison (Changing Latency/Jitter)
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CPU Receiver: App Comparison (Changing Latency/Jitter)
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GPU comparison

GPU Sender Overtime: App comparison (Changing Latencyl/Jitter) GPU Sender: App Comparison (Changing Latency/Jitter)
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Memory comparison

RAM Sender Overtime: App comparison (Changing Latency/Jitter) RAM Sender: App Comparison (Changing Latency/Jitter)
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Resolution

apiMind changing Jitter/Latency sender webrtc

apiMind changing Jitter/Latency receiver web
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