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TWAMP measurement results at an optimal 5G connection
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TWAMP measurement results at an average 4G connection

avg RTT Best Effort packet loss Best Effort
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Ping values on mobile networks - 4G examples

F] Command Prompt F~| Command Prompt

C:\>ping speedtest.net —t C:\>ping speedtest.net -1 1472 -t

Pinging speedtest.net [151. : Pinging speedtest.net [151.101.66.219] with|1472 bytes|of dat
Reply from 151.101.66.219: a:

Reply from 151.101.66.219: time=32ms Reply from 151.101.66. : (bytes=1472\time=59ms TTL=54
Reply from 151.101.66.219: time=37ms Reply from 151.101.66.219:|bytes=1472 |time=Uéms TTL=54
Reply from 151.101.66.219: time=52ms TTL=54 Reply from 151.101.66.219:|bytes=1472 |time=52ms TTL=54
Reply from 151.101.66.219: =32 time=39ms TTL=54 Reply from 151.101.66.219:|bytes=1472 |time=56ms TTL=54
Reply from 151.101.66.219: time=U7ms TTL=54 Reply from 151.101.66.219: |bytes=1472 |time=55ms TTL=54
EEP{V §r°m igi-igi-gg-gig: t%m2=§ﬁm5 $$ Reply from 151.101.66.219: | bytes=1472 |time=42ms TTL=54
©® DOWNLOAD Mbps R:EL; F;gm 151 101 e 210 ti$2129$§ m Reply from 151.101.66.219: |bytes=1472 |time=U3ms TTL=54
. e . e Reply from 151.101.66. :|bytes=1472|time=51ms TTL=54
1}32 46 - ‘ Raply 1D L5, IGH-(3-2H)e time=35ms TTL= Reply from 151.101.66.219: |bytes=1472 |time=52ms TTL=54
: ‘ By (e MM Ea- 2 time=36ms TTL=5U Reply from 151.101.66.219: |bytes=1472 |tine=4oms TTL=54
Ry el DL 2H EIEER D TULEEY Reply from 151.101.66.219: |bytes=1472 |time=U3ms TTL=54
® UPLOAD M S:E{; ﬁ;gm i:}'igi'gg'gig; Eim::§3m: $$ Reply from 151.101.66.219: |bytes=1472 |time=48ms TTL=54
) e : L - Reply from 151.101.66. :|bytes=1472 |time=4Tms TTL=54
3%3,6:3 d 262N Sl e Tel Lt Simeshans TS Reply from 151.101.66.219: |bytes=1472 |time=55ms TTL=54
Re§1§ from 151.101.66.219: time=36ms SEPty §r°m 121'121' -ZhlE :ytesziﬁzg time:ggms 1$t=§3
N ’ TR i g eply from . .66. :|bytes= time=63ms =
Geply foon 191 101 o0 210 Loved-nua cineoions T3
Reply from 151.101.66.219: time=Ums Reply from 151.161.66.219: [bytes=1a72|tine=3%ms TTL=52
2 . o eply from 5 .66. :|bytes= ime=61ms =
S:E{; from 151.201.60.27%: ime=dons Reply from 151.101.66.219: bytes=1472|tine=56ms TTL=54
Reply from 151.101.66.219: time=38ms Reply from 151.101.66. :|bytes=1472 t:‘.me=52ms TTL=54
Reply from 151.101.66.219: time=29ms Reply from 151.101.66. 1| bytes=1472 t:‘.me=46ms TTL=54
Reply from 151.101.66.219: time=37ms Reply from 151.101.66. | bytes=1472 time=U8ms TTL=54
Reply from 151.101.66.219: time=30ms Reply from 151.101.66. : | bytes=1472 t:‘.me=64ms TTL=54
Reply from 151.101.66.219: time=Ulms Reply from 151.101.66. :|bytes=1472 t:‘.me=57ms TTL=54
Reply from 151.101.66.219: time=Ulms Reply from 151.101.66. :|bytes=1472 |time=58ms TTL=54
Reply from 151.101.66.219: time=36ms TTI Reply from 151.101.66. :|bytes=1472 |time=U45ms TTL=54
Reply from 151.101.66.219: time=U5ms TTL=54 Reply from 151.101.66. :|bytes=1472|time=UTms TTL=54
Reply from 151.101.66.219: = time=32ms TTL=54 Reply from 151.101.66. :|bytes=1472 |time=U46ms TTL=54
Reply from 151.101.66.219:\b time=38ms TTL=54 Reply from 151.101.66. :\bytes=1472 )time=56ms TTL=54

