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1 Functional Description 
The intelligent and compact TRIME-IPH sensor  is a measurement devices for continuous and non-
destructive determination of volumetric soil moisture. It is designed for mobile field use and can be 
connected to TRIME T3/T3C or TRIME-B3M/B3L. 

TRIME-IPH has to be supplied with external power 9-24V/AC. They are designed for being connected 
to a TRIME-HD, a TRIME Data Pilot, a data logger (Trime-Logger or any analogue data logger) or a 
PC for monitoring and data logging purposes. 

1.1 TRIME-HD and TRIME Data Pilot operation 
TRIME-IPH is simply screwed onto the sensor and is then connected to the 7-pin connector of the 
TRIME-Data Pilot. Please refer to the TRIME-HD or TRIME Data Pilot manual for operating instruc-
tions. 

1.2 Data Logger Operation 
TRIME-IPH are supplied with an IMP232 Micronet interface or, on request, with both analogue output 
0..1V, 0..20mA or 4..20mA and RS232 interface. Analogue datalogger must have differential inputs. 

1.2.1 IMP232 Micronet output for use with the TRIME-Logger or ENVISLog  
(operation mode A) 

Intelligent TRIME sensors can be connected directly to the IMP232 Micronet. Networking several sen-
sors requires distribution modules. IMKO supplies 3-port, 6-port and 12-port distribution modules. The 
number of simultaneously measuring sensors can be set.  

Please note that the IMP232 Micronet’s cable length and cable diameter have to be harmonized. Oth-
erwise the energy consumption of the TRIME sensors (200mA during 10..15s) can cause a voltage 
drop. 

TRIME-IPH sensors are configured at works for use within the IMP232 Micronet (internal code = op-
eration mode A).  

1.2.2 Analogue output for analogue data logger 

TRIME-IPH sensors can easily be connected to conventional analogue data loggers with differential 
input. The maximum apparent ohmic resistance for the analogue output 0(4)..20mA is: 

 Without error code = 80Ω (per m cable [∅ 0,34mm²] less 0,1118Ω) 

 With error code = 28Ω (per m cable [∅ 0,34mm²] less 0,1118Ω) 

Depending on application and energy supply it can be chosen between two operation modes B and C:  

 operation mode B:  
single measurement after power on. The measured value is available until power off. 

 operation mode C:  
cyclic measurement with permanent power supply. The measurement rate is adjust-
able.  

The operation modes are set at works. Re-configuration by use of software TRIMESET possible. 

1.2.2.1 Single measurement (operation mode B)  
Enables low power consumption in field installations. TRIME-IPH is started by the data logger relay. 
The measurement takes 10..15s and consumes 200mA. After the measurement the power supply 
switches off. The measurement value is available at the analogue output and is stored in the TRIME-
sensor until the next measurement is started by the data logger relay.  
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In case a voltage drop occurs when several TRIME sensors measure simultaneously the probe num-
bers (please note: probe number ≠ serial number) can be set in series and thus a serial, retarded 
measurement start can be forced. Then TRIME sensor number 1 measures immediately after power 
on, number 2 measures 20s retarded, number 3 measures 40s retarded, etc. The probe number can 
be configured using SMCAL or SMTOOLS. 

1.2.2.2 Cyclic measurement (operation mode C) 
Operation mode C requires mains supply. TRIME-IPH enable automatic interval measurement in 
stand-by modus. Measurement rates between 10 and 3600s can be configured via 
PC/RS232/software TRIMESET. The measurement takes 10 .. 15s and consumes 200 mA. During 
stand-by 8 .. 10 mA are consumed. The measurement value is available and stored in the TRIME-
sensor until the next measurement starts. 

1.2.3 PC-connection via RS232 

The TRIME-IPH can be connected to a PC via the RS232 connector and the appropriate cable, in 
order to carry out datalogging, changing the operating mode, or calibration. 

1.3 External power supply 
Within the IMP232 Micronet the energy supply of sensors can be ensured by battery, solar cells or 
mains supply. For serial connection of a great number of sensors or long IMP232-bus cables a power 
amplifier module (SM-23LV) or decentralised power supply is advisable 

1.4 Error codes 
Only valid with the IMP232 Micronet: In case of failure an “Error No.” and an “Error Address” is given 
out. 

Error No. Error Text Possible Cause of Error 

1-29 No text internal error 

30 TDR may be defective TDR electronic or probe cable defective 

31 TDR level not found TDR level searching lasted too long, may occur with bad signal quality 
due to conductive soil or material 

33 Salinity too high Electrical conductivity of soil/material too high 

34 Invalid probe data Data in probe connector not plausible or probe connector defective 

 

1.5 Technical Data 
In the following technical data is given on cable, connectors and the IPH sensor. 

1.5.1 The RS232-power supply cable 
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1.5.2 Pin assignment 

Connector:
- power supply
- RS232/V24
- analogue output

Connector TRIME-IPH

Pin 1:  +U    power supply
Pin 2:  R/T   IMP232 network
Pin 3:   0V   power supply
Pin 4:  COM  IMP232 network

colours:
green
red
pink/brown
blue

1

2 3

4

front view

front view

Pin 1:  +U
Pin 2:  RxD 
Pin 3:  0V
Pin 4:  TxD 
Pin 5:  0..1V or 0..20mA
Pin 6:  AGND
Pin 7:  n.c.