Ping statistics for 151.101.66.219: Ping statistics for 151.101.66.219:
Packets: Sent = 32, Received = 32, Lost = @ (8% loss), Packets: Sent = 30, Received = 30, Lost (0% loss),

Approxima nd trip times in milli-seconds: Approximate round trip times in milli-seconds
Maximum = 52ms,[Average = 39ms Maximum = 6Ums, [Average = 5@ms




Speedtest.net values on mobile networks - 4G examples with extra Delay
insertion only

© DOWNLOAD Mbps
182.46 -

® UPLOAD Mbps

38.63

R e © DOWNLOAD Mops
171.76 et e 18329 .

@ UPLOAD Mbps @® UPLOAD Mbps

37.35 SRR 37.84
@Jitter 3m: Loss 0 (@ringsems) e@ditter 4m




Speedtest.net values on mobile networks - 4G examples with extra Delay and
Packet Loss insertion

© DOWNLOAD Mbps No extra Delay © DOWNLOAD Mbps No extra Delay
and Packet Loss and 10% Packet Loss

182.46 v 47.03 : 9
@® UPLOAD Mbps

38.03

@® UPLOAD Mbps

ve | 5.43

Vvbps| 60 msextra Delay ® ed 300 ms extra Delay _ .| 600 ms extra Delay
2HBien o) "> and 10% Packet Loss|fl DOWNLOAD  Mbp: and 10% Packet Loss|fj © POWNLOAD  MBPS]and 55% Packet Loss
@ Jitter

18.55
® UPLOAD Mbps

2.61

® UPLOAD Mbps @ UPLOAD Mbos

= | 086

ST - swe 0.10




TWAMP measurement results from drone on 4G/5G network in 25-100 m
height above a metropolitan area




TWAMP measurement results from drone on 4G/5G network in 25-100 m
height above a metropolitan area
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TWAMP measurement results from gyrocopter on 4G/5G network in
80-200 m height above metropolitan and rural areas
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TWAMP measurement results from gyrocopter on 4G/5G network in
80-200 m height above metropolitan and rural areas

avg RTT Best Effort packet loss Best Effort

10



User experience example #1 - FTP file upload on optimal 4G mobile network

connection
©® DOWNLOAD Mbps

182.46

@ UPLOAD Mbps

38.63

Upload: 56,000,512 bytes, 2,920 kbytes/s. 44 s

From: c\tp_upload_test\ftp_upload_test pdf
To: ftp_upload_test pdf

30 %
_ 28 Mis

539M/179.8 M

Pause I Cancel
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User experience example #1 - FTP file upload on non-optimal 4G mobile
network connection - Extra 300 ms Delay and 10% Packet Loss insertion

©® DOWNLOAD VI
2.53

@ UPLOAD Mbps

0.86

Upload: 1,122,304 bytes, 12 kbytes/s, 326 h

From: c:\ftp_upload_test\ftp_upload_test pdf
To: fip_upload_test pdf

1%
I 12.8 kis

1.7M/1798M
Pause | Cancel
] I ]
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User experience example #2 - Video streaming quality on optimal 4G mobile
network connection

©® DOWNLOAD

182 46

UPLOAD

38.63




User experience example #2 - Video streaming quality on non-optimal 4G
mobile network connection - Extra 600 ms Delay and 55% Packet Loss insertion

® DOWNLOAD

0.19

UPLOAD

0.10




User experience example #3 - MQTT protocol-based message sending on
optimal 4G mobile network connection

© DOWNLOAD
182.46

UPLOAD

38.63

D Test Client

Connection
Subscriptions
The topic filter

Subscribed topics
my/mqtt/topic

Publish
The destination of the messag

The message text to be sent

QoS 0

QoS 0

v

a&D o

_| Retain

V
Publish

) MQTT.Cool .

tcp://broker.emqx.io:1883 @

Messages

2025-9-1 12:22:34.584 I
Message_ID#20,uavID:123XYZ latitude:47.497920,longitude:19.04

g

2025-9-1 12:22:33.667
Message_ID#19,uavID:123XYZ latitude:47.497919,longitude:19.04

2025-9-1 12:22:32.627
Message_ID#18,uavID:123XYZ latitude:47.497918,longitude:19.04

8

2025-9-1 12:22:31.565
Message_ID#17,uavID:123XYZ latitude:47.497917 longitude:19.04

g

2025-9-1 12:22:30.643 (LT

n (Send message...

broker.emqx.io
my/mgqtt/topic
Message_ID#18,uavID:123XY £ latit
ude:47.497918, longitude:19.040248
Jaltitude_amsl_m:107,heading_deg:2
70
14:26:23,01.10.2025

Message_ID#19,uavID:123XYZ latit
ude:47.497919,longitude:19.040249
Jaltitude_amsl_m:108,heading_deg:2
70
14:26:24,01.10,2025

Message_|D#20,uavID:123XYZ latit
ude:47.497920,longitude:19.040250
,altitude_amsl_m:109,heading_deg:2
70
14:26:25,01.10.2025

Message_|D#21,uavID:123XYZ latit
ude:47.497921 longitude:19.040251
Jaltitude_amsl_m:110,heading_deg:2
70
14:26:26,01.10.2025

[u}

>
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User experience example #3 - MQTT protocol-based message sending on non-optimal 4G
mobile network connection - Extra 600 ms Delay and 55% Packet Loss insertion

@ qu\alNLOAD ML ﬁ Test C"ent @MQ",COOI a broker.emqx.io =

my/mqtt/topic o

Message_|D#34,uaviD:123XY 2 latit
ude:47.497934,longitude:19.040264

[ [L]Jplxl[jOAD ) Connection tep://broker.emqx.io:1883 @ u Jaltitude_amsl_m:123 heading_deg:2
70
Subscriptions Messages 16:397:08, 02.10.2025
i e a - Message_ID#35,uavID:123XYZ latit
The topic filter QoS0 v 25-9-2 14:36:34.93 I = :
2025-9-2 14:36:34.93  Qos 1 ude:47.497935,longitude:19.040265

Message_ID#30,uavID:123XYZ latitude:47.497930,longitude: 19 ,altitude_amsl|_m:124,heading_deg:2
Subscribed topics 70

& 16:37:14,02.10.2025
my/mqtt/topic (x] 2025-9-2 14:36:27.503
Message_ID#29,uavID:123XYZ latitude:47.497929 longitude: 19

B

Message_ID#36,uavID:123XYZ latit
ude:47.497936,longitude:19.040266
Jaltitude_ams|_m:125 heading_deg:2

2025-9-2 14:36:24.981 [ QoS 1] %0
Message_ID#28,uavID:123XYZ latitude:47.497928 longitude:19 16:37-20, 02.10.2025
Publish
The destination of the messag QoS 0 v U Retain R e @ UZA:E?:?;?;&\Z:;:?Q?g%nvailzastg
i Message_ID#27,uavID:123XYZ latitude:47.497927 longitude:19 ,a\tilude_amsl_‘m 126 heading_deq?
The message text to be sent 70

AANE A N 4 s o e——— Lo 16:37:32,02.10.2025

»
e O Gomwe >
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Tips and tricks for application developers

Advantages of MQTT Over HTTP

* Small overhead: few bytes of headers, minimal packet size

» Persistent, duplex connection: continuous TCP/TLS link;
real-time push, no polling/long-polling

* Publish/Subscribe model: loose coupling of clients, topic-
based distribution

* QoS levels: 0/1/2 delivery guarantees as needed

. Retamed messages new subscrlber gets the last known state

5 2

Use more robust
Application protocol

devices)

» Topic filtering & wildcards: fine-tuned subscriptions (e.g.,
“sensor/+/temperature”)

¢ Scaling for numerous small messages: more efficient than HTTP

MQTT vs.
Speedtest HTTP

=~ BBR -8~ CUBIC VEGAS
BIC —e— RENO *— WESTWOOD

100

~ 80
w
S

Use more robust S 6o
TCP CCA algorithm N

Q. 40
©
o
(=]

O 20

H.264 streaming with BBR vs. o

Speedtest HTTP with Reno or Cubic

0.001
0.01
0.1

Loss Rate (%) - Log Scale

BIC, RENO, VEGAS, and

SINGLE-THREAD
TCP
UPLOAD/DOWNLOAD

Single data stream
= higher sensitivity for
network anomalies and
lower robustness

NN

JPEG PNG

19.02KB

NN
W W

MULTI-THREAD
TCP
UPLOAD/DOWNLOAD

Apply muti-thread
TCP

Multiple data streams

= lower sensitivity for

network anomalies and
higher robustness

FTP with single-thread vs.
Speedtest HTTP with multi-thread

NN
N\

Apply smaller size
File format

SVG
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