Version analogue output and RS232/V24 interface
colours:
green
yellow
pink
brown
white
grey
--

1

2
34

5
76

Via the serial interface re-calibration and 
adjustment of  parameters is done.

Version IMP-Bus

 
 

1.5.3 Sensor data 
Power supply:  7..24V-DC 
Supply current:  8mA standby 
 250mA while 10..15sec. measuring time 
Measuring range:  0..60% volumetric water content 
Accuracy:  dependent on soil or material calibration. re-calibration is possible per free 

software TRIME WinCAL. (download under www.imko.de) 
Range 0...40%: ±2% 
Range 40..70%: ±3% 
Repeated accuracy:  ±0,5% 
Bulk electrical conductivity :  0..2dS/m (T3), 0..5dS/m (T3C) 
Temperature range:  -10°C...50°C, other temperature ranges on request 
Temperature drift:  max. ±1,8%  
Interface:  RS232/V24 
Analogue output:  0..1V, 0..20mA or 4..20mA 
Calibration: free configurable, universal calibration for mineral soil as standard, 
material specific calibration 
required for clay and organic 
soil 

 

Cable length:   standard 3,5m; special length on request 
Case:  waterproof sealed PVC (IP68)  
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2 The TRIME-T3 Tube Access Probe 

2.1 Introduction 
The measuring of soil water content with Time Domain Reflectometry is now a well established me-
thod. However water content profiling is not possible with conventional TDR rod probes. The TRIME 
tube probe was developed for this reason. 

Since 1994 the TRIME-T3 has found numerous applications in earth and environmental sciences, 
fulfilling even the most exacting requirements. 

2.2 Measuring Field 
The effective penetration depth of the probe is about 15 cm with the highest sensitivity in the immedi-
ate vicinity of the access tube and decreases exponentially with distance. Figure 3 shows the electric 
field distribution of the probe and the approximate measuring volume. 

equipotential lines

effective measurement volume

aluminum plates  

Figure 1: Electric field distribution of the TRIME probe and approximate measuring volume. 

The elliptical measuring volume enables a higher representation to be achieved by several measure-
ments rotating the probe after each measurement and calculating the mean value.  

The following experiment illustrates the high penetration depth of the measuring field: 

In a bucket of 50 cm diameter filled with water saturated glass beads a moisture of 44 vol.-% is meas-
ured. Measuring in a smaller bucket (see Fig. 3) would result in essentially lower measuring values 
due to an amount of air within the measured volume. 

 

Figure 2: Influence of a too small  measuring volume on water content determination. 
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Note that the necessity of a close contact between access tube and material is vital for reliable meas-
urements and that the tubes should be installed by our recommended method.  

• For example at an assumed water content of 15 vol. % an air gap of 1 mm around the whole length 
of the tube would result in an underestimation of 1 - 2 vol. %.  

• At a water content of 25 vol. % the error would be 5 vol.-%.  

• At very high water contents (50 vol. %) errors may reach 10 vol. %.  

• In the case of a water filled gap under conditions of saturation the gap error would be much 
smaller.  

 

− Problems may arise, however, in very inhomogeneous soils and when drilling under very dry condi-
tions. For these soils other drilling methods are recommended (e. g. pre-boring with an Edelman 
auger, washing mud into the cavity around the tube). Losses in accuracy must then be accepted, 
and measurements immediately after installation are not recommended.  

− Problems can also arise in swelling and shrinking soils, since cracks develop especially along the 
access tubes.  

2.3 Measuring experiences 
The new TRIME technique was thoroughly tested in the field and compared both to neutron probe 
measurements and thermo gravimetrically determined values.  

 

Figure 3: Comparison of TRIME measurements and gravimetric water content determination for a clayey soil.  

Figures 5 and 6 show a comparison of water content determinations for a loess and for a heavy clay, 
made with a neutron probe (Wallingford), the TRIME-T3 probe, and the gravimetric method. In con-
trast to the neutron probe, which is not suitable for measurements near the surface due to radiation 
losses to the atmosphere, TRIME has no problem at all to measure directly at the soil surface. 
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Figure 4:  Comparison of neutron probe, TRIME-T3 and gravimetric method for water content determina-
tions in a loess soil. 

 

Figure 5 :  Comparison of neutron probe and TRIME-T3 for water content determinations an illitic clay.  

Some materials, especially very clayey soils and soils with high organic contents, can afford material 
specific calibrations due to their different dielectric behaviour. 

A limiting factor in TDR measuring is the bulk soil electrical conductivity. For the TRIME-T3 tube 
probe, bulk soil electrical conductivity should not exceed 1 dS/m. Note that bulk soil electrical conduc-
tivity is a combination of the pore water electrical conductivity and the surface conductivity of the soil 
matrix. Due to the tortuous nature of the conductivity path in the soil (soil type dependent), the bulk 
soil conductivity is much lower than the electrical conductivity of the pore water and it is dependent on 
water content. 

2.4 Summary 
The TRIME tube probe is a promising new tool for determining water content profiles with the TDR 
method. Fast, routine and non destructive measurements of water content without the use of hazard-
ous radioactive materials are possible. A measuring accuracy of ± 2 vol.-% is possible, provided that 
soil and access tube are in close contact and bulk soil electrical conductivity doesn’t exceed 1 dS/m. 


